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ABSTRACT

The Long Run Economic Effects of
Medical Innovation and the Role of
Opportunities

We leverage the introduction of the first antibiotic therapies in 1937 to examine the long-
run effects of early-childhood pneumonia on adult educational attainment, employment,
income, and work-related disability. Using census data, we document large average gains
on all outcomes, alongside substantial heterogeneity by race and gender. On average,
Black men exhibit smaller schooling gains than white men but larger employment and
earnings gains. Among Black men (and women), we identify a pronounced gradient in
gains linked to systemic racial discrimination in the prebCivil Rights era: individuals born
in more discriminatory Jim Crow states realized much smaller gains than those born in
less discriminatory states. There is no similar gradient among white Americans. Women of
both races exhibit smaller education and earnings gains than men on average, consistent
with cultural and institutional barriers to women®s work. Our findings highlight the role of
opportunities in shaping the extent to which investments in early-life health translate into
longer run economic gains.
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L, QWURGXFWLRQ

7KHVHWWLQJIRURXUVWXG\LV$PHULFDLQ WKH VDQG HDUO\ V
ORZHU UHVSLUDWRU\WUDFW LQIHFWLRQ DFFRXQWHGIRURQHRIHYH!
ELUWK ZDVWKH OHDGLQJ FDRXGH R IDLAQG D Q RYFPROWW D OTIKWM\X ELTXLW\ DQG
UXWKOHVVQHVV RIWKHGLVHDVHOHG WKH SK\WLFLDQ 6LU:LOOLDP 2V(
RI'"HDWBQHXPRQLD UHPDLQV WKH OHDGLQJFDXVH RIFKLOG GHDWK ZR
\HDU2PRUH WKDQ $,'6 PDODULD DQG WXEHUFXORVLY FRPELQHG 'HV
KDYH SQHXPRQLD WRGD\ DUH D E O HRUR B F-FHIVONMDQWLIBLR WL W WK U D S \

,Q3DUW , RI WKLV SDSHU ZHLQYHVWLJDWHWKHH[WHQW WR ZKLFK &
FDSLWDO DFFXPXODWLRQ DQG HFRQRPLF PRELOLW\ E\ HISORLWLQJ \
GUXJV LQ ZKLFKOHGWRVKDUS ZLGHVSUHDG UHGXEWHRQVUQ SQ
HW DO /HVFK ‘HOHYHUDJH WKH IDFW WKDW E\ IDUWKH ODUJHVW Ut
\RXQJ FKLOGUHQ :‘HIXUWKHU OHYHUDJH WKHIDFW WKDW VWDWHYV PF
HISHULHQFHG WKH ODUJHVW GHFOLQHY XSRQ WKHLQWURGXFWLRQ R
ZKHWKHU WKH SRVW VXOID FRQYHUJHQFHLQ ELUWK\HDU OHYHOV RI ¢
LVPLUURUHGLQ ORQIJHUUXQ HFRQRPLFRXWFRPHV IRUFRKRUWY ERU
UHFRUGHG LQ &8HQVXV PLFUR GDWD IRU HITHFWLYHO\WHVWLQJ
VFDUV RIH[SRVXUH WR SQHXPRQLD LQ WKHLU HDUO\\HDUYV

7KDW FKLOGKRRG SQHXPRQLD PD\ KDYH VXFK D ORQJ UHDFK LV PRV
OLWHUDWXUH ,QIHFWLRQV SURGXFHLQIODPPDWLRQ DQG UHVXOW LC
JDQ DQG LPPXQHDQG LQIODPPDWRU\ VIVWHP GHYHORSPHQW WRZDUC
*OXFNPDQ DQG +BE@QVROPLQV DQG )LBHIGXFLQJ LQIHFWLRQV FDQ WK X
SDFW QHXURFRJQLWLYHDQG SK\WLFDO GHYHORSPHQWDO SDWKZD\V
JUHDWHU YXOQHUDELOLW\WR FKURQLF GLVHDVHY ODWHU LQ OLIH ,Q
LQIDQWV KDYH QDVFHQW LPPXQLW\ DQG LL PRUHOLNHO\WR FDXVHC
WLFLW\RIGHYHORSPHQW DW WKLV \RXQJDJH DQGEHFDXVHLQIDQF\L
DQG PHQWDO JURZWK )RULQVWDQFH WKH E U DIL@QPGRRIXEHOWM ID@QEBV L] H L ¢

7KLV SDSHU VXEVWDQWLDOO\UHYLVHV DQ HDUOLHU GUDIW FLUFXODWHG XQGHU
JLIH+HDOWK ,QWHUYHQWLRQV +XPDQ &D SALKADIDAR VOB D\ B HE W ND B/QIGVBEEDIR W X WV L R Q
DQG 9HQNDWDUDPDQL



EUDLQ JURZWK LV HVWLPDWHG WR FRQVXPH)FKROIGG®ARURMAIMDMWDNH L
WKHUHIRUH SODXVLEOH WKDW VHYHUH RUUHSHDWHG LQIHFWLRQV JH

‘H ORRN WR LGHQWLI\ORQJUXQLPSDFWV RI SQHXPRQLD LQIHFWLRC
XVLQJ D TXDVL H[SHULPHQWDO DSSURDFK DQG ODUJH VFDOH PLFURG
FRQWULEXWLRQRIRXUZRUNLVWKDW ZHKLJKOLJKW WKHUHOHYDQFH
LPSURYHPHQWYV LQWR HFRQRPLF JDLQV DQGLQ SRVVLEO\UHLQIRUFL

,Q SDUWLFXODU ZHHVWLPDWHKHWHURJHQHLW\LQLPSDFWV RI WK
QRPLFRXWFRPHV E\JHQGHUDQG UDFH 7RLQYHVWLJDWHJHQGHU GLI
E\EDVHOLQH JHQGHU JDSVLQ LQGLFHV RIHFRQRPLF RSSRUWXQLW\ I
ULDJHDQG IHUWLOLW\ UHVSRQGHG WRWKHDGYHQW RIVXOID 7RLQY
WUHDWPHQW HIIHFWV LQ WKHLQWHQVLW\RIV\VWHPLFGLVFULPLQDW
PHDVXUHV RIWKLVY DWWKHELUWK VWDWHOHYHO 7KH ILUVX\QLY WKH VI

ZKLFK VHYHUDO VWXGLHV KDYH VKRZQ LV SUHGLFWLYH RI UDFLD
EXW QRW RQO\ UDFLDO LQHTXDOLW\LQ HGXFDWLRQ DQG UDFLDO DG
PRGHUQ RSSRVLWLRQ WRIHIVHPRQG YL MWKWMILRQPEHU RI KLVWRULF GL
ODZV DV FOBOWHKRHI®OENG 5HLFKDWEWUHVW RI WKLY VHFWLRQ ZH VXF
DQG GLVEXVV WKHLU UREXVWQHVV WR SRWHQWLDO WKUHDWV WR LGH
SDSHU UHODWLYH WR WKHH[LVWLQJOLWHUDWXUH

8VLQJ PLFURGDWD RQ WKH HQWLUH SRSXODWLRQ LQ VXFFHVVLYH F
FOLQHVLQ SQHXPRQLDLQLQIDQF\OHG WRLQFUHDVHV LQ VFKRROLQJ
DQG UHGXFWLRQV LQ ZRUN OLPLWLQJ GLVDELOLW\ 7KH DYHUDJH HV'
IHFWV Rl FKLOGKRRG PHGLFDO LQVXUDQFRRRF¥EHQDAE FREREBKEWKRR
HWDO 2QDYHUDJH WKHLQFUHDVHLQVFKRROLQJLV GULYHQ E\KLJF
FRQVLVWHQW ZLWK WKLY EHLQJ D WLPH LQ KLVWRU\ ZKH@® ®BGLK VFKRI

$ EDFN RI WKH HQYHORSH FDOFXODWLRQ LQGLFDWHV WKDW LQF
REVHUYHG LQFUHDVH LQ LQFRPH ,QYHVWLJDWLQJWKH LQFRPH UHVX

2QFRJQLWLRQ WKHUHOHDVHRILQIODPPDWRU\PROHFXOHV GXULQJLQIHFWLRQV
LQJWKH H[SUHVVLRQ RIJHQHV LQYROYHG LQ WKH GHYHORSPN@WFRI @ HX GRQW DG W

6HHRJIJHUPDQDQG6RNPORVFDO DQG 6 RAMROWWRFFKL DQG 6IDPHHFIRGRWOH WFKHQHU
DQGOF/HDQ$FKDU\D HW BOWKRII DQG 5HLBPERDUGAR Q



RIEHLQJ SRRU DVZHOODVDQLQFUHDVHLQ WKHSUREDELOLW\RIEHL
7KLVLVFRQVLVWHQW ZLWK WKH GRFXPHQWHG LQFUHDVH LQ VFKRROL
WULJJHUHG E\LPSURYHG LQIDQW KHDOWK JLYHQ WKDPW SWQWXRRQLD L)\

(YHQW VWXG\ HVWLPDWHY UHYHDO VWUXFWXUDO EUHDNV LQ RXWF
VXOID GUXJVDQG FRQVLVWHQW ZLWK WKH ODUJHVW UHWXUQV HPHUJ
OLIHV ZH KDYH D GLIITHUHQFH LQ GLIIHUHQFHV PRGHO ZLWK D FRQWLQ
ZKDW ZH HVWLPDWH LV WKH DYHURIHAFRPSMDUWL VR 8 EGWHZ Q@ DGMDF
WR LGHQWLI\ WKH $&5 ZH QHHG D puyVWURQJ SDUDOOHO WUHQGV DVV.
IRUORZHU GRVH XQLWYV PXVW UHIOHFW KRZ KLJKHU GRVH XQLWV RXYV
H[SHULHQFHG WKH ORZHU GRVH 7KLV LV D VWURQJHU DVVXPSWLRQ \
EXW LIWKHGDWD VXSSRUWLWDQGZHVHHDGRVH UHVSRQVHUHODW
FRQWLQXRXV 'L' UHODWL Y&ADWR WKH HVQDROLEREWO®LIDWH WKLV ZH Sl
VWXG\HVWLPDWHY E\GHFLOH RI WUHDWPHQW LQWHQVLW\ :KLOH WK
GRVH UHVSRQVH/BHRDWKRQ VM BHQIWKHQ D FDXVDO LQWHUSUHWDW I
VRXUFHRIFRQWLQXRXV YDULDWLRQ QDPHO\YDULDWLRQLQDFFHVYV
SUHPLVH WKDW SKDUPDFLVWYV ZHUH WKH NHVBVYRRW RIHG\LKIKZ WK R/I \
WUHDWPHQW HIIHFWV DUHODUJHU LQ VWDWHY ZKHUH WKH VKDUH RI S

, QVHFWDR@GZHLGHQWLI\DQGDGGUHVVWKUHDWVWRLGHQWLILFDW
WKH SRWHQWLDO FRQFHUQ WKDW ZKDW ZH FDSWXUH LV DQ XQGHUO\L
DOQGHFRQRPLFLQGLFDWRUYV 'HWKHQFRQVLGHURWKHUFRPSHWLQJH
RQ WKH EDVLV RI PRUWDOLW\ IHUWLOLW\ DQG PLJUDWLRQ DQG FRQ
:bu,, WKH'HSUHVVLRQ WKH1HZ'HDODQG WKH 'XVW %RZO :HDOVRG
SQHXPRQLD PRUWDOLW\

(VWLPDWLQJ WKHEDVHOLQH PRGHO E\JHQGHUDQG UDFH ZH VHHYV

7TKLVLVLQOLQHZLWKWKHHSLGHPLRORJ\RISQHXPRQLD ZLWKAWQIWRMWICRQ UDWH
VHH )LIXWHG ZLWK WKH JUHDWHU VHQVLWLYLW\DQG PDOOHDPELOLMI BRISXPOPRGBY

7KH FDXVDO UHVSRQVH LV WKH FKDQJH LQ WKH XQLWTV SRVEEQWLD/WD R W FAREPHHQAL \

‘HQHYHUWKHOHVVDOVRHVWLPDWHDPRGHO XVLQJDELQDU\ DERYH EHORZPHGL
DQDYHUDJH WUHDWPHQW HITHFW R@ W&HADVY H DVDHIG RBF 3D YROAWCRZDQIUHIDWLRQ ZHL,
LQWKHWZR ZD\IL[HG HIITHFWV PRGHO ZLWK WKHDFWXDO IUHTXHQF\RI WUHDWPHQW
QHYHUWKHOHVVY UH HVWLPDWH WKH PRGHO UH ZHLJKWLQJ REVHUYDWLRQV VXFK WK
ILQGLQJVDUHUREXVW WR WKLV



ZKLWH ZRPHQ HIKLELW VPDOOHU LQFUHDVHV LQ VFKRROLQJDQG LQFR
ZRPHQYVY SDUWLFLSDWLRQ WKDW ORZHUHRW&E&HQU HIOWEKN W QY R /KR
ODUJHULQFUHDVHV LQLQFRPHDQG HPSOR\PHQW WKDQ ZKLWH PHQ L
WLPHV DV OLNHO\DV ZKLWH FKLOGUHQ WR VXIIHU SQHXPRQLD +RZHYI
VFKRROLQJ VR WKHLQFUHDVHV LQLQFRPHDQG HPSOR\PHQW DUH FR
DYHUDJH EODFNZRPHQ VKRZQRHGXFDWLRQ RUODERUPDUNHW JDLQ

,Q 3DUW ,, RIWKH SDSHU ZHLQYHVWLJDWH KRZ VIVWHPLF UDFLDO G
EHQHILWYV RI LQIDQW VXOID H[SRVXUH IRU %ODFN $PHULFDQV :H ILQ
WUHDWPHQW HIIHFWV GLPLQLVKLQJLQ WKHLQGH[RIGLVFULPLQDWLTF
GLVFULPLQDWLRQ ZDV ZHDNHU %ODFN $PHULFDQV UHDSHG VXEVWDQ
PRQLDLQLQIDQF\ LQGHHG WKH\UHDSHG KLJKHU JDLQV WKDQ ZKLWH
OLQH SQHXPRQLD +RZHYHU WKHVHHIIHFWV DUH HURGHG DV RQH PR
GLVFULPLQDWLRQ 6FKRROLQJ HPSOR\PHQW HDUQLQJV DQG GLVDE
FRQWULEXWLRQ RI VFKRROLQJ WR LQFRPH JDLQV LV GLPLQLVKHG 7K
ZRPH®QG WKH\ HPHUJH IRU HDFK Rl WKH WZR PHDVXUHV RI GLVFULPL
HLWKHU RUERWK RI WZR PHFKDQLVPV SRWHQWLDOO\DW SOD\ )LUVW
LQFRPHUHWXUQV WRLPSURYHG HDUO\OLIH SK\VLFDODQG QHXURFRJ
WXQLWLHVLQ ODERUPDUNHWY HPSOR\PHQW 6HFRQG LWFDQGLVFF
VFKRROLQJ ZKLFKUHLQIRUFHDQ\GLUHFW LPSDFWV RQHPSOR\PHQ

‘HWHVWHGIRUVLPLODUJUDGLHQWVDPRQJ:KLWHPHQDQGZRPHQ
VXOID WUHDWPHQW YDULDEOH ZLWK WKH SUR[\IRU GLVFULPLQDWLRGQ
LQVLIQLILFDQW 7KLV3:SODFHER"  HOLPLQDWHV VRPHRIWKH SRWHQW

$QDGGLWLRQDO H[SODQDWLRQ FRXOG EHWKH IDFW WKDW ER\V ZHUH PRUH VXVFH
H[SHULHQFHG ODUJHU DEVROXWH GHFOLQHV DIWHU VXOID +RZHYHODDWBKIDX/W WKLYV
IRUPHQ SRVVLEO\EHFDXVH PRVW PHQ ZHUH ZRUNLQJ DW EDVHOLQH :HDOVRILQG W
OHG WR WKHP KDYLQJIHZHU FKLOGUHQ DQG WKLV ZLOO KDYH HPHUJHG MRLQWO\ ZLW

,Q IDFW WKH\ DUH OHVV OLNHO\ WR SXUVXH VFKRRO RU HPSOR\PHQW 7R LQYHVW
DVRXWFRPHV IRUZRPHQ :HILQG WKDW VXOID H[SRVXUHUHVXOWV LQ %ODFN ZRPHQ
FKLOGUHQ :HILQG WKDW WKHDEVHQW HFRQRPLFJDLQVIURPVXOIDH[SRVXUHDPRQJ
RUKDG KLJK IHUWLOLW\ PRUH WKDQ FKLOG ,PSRUWDQWO\ %ODFN ZRPHQ ZKR KD
$V GLVFXVVHG EHORZ %ODFN ZRPHQ ZHUH PRUH OLNHO\WR KDYH KLJK IHUWLOLW\DQ
VWDWHY 2YHUDOO LQDQHQYLURQPHQWLQ ZKLFKDFFHVV WR TXDOLW\VFKRROV ZD
FDSLWDO IURP WKH VXOID GULYHQ LQXFUMND VHH. DWW K MDROWHKHHDHVR ZB B QWU R P K X P D Q
IRZ OHDGLQJ %ODFN ZRPHQ WR SXOO DZD\IURP WKH ODERU PDUNHW DQG KDYH PF

JRULQVWDQFH LQVWDWHVLQWKHERWWRP WRS GHFLOHRIWKHQXPEHURI-LP &
KLJKHU RQ DFFRXQW RIVXOID H[SRVXUHDQG WKH FRUUHVSRQGLQJILIXUHV IRU %ODH



JUDGLHQWY ‘HLQYHVWLIJDWHDQGUHMHFWDQXPEHURIRWKHU SRVV
VHOHFWLRQ DQGJURZWKLQ WKHVXSSO\RIVFKRROVLQ WKH 6RXWK
LFDQV GLG KDYHDFFHVV WR VXOID GUXJV ZKHQ WKH\ DUULYHG :H VK
ERUQLQ WKHG6RXWK H[SHULHQFHG WUHQG EUHDNV LQ SQHXPRQLD P
FROQYHUJHQFH ‘HIXUWKHULQYHVWLIJDWH ZKHWKHU WKHPDJQLWXGH
PHDVXUHV RI VIVWHPLF GLVFULPLQDWLRQ :HILQG VRPHHYLGHQFH\
WLRQ VXJIJHVWV WKDW WKLV FDQ H[SODLQ EHWZHHQ DQG RI WKH O
,, VHFWLRQV VPDOO IUDFWLRQ LV  FRQVLVWHQW ZLWK PXFK RI WKHY
RSSRUWXQLWLHYVY WKDWDFFUXHRYHU WKHOLIHFRXUVH UDWKHU WKI

3X00OLQJ WRIJHWKHU WKH HVWLPDWHYV DFURVV WKH SDSHU WKH HY
GXFWLRQ RIVXOID GUXJV WKDW WUHDW SQHXPRQLD DQLQIHFWLRQ V
VLIQLILFDQW UHGXFWLRQLQ WKHGXUDWLRQDQGLQWHQVLW\RISQH
LQ WKH KHDOWK DQG FRIJQLWLYH HQGRZPHQW RILQIDQW FKLOGUHQ
XQLYHUVDO DQGLQIDFW ODUJHULQ DEVROXWH WHUPV DPRQJ %ODFN
LQIDQF\KDG D SRVLWLYHLPSDFW RQ HPSOR\PHQW DQG HDUQLQJV HY
H[SHULHQFHG QR LQFUHDVH LQ VFKRROLQJ FRQILUPLQJWKH UROH RI
HQGRZPHQWY WULJJHUHG UHVSRQVLYH UHLQIRUFLQJLQYHVWPHQWYV
WKDW ZKHUH VI\VWHPLF GLVFULPLQDWLRQ ZDV DEVHQW RU VPDOO L
FUHDVHLQ LQFRPH LQGHHG WKLV ZDV DQ HUD ZKHIQGWRH BKMAXHUQV W
UHVXOWYV DUHFRQVLVWHQW ZLWK G\QDPLFFRPSOHPHQWDULW\ DOEH
GLVWULEXWLRQ UHLQIRUFH WKLY UHYHDOLQJKRZWKHDQWLELRWLF
WRPRYHLQGLYLGXDOV XSWKHVNLOOODGGHU )LIWK ZHILQG WKDW \
ILQG WKDW V\VWHPLF GLVFULPLQDWLRQ SUHYHQWHG 6RXWKHUQ %ODH
EHQHILWVRIUHGXFHGLQIHFWLRXV GLVHDVHLQLQIDQF\ $VVXFK WKt
LQ WKH SRVW VXOID HUD ZHQW XQGHUXWLOL]JHG DW D WLPH ZKHQ $PH
DVDUHVXOWRIWKHH[SDQVLRQ RI VWDWH ILQDQFHG HGXRDWIL®Q DO
DQG .DW]

7TKHUHVXOWYVY IRUZRPHQ DOVR KLIKOLJKW WKH UROH RIRSSRUWXQLW\ )RU ZKLW
VRFLDO QRUPV )RU EODFN ZRPHQ UHWXUQV ZHUH IXUWKHU FDSSHG LQ GLVFULPLQD
UHVSRQVHV 7KHVH QXDQFHV DUHGLVFXVVHG ODWHU RQ



&ERQWULEXWLRQVLQ UHODWLRQ WR UHODWHG UHVHDUFK

7KH OLWHUDWXUH RQ DQWLELRWHE LBDD® V B MWH.QWY LDNGY SKDHHPRREDOP H Q
DU\ LPSDFWV RIDQWLELRWLF LQQRYDWLRQ RQ WKHLQWHQVLW\DQG
DPLUDFOH OLIHNDYH QJ &WIXJJ VWDWH WLPH ¥ KD DRBW G D WBMOIL® DW H
WKDW VXOID GUXJV UHGXFHG DOO DJHPRUWDOLW\E\ WR SHUFHQW
WR PRUWDOLW\GHFOLQHLQ WKHHDUO\WZHQWLHWK FHQW XU\

‘H SURYLGH WKH ILUVW HVWLPDWHY RI WKH ORQJUXQ LPSDFW RI DC
(TXDOO\ ZH SURYLGH WKH ILUVW HVWLPDWHY RI WKHLPSDFW RI FRQV
FDWLRQDO DWWDLQPHQW ODERU PDUNHWRMWRRFPHWDNQQG AR P IS RIHDI
IRUWZR UHDVRQV WKHILUVW UHODWLQJWR WKHFRQWLQXLQJ VFRXL
RIDQWLELRWLFUHVLVWDQFH JOREDOO\ DQGDQWLELRWLFDYDLODE

*OREDOO\ DERXW LQ FKLOGUHQ JKMOHSSRONARPD K HHWD\F R Y DOF W |
LQRRUWDDWWY WKH\FRPSOHW KNG U ILRAR @KH WAIROVVERDW\ 'HPRQV W L
GR WKH G\QDPLF HFRQRPLF JDLQV IURP DQWLELRWLF DYDLODELOLW)
GUDPDWLFDOO\LQFUHDVLQJ WKH EHQHILW FRVW UDWLR WKURXJK DF
RXWFRPHV EH\RQG WKH BXRPDH QRO WNDUWKOVR SHUWLQHQW WR LQYH
RSPHQW QHFHVVLWDWHG &\ OQRQ E]LRWDIEBUM R IE\RWY WP RUD U\ GHED W
WKH SULFLQJDQG GLVWULEXWRRQ RV D ¥BLIERRMEHRMQUNLEQ R WRE VH

7KHOLWHUDWXUH RQ IXWXUH HFRQRPLF EH@HKHWVIWRLUQYRZVLY P B Q!

, QD VWXG\FRQGXFWHG DIWHU FLUFXODWLRQ Rd KRXQRRAULD LDQDE0 IZHRIUNDK/QB IS DISH QLR |
VKH FLWHV L KHUDZRUKRZHG LPSURYHPHQWYV LQ ODERULQFRPHDIWHU HDUO\ OLIH HJ
VWXG\ VHW LQ WKH 86 UHPDLQV GLVWLQFW LQ WKDW ZH H[SORUH D EURDGHU UDQJH |
RQWKHVHRXWFRPHV GULYHQ E\LQHTXDOLW\LQ RSSRUWXQLW\

$FFRUGLQJWR WKH *OREDO %XUGHQ RI'LVHDVH UHSRUW PLOOLRQ SHRSOH
IRXUWK ZHUH FKLOGUHQ XQGHU DJH 7KLVLVGLVSURSRUWLRQDWH JLYHQ WKDW DEF
LWLV PRUHFRPPRQDQG GHDGO\LQ ORZLQFRPHFRXQWULHV SQHXPRQXQLV RYHUD
HW DO LPSRVLQJDVXEVWDQWLDO ILQDQFLDO EXUGHQ RQ 86 KHDOWKFDUH ZLWK O
H[SHUWV QRWHG D yWULSOHGHPLFY RIUHVSLUDWRU\ YLUXVHV 10X &29,' DQG 569
6WDWHV LQ ZLWK D SDUWLFXODU VXUJHDPRQJFKLOGUHQ

$Q H[DPSOH RI D JOREDO KHDOWK LQLWLDWLYH WKDW FRXOG EHQHILW IURP RX
$0& DQ LQQRYDWLYH ILQDQFLQJ PHFKDQLVP WKDW DFFHOH UDWH\W JORBDO UROO |
KWWS Z7ZZ JDYL RUJ VXSSRRW 6088 3Q DQPRFEWEDWLYH WR H[SDQG DFFHVV WR HYV
SRUW FRXQWULHV LQ DGGUHVVLQJ WKH VLOHQW SDR\GWRBIVF RA U XK RU HY WV MWDLQWY. [E W |
H[SDQGLQJ VXVWDLQDEOH DFFHVV WR DQWLELRWLFV

ORVW FKLOGUHQ H[SRVHG WR SQHXPRQLD OLYHLQ SRRUHU FRXQWULHV ZKHUH LV
DQWLELRWLFV:BHWMKHPO WHH UJD QIKHWHDYRQV LQFOXGH ZHDN VXSSO\ FKDLQV WR
SULFHV WKDW DUH KLJKHU WKDQ WKH SRRU FDQ DIIRUG RIW HRDVEMIFIEXNR RIH72 UHJXC
HW DO %HQQHWW DQG <LQ


http://www.gavi.org/support/nvs/pneumococcal/
https://www.who.int/initiatives/secure-expanding-sustainable-access-to-antibiotics
https://www.who.int/initiatives/secure-expanding-sustainable-access-to-antibiotics

WXUH LQYHVWLIDWLQJORQJUXQHFRQRPLFV JDLQV WHRPLDQWAHNWZARI Q W L
FROQWULEXWLRQV WR WKH OLWHUDWXUH )LUVW ZH SURYLGH UHVXOW
6HFRQG LQ D GHSDUWXUH IURP PRVW H[LVWLQJZRUN ZH GHPRQVWUTL
ODWHU LQ WKH OLIH FRXUVH2LQ SDUWLFXODU HTXDO RSSRUWXQLWL
SRWHQWLDO RI D KHDOWK\ VWDUW 7KH H[LVWLQJ OLWHUDWXUH GRF
WKDW LPSURYH FKLOGKRRG KHDOWK KDV WHQGHG WR EXQGOH WKH L
HQGRZPHQW ZLWK WKH LPSDFWV RI VXEVHIXKRQWDAQGARIJKHOMXY LQYH
DUHDEOHWRGLVHQWDQJOHWKHVHE\OHYHUDJLQJWZRLQGHSHQGHC
YDULDWLRQ LQ WKHHDUO\OLIHHQGRZPHQW DQWLELRWLFLQQRYDWL
FKLOGKRRG LQIHFWLRQ DQGDQRWKHU WKDW JHQHUDWHY YDULDWLF
GLVFULPLQDWLRQ

7KH OLWHUDWXUH RQ UDFH GLVFULP LRQPRQRGEG HY BVEKGIHS O HWEH.Y D @ XU
VWUDWHG WKDW VODYHU\KDV KDG ODVWLQJLPSDFWV RQ %ODFN $PHU
TXDOLW\VFKRROVDQG  TXDOLW\MREVLQ WKH SUH &LYLO 5LJKWV HUD
LQYHVWPHQW LQ KKPLKREMSKIWD RQHTXDO RSSRUWXQLWLHY HQFDSV X
WKHIRUFHRIWKH -LP &URZ/DZVFDQH[SODLQ D ODUJH SDUW RIWKH LC
SQHXPRQLD LQIHFWLRQV DQWLELRWLF DFFHVV LQ LQIDQF\ ,Q GRLQ
ZKLFK FRQWHPSRUDU\ %ODFN $PHULFDQV FDUU\ WKH OHJDFLHV RI V\V

7KHUHVW Rl WKH SDSHU HYROYHV DV IROORZV 3DUW , SURYLGHV H'
IXWXUH HFRQRPLF RXWFRPHV RILQGLYLGXDOV H[SRVHG LQ HDUO\ FKI
DQGPRUELGLW\LQ WKH 8QLWHG 6WDWHY PDUNLQJFKDQJHVLQLQI
ROXWLRQ ,WWKHQ GHVFULEHV WKH GDWD DQG UHVHDUFK VWUDWHJ\
VDPSOH DQG D VXLWHRIUREXVWQHVYV FKHFEFNV 3DUW , FRQFOXGHYV Z
GHU ZKLFKDUHVXEMHFW WRDGGLWLRQDO UREXVWQHVV FKHFENV 3D
LPSDFWV RI WKH VXOID UHYROXWLRQ E\LQGLFDWRUV IRULQVWLWXW|

7KLV LQFOXGHV DPRQJRWKHUV VWXGLHV WKDW KDYH LQYHVW L ZDOHDGNSWHH Y HQ W
%HDFK HW BXWOHU HWXRDV 9HQNDWDUDPPKILORWUD DQG 9HQNDWXOGDHWD R L
DQWL SDUDVLWAkB PHG HRDMIRRIQVD Q G $ WKRVWQDWDO VXSSRUW SURJUDPV LQFOXGLQ

VD QLWBAKILRRMWUD HW DUDOW LREAHDWIURQHW FE&LOGKRRG BOFFRLR® WLAG FKLOG
KRRG PHGLFDORR®RXDD QFBFROEURDGHU UHYLHZ RI VWXGLHV H[DPLQLQJWKH ORQJ U.
LQWHUY H QG PR@G LWL Q O
BHHRQRKXH DQG +HFNePIDUG DQG .UXHJRKIQVRQ $DURQVRQ DQG 0D]XRBPRSVRQ
%RKUHQ HW DFROLOORQ



DOWHUQDWLYHLQWHUSUHWDWLRQV RI WKHVWULNLQJKHWHURJHQHL
VHFWLRQ FRQFOXGHV

3DUW, 7KH/RQJ 5XQ ,PSDFWV RI (DUO\ &KLOGKRRG 3

SQHXPRQLDDQG WKH ,PSDFWV RIWKH6XOID 'UXJ5t

SQHXPRQLD LVDQ DFXWH LQIODPPDWRU\ GLVHDVH RI WKH OXQJ FKDU
FRXJK W\SLFDOO\ FDXVHG E0EQEWEO ICDDDQE YE MAHNNULDO SQHXPH
DERXW RIFDXVHV LVPRUHVHYHUHDQG PRUH OLNHO\WR EH IDWD!
PRQLD DFFRXQWHG IRU RIDOO LQIDQW GHDWKYV GHDWKYV SHU
GHDWKVRWKHUWKDQWKRVHDWWULEXWHG WREFRQBHQIOMEDO BHHHF W \
ORUELGLW\HVWLPDWHV IURPWKHS8 6 1DWLRQDO +HDOWK 6XUYH\RI
ZDVDGLVHDVHRIWKH YHU\\RXQJ ZLWKDFDVHUDWHRI SHU LQI
ROGVDQG WLPHVODUJHUWKDQ IPVDLULWWBDIWROGY VHH)LJXUH

3QHXPRQLD ZDVDOVR D GLVHDVH RI WKH SRRU ZLWK HVWLPDWHV IL
ZHUH WZLFH DV KLJK DPRQJ LQIRDQWW VO GREH KRYXVWMKR®QIBVLIXUHV DL
WR UHSUHVHQW DW OHDVW D WZR IROG XQGHUHVWL P DWHRIQMKHGW U X
JHOGPDQ $FWXDO PRUELGLW\UDWHY DPRQJLQIDQWY IURP SRRUHU |
LQ WRGD\V GHYHORSLQJ FRXQWULHV ZKHUH LW LV HVYWLPDWHG WKE
SHU FKLOGUHQ XQGHU WKHDIH RW HHDIFXQMH®PRQLD ZDV PRUH SUHY
WKH $PHULFDQ 6RXWK DQG VRP HE DRRRQY RV WK B WHX MWV KLLWVUMNQRZQ UL\
RYHUFURZGLQJ DQG SRRUQXWULWLRQ EHLQJPRUYBHFSUMHY D G HQMWGLRDW

YDQ GHU 3ROO DQG 2SDO

SBULRUWRWKHGLVFRYHU\RIDQWLELRWLFV SQHXPRQLDZDVDORQJ
GD\WVRIGLVDELOLW\SHU SDWAHIOWNRBRRHFEUEBQXQYGHHKHUH DIIOLFWH (

‘KLOH WKHUH LV QR SUHYLRXV TXDVL H[SHULPHQWDO DQDO\VLV RI ORQJ UXQ HIIH
DQDO\]JHGORQJUXQLPSDFWV BOWRID GQ | 0SXUHGH]PLFOL@EHPWERQ UDWHV DUH VRPH RUGH
WKDQ HQGHPLFUDWHY ,QIOXHQ]D PRUWDOLW\LQFUHDVHG IRXU IROG GXULQJWKH IC
LQ SQHXPRQLD PRUWDOLW\WKDW ZHDQDO\]JH KHUH DOO DJHDQG LQIDQW 7KLV
ZKLFK SRSXODWLRQ OHYHO LPSDFWV DUH QRW GLVFHUQLEOH PDNLQJLW GLIILFXOW
FDVHRIPRUH VXEWOHLQWHUYHQWLRQVLQ WKHGLVHDVHHQYLURQPHQW VXFK DV WK
RUWKH GLVWULEXWLRQ RI PHGLFLQHV $OVR SUHJQDQW ZRPHRQ &H B AKSIDUNMGLYE X O D U

HVWDEOLVKORQJUXQLPSDFWV RIIHWDOH[SRVXUH ,QRXUVHWWLQJ DV GLVFXV
DQG ZH WUDFH LPSDFWV RILQIDQW H[SRVXUH



HSLVRGHV :LWK UHGXFHG RUDO LQWDNH KLJKIHYHUV DQG LQIODPF
WR RYHUFRPH *LYHQ WKH GHJUHH RI PRUELGLW\LW FDXVHG LQ WKH ¢
KDYH GLVFHUQLEOH ORQJ UXQ HIIHFWV SDUWLFXODUO\VLQFH LW KL
SK\WLFDO DQG PHQWDO GHYHORSPHQW 3ULRU WR WKHDUULYDO RI VX
VXSSRUWLYKHDPHMHGY IRUDQWLELRWLF WKHUDS\ZHUH VRZQ LQ ZK
H[SHULPHQWV RQWH[WLOH G\HVGLVFRYHUHG WKHDQWLELRWLF SURS
RIWKHLU SRWHQWLDO ZDV SXEOLVKHG LQ FRQILUPHG LQ FOLQLFI
*LEEHUG .LHIHU /HVFK /RQJDQG %OLVEXOID GUXJV ILUVW EHFDPH
LQ WKH 8QLWHG 6WDWHV LQ HDUO\ 7KH\ ZHUH UHODWLYHO\ LQH[SH
TXLENO\DGRSWHG WR WUHDW D UDQJH RI FRQGLWLRQV 7KH HQVXLQ.
RI WKH ILUVW SHQLFLOOH@FK. Q -WKHFRD®GUNQ HIKBEAOLUVW VXOID DJH
VXFK DV 3URQWRVLO ZHUH SOWWHIVOROR RIF FXRMELEY HIXDIETRD@ BIVHYH V SR Q V L
WKH PDMRULW\ RI EDFWHULDO SQHXPRQLDV LQ D PRUH HIITHFWLY|
FOLQLFDO XVH &OLQLFDO WULDOV RIVXOIDS\ULGLQH VKRZHG UHGXF
DPRQJ LQSDWRQH/@W\G *D L VHIRIMIR UG/HVFK

&RQVLVWHQW ZLWK WKH ILQGLQJV RI VPDOO FOLQLFDO WULDOV V
SQHXPRQLD DW WKH SRO®XBDWGRQ @ BWHEBOQ VWUDWH D VWUXFWXUDO |
VHULHVY GDWD IRUDOO DJH PRUWDOLW)\ IURP VXOID WUHDWIOHEOH GLV|I
HVWLPDWH WKDW VXOID GUXJVOHG WRD GHFOLQHLQDOO DJHSQH:
ZHVKRZ WKDW WKH ODUJHVW GHFOLQH QHDUO\ DEFFUXHG WR LQID(
JLIXBH7KH WUHQG EUHDN LQ WKH LQIDQW SQHXPRQLBUD®W®GH YV VWDW
% :HDOVR GHPRQVWUDWH WKDW ODUJHU DEVROXWH UHGXFWLRQV L
KLJKHU SUH VXOID GUXJ HUD G L7\KH. D \&HD BVYWUHBLHR VV HY XGHQ WO RU DO O D
DQG DJDLQ LVVWURQJHUBDPRQE@HYHDRWVWKHXBBOLHG FRQYHUJHQF

LQRXULGHQWLILFDWLRQ VWUDWHJI\ GLVFXVVHG EHORZ

, QDGGLWLRQWRUHGXFLQJPRUWDOLW\ WKHUHLVVWURQJHYLGHQ

,QWUDYHQRXV VHUXP WKHUDS\ ZKHUHDQWLERGLHY WR WKH EDFWHULD LQIHFWLC
WKHSDWLHQW LQWUDYHQRXVO\ ZDV LQWUR G XF HBRPRQUNR K 5O W DV L NHZDS/DWAXLEHF ® W
LQ FHUWDL QLEROOWIB[WW ZDV QRW ZLGHO\ XWLOL]HG DQG DSSHDUV WR KDYH KDG QR LI
WKH SRSXODWLRQ 6HYXP WK BGIDWY DRNHO\ WR EH XVHG LQ UQYH@WWY B QDWW KRIXGL) IALKELXAD
DGPLQLVWUDWLRQDQG PRUHSQOBRBRQFW®WVLGH HITHFWV



RI SQHXPRQLD&RSAYVRGHVHW &OLQLFDO WULDOV RQ LQIDQWYV DQG FKL
UDSLG LPSURYHPHQWYV LQ IHYHU PHQWDO VWDWXV DQG RWKHU SK\\
WKH DYHUDJHLQSDWLHQW FDVH RI SQHXPRQLD ZDV VKRUWHU DQG IR
VXOID GUXJWKHQDSYG HWRIBAMY HW D®RRG\ DQG .QREPLWK DQG 1HPLU

,QDGGLWLRQ WR WKHVH SURIRXQG LPSDFWV RQ KRVSLWDOL]HG
SQHXPRQLD PRUELGLW\LQ WKHFRPPXQLW\ ZKHUH URXJK\LW R HFED V H

EHFDXVH WKH\ ZHUH UHDGLO\DYDLODEOH ZLWKRXW SUHVFULSWL
XVHG E\ FRPPXQLWWHSK\W LFHEDQMU

I WKHWHFKQRORJ\RIKXPDQ FDSLWDO IRUPDWLRQ LV VXFK WKDW U
LQJLQWKHLQIDQWHQGRZPHQW WKHQ UHGXFHG LQIHFWLRXV GLVHD\
WR VWLPXODWH UHLQIRUFLQJLQYHVWPHQWY ZKLFK FRQWULEXWH W
WLRQV 7KLV QRWLRQRIG\QDPLF FRPSOHPHQWDULW\KDV EHHQ IRUPI
%HFNHU DQG 7RPRIZBRQKD DQG +HFNHHFNPDQ &XQKD HW DG HUH
*HQGRZPHQW UHIHUV WR WKH VWRFNRIGHYHORSPHQWDO FDSLWDO L

'KLOH WKHUH LV QR ZLGH VSUHDG GDWD RQ LQGLYLGXDO OHYHO DF
SRLQWV WR D VKRFNWKDW ZDV ERWK DEUXSW DQG JHRJUDSKLFDOO\ G
PDJD]LQHV DGYHUWLVHG VXOID GUXJV DJJUHVVLYHO\ SKDUPDFLVWYV
DW URXJKO\RQH SHU FHQW RI PHDQ %ODFN $PHULFDQ DQQXDO LQFRPI
/JHVEK 6PLWKDQG HOBKUURULQJWKHVHDFFRXQWY VWUXFWXUDOE
PRUWDOLW\ VHULHV UHSOFBWNHGW R IHMNBLE\JIVRYDWH21RUWKHUQ DQ
UXUDO DQG XUEDQ2H[KLELWV D GLVFUHWH GURS LQ GHDWKV IURP VX
LV YLVXDOO\ VWULNLQJHYHQ LQ GHVFULSWLYH WUHQGV RI UDZ SQHX
JLIXBWHZLWK SDUDOOHO WLPLQJ IRU %ODFNtDQEEKRW B ISR SX U DXM\RJ
HYLGHQFH GHPRQVWUDWLQJWKHUHDFK RI GUXJV WR WKH% B DIFRVB\R S
MXVWLI\RXUHPSLULFDO VWUDWHJ\ ZKLFK WUHDWYV DVDQDWLRQ
GLIIHUHQFHVLQEDVHOLQH SQHXPRQLD ULVN UDWKHU WKDQ GLIIHUH
ILUVW VWDJH LPSDFW RI WKHLQQRYDWLRQ

7TRIDXJHKRZWKRURXJKO\VXOIDGUXJVSHQHWUDWHGGLIITHUHQW SI
SLHFHV RIHYLGHQFH )XOO WHFKQLFDOGBEQM® LWHNVBUHRWILYHR®V VHG



FRPSDUH WKHWLPLQJRIWKH WUHQG EUHDN DFURVV TXDUWLOHYV R
RIWKH GLIIXVLRQ R P HG\DAX® QGQRYOPIMI-R®D QG /OHUDV SODXVLE O\

PHGLDWHDFFHVV WR SKDUPDFHXWLFDO WKHUDSLHV 7KHVHDUH LQFI
VKDUH DQGWKHSHU FDSLWD QXPEHUV RISK\VLFLDQVDQG SKDUPDFL!
WKH VDPH VK% I WL QIGIEDMW LQJ WKDW LQLWLDO DYDLODELOLW\ ZDV Q
DORQJWKHVHGLPHQVLRQV :KLOHZHGRREVHUYHGLIIHUH®WLDO PDJ
% WKLVLVOLNHO\GULYHQE\GLYHUJHQFHLQEDVHOLQHPRUWDOLW
ZH H[DPLQHFRQYHUJHQFHLQ SQHXPRQLD PRUWDOLW\ DIWHU DVN
UDWHV FDXJKW XS IDVWHU ZKHQ WKH\SRVVHVVHG PRUHRIWKH VDPH G|
EURDGO\XQLIRUPDFURVVIRXURIWKHVL[YDULDEOHV RQO\SKDUPDF
VXOID GHF Oh QH J¥EHQ HI XUWKRZV WKDW WKLV LV PRVW FOHDU IRU SKD!
KLVWRULFDO DFFRXQWV RI SKDUPDFLHV DV W KH\SAUKL P DK HJ Bl BADH. @FRIX W
RI VIVWHPDWLF GLIIHUHQFHV LQ GLIIXVLRQ E\LQFRPH HGXFDWLRQ F
XQXVXDOO\EURDGDQG UDSLG GLIIXVLRQ/WKBRXJKWKH SRSXODWLRQ

'‘DWDDQG 5HVHDUFK 6 WUDWHJ\

'‘DWDDQG %DVHOLQH )UDPHZRUN

,GHQWLILFDWLRQ RI FDXVDO HIIHFWV RI HDUO\ OLIH SQHXPRQLD RQ D
VHOHFWLYLW\LQ LQIHFWLRQ :HDGGUHVV WKLV FKDOOHQJH E\ XVLQ.
H[SRVXUH FUHDWHG E\ WKH DUULYDO RHVIXOQMKGHLXOW Y. QU D J H) MIKH HD F
PRVW EXUGHQHG E\ SQHXPRQLD LQ WKH SUH VXOID HUD H[SHULHQFHG
VXOID GUXJV XVDQUHD FRQWLQXRXV GLITHUHQFHV LQ GLIIHUHQFH GH'
DQG ODERU HFRGRRMFIMF XODU ZHLQYHVWLIJDWH ZKHWKHU WKH SRVW
RI SQHXPRQLD PRUWDOLW\DFURVV WKH VWDWHV DIWHU LV PLUUR
FRKRUWY ERUQ LQ WKH VXOID HUD :HDFFRXQW IRUFRQFHUQV UHODW
WKLV W\SH RRDSSIURDAKIW DQG HIWHQG WR SURYLGH HYHQW VWXG\ PF
FRKRUW DV ZHOO DV GREXPHQWLQJGRVHUHVSRQVHV WR H[SRVXUH

2YHUWLPHWKHVH GLITIHUHQFHV DSSHDU WR EH UHODWLYHO\PLQRU %\\HDU SRV
% VXIJIJHVWD GHFOLQH RIEHWZHHQ DQG LQPRUWDOLW\ZKHQ FRPSDULQJDFURV'
ZKLOH RIWHQ GHFOLQHV ZHUH IDU PRUH KRPRJHQHRXYV

6HH IRUH[DPSOH HDJMUEZRWNFMRREKOXDQG -RKRDYRIXHDNOH\



7KH GDWD IRUDGXOW RXWFRPHV FRPH IURP WKH DQG
RI WKH 8QLWHG 6WOWGINVEHOYVODRRKRUWY ERUQ LQ WKH \HDU VXOlI
DYDLODEOH ZHUHLQ WKHLUHDUO\ V V DQG VDWWKHWLPHRI W
IRXU PHDVXUHYVY \HDUV RIHGXFDWLRQ ORJIDPLO\LQFRPH HPSOR\PF
FRQVLGHU DGGLWLRQDO RUGHULYHG RXWFRPHV2KLIJK VFKRRO DQG |
GLVDELOLW\ DQG IRUZRPHQ PDUULDIJHDQGFRPSOHWHG IHUWLOLW\
PXOWLSOH RXWFRPH YDULDEOHV ZH FRUUHFW IRU PXOWWY.BOXHMSRW
IROORYAUIOQR DQG :ROI SURYLGLQJVWURQJFRQWURO RI WKHIDPLO
GLVFXVVLRQ RIGDWDDQG YDULDEOHVDQG BPOO GHVFULSWLYH VWDW|I

7KHEDVHOLQH VSHFLILFDWLRQ ZHHVWLPDWHLYV

Yise = ! +" (3RVW VXOD B H ([ SRVWH S ! Hadrg + Yo + Xgt! + &ste-

Yise GHQRWHVY DQ RXWFRPH UHFRUG H ® L BLLGWONEERER B VREUVHHG HYGL IGX D
FHQVX& \HGHURXWFRPHV DUHLQGLFDWRUV RI KXEDQRWD SR WRWOW\QIGQL\Y K
LQIDQF\LQ DQGWKHUHDIWHU DQG IRULQGLYLGXDOV QRW H[SRVH
PRUWDOLW)\UDWHLQ WKHELUWK V®WHGNIGEBR\WN W% B \DHY HSR VXY
DJHFRPELQHG SQHXPRQLDDQGLQIOXHQ]D PRUW R ©DWWXD\NM & X bl IDQWF
LOQWHQVLW\VLQFH SQHXPRQLD UHGXFWLRQDIWHU :H H[SHEQFUHDVLQ
IRUGHVLUDEOHRXWFRPHV LI DG XOM R XWHFHRIE G5 W DUBARWHW K HV IS Q W W
IL[HG HIITHFWV IRU ELUWK VWDWH ELUWK \HDU FHQVXV GLYLVLRQ DQ
ZLWK SRROHG VDPSOHV RI ERWK EODFNDQG ZKLWH PHQ DQG ZRPHQ |
DQG VH[ GXPPLHY DLEFGYLHF DWHO®WHU VHFWLRQV ZH UHSRUW JURXS VS
VHW RIIL[HG HIITHFWV LV LIQ NXXGRGL 5@ ¥ EIHARPHVHH G X QG D QW

%LUWK \HDU | I${ HlBUHI HH/AWL\PDWHG VHSDUDWHR\ LRS &\ QK HNQ@ALR\D &

2XU LGHQWLILFDWLRQ VWUDWHJ\ XVHV WKH WLPLQJ RI WKH DUULYDO RI WKH VXO
DYDLODELOLW\DW WKH VWDWH OHYHO DV DQ\ VWDWH GLIIHUHQFHV LQ DGRSWLRQ UD
VLPLODU WR WK RIUDQ DQG /O HIFHP RXQX D QG - R KQWIRDN O H \ D@EWOHU HW DO

DPRQJRWEKXNUBGHHN RDD JHQHUDO UHYLHZ R MAKKLD/QDESBIKR B WKODW VW U X FW XU D O

E\VWDWH DUHLQ D WLJKW LQWHUYDO DURXQG DQG WKH ZRUNLQJ SDS
LV LQ IRUWKH SQHXPRQLD PRUWDOLW\ UDWH DOWKRXJK LQ IRUWKH ORJDULW
FRQILUP D EUHDNLQ % YAHMEESHQGL]

6WDWH OHYHO PRUELGLW\ GDWD DUH QRW DYDLODEOH VR ZH IROORZ D WUDGLWL
%R]JROL HW DO



ZLOO QRW EH FRQIRXQGHG E\DQ\ PDFUR OHYHO WHPSRUDO VKRFNV I
WKHUHOHYDQW WKRXJKW H[SHULPHQW XQGHUO\LQJWKHHPSLULFDO
FRKRUW LY FRPSDUHGWRDQLQGLYLGXDO ZLWKLQ WKHVDPHELUWK F
HISRVXUH WR VXOID GUXJV ,QEDVHOLQHPRGHOVZHDOVRFRQWURO I
YDU\LQJ REXHHEUVZIKEGBKWYH GHWDLO EHORZ 9DULDWLRQVLQ FRQWURO V
ZLWKRXW FRQWUROV DV ZHOO DV WKHLQFRUSRUDWLRQ RI VWDWH V
SHULRGEX¥XOOHU HWVRRGPDQ %DFRUH SUHVHQWHG DV UREXVWQHVYV FKHI

‘HFOXVWHUVWDQGDUG HUURUVDWWKHELUWK VWDW E®OHWUDWR DF
HWDO :HUHVWULFWWKHVDPSOHWRELUWKFRKRUWYV WR UHG
RWKHU SXEOLF KHDOWK HYHQWYV RULQWHUYHQWLRQV IRUH[DPSOH
FUHDVLQJO\ZLGHVSUHDG XVH RI SHQLFLOOLQ DIWHU 7KH HVWLPE
LQ ZKLFK DGXOW RXWFRPHV GHSHQG XSRQ SQHXPRQLD H[SRVXUH DW
VKDUSDUULYDORIVXOIDGUXJV WKHLPSDFWRIZKLFKYDULHVDFURV)
EXUGHQ

,GHQWLI\LQJ $VVXPSWLRQV | RUKMH EVDH/ALOQH (v RVR.® BB R HE RRQW RQ W L |
RXV YDULDWLRQ LQ EDVHOLQH SQHXPRQLD PRUWDOLW\ UDWHV LQ D |
GUXJV $V GRFXPHQWWGEIWBDY¥HOHL QH SQHXPRQLD PRUWDOLW\ UDWH
GHDWKV SHU LQGLYLGXDOV 2UHJRQ :DVKLQJWRQ &DOLIRUQL
&RORUDGR 1HYDGD $UL]JRQD *LYHQ WKDW VXOID GUXJV ZHUH
ZDV XQDYDLODEOH IRU SUH ELUWK FRKRUWY ZHFDQYLHZRXUVHW
GHVLJQ ZLWKDVLQJOHDGRSWLRQ GDWH RU D E O RSEWKW U B Q & PRHEQMD G +
7KLV VLQJOHDGRSWLRQ GDWH LPSOLHVY WKDW ZH QHHG QRW EH |
WUHDWPHQW HIITHFWV R Y H F RR$ B UALR/QR Y FOLFIIDGALIQYIW R XQGHVLUHG ZH
HITHFW PRGHOV DOHGLWIFIXWH/MHIBUEN L Q D Q G ' L«@W. B W D°XILD O H

+RZHYHU WKH XVHRIFRQWLQXRXV YDULDWLRQLQ H[SRVXUH WR VX
IL[IHG HIIHFW VHWWLQJ ZLWK FRQWLQXRXV WUHDWPHQW H{SRWXUH UH
DzZzD\HW DO 6SHFLILFDOO\ QRWLQJ WKDW VWDWHY DUH H[SRVHG WR
PRUWDOLW\ RXULGHQWLIN\LQJDVVXPSWLRQLVWKDWKDGDQ\VSHFLII



PRQLD PRUWDOLW\OHYHO LW ZRXOGKDYHIROORZHG SDUDOOHO WUH
GRVDJH 3URYLGHG WKDW VX FHK VQ PD/W XBEWRRKQHKRD GULIKWHG DYHL
HUDJH &DXVDO 5HVSRQVHV $&5 DFURVV WKH GLVWULEXWLRQ RIEDVF
$&5FDSWXUHVWKHPDUJLQDO FKDQJHLQRXWFRPHVJLYHQDPDUJLQD
DIXOO GLVFXVVLRQ RI WKH UHTXIBUBQ ®HYYXBSWERGR QY $\B\EHQ®LI LW
DVVXPSWLRQV ZKHQ GRFXPHQWLQJ VSHFLILFDWLR® OQR G RERXWQIHQ
GRFXPHQW PRGHOV EDVHG RQ ELQDU\ GHILQLWLRQV RI H[SRVXUH ZKl
WLRQDO SDUDOOHO WUHQGV DVVXPSWLRQ DOORZLQJXVWRHVWLPDV
' LQWHUPV RIH[SRVXUH WR VXOID GUXJV ZHFRQVLVWHQWO\UHSRUW
VWDWH PRYLQYWSHRFEMEMLOH RIEDVHOLQH S Vi XRFE® IQIWRRWW DO L W\ W

(YHQW 6WXG\6SHFXDWDRER@HY DVLQIJOH FRHIILFLHQW GLIIHUHQFH
KRZHYHU WKH FRKRUW OHYHO YDULDWLRQ LQ H[SRVXUH FDQ EH PRU
YHUVLRQ&IHFLILFDOO\ ZHHVWLPDWH

%943

Yiste = ! + " ({ <HDUY}'! %DVH ([%R\#QQQI)JH&' Ud)rg"'o/@,rg"'xét! + &stc

j=1930

VXEM HBW- Wa% ' 1935=0 7KLV LPSOHPHQWDWLRQ RI WKH HY HBQWOHWX G\ K

ZKHUH UDWKHU WKDQ XVLQJDVLQJOH DUELWUDULO\FKRVHQ RP
SUH WUHDWPHQW SHULRG UWR KX\ @NVEDRFKIHOANMZH GREXPHQW D PRGH
FRHIILFLHQW LV RPLWWHG IRU FRPSDULVRQ DQG PRGHOV ZKHUH HVW
ZLWK LQGLYLGXDOV ZKR ZHUH ROGHU DW WKH WLPH VXOID GUXJV DUUL
Rl IROORZWKRVH SUHYLRXVO\GHVFULEHG LQ

7TKHHYHQW VWXG\ U SHFHIUFPWLRQPXOO VHW RI SUH DQG SRVW WUH
EDVHOLQHSQHXPRQLBRWMWDHOU{BRFMDMXUH 7KHORJLFRIVWDQGDUG |

7KLVLVDQLQWHU TXDUWLOHUDQJHPRYHPHQW DQGZRXOGLPSO\PRYLQJIURP

DGHFOLQH RI GHDWKV SHU 7KLV VFDOLQJLVDUELWUDU\ EXW FKRVHQ JLY
DUULYDO RIVXOID GUXJV ZDV ODUJH )RUH[DPSOH EHWZHHQ DQG GHDWK UDW
GHDWKYV SHU J)LIXUH

$V LV WKH FDVH ZLWK PRGHOV RPLWWLQJD VLQJOH SUH WUHDWPHQW \HDU LQ WK
LPSO\LQJ WKDW DOO FRHIILFLHQWY DUHLGHQWLILHG XSWRDQDUELWUDU\EDVHOLQ
RI QRW DQFKRULQJ DOO HVWLPDWHYV RII D VLQJOH2SRWHQWLDOO\ QRLV\2EDVHOLQH
FRQILGHQFHLQWHUYDOVIRUDOO SUH DQG SRVW WUHDWPHQW FRHIILFLHQWYV



LV WKDW LQVSHFWLRQ RI SUH WUHDWPHQW FRHIILFLHQWY DOORZV ||
XQLWY ZHUH DW OHDVW IROORZLQJ VLPLODU WUHQGY SULRU WR WKH
IROORZHG VLPLODU WUHQGVY LQ WKH SRVW UHIRUP SHULRG WKHLGHQ
FRHIILFLHQWYV LQURTYLGBGWNVROFRQWLQXRXV LQWHUSUHWDWLRQ RI VXFK
FORVHWR]HUR WKLV VXJJHVWV WKDW KLJKHU YHUVXV ORZHU SQHXPF
LQKXPDQFDSLWDO RXWFRPHY SULRUWRWKHDUULYDO RIVXOID +RZF
UHTXLUHG KHUH ZH FDQ FRQVLGHU WKLV LQ D PRUH H[SOLFLW ZD\ 6S
DQG SRVW WUHDWPHQW ZLWK D FRQWLQXRXV EDVHH[SRVXUH PHDVXL
DVHULHV RIVDWXUDWHG LQGLFDWRUV IRUEDVH H[SRVXUHLQWHQVL'
VHULHV RIGHFLOHV DUH XVHG DQG VWDWHYV ZLWK WKH ORZHVW SQ
FDWHJRU\ ,Q WKLV FDVH ZHFDQLQVSHFWIRUERWKWKHSDUDOOHO \
SDUWLDO WHVW RIVWURQJSDUDOOHO WUHQGY DQGLQVSHFWIRU DC

TKUHDWV WR  GHQWLILFDWLRQ

,Q WKLV VHFWLRQ ZH GLVFXVV RXU VWUDWHIJ\WRDFFRXQW IRU SRW!
YDULDEOHYV ,QDGGLWLRQWRDGGUHVVLQIWKHVHFRQFHUQV ZHZLO
HUURULQEDVHOLQHPRUWDOLW\UDWHY DOO DJHYV LQIDQWUDWHYV
SUH WUHQGV DQG DJHDW H[SRVXUH WHVWLQJIRULPSDFWV DW DJHV
IHUWLOLW\ VXUYLYDOVHOHFWLRQ DQGVHQVLWLYLW\WRWKHUDQJH
WRH[FOXGLQJWKHZDUFRKRUWY H[FOXGLQJVWDWHVH[SRVHG WR WK

'LVHDVHVY QRW WUHDWDE® K RUWWAIQ WXO D FKROOFEHNU @DV IWHRRDRMN VXO
SLFNXSVXGGHQLPSURYHPHQWYV LQ KHDOWKDULVLQIJLQGHSHQGHQW
VXFKDVVWDWH VSHFLILF SXEOLF KHDOWKLQWHUYHQWLRQV LPSURY
$V D FKHFN DJDLQVW WKLV ZH FRQWURO IRU WUHQ 6 ¥ DRHELR/G DWHLVVH
RQWKHSUHPLVHWKDWRPLWWHGIDFWRUV ZLOO QRWKDYHGLVFULPL
GLVHDVHV FRQ W:BLIQQHGHUD FRW BRKVB VK OMPOOID ELUWK VWDWH VSHFLIL
GLDUUKHD XQGHU WKHDJH RI PDODULD KHDUW GLVHDVH WXEHUF>

7TKHFRQWURO IRU GLDUUKHD LV SRZHUIXO DV LW ZDV WKH VHFRQG OHDGLQJ FDXYV
ULVN IDFWRUV WK SQ AWOPRWQIWBOLW ZLOO DFFRXQW IRU XQREVHUYDEOH WUHQGYV LQ Kt
ZDV GHFOLQLQJVLJIQLILFDQW®DGXHEQHWKPG/ WXEHSSHQUHREERQLD PRUH SUHYDOHQW
FRPPXQLFDEOH GLVHDVHWUHQGY FRQWURO IRUKHDOWK FDUH TXDOLW\DQGDFFHVYV



2WKHU GLVHDVHV WUHDW D&OMH 2 IGMVK Y\X O HGONUK PO UNHG GHFOLQHV L
SQHXPRQLD PRVW QRWDEO\ VFDUOHW IHYHU HUDADSHO DR UPHQH @ JD

7KXV WKH FRHIILF{ DV R Q[ SRV W OHDORDGHG RQ WR LW WKH HI
WLRQV LQ WKHVH RPLWWHG VXOID WUHDWDEOH GLVHDVHV +RZHYHU
IRUD QHJOLJLEOH IUDFWLRQ RI LQQ FQ QY VD QIEVINO S YOH H PHRUDNOD\OH SWL V |
RIPDWHUQDO GHDWKV LQ PDWHUQDO PRUWDOLW\ ZDV KLJK DW D
VROXWH UHGXFWLRQV LQ PDWHUQDO PRUWD OIDWDN REFXRGUB G B MNKON K
7KRPDVVRQ DQG 7UMBWHHUHIRUH FR QMW 2D HROD NRHVWQRDXO0RUW D O LW\

6WDWH HFRQRP\ DQG LELIQBN WYX HWWWLRDWHY XVH WKH FURVV VWDW|
FUHDWHG E\ WKH LQWURGXFW LRRQQRIBXIHQVE 8 XHVWWHRGN DFURVV KL
VWDWHYV SULRU WR DUHDFRQFHUQ WKDW ZH L,@YHAVF DMHW B H E R/GW/
IRUELUWK VWDWH DQG ELUWK \HDU YDU\LQJ VRFLRHFRQRPLF YDULDI
VSHQGLQJ DQG WKHQXPEHUV RIVFKRROV XR V SLRAODADWRIDNA. §K RIFILOQ
SHU FDSLWD LQ WKH ELUWK VWDWH LV SHUWLQHQW JLYHQ HDUO\ OLIF
'"HSUHVVLRQ (UD ZKLFK KDV EHHQ OLQNHG WR O RQIIX H YO K HDFG W K\WD|Q

‘H DGGLWLRQDOO\ FRQVLGHU VSHFLILFDWLRQV UHPRYLQJ WKH ¢
ZKLFK FRQWURO IRU VWDWH OHYHXEBE NHD\® N HEELIQULIR@ RV R WHV\
UREXVWQHVV WR ELUWK %W WRINGRELQDPOW U RHHAIRIE RGY % DFRQ
LQDOOEDVHOLQHPRGHOV ZIELQWBXBBUFHQN®WHAHFMWALRRWLYDWHG L
LQ HFRQRPLF GHYHORSPHQW EHWZHHQ WKH 86 6RXWK ZKLFK ZDV SDU
SDUWV RI WKH FRX WWHQBXXWRBKMXKH) DQG 0F/HDQ

‘H QRWH WKDW LQFOXGLQJ ULFK VHWV RI FRQWURO YDULDEOHYV PD\

,Q WKH QXPEHU RI LQIDQW GHDWKV LQ OLYH ELUWKV IURP WKHVH GLVHDVF
SQHXPRIQA®HU DQG *URMIHYHUWKHOHVV LQFOXGH FRQWUROV IRU SRVW FKDQJHV
WKLV GLG QRW DOWHU WKH FRHIILFLHQW RI LQWHUHVW VHHB6HFWLRQ

ODWHUQDO PRUWDOLW\GHFOLQHDW WKHSRSXODWLRQOHYHOPD\LQFHQWLYL]H S
H[KLELW DV LPSURYHPHQWYV LQ ORQY UNMQWRXWFRPE Y URQ DRRH/@H2RY AXWHPDWHYV
WHVW IRUWKLV E\VHSDUDWHO\FRQGLWLRQLQJRQH[SRVXUHWRPDWHUQDOPRUWDOC
WKHUH DUH FRQVHTXHQFHV IRUFKLOG GHYHORSPHQW IURP D PRWKHU G\LQJ DQG DG
EHFDXVHRIGHFOLQLQJLQIHUWLOLW\ DSRWHQWLDO FRP S OG E DHVAILMFQVR/I IS IRPVDAW 8§l D Q\D §
PRUWDOLW\GHFOLQHRQ FKLOGUHQ EHFDXVH WKH PDWHUQDO SRVW SDUWXP LQIHFW
ZHUH UDUHO\WUDQVPLWWHG WR LQIDQWYV

7KHHVWLPDWHV DUH QRW VHQVLWLYH WR ZKHWKRU ZH GQBER WD BRY RO X G P XK\M LFS
WKH SUH LQWHUYHQWLRQ OHY HO R{ WKRI FG O R D FRUHG IL VMG WIREKWR R BROM K MWZRIVH O |
RQ WR WKH YDULDEOH RILQWHUHVW



SUHVHQWLQJ SRWHQWLDO FKDOOHQJHVLQHVWLPDWHDYHUDJH WUHLEL
LQJRIREVHYDPDWURQWDOH WKHUHIRUH DVVHVV UREXVWQHVYV RI WKH |
DGGLWLRQRIFRQWUROV DQG GLVSOD\D VXLWHRIFRHIILFLHQWYV LQF
DWDOO

SHVXOWYV

SRROHG IXOO VDPSOH UHVXOWYV

TDEGGHUHVHQWV VLQJOH FRHIILFLHQWHVWLPDWHV RIWKHORQJ UXQ H|
UHSRUWYV HVWLPDWHYV RI WK HARH I E BN @ W NRISIRVDNWWNAXWDHDUHVVLRQV
HISRVXUH WR VXOID GUXJV2DQG WKHUHE\UHGXFHG H[SRVXUH WR SQH
VLIQLILFDQWLPSURYHPHQWV LQDOORXWFRPHVLQYHVWLIDWHG 2Q
UHGXFWLRQLQ SQHXPRQLD PRUWDOLW\ GHDWKYV SHU ZDV DV
VFKRROLQJ D LQFUHDVH LQ IDPLO\LQFRPH D SRLQW LQFUHD\
DQGD SRLQWGHFUHDVHLQUHSRUWLQJD ZRUN OLPLWLQJGLVDEL
IROORZRRDOQR DQG :RUIKH ): (5 DGMXVWHG S FROQXHYAPLW KD BWOWKH HVWL
VFKRROLQJDQGLQFRPHDUH VLIQLILFDQW DW WKH OHYHODQG IRU F

(VWLPDWHV IRUDGGLWLRQDORXWFRFMWEKBHDYIDEOMW ZKLFK WKH
LQJ RFEFXUV ZHPRGHOHG KLJK VFKRRO D QG FRQ® B JHRERR/S\OHWWFLLRHD 7
VFKRRO FRPSOHWLRQ D SRLQW IURP DQ ,45LQ SQHXPRQLD PRUWEL
OHJBVLQJDPHDVXUHRIFRJQLWLYHGLVDELOLW\DYDLODEOHLQ RQH |
HVWLPDWHG GHFOLQH :HWKHQ ORRN PRUH FDUHIXOO\DW GLVWULEX)
PRGHO SRYHUW\XVLQJWKHFHQVXVPHDVXUHRIWKLY DQGZHILQGD
PDUJLQ DQG SRYHUW\DUH FRQVLVWHQW ZLWK WKH ODUJHU EXUGHQ F
IDPLOLHV :HIXUWKHULQYHVWLIJDWHG LPSDFWV RI FKLOGKRRG VXOII

$Q H[DPSOHRIRYHU FRQWUROOLQJPLIJKWEHDVIROORZYVY DQLPPXQHV\VWHP ZHI
RWKHU LQIHFWLRQV FUHDWLQJ SRSXODWLRQ OHYHO FRUUHODWLRQV LQ GLVHDVH
YDULDWLRQLQGLVHDVHWUDMHFWRULHY WKDWDUHLQIDFW GULYHQ E\WKH XVHRIYV

+LJK VFKRRO UDWKHU WKDQ FROOHJH KDV EHHQ DUJXHG WR KDYH EHHQ WKH SULF
GXULQJWKHHDUO\ WKFHQWXU\ ,QGLVFXVVLQJUDSLGJIJURZWK LQRKIGKMFKRRO HQL
REVHUYHV WKDW WKHHFRQRP\KDG EHIJXQ SURGXFLQJ ODUJH QXPEHUV RI ZKLWH FR(
WKDW SURYLGHG E\SULPDU\VFKRRO EXWOHVVWKDQ WKDW IXUQLVKHG E\FROOHJH (
VNLOOV IXUQLVKHG E\ D KLIJK VFKRRO HGXFDWLRQ VXFK DV WKHDELOLW\WR UHDG P
XQGHUVWDQG WKHIXQGDPHQWDOV RIJHRPHWU\ FKHPLVWU\ DQG HOHFWULFLW\



WULEXWLRQ :HGRWKLVE\DVVLIJQLQJUHSRUWHGDGXOW IDPLO\LQFF
GHILQHG RQ WKH SUH VXOIBHAHFRPHUGRVWUWEXMLFRRKRUWY ZHUH VLJ
OLNHO\ WR DSSHDU LQ WKH ERWWRP KDOI RI WKH LQFRPH GLVWULEXV
ZHUH LQVWHDG VLJQLILFDQWO\PRUH OLNHO\WR DSSHMUFBEXONSHUFH
DOVR WKMHSHUFHQWLOHY 7KXVDYDLODELOLW\RIWUHDWPHQW IRUD
SRRU QRW RQO\KHOSHG LQGLYLGXDOV HVEDS H &R RHUMD\SCHIBVWNHKUHLPQWOF
WRZDUGV WKHWRS RI WKHVRFLRHFRQRPLF ODGGHU

&RQWULEXWLRQ RI KXPDQ FDSLWDO DFFXPXODMW HR @ WRD MGHGJ Bl DY FHH/U
UHWXUQV IRUWKH VDPSOH FRKRUWYV LQ WKH FHQVXV ILQGLQJ UHV
LQJ $SSO\LQJWKLVWRWKHREVHUYHGLQFUHDVHVLQ HGXFDWLRQ DQ
DURXQG RIWKHVXOID OHGLQFUHDVHLQIDPLO\LQFRPHFDQEHDFF
UHOHYDQWLQVRIDUDVWKHLQFUHDVHLQVFKRROLQJIRUVXOID H[SR\
PHQWLVDUHLQIRUFLQJLQYHVWPHQW WKDW FRQWULEXWHV WR WKHL
ORRNDW GLIIHUHQFHV E\UDFHDQG JHQGHU EHORZ JLYHQ GLPLQLV]
LQ WKH 6RXWK WKDW UHVXOWHG LQ VIVWHPDWLFDOO\VPDOOHU LQFR
WKHLULQIDQW KHDOWK HQGRZPHQW $VLPLODUDUJXPHQW KROGV IR
WKDQ PHQ LQ WKLV HUD RQ DFFRXQW RIUHVWULFWLRQV VXFKDV PDU

JOH[LEOH WLPLQJFRIHHISYRMXXGLHY FRUUHVSRQGLQJWR WKHVLQJOH F
LQ)LIXUKH EDVHOLQH VSHFLILFDWLRQ PRGHOV SQHXPRQLD H[SRVXU
DOORZ WKH UHDGHU WR REVHUYH WKH LP@DHQN WD G [ B/RKHXIW B XOUWA R W F
LPSRUWDQFH RIH[SRVXUH WR DQWLELRWLEY IGERMRUWKEHRUQMUW \HD B
JRULQVWDQFH IRUHGXFDWLRQ DQG HPSOR\PHQW WKH FRHIILFLHQW
FRQILGHQFHLQWHUYDO OLHVDERYH WKHOLQHDW]JHUR )RULQFRPH
ZLWK FKLOGUHQTVY ORQJUXQ RXWFRPHV EHLQJ VHQVLWLYH WR H[SR\

6SHFLILFDOO\ IRUHDFK FHQVXV ZDYH ZHFRPSXWHG SHUFHQWLOHV RI WKHIDPLO

SUH VXOID :HWKHQDVVLJQHG WKH SRVW VXOID ELUWK FRKRUWY WR R
IDPLO\LQFRPHLQ WKDW FHQVXV ZDYH :HFUHDWHG D UDQJHRIELQDU\LQGLFDWRUYV
LQFRPH SHUFHQWL GH VR B HBHHS\SBLHIQVG L |

‘H GR QRW H[SHFW LPSDFWV IURP IHWDO H[SRVXUH EHFDXVH PRWKHUV RI FKLOGE
WLRQ BDWWWHQ7/KLY FRQWUDVWYVY ZLWK IOX H[SRVXUH GXULQJ WKH IOX SDQGHPL
SDUWLFXODUO\KL$RPQHFWLRQ UDWHYV



PHGLFDO UHDVRQ WKDW D FKLOG DJH WKLUWHHQ PRQWKV LV OHVV OL
ORQJUXQHIIHFWV IURP SQHXPRQLD H[SRVXUH +RZHYHU LWLV FOHDL
GUXJV DUUAKMHGE UHQ ERUQ ZHUH UREXVW WR SQHXPRQLD H[SRVXU
DJHGLVWULEXWLRQ RI SQHXPRQLD RQ WKBHHXY HROV® B IDL WK REG L BD C
GLVFXVVHG L QVeHFMH\R@GHD EHLQJ WKDW GHYHORSPHQWDO SODVWLF
VWUHVVRUV VXFKDVLQIHFWLRQVKDYLQJLUUHYHUVLEOHHIIHFWV 7
LGHQWLI\LQJ WKH HDUO\ \HDUV RI FKLOGKRRG DV D 3FULWLFDO SHULF
LQIHFWLRX Y GRRE O \DHN\G & X$ARRIQG DQG 0D]XPMHWMWHU DQG 2VPRQG

'XTXHHW DO 7KH SDWWHUQV DOVR SURYLGH D IDOVLILFDWLRQ WHVW

JRULQFRPH HPSOR\PHQW DQG GLVDELOLW\ ZH XVH RXWFRPH GDWI
DQRGQRWDOOKDYHTXDUWHU RIELUWK UHFRUGHG 7KLV LPSOLHV SDI
PHPEHUV RI WKH IXOO\ H[SRVHG ®BL U WEKHRKR DWW G/IHIMFSYYHGGLW
WKDW FKLOGUHQ ZKR ZHUH DOUHDG\ D \HDU ROG ZKHQ VXOID GUXJV D
WKH SK\VLRORJLFDO FKDQJHV WKDW LQ WKHDSSURSULDWHHQYLURC
FRQVLGHULQJ HGXFDWLRQ ZH KDYH D PRUH SUHFLVH GDWLQJ RI ELU
ELUWK DUHDYDLODEOH LQ WKH FHQVXV 7KLUG ERWKEHFDXVH W|I
HISRVXUH WR SQHXPRQLD FHDVHV WR PDWWHU IRU IXWXUH RXWFRPH)\
ELUWK WKHGHVLJQLV:3X]]\" DURXQG WKH WKUHVKROG 7R DFFRXQW
PRGHOV GURSSLQJ ELUWK FRKRUMY HVWLPDMHEWBUH UREXVW WR W|
WKH FOHDU VKLIW LQ HGXFDWLRQ HPSOR\PHQW DQG LQFRPH EHWZH
VWXGLHVY FRUUHVSRQGLQJWRDOWHUQDWLYHRXWFEFRREVBUY RAX\OWHDAL
LPSURYHPHQWV LQ UDWHV RI KLIK VFKRRO FRPSOHWLRQ DQG FRUUHYV
EHORZ WKH SRYHUW\ OLQH :H VHH QR HIIHFW RQ FKDQJHV LQ UDWHYV
LPSUHFLVHGHFOLQHLQDPHDVXUHRIFRJQLWLYH GLVDELOLW\

$YHUDJHFDXVDO UHVSRQVHV WR FR QWD @ XZRMX-WWUIRDW PH @\ ARSRVIXQXE
LQ GLIIHUHQFHPRGHO ,I XQLWV ZLWK GLIIHUHQW OHYHOV RI WUHDWTE
PRQLD KDYH V\WVWHPDWLFDOO\GLIIHUHQW WUHQGY WKHQ WKH VWDC

7KHHVWLPDWHV IRUZRUN UHODWHG GLVDELOLW\DUH QRLV\ PDNLQJLW KDUG WHF
WKHUHDSSHDUV D OHYHO GURSLQ WKHRXWFRPHIRU SRVW VXOIDELUWKFRKRUWYV



&DOODZD\HW PDKH FRQWLQXRXV 'L' PRGHO QHHGV WR VDWLVI\ WKH VW
WUHQGV VHHBHFWEEREG LQYHVWLIDWH WKLY ZHHVWLPDWHWKHHYHQ
SQHXPRQLD UDWH GLVW UKEX/DRQV DHH XQRXVYHDY WKH GDWD DUH QRZ
IHYHUWKHOHVV WKHUHLV D GRVH UHVSRQVH SDWWHUQ ZKHUHE\ WUH
OLQH SQHXPRQISMEMULGHQDU\LQJ FRQIRXQGHUV ZRXOG KDYH WR EH |
SQHXPRQLD EXUGHQ GHFLOHE\GHFLOH WR JHQHUDWH WKHVH SDWW

$QDGGLWLRQDO SRLQW RIFRQFHUQ UHOHYDQW IRULQWHUSUHWD
WZR ZD\IL[HG HIIHFWV HVWLPDWHV D ZHLJKWHG DYHUDJH RI GRVH VS|
ZKLFKDUHUHODWLYHO\LQIUHTXHQWO\REVHUYHG LQ WKH GDWD PD\ |
I[UHTXHQWO\ REVHEBYBGDYRO ORZBEHQEIRFXPHQWLWHKRHIDUKHH XHQF\ RI REV
YDWLRQV IRUHDFK GRVH REVHUYHG LQ WKH WUXH GDWD VROLG OLQI
WKH WZR ZD\)( HVWLPDWHYV GDVKHG OLQH 2YHUDOO WKH WZR ZHL.
HUWKHOHVV LQ &SZBH QB EXPHEXOMHWKDW RXU UHVXOWYVY DUH UREXVW W|
DGMXVW IRU WKH FRIFGH DDA UIDLMBYWQZH UH ZHLJKW RXU REVHUYDW
WDWLYHRIWKHWUXHDQDO\WLFDO GLVWULEXWLRQRIREVHUYHG GRYV
FROWLQXRXV WUHDWPHQW LVUHQGHUHG ELQDU\ DERYH EHORZ PHGL

%HQHILW FRVWUDWLR HVKAH. P D WRIMWLHDG/$HEST PHDQ LQFRPHIORZLQJ IU
LQ SQHXPRQLD PRUWDOLW\ LPSOLHV D EHQHILW FRVW UDWLR RI RYHL

LQ 86 GROODUV SRDSSUWRRGAHDWH DYHUDJHLPSDFWV IRU WKRVH
DQGDFFHVVHGA DY BFHRWIAWKWDXVDO 5 HVSRQVHRQ WKH7UHDWHG RU
RI'WKHSQHXPRQLD PRUELGLW\EXUGHQ 8VLQJDUDWH RI FDVHV DQ(
SQHXPRQLD DWWDFN UDWHV LQ WRGD\fVGHYHORSLQJFRXQWULHV W
E\D IDFWRU RI DVVXPLQJ WKDW UHWXUQV WR SQHXPRQLD WKHUD
DWWULEXWHV WKDW LQIOXHQFHG WKHULVNRIFRQWUDFWLQJWKHGL'
RIVFKRROLQJ SHUFHQWDJH SRLOWV LQ WKHOLNHOLKRRG RIHPSO|
LPSDFWVDUHODUJH WKH\DUH SODXVLEOH JLYHQ WKDW WKH PHGLD

7KLVLVQRWDV FOHDQ IRUHPSOR\PHQW DV LWLV IRULQFRPH HGXFDWLRQDQG G
VSOLWRIEDVHOLQHLQWHQVLW\

7KHHVWLPDWHG UDQJBRRDQGUDQ HWWIDWVOLY D FUXGH HVWLPDWH WKDW LIQRUHV S|
GUXJDFTXLVLWLRQDQGGHYHORSPHQW WKDW ZHUH QRW UHIOHFWHG LQ SULFHV



RI GLVDELOLW\ SHU SDWLHQW LQ WKHXHUHDW BB QRJW KXW IPKE 0 %M QURJ
UHFXUUHQW VSHOOV

SREXVWQHVV FKHFNV

, QWKHSUHFHGLQJVHFWLRQZHLQYHVWLIJDWHG VHQVLWLYLW\RIWKH
SDUDOOHO WUHQGV DVVXPSWLRQ ,Q WKLV VHFWLRQZHGLVFXVV DGG

OHDVXUHPHQW HUURU LQ WKHKHI[ 8 R WX B WBWHYPBH DGO DJH SQHXPR
LQIOXHQ]D PRUWDOLW\ UDWH DYHUDJHG RYHU W KAHSHJIS O/IXI0Q VK DWW R
FKRLFH ZDV PDGH WR PLWLJDWH PHDVXUHPHQW HUURU ,PSRUWDQWO
DEOHWUDQVPLWYV WKHUHOHYDQW VLJQDOV XVLQJGDWDIURP WKH
PHDVXUHG ZH VKRZ WKDW WKH SRVW GURS LQ WKH FRPSRXQG UD\
LQIOXHQ]D :HDOVR VKRZ WKDW WKH GURS ZDV VKDUSHU DPRQJ LQIL
FRQWUDFW SQHXPRQLD :HQHYHUWKHOHVV LQYHVWLIJDWHG VHQVLW,
PHDVXUH )LUVW ZH UHSODFH WKH FRPSRXQG UDWH ZLWK3W®H® QH XF
$ DQG VHFRQG ZHXVHWKHLQIDQW UDWHUDWKHU WKDQ WKHDOO DJ
PHDVXUHPHQW TXDOLW\ FRPSOHWLRQ RI ELUWK VIVWHP UHJLVWUDW
& )RXUWK ZH UHSODFH WKH UHGXFHG IRUP EDVHOLQH HVWLPDWHYV Z
ELUWK VWDWH DQG FRKRUW YDU\LQ% B RH\\S 8 ¥HE® B MGDL S\DKQIRD/ W2AKX
ILQGLQJV DUHUREXVW WR DOO RI WKHVH YDULDWLRQV

&RQIRXQGLQIHWHPWWYH DFFRXQW IRU VWDWH OHYHO 1HZ '"HDO VSHC
XVLQJ GDWD HROOHFMWHISVELQOQWVHUDFWHG ZLWK D SRVW VXOID LQGLFD
IRUWKH SRVVLELOLW\WKDW WKH GXVW VWRUPYV RI LQ WKH '"XVW
VWDWHY 3DQHO ( ‘:HDGGLWLRQDOO\GRFXPHQW WKDW RXU UHVXOW
SDQHO) UHPRYLQJERWK:RUOG :DU,,DQG 'HSUHVVLRQ\HDU FRKRUYV

2XU HVWLPDWHY DUH QRW ODUJH UHODWLYH WR UHODWHG HVWLPDWHYV LQ WKH O
LQFUHDVH LQ ZDOHDQERPIG DERXW D \HDU LQEWHDYH LG YRKRRQLRQ SULPDU\
VFKRROV LV HVWLPDWHG WR KDYH JHQ HUDWHKGI DO LQFUHDVHLQ LQFRPH



6HOHFWHRFWLYHOHIRRDQWILREHU ZKHWKHU ELUWK VWDWH ZKLFK ZH X\
PRQLD DW ELUWK PD\EHHQGRJHQRXV I SRWHQWLDO SDUHQWYV PRY'
WKH OLIH FKDQFHV RI WKHLU ELUWKY DQG WKH PRYHUV DUH SRVLWL'
HITHFW DW EDVHOLQH WKDW UHLQIRUFHVY WKH WHQGHQF\IRU ORZ SQH
WKLV LV DEVRUEHG E\VWDWH IL[HG HIITHFWV 2QFH VXOID GUXJV ZHUH
LQ SQHXPRQLD ZHUH QDUURZHG 7R WKH HIWHQW WKDW WKLV DWWHQC
VPDQUGHIOWLWEYRYHPHQWY LQ ORQJUXQ RXWFRPHV LQ ORZ SQHXPRQLD
WUHDWPHQW HIITHFWV RIVXOID 7RLQYHVWLIJDWH WKLV ZH XVH LQIRU
XDOV DJHG LQ WKH FHQVXV ILOHVDQGILQG WKDW FRQGLWLR
WKDW PLIJUDWLRQLQGXFHG E\WKHGLVHDVHHQYLURQEDGW PD\EH GL

BHOHFWLY¥HIKHWHORWMQHLW\LQ IHUWLOLW\UHVSRQVHV WR VXOID
LQ IDYRU RI ORZ ULVN ELUWKY WKLV ZRXOG RIIHUDQ DOWHUQDWLYH
LW ZHQW WKH RWKHU ZD\ LW ZRXOG UHQGHU RXU HVWLPDWHV FRQVH

FHQVXV DQG D VSHFLILFDWQRQML® IQRRDHYWBHQEBRI HQGRJHQRXV
FRPSRVLWLRQ SRVW 7DE®S$ISHQGL]

BHOHFWLYH)ROWRADX WKHDGYHQW RIVXOID GUXJV D JUHDWHU IL
SUHYLRXVO\KDYH VXFFXPEHG WR SQHXPRQLD VXUYLYHG $V WKH PD
IDLOLQJWRDFFRXQW IRUWKLY DVLQPRVWVWXGLHYV R3 RRIZIDUIGVR X
$OPRQG %R]]JROL HW DBLQFH VHOHFWLRQ PD\ SOD\D PRUH PHDQLQJIX
UDFLDO GLIIHUHQFHY WKDW ZH GRFXPHQW LQ WKH QH[W VHFWLRQ ZH
3DUW ,, RIWKH SDSHU

6HQVLWLYLW\ WKRHFRODWHWOR QW PRGHO LQFOXGHV IL[HG HITHFWV IRU ELL
ELUWK\HDU DORQJVLGH WLPH YDU\LQJFRYDULDWHY WKDW LQFOXGH}
DQG WKDW FDSWXUH WKH VRFLRHFRQRPLF DQG KHDOWK HQYLURQPH

BUHYLRXV VWXGLHV RI WKH ORQJ UXQ HIITHFWV RI HDUO\ OLIH LQWHUYHQWLRQV W
WKLV LV TXHRWMNRIQDEOHQ G 5H\Q D@ D OMMHRMKH UHYHUVH SURFHVV KRZ OHYHOV RILQ
PLJUDWLRQ SDWWHUQV 7KDW PLJUDWLRQ PD\ UH V SRQ/G) W R CGVK® G5 & ¥ BERVWHIEHYY L UR Q
DUHQRW DZDUH RI WHVWV RI WKLV

+HUH ZH KDYH GLVFXVVHG \SHDOUHRMRW W PRBEDW ERERUWY DV WKLV FRXOG ELDV W/
6HOHFWLYH PLJUDWLRQ W KWRWHIDREE\R XIWRKRH W\Q G D SRWHQWLDO PHFKDQLVP H[SC
RWKHURXWFRPHV :HLQYHVWLJDWHG WKLV WRR EXW ZHILQG QRVLJQLILFDQW WHQG
PLIJUDWLRQ ($/DEKDQG L [



WKH EDVHOLQH YDOXH Rl WKH YDULDEOH LQWHUDFWHG ZLWK WKH SR
H[SRVXUH IURP EURDGHU JHRJUDSKLF RU PDFURZ®HNFHX WLO H] M DUKH q
RI WKH FRQWUROV :H VWDUW ZLWK QRWKLQJ EXW WKH EDVHOLQH IL]
GLVHDVHV UHVXOWV LQ D VWDWLVWLFDOO\LQVLJQLILFDQW LQFUHDYV
YDULDEOHV PDNHV QR GLIIHUHQFH 7KDW RXU ILQGLQJV DUH QRW VHC
LI REVHUYDEOHV DQG XQREVHUYDEOHY EHKDYH VLPLODUO\ DQ\ UHO
LQ GULYLQJ R%0D \WMFQB\MLIQBWVMWHU HDGGLWLRQDOO\LQYHVWLIDWHG
UHVXOWY WR DGGLQJIXUWKHU FRQBLLRDKYV W.DW W DZEHS DFSI® M\ KN B B
HIITHFWV WR DFFRXQW DQ\ SODFH RU FRKRUW VSHFLILF GLIIHUHQFH\
VRFLRHFRQRPLF RXWFRPHV 7KH FRHIILFLHQW HVWLPDWHVY UHPDLQ
WLPH WUHQG W% KROORZ HQIDQ@®RGPDQ %DFRWKH VWDWH WUHQGV DUH
WKH SUH WUHDWPHQW SHULRG DQG SURMHFWHG IRUZDUGVY LQWR WK
HQGRJHQRXV YDULDWLRQ 7KLVHQODUJHV WKH WUHDWPHQW HIIHFW\
GULYHV WKH FRHIILFLHQW RQ HPSOR\PHQW WR ]JHUR 7KH HVWLPDWH V
RWKHU RXWFRPHYV

+HWHURJHQHLW\LQLPSDFWV EA\JUDGLHQWV LQDFFHVV WR V

‘HGRFXPHQWHG WXBMFWKRQPSDFW RI VX0 IBV&H X JVURVQVPRA DI L WA L
LQ WKHGHQVLW\RISKDUPDFLVWY SHUFDSLWD LQ WKHLQGLYLGXDO T\
LQFOXGLQJ IDPLO\LQFRPHDQG XUEDQ ORFDWLRQ WKLV LV WKH VWU
VHFWLRQ ZH H[DPLQH ZKHWKHU WKLV JUDGLHQW LQ DFFHVV PDSV LQ
RI H[SRVHG FKLOGURRHBEHN DDHEPHQWHG WR LQFOXGH DQ LQWHUDFWL
DQG EDVHOLQH SKDUPDFLVW FRYHUDJH DW WKH ELUWK VWDWH OHYH
DQG VWDWLVWLFDOO\ VLIJQLILFDQW IRU VFKRROLQJ IDPLO\ LQFRPH
IRUDOWHUQDWLY H'RXWF RAKHVFIDY FDFEEIA) FRPH WKH PDUJLQDO HIITHFW
OLYLQJLQ VWDWHVY LQ WKH ERWWRP GHFLOH RI SKDUPDFLVW FRYHUD

IRULQGLYLGXDOV ZLWK WKH JUHDWHVW H[SRVXUH WR SKDUPDFL\
WKH KLJKHVW YV WKH ORZHVW FRYHUDJHVY VWDWHV LV DQG IRUHPS

(PSOR\PHQWUDWHV IRUZRPHQZHUHLQFUHDVLQJDFURVVWKHVHFRKRUWY ZKHU|
ZK\HPSOR\PHQW HVWLPDWHV IRUZRPHQDUH PRUHUREXVW WKDQ IRUPHQ VHHEHOR
PRGHOV



WKHVHLQWHUDFWHG PRGHOVZKWUR 2EREYEHUYHPOHDU HYLGHQFH RI
RXWFRPHVHPHUJLQJEHWZHHQ KLIKDQGORZ SKDUPDFLVWFRYHUDJH
DOORXWFRPHVRWKHUWKDQ GLVDELOLW\ IRUZKLFKWKHRYHUDOO H'
DQRGIHQGHU ZKLFKZHZLOOORRNDWQH[W 2YHUDOO WKHVHUHVXO'
DGRVH UHVSRQVHLQDFFHVY HDUOLHU ZH FRQILUPHG D GRVH UHVSR

+HWHURJHQHLW\E\JHQGHU DQG UDFH

7DEOHHSRUWY HVWLPDWHV IRU ZKLWH PHQ ZKLWH ZRPHQ %ODFN PH
HYHQW VWXG\ JUDSKY DUH SUHVHR®/G GRBXISESO DG FXHKNWW GLVFXV\
7DEOHV )RU ZKLWH PHQ 3DQHO $ ZH VHH ODUJH DQG SUHFLVHO\ GF
LQFRPH DQGGHFOLQHVLQZRUN OLPLWLQJGLVDELOLW\ 7KHUHLV QR
'LVWULEXWLRQDO HVWLPDWSIRLRW MR R R H WHHMDEE I WHEWH WKHQ W L O H
DZD\ IURP WKRYK YRU ZKLWH ZRPHQ WKH SRLQW HVWLPDWHY DUH VWD
WKH IRXU RXWFRPHV ODUJHU LQ PDJQLWXGH IRUHPSOR\PHQW WKDQ
FRHIILFLHQWYVY IRU VFKRROLQJ DQG LQFRPH 7KHVH JHQGHU GLIIHUH(
ZRPHQ KDYLQJ KDG ORZHU EDVHOLQH HPSOR\PHQW UDWHYV EXW IHZH
HPSOR\PRQW®LQ

%ODFN PHQ VKRZ WKH ODUJHVW LQFUHDVH LQ IDPLO\LQFRPH WZLF
WZLFHDV ODUJHDV IRUZKLWHZRPHQ DVXEVWDQWLDOEXWLPSUHFI
DVPDOODQG LPSUHFLVHO\GHWHUPLQHG LPSURYHPHQW LQ ZRUN UH(
IRU %ODFN FRPSDUHG ZLWK ZKLWH PHQ LV FRQVLVWHQW ZLWK %ODF N
H[SRVXUHWKDQ :KLWHLQIDQWYV ZKLFKLVUHIOHFWHGLQ WKHFRKRUYV
WR VFDOHHIIHFWV RQ WKHWUHDWHG LQWRDYHUDJHHIIHFWV ZRXOG E
LQIHFWLRQDUDMMHWU SRUWLRQ RI WKH SRSXODWLRQ EHLQJ H[SRVHG

SRLQW WR HIITHFWV FORVHU WR WK® BHB8DWY U IOIXNHOLKRRG RI LQFRP
WKWEHUFHQWLOHY DQG D ORZHU OLNK ¥KHRIFG @ WD ®FHD U KG JOLDQUWH
HUURUV IRU %ODFN PHQ PD\ VWHP IURP KLJKHU VDPSOLQJ YDULDQFH
KHWHURJHQHLW\LQ WUHDWPHQW HIIHFW HVWLPDWHV ERWK RI ZKLFK

,QFRQWUDVW WR WKHRWKHU WKUHH JURXSV %ODFN ZRPHQ H[SHUL

S5HVXOWV IRURWKHU RXWFRPHV QG B SQRXSEH® K@ DMEMOHUQV IRU SULQFLSDO RXW



WR VXOID GUXJV ,Q IDFW WKH FRHIILFLHQWJREQEHRRIOW QR LAY @ P €
PDWHV DUH LPSUHFLVH 2QH SRVVLEOH H[SODQDWLRQ IRUWKH PRUH
H[SRVXUH2PDOHLQIDQWY ZHUH DERXW SHUFHQW PRUH OLNHO\ WKD(
ILUVW \HDWWRIVOWIHO XFNPDQ DQG +DRZRQ :DOGURQ VR ER\VVWRRG W]
JDLQ PRUHIURP WKHDUULYDORIVXOID $QRWKHULV WKDW WKHUH ZH
KXPDQ FIHSIWDWULD JREDUY :KLOH WKHVH DUH H[SODQDWLRQV RI PX
ZKLWH ZRPHQ WKH\GR QRW H[SODLQ WKH QHJDWLYH FRHIILFLHQWYV IF
WLDO LPSDFWV RQ PDUULDJHDQG IHUWLOLW\ FRQWULEXWH WR XQGH
ZRPHQ

OHDVXUHPHQW HUURULQ PRUWDOLW\ UDAMHWMDWH DHNY A @ D € &EZR@I
UDWH ZLOO OHVV DFFXUDWHO\UHIOHFW H[SRVXUH IRU %ODFN LQGLYI
DGGLWLRQ YLWDO VWDWLVWLFVUHIJLVWUDWLRQZDV NQRZQ WR EH LC
RI%ODFN SHRSOH UHV LG H G3&XXIUHLQ b WIKHLVMRXOG) G B UH REBR QN U

VHH $SSHQOGDR[G )LIXUKLOH ZH FDQQRW IXOO\DGGUHVYV ZKDW LV HIIHF'
SUREOHBRX®K HW DDH DWWHPSW WR DFFRXQW IRUPHDVXUHPHQW HU
DQG ZRPHQ E\FRQWUROOLQJIRUWKHTXDOLW\RIYLWDO VWDWLVWLF

JRUWXLWRXVO\ DQDWLRQZLGH DXGLWKI ELWRNVKY Z b NV KRRRKGXHFW H C
LQJ WKLV ZH GHULYH WKH SHUFHQWDJH RI ELUWKY UHJLVWHUHG E\' W
WKDW WKLV LV V\VWHPDWLFDOO\SRVLWLYHO\DVVRFL®PWWMIGHZER/® HD L
FHUQLV ZLWK ELDV LQ WK H IF BHDI VIHF H SRV RIQHDRWQV WDX@EER P PHDV XUHP F
%DVH ([SRYMUQGWURGXFHLQ WKH UHJUHVWILEBW K 5W K BWYUHILPADALRREW | YA X QY
EHLQJDEVRUEHG E\ VWDGMHMWID [KDG BIGHNVWXVVLRQ RI WKH SUR[LHV DQG
$SSHQGL[QFOXVLRQ RIWKHVH WHUPV DOVR KHOSVDFFRXQW IRU WKH !
GHDWK UHJLVWUDWLRQ VA\VWHPV KDYH ORQJ UXQ LPRDRKW ¥ REHKHPO W

7KHUH ZDV QR FRUUHVSRQGLQJ QDWLRQDO DXGLW RI WKH GHDWK UHJLVWUDWLRC
GHDMAKLVWUDWLRQ ZDV ERBWHKNY RABPWLR® RXWVLGH RIWKHKRVSLWDO %LUWKUHJ
EHWZHHQ DQG ERWK EHFDXVH RI LQF U HDMGPG .U R K Bl (G HVORKI PEH WK LVRIQO R RAHSALVBE
RFFXUULQJ L QKR SLAVDON 6 F K $SIS\H R PLUIXUH HYHDOV D SRVLWLYH FRUUHODWLRQ RI
QDWLRQDO ELUWK DQG GHDWK UHJLVWUDWLRQ VIVWHPY DOVRLOOXVWUDWLQJ WKH

6HHGLVFXVVLRR L®YESEHMGI[BXNEHABM XSRO[BDRVW [ @ MXIKHUHY WKH HUURU LQ
PHDVXUHPHQWyRAIEDY B HB KB G X 8RB DYRV\\SRE@IDH3 R MWV XZPIDVVLRQ RI!ARVW VXOID
ZLOO ELDV WKH FRHIILIF %DQWH R[G RARXIE V M Q| RRVRRIHI H 0D WO & Z3 MyKG LX) H H
SORW WKLV FRUUHODWLRQ DQG VKRZ WKDW LW LV SRVLWLYH



EDULDQG )OHWHKIEQG WKDW FRQWUROOLQJLQ WKLV ZD\IRU VWDWH K
UHVXOWV LQ VOLIJIKWO\ODUJHUHVWLPDWHG FRHIILF LZHQWKWIKA-RENL REODC
GLUHFWLRQ RIUHVXOWY VLPLODUWR WKHEDVHOLQHUHVXOWYV

$FFHVV WR VXOID GUXJV DPRQHB %YQPHWYNW QIDWHGXKODYRVVLELOLW\ WK
%ODFNPHQDQG ZRPHQ DUHDWWHQXDWHG EHFDXVH WKH\KDG PRUH C
LOWURGXFHG 7KHHYLGHQFHVXJIJHVWYV WKLV ZDV QRW WKH FDVH :H
DEVROXWHGHFOLQHVLQ SQHXPRQLD PRUWDOLW\DIWHU LQIDFW
VHH 3DUW ,, BEHERZIPQG $6$6FIKA@GCH[ZH DOVR VLWXDWH WKH SODXVLEL
KLVWRULFDO FRQWH[W

‘H QHYHUWKHOHVY FRQWURO IRU D SUR[\ IRU VWDWH YDULDWLRQ L
SHU %ODFN SRSXODWLRQ UHVLGLQJLQ PDMRULW\ %ODFN FRXQWL
RYHUPDMRULW\EODFN FRXQWLHV LQ HDFK VWDWH QRWLQJWKDW FR
RUZKLWH 3KDUPDFLVWV PHW WKHEXONRIGHPDQGIRUVXOID GUXJV

DV VXOID GUXJV GLG QRW UHTXLUH D SUHVFULSWLRQ WKURXJK W
DPRQJ WKH %ODFN SRSXODWLRQHIU® BBFHWFKQJ VXORFBUXIDV FRUU
ODWHG ZLWK YDULDWLRQ LQ SUH LQWHUYHQWLRQ SQHXPRQLD PRUW
DVVRFLDWHG ZLWK EHLQJ UXUDO WKHQ IDLOLQJ WR FRQWURO IRU G
3RVW, VXDV H ([SRVKWHKHUHIRUH FRQWURIODIRRDFR WK/ XIOQD WKH PDLQ
IHFW RI SKDUPDFLVWV WR EH DEVRUEHG E\ VWDWH IL[HG HIIHFWV :H L
PRGHM DGGLWLRQDOO\LQYHVWLIJDWHKHWHURJHQHLW\LQ ORQJUXQ
DQDO\VLV LQBHFWLHRDQG JHQGHU &RQVLVWHQW ZLWK %ODFN SHUVR
ZHILQG HYLGHQFH RI ODUJHU ORQJ UXQ HIIHFWV DPRQJ %ODFN PHQ L
SHUFDSLWD $SSHQGL[7DEOH

+DYLQJ GRFXPHQWHG ORQJUXQ JDLQV IURP VXOID GUXJV IRU %ODF

,QDSDSHU WKDW HVYWLPDWHV WKH FRQWULEXWLRQ RI VXOID GUXJLQQRYDWLRQ
-D\DFKDQGUDQ FIRQFFOXGH ZLWK D ORRN DW %ODFN ZKLWH GLIIHUHQFHV 7KH\ILQG Q
GHFOLQH )RU RWKHU VXOID WUHDWDEOH FRQGLWLRQV WKH\ UHSRUW D VPDOOHU G
WKH\PHDVXUH LV WKH SURSRUWLRQD®@ GIEEOHQH QY V3 Q AREBEVMDWIILIYE\O H KEW N HDH/ HR\F X
DEVROXWH GHFOLQHV L QLSIEHX F-RIH.@WPLRDUOMTKMDLENHIFDKMQF R FEWW D/GFIDW X UHYV HDU O\ O L 1|
DQG FRQVHTXHQWO\ ®RQIWXBDROWFRPHYV

JZHGRQRWLQFOXGHFRQGLWLRQRQ SKDUPDFLVW FRYHUDJH ZHVWLOOVHHLQF!
%ODFNPHQ VHH)LIJXUH



JHOQHLW\LQ WKHVRFLRHFRQRPLFEHQHILWYV RIDQWLELRWLF H[SRVXU
RIELUWK VWDWH V\VWHPLF GLVFULPLQDWLRQLQ 3DUW ,,

‘KDW H[SODLQV OLPLWHG URYXD QB ORWLYRPBIQHY SODFH LQ DQ HUD Z}
SRUWXQLWLHV IRUZRPHQ ZHUH GLUHFRO0A 103 P LHVHH[® E L QDHPW & HI R UPHD @\
ZKLFK WKHVH FRQVWUDLQWY VKDSHG ZRPHQYV ODERU PDUNHW UHVSI|
RIWKHHVWLPDWHG VSHFLI'LFDWLURQY ZHH Q@HYDHFQGULXOID H[SRVXUH
PHDVXUHV RIIHPDOHHFRQRPLFRSSRUWXQLW\ WKHIHPDOH WR PDOH
UDWBRURVV RXWFRPHV WKHWULSOH LQWHUDFWLRQFRHIILFLHQWV D
7DEOHLQGLFDWLQJWKDW RQDYHUDJH UHVWULFWHG ODERU PDUNF
UROHLQH[SODLQLQJJHQGHUGLIIHUHQFHLQ WUHDWPHQW HIIHFWV

+RZHYHU ODERUPDUNHWRSSRUWXQLWLHVIRUZRPHQZHWHL@LP LW
$VGLVFXVVHG WKHUHZHUHPDUULDJHEDUVLQWKLVHUDWKDWU
ZRPHQ LQ SDUWLFXODU ZKLWH ZRPHQ %ODFN ZRPHQ ZHUH GLVFULPI
HISRVXUHLQLQIDQF\PRGLI\WKLV" :HILQG WKDW %ODFN ZRPHQ H[SRV
PRUH OLNHO\WR PDUU\DQG WR KDYHFKLOGUHQ DW ERWK WKH H[WHQ
HIKLELW D VPDOOHU LQFUHDVHLQ PDUULDJH EXW WKHLWIQ@GEWHQVL"®
J)LIXUH 7TKHVHRXWFRPHVDUHRIVXEVWDQWLYHLQWHUHVWLQ WKHPVI
KHDOWK HQGRZPHQW RILQIDQWY ERUQ DIWHU VXOID GUXJV UHVXOWL
IRU%ODFNZRPHQ RQDFFRXQWRIWKHLU KLIKHUEDVHOLQHH[SRVXUH
VWXG\ WKH UHOHYDQFH RI WKHVH UHVSRQVHVY WR WKH ODERU PDUNH
GRIJHQRXVYDULDEOHYV 7KLV H[HUFLVHLV YHU\LQIRUPDWLYH :HDUH
UHVXOWYVY IRU %ODFN ZRPHQGBWRWXPINQWHGEG GULZFEHQHQWLUHO\ E\ WKR
KLIJKHU IHUWLOLW\ DIWHU VXOID LVLQWURGXFHG 7KHVDPSOH VSOL\
RIFKLOGKRRG VXOIDH[SRVXUHRQ %YODFN ZRPHQMVLQFRPHLQFRPHD
IHUWLOLW\ RU FKLOG RUDUH XQPDUULHG DWEDVHOLQH ,QIDFW Z
FRQILUPV WKDW IDPLO\IRUPDWLRQLQWKLVHUD ZDVDVLJQLILFDQW E
7TKHUDFHGLITHUHQFH ZLWKLQ ZRPHQ LV WKDW DIWHU VXOID ZKLWH Z

7KH FHQVXV GRHV QRW KDYH D PHDVXUH RI HGXFDWLRQDO DWWDLQPHQW DQG
$JJUHIJDWH ILIXOBVQURPVYRRZ WKDW PDOH IHPDOH FROOHJH FRPSOHWLRQ UDWLRYV Z



WR EH HPSOR\HG ZKLOH EODFN ZRPHQ KDG PRUH FKLOGUHQ DQG ZHU't
WR HDUQ VHH $SSHQ&XV/DREDBODFN ZRPHQ EXW QRW ZKLWH ZRPHQ
FKLOG EHDULQJDSSHDUWRKDYHULVHQ UHODWLYH WR UHWXUQV IUR
H[SRVXUH LPSURYHG IHFXQGLW\EXW LW GLG QRW RQDYHUDJH RIIVH
E\V\VWHPLF GLVFULPLQDWLRQ :HLQYHVWLJDWH WKLV PRUH FDUHIXC

3DbUwW,, 5DFH 6SHFLILF ,PSDFWV DQG WKH5ROHRI,Q

7KH 5ROH RI ,QVWLWXWLRQV &RQWH[W 'DWD DQG

$Q HVYWDEOLVKHG OLWHUDWXUH KDG GRFXPHQWHG KRZ -LP &URZ HUL
XSZDUG PRELOLW\ RI %9ODBEN $PRIOREBEQWQG +HFNPDWK :HOFK

:DUG 8QGHU WKH -LP &URZ /DZV SDVVHG LQ WKH SRVW &LYLO :D
QLQHWHHQWK FHQWXU\ UDFLDO VHIJUHJDWLRQ ZDVLQVWLWXWLRQDC
PDQGDWH SURSRVHG33VHSDUDWHEXWHTXDO" VWDWXV IRU %ODFN $PF
DQG VRFLDO GLVDGYDQWDJH HIIHFWLYHO\UDLVLQJ WKH FRVWYV RIDF
KXPDQ FDSLWDO IRU %ODFN $PHULFDQV UHODWLYH WR ZKLWHV 7KH |
WKRXJKW QRW DEVHQW LQ 1RUWKHUQ VWDWHVY DQG ZLWKLQ WKH 61
KLVWRULFDOO\GHWHUPLQHG YDULDWLRQDFURVVUDFHDQG VWDWH L
WKHH[WHQW WR ZKLFK LW GDPSHQHG HGXFDWLRQDO LQYHVWPHQWYV |
HQGRZPHQWV LQ WKH SRVW VXOIDHUD 6SHFLILFDOO\ ZHHVWLPDWH

Yiste = (¢ + (P(3RVWVXODBH ([SIRMUXEFK LPLQDYWLRQYBRNRMYXODBH ([SRVXU

+((3RVW;VXDVYBULPLQDWLAQG SRR + % + X! 9+ &9,

ZKHUH QRWDWLRQ L VDYQ QX-SHKDWFKRGWK WY JURXS VSHFLILF HVWLPDYV
(19 RQ WKH QHZ W HU P%BDRNHW \SRODIFH L P L Q DWMIRW RH BLVFULPLQDWLRQ
LQ ORQJUXQ UHWXUQV WR UHGXFHG LQIDQW H[SRVXUH WR SQHXPRQL

)RUGHVLUDE GIHIRRWRRRHWWWKHU WKDQ ZRUN OLP+LWIRYGLYDELO
WKSWOIRUWKH %ODFNVDPSOH ZLOO FRQILUP RXU K\SRWKHVLV WKDW
GLVFULPLQDWLRQ GDPSHQHG WKH ORQJ UXQ LPSDFWV RI HDUO\ OLIH |



'KLOHRXUSUR[\IRUV\VWHPLFGLVFULPLQDWLRQ GHVFULEHGLQ WK
LGHQWLILFDWLRQ XVLQJ WKH RXWOLQHG DSSURDFK PD\EH FRPSURPL
LV QRW RQO\D SUR[\IRUDFFHVV WR TXDOLW\VFKRROV DQG ODERU PD!|
%ODFN $PHULFDQV EXWDOVRFRUUHODWHG ZLWK UHOHYDQW RPLWW
HQFH VW\OHVSHFLILFDWLRQDGGUHVVHVUHOHYDQW FRQFHUQV 7KH
VWDWH DUH FD SAWPOWHGVSHED REF IVER G HOMHE@WW VLPSO\ UHIOHFW WKD)
HGXFDWLRQDQGLQFRPHZHUH ZRUVHDPRQJ %ODFN $PHULFDQV LQ VW
QDWLRQ 7KH WH UP\BRWIVP VEDWIIRSMBUR]V DQ\FRQYHUJHQFH RU GLYH!
DIWHU EHWZHHQ VWDWHY ZLWK GLITHUHQW GHJUHHV RI VA\VWHPLF C
GHQWO\RIFKDQJHVLQ SQHXPRQLD SUHYDOHQFH IRULQVWDQFH 1RU
EURDGHU FKDQJHV LQ WKH UHODWLRQVKLS EHWZHHQ VI\VWHPLF GLVF
LQFOXGILBUWWEKKRRKRUWQLH B &KHWSHRMINVFGLVWULFW ,PSRUWDQWO\ W
DUHFRQGLWLR Y NORWSRKFRKRUW YDULDWLRQ LQ SHUFDSLWD LQFRP
DQG PRUWDOLW\ IURP VL[ 3FRQWURO BIL¥BIDW H V6 RRX W& UQH 6 R.ROaH P
DQG ZRPHQ LQ PRUH GLVFULPLQDWRU\ VWDWHYV H[SHULHQFHG GLIIHU
PRUWDOLW\UDWHYV WKLV ZRXOG EH FDSWXUHG E\ WEBVH E RKQNMUWIRD V
VWDWHYVY ZLWK KLJKHU OHYHOV RI GLVFULPLQDWLRQ WKHUH ZDV FRQ\
DQG 'LVFULPSRPMIRIFL IXUBDQHOV G DQG K

'KDW IXUWKHU VWUHQJWKHQV LGHQWLILFDWLRQ LV WKDW ZKLWH P
DQDO\VLV RIVIVWHPLF GLVFULPLQDWURIK L, WHVRH® D /Gl ¥ RP H D XKW Z R
RI WKH VDPH VLJQ DV IRU %ODFN PHQ DQG ZRPHQ WKHQ WKHWRWDGLHQ
VIVWHPLF GLVFULPLQDWLRQ WKDW GLIIHUHQWLDOO\ BHU®MVYWKH U}t
GLVFULPLQDWRU\VWDWHYV

,Q VXPPDU\ XQREVHUYDEOHV WKDW WKUHDWHQ RXULGHQWLILFDW
DQG OLQH XS ZLWK WKH VDPH SDWWHUQ DV VWDWH VSBRIBWD ®HIIHUF
VSHFLILF GLIIHUHQFHV LQ GLVFULPLQDWLRQ ZLWK WKS8Q@RENWHY LPS
DEOHV RI SRWHQW I D/VOVFDR\QHF KH WY B U R UHIAHHL W\ L Q P HOIVQ G H © DG WHRV \Yo\U K

3RWHQWLDO FRQIRXQGHUV RI WKH SURFHVV ZH PRGHO ZRXOG WKHUHIRUH KDYH W
WKDW IDYRUHG SRVIFKDOHREWREAHY VWDWHY ZLWK KLJKBQRUH JH & XQ O IR0 Q R HIQMK
IDYRUHG ZKLWH RYHU %ODFN $PHULFDQV LQ VWDWHYV ZLWK KLJKHU OHYHOV RI GLVFU



VXOID GUXJV DVERWKPD\KDYHEHHQ ZRUVH IRU %YODFN $PHULFDQV E
WKH\ZRXOG DOVR KDYHWR KDYHHYROYHG GLITHUHQWO\DIWHU Wi
IRUWKLYVDQG ZHDOVRDQDO\]JHVHOHFWLYHPLJUDWLRQDQG PRUWDO

OHDVXUHV RIV\VWHPLF QQREPGHRLWYWBWYRQDWH WKHUROHRIUDFH VSH
ELUWK VWDWH VKDUHRIHQVODYHG SXHOVRGVKQ WRHSREEXQUWDRQ LQ
EHHQ DGRSWHG EURDGO\LQ WKH OLWHUDWXUH DQG VKRZQ WR EH SL
VXITUDJH DQG UDFLDO JDSVLQ HGXFDWLRQ DQG ODERUQRDBURBW SUR
DQGG6RNRORDULVFDODQG 6 RANHRIONRRFFKL DQG6DFHRRGRWHWFKHQHU
DQG OF/HDQ$FKDU\D HW BPOWKRII DQG 5HLFROH EKDUH RIHQVODYHG St
HITHFWLYHO\ ]JHURLQ WKH 1RUWKDQG UDQJHV IURP WR LQ 6RXW
ZLWK WKH QXPEHU RI -LP &URZ ODZV SDVVHG LQ HDFK WWDNWRI | DKL Pt
5HLFKDUGWKR VKRZKRZWKHHFRQRPLFSURJUHVVRIIUHHG %ODFN $P1
LQ WKLV PHDVXUH

%RWK PHDVXUHV DUH LLSUPH®NWHHBLURHGYHU\ VWDWH DQG LLL
VWXGLHVY WR EH SUHGLFWLYHRIPRGHUQ GD\ BDHE XMW JDSVKIDQRS S R U W
HWDO $OWKRIIDQG 5HLFKOXGBWKHU GREFXPHQW WKH HPSLULFDO FRQ\
$SSHQGLYKRZLQJ WKDW VWDWHYVY ZLWK KLJKHU VKDUH RIHQVODYHG S|
ODZV GLVSOD\PDUNHGO\ODUJHU %ODFN ZKLWH JDSVLQ VFKRROLQJ I
LQ $SSHQGL] )L IJXRGNUPV WKH ELYDULDWH UHODWLRQ IRU VFKRROLQ
VODYH VKDUH DQG JHUR -$B&HQBZLJDPZVKEBAWWKDW KLVWRULFDO VOD
LQGHSHQGHQWO\RI EDVHOLQH SQHXPRQLD PRUWDOLW\DQG RXU PHD
KRZGLVFULPLQDWLRQ PHGLDWHV WKH ORQJ UXQ LPSDFW RIVXOID HJ[S

,QWKHFDVHRI-LP &URZODZV WKHVHZHUH SDVVHG IURP + KRZHYHU WKH Y
$OWKRII DQG 5HLFKIXWEHW9

$QHDUOLHU VOLPPHU YAKWD\VLRRWQWRD WRGCWEARWGHRRQUWDOWHY WKDW JUDGLHQWYV IR
HPHUJH DOVR ZLWK RWKHU SUR[LHV IRU GLVFULPLQDWLRQ LQFOXGLQJD GXPP\IRU ¢
WR VFKRROLQJ DQG WKLV XQGHUVFRUHV WKDW RXUUHVXOWYV DUHQRWVHQVLWLYH
GLVFULPLQDWLRQ



/KHS5ROHRI , QVWLWXWLRQV 5HVXOWYV

(VWLPDWHY RI HAXBIWORQ/WDUNO\ GHILQHG DQG VIVWHPDWLF WHQGH
PHQ DQG ZRPHQ IURP LQIDQW H[SRVXUH WR DQWLELRWLFV WR EH GHF
SHUVRQV IRU HDFK RI RXU PDL7ZKRX W PRMHYR ¥2PQBDU GLVFULPLQDWL
PHQDQGZRPHQ 7MKEXOVHIRU ZKLWHPHQ WKHLQWURGXFWLRQRIVXOID ¢
SQHXPRQLD DFURVV W KZH Y RKDZDHAP ) UIXRUHH G LQ WKHLU ORQJ UXQ HFRG
IRU %ODFN PHQ GHVSLWH FRQYHUJHQFHLQ SQHXPRQLD ZKLFK RFFX|
ZHVHHD GLYHUJHQFHLQ WKH ORQJHU UXQ RXWFRPHV RIPHQ ZKR ZHUF

%ODFN PHQ ERUQ LQ VWDWHYV ZLWK KLVWRULFDO VKDUHV RI HQVOD
SHULHQFH ODUJH LPSURYHPHQWYV LQ HGXFDWLRQ LQFRPH HPSOR\P
RQ 3RVW WXIMB 3QHXRPQRY WKDW DUH W\SLFDOO\ ODUJHU WKDQ IRU Z
LQLWLDO SQHXPRQLD E$0®H] BHKHYHIDUWDHUDUH VLIQLILEDQWO\ VP
LQ 6RXWKHUQ VWDWHYV ZLWK V O GLYRHL DROLUIHAD JULH E)W/H UDW K IRE VHHWRY H ¢
QXPEHURI-LP &URZ ODZVLQ SODFHRIWKHKLVWRULFDO IUDFWLRQ RI

$WWKHERWWRPRG/TDFEBOBIWGLWLRQDO RXWFRPHYV ZH FRPSXWH RXW
DQG ZRPHQ DW VSHFLILF SHUFHQWLOHV RI WKH GLVWULEXWLRQ RI V\\
VXUHV FRQVLGHUHG DIUH 3ORWIWDHEE HQ WV RUH VWHHS )RULQVWDQFH
HISRVXUH FUHDWHG E\ WKH LQWURGXFWLRQ RIDQWLELRWLFV DQG VF
PRQLD GLVWULEXWLRQLVHVWLPDWHG WRUDLVHLQFRPH E\ IRU %
DQGDPXFKVPDOOHULQFUHDVH RI IRU%ODFNPHQERUQLQVWDWE
KLVWRULFDO VKDUHV RIHQVODYHG SHRSOH )RUHGXFDWLRQDO DWW
HGXFDWLRQYV HVVHQWLDOO\QRLQFUHDVH :HVHHVLPLODUO\ODUJ
LW\DQGDOVRIRUWKHGHULYHG RXWFRPHV2KLIJKVFKRRO FROOHJH D
LPSDFW RIWKHVXOIDVKRFNRQ FROOHJHDWWDLQPHQW ZDV QRW GLV
R SSLQWKHORZ GLVFULPLQDWLRQ VWDWHV YVDQLQFUHDVHRIM

$V GLVFXVVHG LQ $BBNQYGIRHIILFLHQWV DUH QRW VWDWLVWLFDOO\VLJQLILFDQW |
RUGHURIPDIJQLWXGH VPDOOHU WKDQ HITHFWV DPRQJ %ODFN ZRPHQ DQG PHQ

‘HREVHUYH VLPLODU ODUJHHIITHFWV LQ RWKHU PHDVXUHV VXFK DV KLIKVFKRRO D

7TKBLITHUKQAPH QV EHWZHHQ VWDWHY ZLWK ORZHU DQG KLIKHU OHYHOV RI LQVWLW
SRVW{ VXDV H ([SRVKVUHULPLQDW L7/RK®I SWRVWMWD O HITHFWV IRU %ODFN PHQ LQ VWDWHY DW
GLVFULPLQDWLRQ SUR[\DUH SUHVHQWHRF@DVIWEKEBHEDVH RIHDFK SDQHO DV



7TKHJUDGLHQWV DUH VWHHS LUUHVSHFWLYH RIWKHPHDVXUH XVHG

EROQOWULEXWLRQ RH HEMPDLWERQLDQ HVWLPDWHY RI WKH UHWXUQV WR
EHORZ WKH PHGLDQ RI KLVWRULFDO HQVODYHG SRSXDOIWLRQ CBE B IW
FROWULEXWLRQ RIHGXFDWLRQ WR ZDJH JDLQV %ODFNPHQLQ VWDW
QRW RQO\ H[SHULHQFHG VPDOOHU LQFUHDVHV LQ LQFRPH EXW WKH |
VPDOOHU $WWKHORZHVW OHYHOV RI KLVWRULFDO VODYH VKDUH LQ
RI WKLV ZKLOHWS BPUWFWRWLOH LQFRPH ULVHV E\ DQG HGXFDWLRQ HJ[S
7KLV LV FRQVLVWHQW ZLWK VXOID HI[SRVXUH KDYLQJ OHG WR KLJKHU
PXWHG EHQHILWYV LQ PRUH GLVFULPLQDWRU\ VWDWHY DUH LQ JHQHU
GLUHFWHIIHFWV RILQIDQWKHDOWKRQDGXOWLQFRPHVIJLYHQHYLGH
HISHULHQFHG VKDUS GHFOLQHV LQ FRAHXMRPGICCHL Y KH VXOXDMKRFN PLC
LPSURYHG SURGXFWLYLW\LQ EUDZQ LOQWHQVLYH ZRUN

7KUHDWV WR ,QIHUHQFH DQG $OWHUQDWLYH ,QWH

7KH HVWLPDWHYV LQ 3DUW , ZHUH VXEMHFW WR D QXPEHU RI WHVWV GH
LGHQWLI\LQJORQJUXQLPSDFWVRISQHXPRQLD H[SRVXUHDW ELUWK U
ZHUHUHSRUWHG RQWKH SRROHG GDWD DQGDJDLQRQ WKH GDWD VDP S
WKUHDWV WR LGHQRMULPEQ WWRQ@®RQDGXBQWSDFWYV RI VXOID DQG ZK|
PD\KDYHLQWHUSUHWDWLRQV RWKHU WKDQ WKH RQH ZH VXJJHVW :H
BHFWLIR@DUW ,, ZKHUH ZH VHW RXW RXU HPSLULFDO VWUDWHJ\ ,Q S
PDLQ HIITHFWV RI UDFH DQG RI VIVWHPLF GLVFULPLQDWLRQ DQG DOOR
LQ RXWFRPHV WKDW YDU\ E\ UDFH DQG VWDWH IRU UHDVRQV XQUHOD!
UHVXOWV VKRZLQJ ODUJHO\ DEVHQW JUDGLHQWYV IRU ZKLWH PHQ DQG
IRU%ODFNPHQDQG ZRPHQ UHIOHFW VWDWH VSHFLILFIDFWRUV WKDW
QRZLQYHVWLIJDWH WKH PDLQ UHVLGXDO FRQFHUQV

SRVVLEO\WKHPRVWQDWXUDO DOWHUQDWLYHH[SODQDWLRQ RI WK

7KH , 45 UDQJH WKDW ZH SOXJLQLVIRUWKHEDVHOLQHDOO UDFHDOO VWDWH SQH
DPRQJ %ODFNPHQDQG ZRPHQ ZDV PX\WKHKUHS RWWHE HVIWURDWHY DUH FRQVHUYDWLY
UHVXOWV DUHLQ WKHVDPH3PHWULF " DVWKHHDUOLHU UHVXOWV IRUDOOLQGLYLGX|
,Q$SSHQGLIH QRWH WKDW FKLOG ODERU ZDVPRUH SUHYDOHQW LQ WKH UXUDO 6R>
WR HGXFDWLRQ WKDW PD\KDYHDFWHG WRUHLQIRUFHUHVWULFWLRQV RQDFFHVV W



WKDW WKH\ UH I &AW ¥ ¥V IVGRLVHXIOVWKBE XKD Q LQ ORQJUXQ RXWFRPHV FR
)LUVW ZHGLUHFWO\LQYHVWLIJDWHDFFHVVE\HVWLPDWLQJUDFHDQG
ODUSRVYW GURSVLQDEVROXWH SQHXPRQLD PRUWDOLW\UDWHYV IR
WKH6RXWKZKHUHV\VWHPLFGLVFULPLERODMYORRK ¥ BHY KEHKB RIS AMKRL(J K
ZH KDYH QRWHG VPDOOHU UHWXUQV WR VXOID H[SRVXUHLQ VWDWHYV .
WKHUH LV HYLGHQFH RI SRVLWLYHJDLQV IRUPDQ\RXWFRPHV HYHQ D
(IMTHFWLWYLTBEOR® IDFW ZH VHH PRUWDOLW\GHF®LQHV DFURVV VWDWHYV

BWLOO LWLV SRVVLEOH WKDW WKHUH ZHUH GLIIHUHQFHV LQ PDJQL
WKH JUDGLHQWY ZH GHVFULEH :H WKHUHIRUH HVWLPDWHG JUDGLHQV
PRUWDOLW\ E\ ERWK RI RXU PHDVXUHV RI ¥\V WK L O \8 HUPFMPLRYXD W HR
VWDWLVWLFDOO\VLJQLILFDQWDW WKH SRSXODWLRQ OHYHO +RZHYH
WLRQV VKRZHYLGHQFH RIVPDOOHU GHFOLQHV LQ PRUWDOLW\LQ VWL
ZKHQ ZH XVH VODYH VKDUH QRW ZKHQ ZH XVH WKH QXPEHU RI -LP &UF
ZHLIJKWY QRW LQ XQZHLJKWHG PRGHOV 9% YKQF R N&R 2\&WKROZXPLJY K R/
VXOWV IRU %ODFNPRUWDOLW\LQ WKHB6RXWK ZHHVWLPDWHWKDW D
WKHPDLQ HIITHFW E\ LQWHUDFWLRQ FRHIILFLHQW RI GLYLGHGE
WKLV H[SODLQV RQO\ WR RI WRKKLOYRFQUXGEHEP OFXGDMQWREY VXJIJIHVW
ORQJ WHUP HIITHFW DFFUXHV RYHU OLIH UDWKHU WKDQ EHLQJDOO ED

JRXUWK DW SHU BRODMMMND GUXJVFRVWRQO\ RIWKHPRQWKO\ Z|
UHSRUMPHG/KQ@Q QG :HOFKDNLQJ LW XQOLNHO\WKDW SHEXQLDU\ FRVWYV
WR WKLV OLIH VDYLQJ GUXJZHLAQDNFRAV V. @ EKHFHREKGIWHQFH RIRXUILQGLC
VLWXDWHG LQ WKLV HUD

‘H FRQVLGHUHG AKHWK BIIULJWBWOREN PHQ DQG ZRPHQ IURP WKH 6RX'
PLJKWKDYHJHQHUDWHG FRPSRVLWLRQDO HIIHFWV WKDW H[SODLQ RX
VPDOOHU SRVW VXOID LQFUHDVHV LQ HFRQRPLF RXWFRPHV ,Q IDFW
DQDO\VLVY SHULRG 1HYHUWKHOHVV ZHFRQVLGHU WKLV 6LQFH WKH
QRUWKZDGBU $DURQVRQ DQG O0D]XZHGH[SODLQ LQ $ KRZQLFHARXQWLQJ

7KLVLVEHFDXVH L\QGDEQHUHDVHLQ VODYH VKDUHUHVXOWVLQPRYHPHQWY WKDW
HITHFW )RUH[DPSOH LIZHFRQVLGHU WKHLQFRPHHVWLPDWHV LQ FROXPQ RI3DQH
LOWHUDFWLRQ WHUP LV WLPHV DV ODUJHDV WKH PDLQ HIITHFW ZKLFK LF
ORQJWHUP HIIHFW 7TDNLQJ WKHODUJHVW JUDGLHQW JLYHV XV



IRU WKLV ZRXOG VWUHQJWKHQ RXU FRQFOXVLRQV :H VWLOO PRGHO
HQGRJHQRXV PLJUDWAIREDI$SSHQGL]

‘HDNHU VRFLRHFRQRPLF JDLQV IURP VXOID IRU %ODFN PHQ DQG ZRF
PD\DOWHUQDWLYHO\IORYXURPYD & V@& HEMIBRXNSEHFDXVHWKH\H[St
DEVROXWH GHFOLQHV LQ SQHXPRQLD PRBRBAHD MLIHGHRYINO VYOUY LY DIH
HIITHFWV WHQG WREHWRRVPDOO WR BRGHIYF D X\HDERW Z\HF@HNUH QW KHHI O
LQYHVWLIJDWHG WKLV DQG XQGHU FRQVHUYDWLYHDVVXPSWLRQV Zt
DFFRXQWLQJIRU VFDIDHAMH $SSHQGL]

$ SRWHQWLDO FRQMHUBIIHWMORKIR Q RI LQFUB B BY HY W PHMHW\HGHK\FE
WR VXOIDPD\EHWKDWWKHREVHUYHGLQFUHDVHVY ZHUH GULYHQ E\ FKI
WKDW WKH JUDGLHQWY LQ HGXFDWLRQDO RXWFRPHV ZH ILQG DUH LQ
VFKRRO DQG FROOHJH IDFLOL®DLHWE DQ GV KHX GIRKRZKHYUHQ V WBIW FW RV V \
GLIIHUHQFHV DUH FDSWXUHG E\ VWDWH UDFH IL[HG HIITHFWV DQG DQ\
ZLWKLQ UDFH DQG DFURVV VWDWHY ZLWK GLITHUHQW OHYHOV RI V\VV
DQG RXU FRQWURDUY SRIW \F\W B MWHD VFKRRO EXLOGLQJV DQG VFKRRO H[S
OLQHDUHYROXWLRQRIWKHVWDWH VSHFLILFVFKRRO LQIUDVWUXFW:
LQHGXFDWLRQ UHIOHFWHG SXUSRVLYHLQYHVWPHQWVYLQVXOID H[SR
LQ VFKRRO VXSSO\WKDW IDYRUHG OHVV VHJUHJDWHG \SRNWHY RYHU |
DQG §BW ELUWK FRKRUWVY DQG PRUHVRLQ VWDWHV ZLWK UHODWLYH

2YHUDOO WKH HYLGHQFH LQGLFDWHVY WKDW UHVSRQVLYH UHLQIR
WULEXWHG VXEVWDQWLDOO\WR WKH ODUJH VXOID OHG LQFUHDVHYV |
ZRPHQ DQG E\ %ODFN PHQ DQG ZRPHQ LQ VWDWHY ZLWK ORZHU OHYHC
VLPXODWLRQV VXJJHVW WKDW ZKHUH VI\VWHPLF GLVFULPLQDWLRQ 2
SODLQHG PRVW RI WKH LQFUHDVR QG LQ F RPHF EQ G VIMMHQAMKDIWWEQ H X
D SUHGLOHFWLRQ IRU DIIOLFWLQJ SRRU IDPLOLHV RXU ILQGLQJ WKD
OHVV VIVWHPLF GLVFULPLQDWLRQ®@ ZHUH VLJQLILFDQWO\ PRUH OLN
WKH WRS TXDUWLOH >VHFRQG KLJKHVW TXDUWLOH@ PD\VXJJHVW G\C
EHFDXVH WKH LPSURYHPHQWV LQ LQFRPHDQG HPSOR\PHQW H[SHULHC
ZLWK LQFUHDVHV LQ KLJK VFKRRO DQG FROOHJH FRPSOHWLRQ UDWH\



WLRQ ZHUH VPDOO LQFRPHDQG HPSOR\PHQW HIIHFWV ZHUH PXWHG
SQHXPRQLD H[SRVXUH DIWHU 'KLOH WKLV LV QRWGLUHFW RUFRQF
KHDOWK DQG HGXFDWLRQDO LQYHVWPHQWY LQ SURGXFWLRQ RI LQFR
VWXGLHV ILQG HYLGHQFH WKDW SDUHQWDO LQYHVWPHQWVXJHLQIRU|
HWDO $GKYDU\X HW DRIKDQLEHKDPEDUL DQBKQMWR®E WG -DFNVRQ

7KHUH LV QHYHUWKHOHVVY OLPLWHG HYLGHQFH RI WKH FRQWULEXWLR
WXUQ¥OWVHRIDG DQG OD]XPGHWFRQWULEXWH E\ VKRZLQJ WKDW WKH LQL)
HQGRZPHQWV OHGWRLQYHVWPHQWYLQHGXFDWLRQDQG WKDW WKHV
OLIWLQJLQ SURGXFLQJWKHLQFRPHPRELOLW\ DQGLQFRPH JDLQV Z

&RQFOXVLRQV

‘H GHPRQVWUDWHG WKDW WKH DYDLODELOLW\ RI DQWLELRWLFV WR \
IHFWHG LQIDQWVLQWKH V OHGWRLQFUHDVHGHGXFDWLRQDO DW\
LQ DGXOW GLVDELOLW\ 7KDW WKH LPSURYHPHQWY ZHUH RQ DYHUDJ!
XQSUHFHGHQWHG H[SDQVLRQ RI KLIKRNBKRR® D QG IFEOWHHN X QWWKD V
FRQVLVWHQW ZLWK UHVSRQVLYH HGXFDWLRQDO LQYHVWPHQWYV SOD\
RI D KHDOWKLHU VWDUW 7KH VWDUN PDQQHU LQ ZKLFK WKH ORQJ UXC
VI\VWHPLF GLVFULPLQDWLRQ LQ WKH EODFN VDPSOH GHVSLWH D VWUF
HYLGHQFH RI WKH UHOHYDQFH RIDQ LQVWLWXWLRQDO HQYLURQPHQ)
FDSLWDO 2XUUHVXOWVY LOOXVWUDWHDQHZDQGLQVLGLRXV OHJDF\
FRQVHTXHQFHV RI HIWUDFWLY I EQNRILOKXIWL®R 6 K DL/ BLLQ/G VQWHVY KD !
%ODFNPHQ DQG ZRPHQ ERUQ LQ VWDWHYV ZLWK VXEVWDQWLDO V\VWH
WLDOO\ODUJH G\QDPLF VRFLRHFRQRPLF EHQHILWV IURP HDUO\ LQYH\
WKHIXOO UHDOL]DWLRQ RIWKHHGXFDWLRQ DQG HPSOR\PHQW EHQHIL
FRQGLWLRQDO XSRQWKHLQVWLWXWERQ RVHTXD)QR{SRN WG N WO MWW I
KDYHLPSOLFDWLRQV IRUWRGD\{V GHYHORSLQJ FRXQWULHV ZKHUH E
SRRUDFFHVV WR TXDOLW\VFKRROV LPSHUIHFW LQIRUPDWLRQ DQGE
ZKLFK WKHUH LV LQVWLWXWLRQDOL]HG GLVFULPLQDWLRQ E\HWKQLF



5HIHUHQFHYV

$DURQVRQ ' DQG % OD]XPGHU 7KH ,PSDFW RI 5RVHRODWITDEF KRR
RI3ROLWLFDO (FRQRP\
$FHPRJOX ' DQG 6 -RKQVRQ 'LVHDVH DQG 'HYHORSPHQW 7KH (

QRPLF *URZXWIQDO RI 3ROLWLFDO ¢FRQRP\

$FHPRJOX ' DQG- $ 5REKIAQDRQRQV)DLO 7KH2ULJLQV RI3RZHU 3RYF
1HZ <RUN &URZQ 3XEOLVKHUYV

$FKDU\D $ 0 %ODFNZHOO DQGO B6HQ 7KH 3R OKWML-RXO QHI® R\ R
3ROLWLFV #

$GKYDU\X $ 6 %HGQDU 7 OROLQD 4 1JX\HQ DQG$ 1\WKDGKDP

UXQ HFRQRPLF LPSDFWV Rl VDOW LR-GW] B WR R @ RQ RAKLH X @LONGHESMDMOL
+

$GKYDU\X $ 7 OROLQD $ 1\WKDGKDP DQG- 7DPD\R +HOSLQJFK
DQG WKH SURJUHWVOHH(FRIQR PHRWR X UQ B O

$OGHUPDQ + 0 /RNVKLQ DQG 6 5DG\DNLQ 7DO0O &ODLPV ORU
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$OH[DQGHU - 7 0 'DYHUQ DQG % 6WHYHQVRQ 7KH 3ROOV+5¢t
LQ WKH &HQVXV 3XPV)LOHV (YBEHQEH DIU® LFIRSDAXDWMW RQ T\

$OPRQG VWKH ,QIOXHQ]D3DQGHPLF2YHU" /RQJ WHUP (IIHF
LQ WKH 3RVW 8 6 RIRBXMD® WILRROLWLFDO eFRQRP\

$OPRQG ' DQG - &XUULH .LOOLQJ OH 6RIW QR XAK®D)®I W D(@ R Q RPLL]
3HUVSHFWLY¥HV

$OPRQG ' - &XUULH DQG 9 'XTXH &KLOGKRRG FLURXRNMDQF H \
RI (FRQRPLF/LWHUDWXUH

$OPRQG ' DQG % OD]XPGHU YHWD O 2 U BDLGXDIDGEHYDHE @WB R GR P ¢
+

$OVDQ 0 DQGO :DQDPDNHU 7XVNHJIHH DRI AXDH WHHDIADW KRR U
RI (FRQRPLFV %

$OWKRII / DQG+ S5HLFKDUGW -LP&URZDQG %DKHNXB B YRPIOR 3
-RXUQDO RI (FRQRPLEV

$OWRQML - * 7 ( (OGHU DQG & 5 7DEHU JHEUXDU\ 6HOHFWLR
DEOHV $VVHVVLQJWKH (I1HFW L YRDQHYD/ORR & DRACKLRAOLLAFD 60F (FRRRQCRWP \
$OVR 1% (5 :RUNLQJ3DSHU 1R : YHUVLRQDYDLODEOH

$QJULVW - ' DQG * : ,PEHQV 7ZR VWDJH OHDVW VTXDUHV HVW
PRGHOV ZLWK YDULDE O HRXWUIQD\W RRH QWK H G RHQVAMQ VWDWLWWLEDO $

$WKH\ 6 DQG* : ,PEHQV 'HVLJQ EDVHG DQDO\VLV LQ 'LIIHUHQF]|
JHUHG DGRXWDP® RI (FRQRPHWULFQYQDOV ,VVXHLQ +RQRU RI *DU\ &k
$WZRRG $ 7KH ORQJ WHUP HIITHFWV RI PHDVOHYV WPHRLFDWLRQ
(FRQRPLF -RXUQDO (FRQRRLF 3ROLF\

%DLUG 6 - + +LFNV 0 .UHPHU DQG ( OLJXHO ‘RUPV DW :RUN
+HDOWK ,Q VKHWRBQWHUO\-RXUQDO RI (ERQRPLFV

%DNHU $ % &DOODZD\ 6 &XQQLQJKDP $ *RRGPDQ %DFRQ DQG 3 +
GLIIHUHQFHV GHVLJQV $BWUDF\SUWSEDROW PUIKYGH

%DUNHU ' DQG & 2VPRQG ,QIDQW ORUWDOLW\ &KLOGKRRG 1XW
(QJODQG D QMK HDMHM HW +

%DUUHFD $ 3 )LVKEDFN DQG6 .DQWRU $JULFXOWXUDO 3ROLI



BWDWHV LQWKMRUDWLRQV LQ (FRQRPEF +LVWRU\

%HDFK % - )HUULH 0 6DDYHGUD DQG: 7URHVNHQ 7\SKRLG IH®
IRUPDWKRORXUQDO RI (FRQRPLE+LVWRU\

%HFNHU * DQG 1 7RPHV &KLOG (QGRZPHQWYV D QG RXKUHMXD R MW L W
3ROLWLFDO (FR®QRPH

%HQQHWW ' DQG: <LQ 7KH PDUNHW IRU KLJK TXDOLW\ PHGLFLC
LQ LQFHYLHZ RI (FRQRPLFVDQG &WDWLVWLFV

%HUWRFFKL * DQG$ 'LPLFR 7KH 5DFLDO *DS LQ (RXPIMW DRI DQ
&RPSDUDWLYH (FRQRPLFV

%HUWUDQG 0 ( 'XOIR DQG6 0XOODLQDWKDQ +RZOXFKBKRXOG
(VWLPDIWBVYWHUO\-RXUQDO RI (FRQRPLFV

%KDORWUD 6 0 .DUOVVRQ DQG 7 1LOVVRQ ,QIDQW KHDOWK D
LOWHUYHQWLRXUQ BDHGMEH (XURSHDQ (FRQRPLF $VVRFLDWLRQ

%KDORWUD 6 0 .DUOVVRQ 7 1LOVVRQ DQG1 6FKzZDU] ,QIDQW k
LQJV (YLGHQFHIURPLQFHSWLRQ RINWK I Z RO (DR @ R/RLFW B QG '8 VHDGAH.C

+
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LPSDFWV RIHDUO\OLIH SQHXPRQLD H[SRVXUH 7HFKQLFDO UHSRUW

%KDORWUD 6 5 DQG$ 9HQNDWDUDPDQL $XIXVW 6KDGRZV RIW
/JLIH+HDOWK ,QWHUYHQWLRQV +XPDQ &DSLWDO ,QYHVWPHQWY DQC

%KXOOHU 0 7 +DYQHV ( /HXYHQ DQGO ORJVWDG %URDGEI
SHUKLJKZD\ WR BKI &HIYRHZ RI (FRQRPLF 6WXGLHYV

%KXWWD = - 'DV 1 :DONHU $ 5L]YL + &DPSEHOO , 5XGDQ DQG
$GGUHVV 'HDWKV IURP &KLOGKRRG 3QHXPRQLD DQG 'LDUUKHID (TXLW
IDQFHW +

%LVQR $ 7KH5HVXUJHQFHRI5KHXPDWULFXB®BH Y QHZKHRS QH & HFEL
+

%OHDNOH\ + 'LVHDVH DQG 'HYHORSPHQW (YLGHQFH IURP +RR|
BRXWXDUWHUO\-RXUQDO RI (RRQRPLFV

%OHDNOH\ + ODODULD (UDGLFDWLRQLQWKHS$PHULFDV $5HWUF
$PHULFDQ (FRQRPLF-RXUQDO $SSOLHG (FRQRPLFV

%RKUHQ - $ 3 +X00 DQGS$ ,PDV 6\WWHPLF GLVFULPLQDWLRQ
UHSRUW 1DWLRQDO %XUHDX RI(FRQRPLF5HVHDUFK

%RXQG - & %URZQ * - 'XQFDQ DQG: / 5RGJHUV (YLGHQFH RQ
DQG /RQIJLWXGLQDO /BERUQ@DO RHM CRUDFRQRPLFV

%RXVWDQ / DQG5 ODUJR 5DFLDO 'LIITHUHQFHV LQ +HDOWK LQ /R
WLRQ 7HFKQLFDO5HSRUW IDWLRQDO %XUHDX RI (FRQRPLF5HV

%R]JROL & $ 'HDWRQ DQG & 4XLQWDQD 'RPLQLTXH 'HPRIXOW +HL
UDSK\ +

%BULWWHQ 5 + 7KH ,QFLGHQFHRI3QHXPRQLD D@XHORE GHIQ\Y KV
SHSRUWYV +

&DOODZD\ % $ *RRGPDQ %DFRQ DQG3 + & 6DQWYT$QQD LITH !

WLQXRXV 7ZUHDWPHQW
&DOODZD\ % $ *RRGPDQ %DFRQ DQG3 + & 6DQWY$QQD 'LITHU



XRXVWUHDWPHQW

&DUG ' 8VLQJUHIJLRQDO YDULDWLRQLQ ZDJHV WR PHPO/KKUH WK
SHYLHZ +

&DUG ' DQG$ .UXHJHU 6FKRRO 4XDOLW\DQG %ODFN :KLWHJ5HO
4XDUWHUO\-RXUQDO RI (FRQRPLFV

&KXDUG & + 6FKZDQGW $ ' %HFNHU DQGO +DUDJXFKL (FRQRP

WR PHDVXULQJ WKH KXPDQ FDSLWDO LPSDFWV RI LQIHFWLRXV GLVF

%XUHDX RI (FRQRPLF5HVHDUFK

&LOORQL] & & 6 'HOD&UX] * '\ $JUD 5 6 3DJFDWLSXQDQ-U DQG 3

GD\ JLIJKWLQJ SQHXPRQLD DQG DQWLPLFURELDO UHVLVWDQFH

&RKRGHV 6 5 ' 6 *URVVPDQ 6 $ .OHLQHU DQGO ) /RYHQKHLP

DQFHDFFHVVRQVFKRROLQJ (YLGHQFH-RRPGXE R LFARNY 5BQFEXUHBS
+

&ROHV 0 * DQG O )UDQFHVFRQL (TXLOLEULXP 6HDUFK ZLWK 0X

(TXDO 2SSRUWXQLWRXVQRO RIPFFROLWLFDO ¢FRQRP\

&RQQROO\ & - *ROGHQ DQG % 6FKQHLGHU $ 6WDUWOLQJ 1H?2

,QIHFWLRXV 'LVHDVH DQG WKH ,QWURGXFWLRQ RI 6X®@RQO A IWGI)VRD V

WKH +LVWRU\RIOHGLFLQH

&RVWD JURPOLOO 7RZQ WR %RDUG 5RRP ZRMN 80D MR :(ERHQRIPLA
3HUVSHFWLYH¥

&ULPPLQV ( 0 DQG & )LQFK ,QIHFWLRQ ,QICGLRFBWGR Q JY HRU VKK
1IDWLRQDO $FDGHP\RI6FLtHQFHYV

&URNH . DQG5 $WXQ 7KHORQJUXQLPSDFWRIHDUO\FKLOGKRR
(YLGHQFH IURP/RGMMEDHFWHG WURSIHFDO GLVHDVHYV

&XQKD ) DQG - +HFNPDQ 7KH 7HFK @GR E R 1 FRIQ6 (\WLRIQIR FRLUFPSIHW LRI @
+

&XQKD ) - +HFNPDQ DQG6 6FKHQQDFK (VWLPDWLQJWKH 7HFK(
6NLOO )RUFBWRRBWULFD

&XWOHU ' : )XQJ 0 .UHPHU 0 6LQJKDO DQG 7 9RJO (DUO\ /LI

2XWFRPHV (YLGHQFH IURP 0DODWPB YUBBQRBPWQRO LL-RXWIIDO $S
QRPLFV %

GH &KDLVHPDUWLQ & DQG ; 'f+DXOWI°XLOOH BHSWHPEHU 7ZF
+HWHURJHQHRXV 7 UHPHW P AR (H RHFRWP\LF 5HY4L HZ

'"HQQ\ -U ) : $ <HDUS3HUVSHFWLYHRQWKHGB6WUHSWRFRFFEXV D
.DVV /HFWXUHLQ ,QIHFW ISFOX\Q'LLA/IH® MH HEWW R XV 2. VHDVHV
'HYHUPDQ % ( DQG3 + 3DWWHUVRQ &IWRMRQHVDQG FQV GHYH
'RQRKXH - DQG- - +HFNPDQ &RQWLQXRXV YV (SLVRGLF &KDQJF
RQ WKH (FRQRPLF 6 WRYXYORD BIQBFRQWRPLF /LWHUDWXUH

'XTXH 9 0 5RVDOHV 5XHGD ) 6DQFKH] HW DO +RZGR HDUO\ O
KXPDQ FDSLWDO LQYHVWPHQWV" HY L GHERUIQ® R DEPERWU VW Q CHULHG
'XTXH 9 DQG/ 6FKPLW] (DUO\ OLIH H[SRVXUH WR WKH JUHDW C
HFRQRPLF RXRWARPHO/R | + X P D & B/HWRX U BHRL R U J MK U + 5
(QJHUPDQ 6 DQG. 6RNRORII 7KH (YR OXW L RRXRIQEXO | R DR QR WIK
+LVWRU\ %

(YDQV * 0 DQG: ) *DLVIRUG 7UHDWPHQW RI3QHXPRQLD ZLWK
3\UL GADQQFHW +

(ZEDQN ' & +LVWRU\ RI %ODFN ORUW D OLOMA NG 4-XHDBRONWHKU DM | R L
+



J)LQFK & ( DQG( 0 &ULPPLQV ,QIODPPDWRU\H[SRVXUHDQG KLV
6FLHQFH +

)LQODQG 0 7UHDWPHQW RI 3QHXPRQLOLBD GQAWRYEG 6 RXURDD,
OHGLFLQH +

J)LVKEDFN 3 9 6 .DQWRU DQG- - :DOOLV &DQ WKH 1HZ'HDOfV W
E\ SURJUDP FRXQW\ E\(FRORUD\DICROIOAW YOV FRQRPEF +LVWRU\

)XQJ : DQG 2 5REOHV (IITHFWV R1 DQWHQDW DROXW BDW LRY }+ &8 D DW|
(FRQRPLF W4

*DLVIRUG : S5HVXOWV RIWKH7UHDWPHQW RI  &BVYRV R H®EDI/3 Q
RIWKH 5R\DO 6RFLHW\RIOHGLFLQH

*LEEHUG * ) 3URQWRVLO DQG 6LPLODU &RPSRXQGV LQ WKH 7UH
WRFRFFXV , @IHRAWMKQOHGLFEFDO -R%UQDO

*LOPRUH - + 5 & .QLFNPH\HU DQG: *DR ,PDJLQJVWUXFWXUDC
LQ HDUO\ FRDOWKIRREGI YLHZV 1HXURN FLHQFH

*OLHG 6 DQG $ /OHUDV OXQH\ 7THFKQRORJLFDO'HPRRYDWLRQ
SK\ +

*OXFNPDQ 3 DQGO +IYEWRAWDOODWUL[] (YROXWLRQ &DPHEQURSBHQW
&DPEULGJH 8QLYHUVLW\3UHVV

*OXFNPDQ 3 ' DQGO $ +DQVRQ E /LYLQJZLWKWKHSDVW HYRO
GLVHOPMHH QFH +
*ROGLQ & ODUULDJH %DUV 'LVFULPLQDWLRQ $JDLQVW ODUULH

3 +LJJRQHW ' /IDQGHV DQG B YSRMRYNWWRIRWWXQH 7HFKQRORJ\ *UF
'"HYHORSPHQW 6LQFH WKH &PEEWWGCILIBO0SH ¥YROXMWMULEBRQQLYHUVLW\ 3UL

*ROGLQ & $PHULFDYV*UDGXDWLRQIURP +LJK6FKRRO 7KH (YRO;
LQJLQ WKH 7ZH QWL HWIDEHRIWKRIQ RPLF +EVWR U\
*ROGLQ & 7KH 4XLHW 5HYROXWLRQ WKDW 7UDQVIRUPHG :RPHQT

$PHULFDQ (FRQRPLESHYLHZ
*ROGLQ & DQG/ .DKMH 5DFH EHWZHHQ (GXFDW&BPHUQG JHF KRR GRID N |
BUHVV RI +DUYDUG 8QLYHUVLW\ 3UHVV

*ROGLQ & [/ ) .DW] DQG, .X]JLHPNR 'HFHPEHU 7KH KRPHFRPLQ
7TKHUHYHUVDO RI WKH FRROOHI®G RHTRIQR PDE SHU¥YSHFWLYHV
*RRGPDQ %DFRQ $ $XIXVW 7KH/RQJ 5XQ (IITHFWV RI &KLOGKRF

,PSOHPHQWDWLRQ $GXOW +HDOWIKPIHQUGE FDERBROQ B RHMWSZHXM HRP HV

*UHHQJDUG - : 5D\FUDIW DQG: ORWHO (ITHFWV Rl &KHPRWKHL
2QH <HDU RBIPHHBILFDQ -RXUQDO RI'LVHD¥HV RI &KLOGUHQ

*URYH 5 DQG $ +HYJWOO 6 WDWLVWLFV 5DWHV LQ YWOR'KKBQILWRG 6% D W
B8QLWHG 6WDWHV *RYHUQPHQW 3ULQWLQJ 2IILFH

+HFNPDQ - 7TKH (FRQRPLFV 7THFKQRORJ\ DQG IHXURMFRHQFH RI
FHHGLQJV RIWKH 1DWLRQDO $FDGHB\RIG6FLHQFHYV
+RGHV + : 6WLIOHU ( :DONHU O OF&DUW\ DQG 5 6KLUOH\ A

PDU\3QHXPRFRFFLF3QHXPRQLDDQGLQ3QHXPRFFZRHQRXBPAROMRSV
3HGLDWULFV+

+ROOLQJVZRUWK $ . .DUERZQLN 0 $ 7KRPDVVRQ DQG $ :UD\
KRVSLWDO PRGHUQ PHGPH QI D@ G RRRW DRI MW H Z

+ROOLV $ DQG 7 3RIDIBWK ,PSDFW )XQG ODNLQJ1IHZ OHGLFLQHV $YDI
IRU *ORE D O2MHODRODMXKG 1HZ +DYHQ

,VHQ $ 0 5RVVLQ 60DWHU DQG: 5 :DONHU (YHU\ % UHDWK <RX 7



/IRQJ 7THUP &RQVHTXHQFHV RI WKHREORQDQ RUBRPWVRILFDO ¢FRQRP\

-D\DFKDQGUDQ 6 DQG$ /OHUDV O0OXQH\ /ILIH ([SHFWDQF\DQG +XF
IURP ODWHUQDO ORUAMKBIGHXWU'WAODYHR/XUQDO RI @FRQRPLFV
-D\DFKDQGUDQ 6 $ /OHUDV 0XQH\ DQG. 6PLWK ORGHUQOHGLF

ORUWDOLW\ (YLGHQFHRQ WERHRSBEBDW RARERPLFURXW QDO $SSOLHG
+

-D\DFKDQGUDQ 6 $ /OHUDV O0XQH\ DQG. 9 6PLWK -XQH ORGHL
'"HFOLQH LQ ORUWDOLW)\ (YLGHQFHRQ WKH ,PSDFW RI6XOID ' 'UXJV :I
(FRQRPLF5HVHDUFK

-RKQVRQ 5 /JRQJ 5XQ ,PSDFW RI 6FKRRO 'HVHJUHJDWLRQDQG 6F
'RUNLQJ 3DSHU 1IDWLRQDO %XUHDX RI (FRQRPLF5HVHDUFK
-RKQVRQ 5 & DQG& . -DFNVRQ SHGXFLQJLQHTXDOLW\WKURXJ
IURP KHDG VWDUW DQG SXPHILA¥PIORRA YBPRIQFGIRXUQDO (FRQRPLF 3

LHIHU OLUDFOHOHGLFLQHV 7KHS$GYHQW RIWKH 6XOID 'UXJV

3RZHUIXO :APGR\JV &KHPLVW DW :RUN

.OXJPDQ . DQG & )HOGPDQ 3QHXPRFRFFDO ,QIHFWLRQV ,Q 3

%DFWHULDO ,QIHFWLRQV RI +XP D QYVH ZXRGHP I6BBOR Q\JHYPG &RQWURO

.UHPHU 0 - /HYLQ DQG& 0 6Q\GHU 0D\ $GYDQFH PDUNHW FRP

DQG H[SHYHIDFHUV DQG 3URFHHGLQJV

XQJ + & '/ +R\HUW - :X DQG®6 / O0XUSK\ 'HDWKV ILQDO GDW

ID]XND 9 ,QIDQW KHDOWK DQG ODWHU OLIH ODERU PDUNHW RX'

VXOID DQWLE L RWXFWQOVRZIHKHPQ Q 5HVRXUFHV

IJHUQHU % 6FLHQWLILF (YLGHQFH YV 7KHUDSHXWLF 'HPDQG 7K|

YLVLSWQHXD OV Rl ,QWHUQDO OMGLFLQH

IJHVFK - 7KH)LUVW OLUDFOH 'UXJV +RZ WKH 6XOIDI'WZ 3R UNDIXVIRUF

2[IRUG 8QLYHUVLW\ 3UHVV

ILQGHU ) DQG 5 *WRWHDO BWDWLVWLFV LQ WK HBQKMHGVKRWD VEHFQL W |

BWDWHV *RYHUQPHQW 3ULQWLQJ 2IILFH

/JOHUDV OXQH\ $ ‘HUH & RPSXOVRU\ (GXFDWLRQDQG &KLOG /DER
LQ WKHRBX& QDO RI/DZDQG (FRQRPLFV

/IRQJ 3 DQG ( %OLVV 2EVHUYDWLRQV 8SRQ WKH ([SHULPHQWDO

WKH 7UHDWPHQW R &HDODBLO QQUHEWERQ$YVVRFLDWLRQ -RXUQDO

IRZ % 6 'K\ 6H[ ODWWHUV $'DUZLQLDQ /RREWM FNWRQ %HKBYLAE

8QLYHUVLW\3UHVYV

IRZ & 7KHKXPDQ FDSLWDO+UHSURGXFWLYH FDSLROMOIRIH R

3ROLWLFDO (FRQR#\

IXEDV $ 0 $SULO ODODULD HUDGLFDWLRQ DQG HGXFDWLRQDO

VUL OBPMWDLFDQ (FRQRPLF -RXUQDO $SSOLHG (FRQRPLFV

ODQGHOO / DQG5 :XQGHUOLQN 3QHXPRGHDUUQVROWSHILLDG GIT

,QWHUQDO OHGLFLQHZ <RUNGLMUBDZ +L0OO

ODUJR 5 B5DFHDQG6FKRROLQJLQ WEHKISRXMK 8QLYHUVLW\ RI&KLFD.

ODULVFDO ( DQG. 6RNRORII BFKRROLQJ 6XIIUDJH DQG WKH 3H!L
Q6 +DERBROAWLFDO ,QVWLWXWLRQV DQG (FRQRPLF *URZW

3ROLF\ +LVWRU\ DQG 3RMOL@IRADD ¢HRRYRIRN, QVWLWXWLRQ 3UHVV

ODVVHOO % ) & * &KXWH $ 0 :DONHU DQG * 6 .XUODQG 3+

FUHDVH LQ ORUELGLW\DQG ORUWDOLW\ IURP 5HEX®DAVLFQHR XU QQOA

OHGLFLQH %



OF$OOLVWHU ' $ / /LX 7 6KL < &KX & 5HHG - %XUURZV ' $GHOR\H
EHOO DQG+ 1DLU -DQXDU\ *OREDO UHJLRQDO DQG QDWLRQ
PRUWDOLW\LQ FKLOGUHQ \RXQJHU WKDQ \HDUV EHWKHHIQFHWQG
*OREDO +HDBWKH 2SHQDFFHVV

OFOLOORQ ' % :KDW ODNHV 6\WVWHPLF 'LVFULPLQDWLRQ 36\VWFE
L QHTXAWLY SUHSULQW DU;LY

OHVQDUG $ DQG3 6HDEULJKW (VFDSLQJ,QIHFWLRXV'LVHDVHV W
8QGHU ,QFRPSOHWH ,QIRUP D W-RRXQ RIDRXR 3XIEHE MALER QERPN. F V

OLOOHU ' / 0D\ $Q,QWURGXFWRU\ *XRXW QRQ RH QPR Q\R R GF BGRG
WLYHV =

OLWFKHQHU . - DQG, OF/HDQ 7KH 3URG X FVRIXYULQ\D @R R8 (6 REQVRDPVLL |
*URZWK #

ORQWDOYR - DQGO 5H\QDO 4XHURO JLIKWLQJ $JDLQVW 0ODODUI
SOLUDFXORXVSHPDERE@®H (FRQRPLFV DQG &WDWLVWLEV

ORRG\ ( ( DQG ( .QRXI 3QHXPRQLD LQ &KL OG U & DO TURUDQWHIWG!
‘HVWHUQ OHGLFL®H

OXUUD\ 3 6WDWHVY/DZVRQ5BHBWHKBEBQG 8MARHUVLW\RI *HRUJLD 3UHV"

1RJKDQLEHKDPEDUL + DQG - )OHWFKHU &KLOGKRRG H[SRVXU}
PRUWBBDWWK HFRQRP I+F V

1RJKDQLEHKDPEDUL + DQG- JOHWFKHU 8QKRRNLQJWKH SDVW
LFDWLRQ DQG ODWHU OLIH ORQJHYLW\ 7HFKQLFDO UHSRUW 1DWLR

1XQQ 1 60ODYHU\ ,QHTXDOLW\ DQG (FRQRPLF'HYHORSPHQW LQ
(QJHUPDQ 6RNRORII +\SRWKHVLYQV® L WHODISPOW DR QG (FR@PPLF 3HU
EULGJH +DUYDUG 8QLYHUVLW\3UHVYV

2VWHU () $SULO 8QREVHUYDEOHG6HOHFWLRQ DQGR&RIHJIDLFLHQ
RI%XVLQHVV (FRQRPLF6WDWLVWLFV
2WDLJEH , , OLWLIDWLQJ LQHTXLWDEOH DFFHVV WR DSSURSU

FRXQWH8LBOWLPLFURELDO BWOWUVWDQFH

BRGROVN\ 6 3QHXPRQLD EHIRUHDQWLELRWLFVY WKHUDSHXWLF HYR
FHQWXU\ $PHBWLFDV V

3RJJH 7 0 5LPPHU DQG . 5XEHQYMHQRWLYHEHYW IRU*OREDO 3XEOLF +HELC
DQG $FFHVV WR (VVH@WRBDWLGHG L RIDPHEWLGIH 8QLYHUVLW\3UHVYV

3XIIHU 5 OHDVXUHPHQW RI (UURU R 'H B WHUWLIAD B\ R R WKDHDERR GBI
+HDOWK =

5HQGDOO 0 %UDLQ YHUVXVEUDZQ WKHUHDOL]DWLRQRIZRPHQ
3DSHUYV ,QVWLWXWH IRU (PSLULFDO 5HVHDUFK LQ (FRQRPLFV 80Q

5RPDQR - 3 DQG O :ROI BWHSZLVH OXOWLSOH 7THFRQRBIBDW )RUF
ULFD +

5RPDQR - 3 DQGO :ROI (IILFLHQW FRPSXWDWLRQ RI DGMXVWH

GRZQ PXOWLSOWHDOWHVWLRY 3URERELOXW\/HWWHUV
5XJJOHV 6 6 )ORRG 0 6REHN ' %DFNPDQ $ &KHQ * &RRSHU 6

0 6FKRXZHLOHU , 3806 86% 9HUVLRQ > @DIWID,VHWEaX QO LIQ QHD
RYyXR3Rk3f.yRyXoR8Xy

6DFHUGRWH % 60ODYHU\DQG WKH ,QWHUJHQHAUKHWSLHRYQ.IHAE RU D Q
(FRQRPLFVDQG 6WDWLVWLFV

6FKZDQGW + 7TKHODVWLQJOHJDF\RIVHDVRQDOLQIOXHQ]D ,Q >
6KDSLUR 6 DQG - 6FKDFKWHU %LUWK 5HILVWUBXWORR &HRPCGW K V

SHSRUWYV £
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6PLWK & DQG5 1HPLU 7KH 6XOIDS\ULGLQH 7URXWOB QW IRWE® F
$PHULFDQ OHGLFDO $VVRFEDWLRQ

6PLWK - 5DFH DQG $RHADDFRODB(AVRMM®RPLF 5HY LHZ

6PLWK - DQG ) :HOFK % ODFN (FRQR P-IRXYOPI RV YFRIQRIRL 6\ LLG\
WX UH +

6\00D 5 ( - % /HJOHU DQG - :DOOLYV -DQXDU\ 6WDWH DQG
BRXUFHV DQG 8VHV RI)XQGV &HQVXV 6WDWLVWLFV 7ZHQWLHWK &H

7KRPDVVRQ 0 DQG - 7UHEHU JURP +RPH WR +RVSLWDO 7KH (YR
BWDWHYV ([SORUDWLRQVLQ (FRQRPLF +LVWRU\

7KRPSVRQ 2 7KH 'HWHUPLQDQWV RI5DFLDO 'LIIHUHQFHV LQ 3D
&LYLO 5LJKWV (UD OLPHRJUDSK 8QLYHUVLW\RI:LVFRQVLQ OLOZDX

YDQ GHU 3ROO 7 DQG 6 0 2SDO 3DWKRJHQHVLY 7UHDWPHQW
PRQUIZKH /DQFHW +

9HQNDWDUDPDQL $ (DUO\ /LIH ([SRVXUH WR 0DODULD DQG &RJ
OH[LF-RXUQDO RI +HDOWK (FR®QRPLFV

9LJGRU - 7KH 3XUVXLW RI 2SSRUWXQLW\ ([SRPUQDQJIRAHBOEDW!
(FRQRPLFV #

‘DOGURQ , BH[GLIIHUHQFHVLQLOOQHVVLQFLGHQFERBSIWWRIQRVL
6FLHQFH OHGLFLQH

‘DUG = ,QWHUJHQHUDWLRQDO PRELOLW\LQDPHULFDQ KLVWRU\
$PHULFDQ (FRQRPLF5HYkEHZ

‘HJPDQ 0 ,QIDQW ORUWDOLW\ LQ WKH WK &HQWROXI QDO RDW L
IXWULWLR®+ 6

‘HOFK ) %ODFN :KLWH 'LIIHUHQFHYPHHUIRY® YPRQRR BF KRR OH D

+

'LOFR[ : ) ,QWURGXFWLRQ WR WKH 9LWDO 6WDWLVWQEW R GV6 KHD BWHL
%XUHDX RI WKH &HQV XV

'RUOG +HDOWK 2UJDQL]DWLRQ 3QHXPRQLD LQ FKLOGUMHQ $FFH
ffrrrXr?2QXBMifM2rb@ QQKf7 +i@b?22ibf/2i BHfTM2mKQMB
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7/DEOHVDQG )LIXUHYV
J)LIJXUH $JHDQG VWDWH YDULDWLRQLQ SQHXPRQLE
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HOIAM HINMSIH MEH I HIMSM G HITA MAdHITH OHMNYSHN
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IRWHYHQW VWXG\ HVWLPDWHY SUHVHQW LPSDFWV RI HISRVXUH WR VXOID RQ RXWFRPHV LQGL
LQWHUDFWLRQ WHUP EHWZHHQ WKH PDUNHG ELUWK\HDUDQG WKH SUH LQWHUYHQWLRQ EDVH
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IRWKHNMFK SDQHO HVWLPDWHVDQHYHQW VWXG\VSHFLILFDWLRQ ZKHUHRXWFRPHVLQHDFKLQW
JURXS 7TUHDWPHQWLQWHQVLW\JURXSVDUHFDOFXODWHG EDVHGRQGHFLOHV RIEDVHOLQH SC
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EDVHOLQHGLIIHUHQFHV LQ 7KHVDPSOHFRQVLVWV RIDOOLQGLYLGXDOVIURP ELUWK'FRKR
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1IRWHWREXVWQHVV RI VLQJOH! PRBIVH. FLIROM BRLW 6 REXPHQWHG WR DOWHUQDWLYH VHTXHQFH\
FRQILGHQFH LQWHUYDO UHIHU WR D%DQHOHQH J WHYNILFRUQY/ WA YRILQGDUG PRGHOV ZLWK ELUWK
$OWHUQDWLYH VHTXHQFHV RIFRQWUROV DQG WUHQGV DUHWKHQ SUHVHQWHG ZLWK SDUWLFXC
DFXPXODWLYHIDVKLRQ ZLWK SUHFLVIBROWBW 8¢ SIWFXFV H 8 IHUHF R/ WAL € U W L PIDWWERE@ R DW2

ZKHUH VWDWH WUHQGY DUHHVWLPDWHG LQ WKH SUH WUHDWPHQW SHULRG DQG DUH SUR]|
FRUUHVSRQGV WR WKH WKLUG VSHFLILFDWLRQ IURP WKH WRS ZKHUH ELUWK VWDWH DQG FHQVX
7KH VDPSOH FRQVLVWYV RI DOO GHPRJUDSKLF JURXSV %ODFNDQG ZKLWH ZRPHQ DQG PHQ DQ
VWDWH
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2Q0LQH $SSHQGLFHV IRU

7KH/RQJ5XQ (FRQRPLF (IIHFWV RIOHGLFDO ,QQRYDWLRQ DQG WK
6RQLD %KDORWUD 'DPLDQ &ODUNH $WKHHQGDU 9HQND
1RW IRU SULQW

/DEOHRI &RQWHQWYV

$ 'DWD $SSHQGL] $
$ 'DWDBRXUFHVDQG9DULDEOHYV $
$ 'HVFULSWLYHGBWDWLVWLFVDQG 7UHQGYV $

% )LUVW VWDJHS5HVXOWV RIVXOIDRQORUWDOLW\ 'LIIX\BLRQ 6WUXFWX
% $FFHVV WRVXOID'UXJVDQGORUWDOLW\'HFOLQHV $
% 'LIIXVLRQ RIVXOID GUXJV $
% &RQYHUJHQFHLQORUWDOLW\5DWHY )ROORZLQJ VX0ID

& ORGHOLQJDQG ,GHQWLILFDWLRQ 'HWDLOV $
& )XUWKHU GHWDLOV UHODWHG WR HVWLPDWLRQ DQGLGHQWLILFDW
& 7DEOHVDQG)LIJXUHV $

$OWHUQDWLYH 2XWFRPHVDQG )XOO5HVXOWY E\'"HPRIJWDSKLF *URXS

$GGLWLRQDO 2XWFRPHV $
$OWHUQDWLYH *HQGHU E\5DFH (VWLPDWHV $
7DEOHV DQG )LIXUHV $
( 6SHFLILFDWLRQDQG5REXVWQHVV &KHFNYV $

( $GGLWLRQDO 'HWDLOVRQSREXVWQHVV &KHFNV $
( 7DEOHVDQG)LIJXUHV

) OHDVXUHPHQW &RQFHUQV $
) OHDVXUHPHQWRI3QHXPRQLD ORUWDOLW\5DWHYV $
) OHDVXUHPHQW (UURULQORUWDOLW\5DWHYV E\5DFH$
) +LVWRULFDO 6KDUHRI (QVODYHG 3HUVRQV DQG -LP&URZODZV DVO
) 7TDEOHV DQG )LIXUHV $




$ 'DWD $SSHQGL]
$ 'DWD 6RXUFHV DQG9DULDEOHYV

$ 2XWFRPHYDULDEOHYV

6RXURKWFRPH GDWD ZHUH GUDZQ IURP WKH 8QLWHG 6WDWHV &HQV.
DQG 7KHVH GDWD DUH SXEOLFO\DYDLODEOH YLD WKH ,QWHJUDW
5XJJOHV HW D:®{l FROOHFW GDWD RQ HLJKW LQGLFDWRUV RI KXPDQ FD
LQFOXGHG DV SULQFLSDO RXWFRPHV GRFXPHQWHGLQ WKHPDLQ ERG\
\HDUV RI VFKRROLQJ ODERU PDUNHW RXWFRPHV IDPLO\LQFRPH D¢
RU ZRUN OLPLWLQJ GLVDELOLW\ )RXU IXUWKHU IDFWRUV ZKLFK DOV
LQFOXGHG DV DOWHUQDWLYH RXWFRPHV LQ $SSHQGL[UHVXOWV 7KH)
SOHWLRQ DQDQLQGLFDWRURISRYHUW\DQGDQLQGLFDWRURIFRJQL
QRQ PDUNHW RXWFRPHV VXFK DV PDULWDO VWDWXV DQG IHUWLOLW\ F

&HQVXV FRWHUHDMHULSWLRQ RI FRYHUDJH E\ YBULDKELO/H7DE SH RQIGAHG
ERWK WKHFRYHUDJH RI SDUWLFXODU YDULDEOHY E\ FHQVXV ZDYHYV |
%ODFNDQG :KLWH PDOHV DQG IHPDOHYV IRU ZKLFK QRQ PLVVLQJLQII
RIHGXFDWLRQDO PHDVXUHY DQDO\VLV VDPSOHV IRU SULQFLSDO PRC
RILQFRPH SRYHUW\DQG HPSOR\PHQW ZH SRRO GDWD IURP WKH WKU!
LVDYDLODEOHLQDOO WKUHHFHQVXVHY ZKLOHFRJQLWLYHGLVDELO
\HDUV RI VFKRROLQJ KLJKVFKRRO FRPSOHWLRQ DQG FROOHJH FRPS
UHDVRQIRUWKLVYLVWKDWODWHUFHQVXVILOHVJURXSWKRVHFRPSO
WRSFRGHWKRVHZKR SURJUHVV EH\RQG FROOHJH ZKHUHDV WKH F
VFKRROLQJ ,QDGGLWLRQ XVLQIJDVLQIJOHFHQVXVDOORZV XVWRDYI
VHOGRP FKDQJH DIWHU DQ LQGLYLGXDO UHDFKHVY WKHLU ODWH V Z
HVWLPDWLRQ VDPSOH LQ WKH FHQVXV )LQDOO\ XVLQJDQHDUOLH
VHOHFWLRQ DV WKH ELUWK FRKRUWYVY DJH 1HYHUWKHOHVYVY WKH UHV.
VXEVWDQWLYHO\ FKDQJHG LI ZH XVH ODWHU FHQVXV ILOHM UHIHU WHEF
7TKHUHLVVRPHFRQFHUQLQWKHOLWHUDWXUH WKDW WKH FHQVXV |
LQDJHUHSBUYWIO@IHU HWKLOH WKLY SUREOHP SULPDULO\ SHUWDLQV \
DOO RI ZKRP ZHUH ERUQ DW OHDVW WZR \HDUV SULRU WR WKH VWDUW
UHVXOWV UHPDLQHG WKHVDPH LI WKH FHQVXV ZDV HIFOXGHG DQG
LVGRFXPHQWHG LQ UREXVWQHVV FKHFNV $SSHQGL]

'DWD GHVFULSWLRQV + 3UASHAISDPV2R WERIRIBHILQLWLRQ DQG RU FRQ)
YDULDEOHVDUHDVIROORZV :HILUVW GHILQHWKHIRXU SULQFLSDO Y
WKHQ OLVW WKH UHODWHG YDULDEOHYV ZKLFK DUH SUHVHQWHG LQ $SS

6FKRR®I*)Q3'(LQ ,3806 ,Q WKH FHQVXV + ,*5$'(GLVWLQJXLVKHVE
QXUVHU\VFKRROLQJ HDFKJUDGHRI. DQG FROOHJHDQG SRVW .
WKHUHDIWHU 7KLV LV XVHGWRUHFRUG FRPSOHWHG \HDUV RI VF}

/JRIWRWDO IDPZOY LIRERBAO6 1RPLQDO WRWDO SUH WD[PRQHWDU
UHVSRQGHQWYV IDPLO\ XQLW LQ WKH SUHYLRXV FDOHQGDU \HDU
LQFRPH DQG ZDJH LQFRPH DQG ILQG VLPLODU UHVXOWV IRU PHQ D

$



FKRRVH KRZHYHU WRDQDO\]HIDPLO\LQFRPHJLYHQ WKDW WKLV
UHJDUGOHVV RI ZKHWKHU WKH\DUH ZRUNLQJ RU QRW

(PSOR\(B67$TLQ ,3806 ,QGLYLGXDO HPSOR\PHQW LI WKHLQGLY
SOR\PHQW DQG RWKHUZLVH

‘RUN OLPLWLQJ6GELVBEQQRS06 ,QGLFDWHV D SK\WLEFDO RUPHQWD
FDXVHV GLIILEFEXOW\ ZRUNLQJ OLPLWYV WKH DPRXQW RU W\SH RI ZF
GLVDELOLW\FDQBRWWEHIWD ROV IDHQBAWP XVW KDYH EHHQ SUHVHQW IF
WR VXUYH\ :HFRGHG DQ\OLPLWDWLRQLQ WKHDELOLW\WR ZRUN
ZRUNDOWRJHWKHU DV UHSUHVHQWLQJGLVDELOLW\

+LJK6FKRRO DQHE ERPO®XWHG WKHVH XVLQJ WKH 6FKRROLQJPHDV?>
DVVLIQHG +LJK 6FKRRO IRUWKRVH LQGLYLGXDOV ZKR FRPSOHW
IRUWKRVH LQGLYLGXDOV ZKR UHSRUWHG FRPSOHWLQJ \HDUV RI
XVLQJ WKH ,3806 YDULDEOH ('8& ZKLFK FDWHJRUL]JHV \HDUV RI VF
VFKRROLQJ QXUVHU\ JUDGH JUDGH VHSDUDWH LQGLFDWRU\
FROOHJH WRS FRGLQJDW

SRYHUQWGLFDWRU IRU ZKHWKHU IDPLO\LQFRPH LV EHORZ RI WK
‘HFRQVWUXFWHG WKLV XVLQJ WKH 329(57< YDULDEOH LQ ,3806 ZK
WKHSRYHUW\OLQHIRUDJLYHQ UHSRUWHG OHYHO RILQFRPH

&RIQLWLYH'GLYDELQ L3806 'HQRWHV ZKHWKHUDQLQGLYLGXDO KI
LQJ UHPHPEHULQJ RUFRQFHQWUDWLQJ GXHWRDSK\WLFDO PHC

'DWD GHVFULSWLRQV + ,QFRPHSHOQBULENWARWY ZHDGGLWLRQDOO\H|
WRUV ZKLEFK WDNH LIORJ IDPLO\LQFRPH LVFRQWDLQHG ZLWKLQ VSH
EXWLRQ )R UpSH QHRH® 5\5# QQH10# 25, 25# 50, 50# 75, 75# 90, 90# 95, 95# 99, 99# 100}
WKHVHPHDVXUHV DUGRREO GWD XEGRAERERPLHD H , Q F RP HZ KHIWEHH W VO H
WR WKH LQGLFDWRU IXQFWLRQ %DVHOLQHLQFRPH SHUFHQWLOHYV Ut
IURP HDFK FHQVXV PLFURGDWD ILOH

'DWD GHVFULSWLRQV + 1IRQHFPRQWHMVE RYWRRFEHU RI QRQ PDUNHW RXV
DQLQGLYLGXDOYVUHODWLRQVKLSDQGIHUWLOLW\PHDVXUHV 7KHVF

IXPEHU RI FKLOG BHQRYHYU,BRWEQ 5HFRUGHG IRU ZRPHQ RQO\DV W
RI FKLOGUHQ HYHU ERUQ 7KLV LV UHSRUWHGLQDFRQVLVWHQW Z

WKHUHDIWHU ‘HZRUN ZLWK PHDVXUHV IURP FHQVXV RQO\ JL
IHUWLOLW\ DVLWLV PHDVXUHG  EHWZHHQDQLQGLYLGXDOYV ODW
DIJHV DW

$Q\FKLOGDQG1XPEHURIFKLOGUHQ FRCH/IHZIHRIGHDRRR @ K IV HIGQ U RKLS
D¥Q\FKLOIGRUPRUHFKLOGUHQ ZHUHUHSRUWHG ERUQ1RRG LIQR
EHURIFKLOGUHQ FRQGLWILRYMHHOVRHY XD ¥ MR WKIHO@GURHEHU RI FKLOC
LOQGLYLGXDOVZLWK DW OHDVW FKLOG

(YHU PDWY$BEBETEQ ,3806 ,QGLFDWRU YDULDEOH LILQGLYLGXDOH
ZKHUH WKH SHUVRQ LV QRZ D ZLGRZ GLYRUFHG RU VHSDUDWHG

$



WKUHH &HQVXV ZDYHV KRZHYHU IRU FRPSDUDELOLW\ ZLWK IHUW
FRQGXFWHG ZLWK PHDVXUHYV DW ZKHQLQGLYLGXDOV DUHDJHG

$JHDW PDYYIOB3HEHQ ,3806 $JHDWILUVW PDUULDJH 7KLV LV WKH
DOOLQGLYLGXDOVZKRKDYHHYHUEHHQ PDUULHG 7KLV LV UHFRU

6XPPDU\ 6 WD@XRMOLIEW WDWLVWLFV IRUDOO RXW F RP HRADW K Bl BHIgHY LW
SHULRG XQGHU VWXG\ \HDUYV DFURVV DO® GRE XPHED\ORH D RN
DQG VWDQGDUG GHYLDWLRQV RI HDFK Rl WKH SULQFLSDOSRXWFRPH
GRFXPHQWVY LGHQWLFDO YDOXHV IRUQRQ PDUNHW RXWFRPHV IRU ZR

$ ORUWDOLW\ GDWD

BRXUFH DQG GHVFULSWLR@WDAVRHWDPHWHUDMNMHEDWD RQ PRUWDOLW)
SQHXPRQLD XQGHU GLDUUKHD PDODULD KHDUW GLVHDVH FDQFHU
WLR ZHUHREWDLQHG IURP YDULRXV YR®@X PIHNVORS WHVH]BIESLIANDIOC6" W B W H \

7KHVHGDWD ZHUH XVHG WR H[WHQ G W K HKG\DMED/V HUZH D E R O GRHIFIWLF
VWDWLVWLFV GHDWKVZKR\SWRYLBHMHY WUDQVFULEHG PRUWDOLW\ UDW
W R DQG 6HHPD -D\DFKDQGUDQ $GULDQD /OHDB ¥ DXQ@HD DQ\G DLP E
ZKR SURYLGH WUDQVFULEHG PRUWDOLW\ UDWHV IRUD VXE VHW RI GL
ELUWK VWDWH VSHFLILF SUH VXOID GUXJHUD PRUWDOLW\UDWHYV IRL
WDOLW\ UDWHV EHWZHHQ DQG YDU\LQJ WKH WLPH SHULRG RY|
QRW FKDQJH RXU VXEVWDQWLYH UHVXOWY ,Q WKH WH[W ZH UHIHU W
$SSHQ®@IH GLVFXVV LVVXHV ZLWK PHDVXUHPHQW RI H[SRVXUH WR SQH|
WR DOWHUQDWLYH PHDVXUHYV

BRXUFHDQG GHVFULSWLRQ * UD F BID\F$H ¥ & HALP RFUWVWDIDW W PRIW/HDND L W\ G
ZKHUH %ODFN $PHULFDQV FRPSULVHG RI RYHU RI WKH SRSXODWLR
/JOHUDV 0XQH\ 7KH VWDWHV LQ TXHVWLRQ FRQVLVW RI $ODEDPD $L
WXFN\ /RXLVLDQD 0ODU\ODQG OLVVLVVLSSL OLVVRXUL 1HZ-HUVH\ 2
7HQQHVVHH 7H[DV 9LUJLQLD DQG :HVW 9LUJLQLD 7KH\ZHUH RULJLC
BWDWLVWLEWWRBOXPHY FGF JRY QFKV BKHVAXEDW D' DKWY RQYBPO\]HG LQ
D Q)G

6XPPDU\ 6 WDWANMOLFWWDWLVWLFV IRUEDVHOLQH PRUWDOLW\ UDWH
SURYLGHGSLIRTIDERH HQWLUH SHULRG XQGHU VWXG\ \HDUYV DFL
SDQHO R$ TGE®PXPHQWY PHDQV DQG VWDQGDUG GHYLDWLRQV RIEDVHO

$ 6WDWHOHYHO VRFLRHFRQRPLF LQIUDVWUXFWXUH DQG UHSRUMW

‘H H[DPLQH VHQVLWLYLW\ WR WKH LQFOXVLRQ RI D QXPEHU VWDWH O
RQ ORJJHG VWDWH SHU FDSLWD LQFRPH ZHUH GRZQORDGHG IURP WKHF
OLFO\DYDIKODE®H DAV EHD JRYDWDIRQWEH QXPEHU RI VFKRROV GR


https://www.nber.org/research/data/vital-statistics-deaths-historical-1900-1936
https://www.nber.org/research/data/vital-statistics-deaths-historical-1900-1936
http://www.cdc.gov/nchs/products/vsus.htm
http://www.bea.gov/regional/spi/

DQGHGXFDWLRQDO H[SHQGLWXUHYVY SHU FDSLWD ZHUMWG/WBDNZQUUBRPB3G
OOHUDVPXQH\ VT XDUHKIVHIGDWDP GHWUWHRULIJILQDOO\ FROOHFWHG IUR
HQQLDO 6 XUYH\ RI (GXFDWLRQ VFKRROVDQG H[SHQGLWXUHV DQG WI
OHGLFDO 'LUHFWRU\ GRFWRUVDQGKRVSLWDOV )RUVWDWHSHUFDS
6\0O0OD HW DOKHVH GDWD ZHUH RULJLQDOO\FROOHFWHG IURP YDUL
UHDX 7KHRQO\\HDULQRXUHVWLPDWLRQ VDPSOH IRU ZKLFK WKHUH
‘"HXVHWKHVH SUH LOWHUYHQWLRQ GDWD LOQWHUDFWHG ZLWK D OLQHI
DQG ZLWKRXW WKHVH FRQWUROV $00O YDOXHV DUHEDVHG RQ SUH

‘HDFTXLUHG GDWD RQ WKHFRPSOHWHQHVVRIELUWK UHJLVWUDWLR
VA\VWHP DV SUR[LHV IRUPHDVXUHPHQW HUUR®G H.\Q MK *YLRFBIOWHN D W L
YDULDEOHV DUH GLVEXVVHG DIKMRHWHZ O QWK VY BBSARNGQY UHODWLCG
SRWHQWLDO GULYHUV RI GRFXPHQWHG HIITHFWV

$vV D PHDVXUH RIDFFHVV WR VXOID GUXJV ZH XVHG GDWD RQ WKH C
EODFNVKDUHRIWKHWRWDO SRSXODWLRQ RI! LQ WKH ,3806 &HQ
VWDWH OHYHO PHDVXUH XVLQJ SRSXODWLRQ ZHLIJKWHG DYHUDJHV IR
YDULDWLRQ RI WKLV PHDVXUHLW KHRWWSHK® U@ DEIXYWHFRYHUDJH LV D
DFFHVVWRVXOIDGUXJVIJLYHQ WKDW GUXJV ZHUH LQLWLDOO\DYDLOTCL
/IHVFK +RZHYHU ZH DOVR JHQHUDWH VLPLODU PHDVXUHV RI DYDLO
ZLOODOVRPHGLDWHDFFHVV WR VXOID GUXJV 7KHGWBVWULEXWLRQR

$ 6\VWHPLF GLVFULPLQDWLRQ

$V D PHDVXUH RI VAIVWHPLF GLVFULPLQDWLRQ ZKLFKH. D RHKHVKW Bl WHR\?
VKDUHRIVODYHVLQWKHSRSXODWLRQLQ 7KLV PHDVXUHLVDYDLO
VRXWKHUQ VWDWHY 'HQVLWLHVDQGJHRJUDSKLF YHWD Q \I DRVHRIIQDRALL
PHDVXUH ZH XVH WKH QXPEHU RI -LP &URZ OBDW KKIH Y B © B A W IDAUHI O\
DVGLVFULPLQDWRU\UDFH UHODWHG VWDWH ODZV IURP D FODVVLILFI
RI VRXUFHV LQEFOXGLE@WDWHVY /DZV RQ 5DFH DQG &RIOHRQY G L\FXKYVH QG
PHDVXUHPHQW ZHGLVFXVVWKHVH YDULDEOHVYDELOLW\WRFDSWXU
DUH KLJKO\FRUUHODWHG ZLWK RWKHU FRQWHPSRUDQHRXV PHDVXU
ZKHQ VXOID GUXJV EHFDPH DYDLODEOH VXFK DV EODFN ZKLWH VFKRI
6HH DOVR GLYPXMVLIRQQQ SHLFRD DGXUWKHU YDOLGDWLRQ RI WKHVH
VI\VWHPLF GLVFULPLQDWLRQ

,Q FHUWDLQ WHVWV ZH FRQVLGHU UHVXOWYVY RQO\ ZLWKLQ WKH QRU
6RXWKHUQ VWDWHV DV $ODEDPD 'HODZDUH 'LVWULFW RI &ROXPELD
VLVVLSSL 1RUWK &DUROLQD 6RXWK &DUROLQD 7HQQHVVHH 9LUJLC
DQGOLVVRXUL )RUH[SRVLWLRQDO HDVH RXU XVHRIWKHWHUP 1RUW


https://adriana-llerasmuney.squarespace.com/data
https://adriana-llerasmuney.squarespace.com/data
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7TDEOH$ 'HVFULSWLYHG6WDWLVWLFVIURP &HQVXV OLF

2EV OHDQ 6WG 'HY O0OLQ 0D]

(GXFDWLRQ \HDUYV
+LJK VFKRRO

&ROOHJIH

(PSOR\HG

ORJ IDPLO\LQFRPH

%HORZ SRYHUW\ OLQH

‘RUN OLPLWLQJGLVDELOLW\
&RJIQLWLYH GLVDELOLW\
(YHU PDUULHG

$JH DW PDUULDJH
&KLOGUHQ HYHU ERUQ

$Q\FKLOG

&KLOIGIUHEFKLOG

%DVH SQHXPRQLD LQIOXHQ]D PRUWDOLW\
YHPDOH

%ODFN

%LUWK \HDU

3KDUPDFLVWYV SHU SRSXODWLRQ

+LVWRULFDO VODYHIUDFWLRQ
-LP &URZ ODZV

I1RWHNVFULSWLYH VWDWLVWLFV DUH SURYLGHG IRULQGLYLGXDO OHYHO RXWI|
FHQVXVHY PDWFKHG ZLWK H[SRVXUHV WR SQHXPRQLD LQ LQIDQF\ DV ZHOO DV
ORQJ UXQJUDGLHQWY )XOO GHWDLOV UHJDUGLQJVDIPSOHVDQG GDWD GHILQL
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7TDEOH$ 'HVFULSWLYHG6WDWLVWLFV +1RQ PDUNHW RX

&HQVXV OLFURGDWD
‘RPHQ "KLWH :RPHQ %ODFN :RPHQ

OHDQ 6' OHDQ 6' OHDQ 6'

(YHUPDBULHG

$JHDWODUULDJH

&KLOGUHQ HYHU ERUQ

$Q\FKEDG

&KLOIGDUHFKLOG

IRWHXPPDU\ VWDWLVWLFVY DUH SUHVHQWHG IRUDOO QRQ PDUNHW RXWFRPH YDUL
IRUZRPHQ RQO\ DVIHUWLOLW\DQG IDPLO\ IRUPDWLRQ RXWFRPHV DUH FRQVLGHU
SUHVHQWHG EA\UDFH IRU EODFNDQG ZKLWH ZRPHQ EDVHG RQ DOO DYDLODEOH PHD
ZDYHV 5HIHGUWRUDE®REGO GHVFULSWLRQ RIHVWLPDWLRQ VDPSOHV DQG YDULDEOH

JLIXUH$ +LVWRULFDO (QVODYHG 3RSXODWLRQ DQG -LP .
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IRWBORWV GLVSOD\WKH SURSRUWLRQ RIHDFKVWDWHSRSXODWLRQV ZKLFKZDV IRUPHG R IIV@X
HQVODYHG SRSROUBWLRPQ ®RYEGLFLPREWRZ ODZV



JLIXUHS$ +LVWRULFDO 6KDUHV RI3K\VLFLDQV DQG 3KDUPD
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F *HRJUDSKLFDO 'LVSHUVLRQ RI 3KDUPDFIGVWHRJUDSKLFDO 'LVSHUVLRQ RI:

I1RWHVIXUHY SORW VWDWH OHYHO DYHUDJHV RI SKDUPDFLVWY SHU FDSLWD SDQHOV D DQG |
RIWKH SRSXODWLRQLVEODFN HDFKUH H[SUHVVHG SHU SRSXODWLRQ 7RS SDQHOV SU
JHQHUDWHG IURP RFFXSDWLRQDO FRGLQJV LQ , 3806 PLFURGDWD



% LUVW VWDJH5HVXOWV RIVXOIDRQORUWDOLW)\ 'L
&RQYHUJHQFH

% $FFHVV WRVXOID'UXJVDQGORUWDOLW\'HFOLQHV

ORUWDOLW\ ' HFOLQHWERZURX®WKH SDSHU WKDW %ODFN PHQ DQG ZRP
HQYLURQPHQWPDUNHG E\LQVWLWXWLRQDOL]HG GLVFULPLQDWLRQ U
HISRVXUHWRUHGXFHG SQHXPRQLD FUHDWHG E\WKHLQWURGXFWLRQ
SILUVW VWDJH  IRU %ODFN $PHULFDQV HYHQLQVWDWHV ZLWK KLJKHU
FRQVWULFWLRQ RIRSSRUWXQLWLHV DV D UHVXOWRIV\VWHPLF GLVFL
ILUVW VWDJH SQHXPRQLD PRUWDOLW\ WR VHFRQG VWDJH LPSDFWYV
VXSSRUWY RXU FODLP WK D W% O/DNFWBIR.@J DIQWWKWEDEDHFHVY WR VXOID C
UHGXFWLRQVLQ SQHXPRQLD PRUELGLW\DQG PRUWDOLW\DV D UHVXO

JLIXURI WKH PDLQ SDSHU GHPRQVWUDWHY WKDW ERWK %ODFN DQG
H[SHULHQFHG GHFOLQHV LQ DOO DJHSQHXPRQLD PRUWDOLW\VWDUW
DPRQJ%ODFNLQGLYLBXWROM $GIBBDGH|[ ZH UHSURGXFH 3ILUVW VWDJF
DVZHOODVLQIDQW SQHXPRQLD PRUWDOLW\UDWHY DQG XVLQJWKH C
7DE®HEH EUHDN WKHVH UHVXOWY GRZQ E\UDFHDQG UHJLRQ :LWK WKF
LQIDQW PRUWDOLW)\ ZHILQG VWDWLVWLFDOO\VLJQLILFDQW WUHQG E
DVZHOODVLQWKHQRQ 6RXWKHUQ UHJLRQV 7KHOHYHO DEVROXWH
ZKLWH FRQVLVWHQW @ HWKOH ORUHUHODWLYH EUHDNV DUHVLPLODU |
UHVXOWVY GHPRQVWUDWH WKDW DOO DJHDQG LQIDQW SQHXPRQLD PR
SHUVRQV LQFOXGLQJ,QQ MKHREBVKRXMKLQ SDSHU ZH DOVR GHPRQV WL
WKHUH ZDV FRQYHUJHQFH LQ SQHXPRQLD PRUWDOLW\UDWHY HYHQ IF

7TKLVILQGLQJ LV FRQVLVWHQW ZLWK RWKH®WRXVEBDQHHOG RP WKLYV |
GHPRQVWUDWH ODUJH LPSURYHPHQWY LQ PRUWDOLW\IRU %ODFN UH
7TKH\DWWULEXWH WKLV WR LPSURYHPHQWY LQ SXEOLF KHDOWK VSH]I
SURYHPHQWV LQ OLYLQJVWDQGDUGVIRU %ODFNIDPLOLHV ‘HFRQWU
RIDSDUWLFXODUPHFKDQLVP VXOIDGUXJY LQFLGHQWLQ WKLV SHUL
WKDW KDG FRQVLGHUDEO\ KLJKHU EDVHOLQH UDWHV IRU %ODFN $PHU

KLOH 7TDE®@BWVHPRQVWUDWHVXOID GULYHQLPSURYHPHQWVLQSQHX
DQG PRUWDOLW\LV ZLGHO\ WKR XJK®| VRRO V HD\CEHIOR & @ GW KZ A RPULE K®&/L W\
ZRUU\WKDW WKHPDQQHULQ ZKLFKPRUWDOLW\VFDOHG ZLWK PRUELG
WKDQ IRUWKHUHVW RI WKH SRSXODWLRQ RQDFFRXQW RIVHIJUHJIDWL
IXUWKHU DV IROORZV

)LUVW WKH UHVXKIOMWWHLEDAHEOWHUYH DV HYLGHQFH WKDW %ODFN $F
VI\VWHPLF GLVFULPLQDWLRQ EHQHILWHG | URP NAXIOH G X XV VZ R QHWIKHDEIL
IRUVXUYLYRUVRILQIDQW SQHXPRQLD LQIHFWLRQV 7KLV LV EHFDXVH
VWDWHV ZLWK WKHPHGLDQ OHYHO RI VA\VWHPLF GLVFULPLQDWLRQ H[S
HYHQ LI WKHVH JDLQV ZHUH VPDOOHU WKDQ DPRQJ %ODFN LQGLYLGXI
6HFRQG DV VWDWHG LQ WKH SDSHU WKH FRVW RI D ZKROH FRXUVH RI
RIWKHPRQWKO\ZDJH RI %ODFNPHQ LQ WKH V ZKLFKLV D UHODWLY

TDE®WKRZV WKDW WKHDEVROXWH GHFOLQHV LQ SQHXPRQLD PRUWDOLW\ZHUH O
LOQGLYLGXDOV WKDQ IRUGB6RXWKHUQ %YODFN RU ZKLWHLQGLYLGXDOV EXW WKDW WKH
6RXWKHUQ ZKLWHYV

$



VHHPV XQOLNHO\ WKDW LQFRPH FRQVWUDLQWY OLPLWHG DFFHVV IRU

7KLUG ZHIRXQG RWKHUHYLGHQFH WKDW 6RXWKHUQ %ODFNLQGLY
JRUH[DPROKWLQJVZRUWKLIQG DOUJH UHGXFWLRQV LQ %ODEN LQIDQW F
DQWKURSLF KRVSLWDO PRGHUQL]DWLRQ DQG H[SDQVLRQ LQ WKH \
PHFKDQLVP E\ ZKLFK WKHVH ODUJHLPSURYHPHQWYV DFFUXHG ZDV WKL
WKH ODWH V ) Q0D ®RIGNLRREQRGIWP RQVWUDWH ODUJH LPSDFWV RI DQW
ODZV SDVVHG GXULQJWKH ODWH VDQG VRQEODFN QHRQDWDO |
WDWLRQ RI PDWHUQDO V\SKLOLV ZKLFK LV JHQHUDOO\HLWKHU DV\PS
VXJIJHVW WKDW %ODFN ZRPHQ GLG KDYH DFFHVV WR PHGLFDO WKHUD
OLIHWKUHDWHQLQJIRUWKHP 7KHVHUHVXOWY VTXDUH ZLWK WKH 7X
WR DFWLYHO\XVH FKLFDQHU\ WR SUHYHQW E OD&®WIXE M & EWYJ D RB WHH
DFOHDULQGLFDWLRQ WKDW WUHDWPHQW ZDV UHDGLO\DYDLODE

JRXUWK ZH FRQVWUXFWHG DGGLWLRQDO HYLGHQFH WKDW %ODFN |
IRUQRQ OLIHWKUHDWHQLQJLQIHFWLRQV E\VWXG\LQJWUHWQGYV LQ Uk
5KHXPDWLFIHYHULV D GLVHDVH RI WK HREHXUW QVOR DQW N U DMG. R UH E WD
*URXS $ VWUHSWR F RKHV® EQFMWAHWILPQV DUH XVXDOO\ QRW OLIH WKUH
SRSXODUO\NQRZQDV 36WUHS WKURDW"~ WRQVLOOLWLY DQG VFDUC
OHVVDEOHWRDFFHVVDQWLELRWLFVWRWUHDW VWUHS $LQIHFWLRQ
GHFOLQHUHODWLYHO\VORZO\IRUWKHP %XW LQFRQWUDVW WR WKL
GHFOLQHV LQ UKHXPDWLFIHYHU IRUWKLV JURXS FRQVLVWHQW ZLWK
LQIHFWLRQ¥ GLMVIX@MB\V UDFH VSHFLILF UKHXPDWLF IHYHU PRUWDOLW
FRQYHUJHQFHLQUKHXPDWLFIHYHUPRUWDOLW\UDWHV RYHU WKH |
HUBLVQR 'HQQ\-U 0ODVVHOO HW ®WH GDWD RQUKHXPDWLFIHYHU ZF
EXW WKHUH ZDV QR PDMRU FKDQJH LQ KHDOWK FDUH DFFHVV IRU %OD
ZKHQ VXOIDDUULYHGDQGWKHHDUO\ VZKHQSHQLFLOQEQWMUHG H G
UDWHV RIWUHDWPHQW RIDQWHFHGHQW QRQ OLIHWKUHDWHQLQJ EDF

'HGLVFXVVLQWKHUHPDLQLQJVHFWLRQVRIWKLV $SSHQGL[DGGLW
LQWKHSRSXODWLRQ DVZHOODVFRQYHUJHQFHLQ PRUWDOLW\RYHU

6XOID ([SRVXUHDQG 7KH7LPLQJ RTORQWEOHWN\HFQPRHWDOLW\DUH F
EHWZHHQ \HDUV DQG ,Q )LQRUWKUY GHFOLQH LV YLVLEO\FOHDU ZKl
LQPRUWDOLW\DWWKHOHYHORIHDFKVWDWHRYHUWKHSHULRG *
EUHDN RFFXUV ZKLFKLVWHVWHG EA\UHJUHVVLQJ\HDU RYHU \HDU PR
DUHJUHVVLRQ ZLWK 1HZH\ :HVW VWDQGDUG HUURUV QDPHO\

" QRortality )¢ ="! + (1{Year=j}i+ &

IRUHDFK\HDU IURP « DQG WKHQ FRQG XFWLIRUDHDF K HVDN D@ &
VWDWH % JHIXORW WKH KLVWRIXQGPARR KHDDYBHW KH ODUJHVW VWDWH OF
VWDWH RYHUZKHOPLQJO\VHHLQJWKDW WKHVHIDOOLQ DQG E

7TR GHILQH H[SRVXUH WR VXOID GUXJVLQFHQVXV PLFURGDWD ZH X\
ELUWK SURYLGHG LQ®W BQYKY PISFOBRGOAWDPDOFXODWHG EDVHG RII WKH D
UHSRUWYV LQ WKH FHQVXV DV WKH FHQVXV \HDU PLQXV WKHLU DJH $V

WLVWKRXIKWWKDWDQWLERGLHY SURGXFHG IROORZLQJDQLQIHFWLRQFDXVHG
DURXQG EORRG YHVVHOV KHDUW YDOYHWLMNQ® MRLOQWYVY WR FDXVH UKHXPDWLF IHYHL

$



DQG , 3806 GRFXPHQWDWLRQ QRWHYV WKDW WKLV UHVXOWYV LQ
ODWHU WKDQ WKHDFWXDO\HDU RIELUWK IRU LQ'GRYZHY¥XO V@ WKWH E L
FHQVX806 GRFXPHOWDWHWYWKDWDQ LQGLYLGXDOfV\HDURIELUWKLV
%,57+475

,QSUDFWLFH JLYHQ WKDW WKHFHQVXV RFFXUV RQ WKHILUVW GD\
DQH[DFWPDSSLQJWRELUWK\HDU +RZHYHU IRU WKH DQG FHQ
LQD \HDUODJLQ ELUWK\HDU IRUDURXQG RILQGLYLGXDOV *LYH
DQG FHQVXVHV E\VXEWUDFWLQJ IURPWKHELUWK\HDU VR WKDW
FRUUHFWLQ WKHPDMRULW\RIWKHFDVHYV

7KLV LPSOLHV WKDW IRU DQG FHQVXVHV DURXQG RILQGLY
E\ XV DV ZHUH DFWXDOO\ERUQ LQ WKH ILUVW WKUHH PRQWKV RI
IRURWKHU \HDUV 8QGHU WKH DVVXPSWLRQ WKDW VXOID EHFDPH DYI
LQGLYLGXDOV ERUQ IURP RQZDUG DV UHJDUGOHVV RI ZKHWKHU W
KDYHEHHQH[SRVHG WR VXOIDIURPELUWK )RULQGLYLGXDOV UHFRUC
LQGLYLGXDOV ZRXOG KDYHEHHQ ERUQ LQ DQG KHQFH H[SRVHG WF
DVEHLQJERUQLQ DURXQG RQH TXDUWHU ZRXOG KDYHEHHQ ERUQ

HISRVHG WR VXOID DW WKHHQG RI WKHLU ILUVW \HDU RI OLIH 2XU GH
FRGHG DV 3RYWALXY O <19TMU DQG VR ZLOO PLVFODVVLI\D YHU\VPDOO S
WKRVHERUQLQ WKHILUVW WKUHH PRQWKYV RI LOWZR FHQVXVHYV
PLVFODVVLI\D ODUJHU SRUWLRQ RILQGLYLGXDOV WKRVHERUQLQW
HISRVHG ,QHYHQWVWXG\PRGHOV ZKHUH ZHH[DPLQH HIIHFWYV E\\HDL
DQG ZH DOVR LPSOHPHQW UREXVWQHVV FKHFENV ZKHUH ZH XVH RQO\ |
EDVHOLQH UHIHUHQFH JURXSLQHYHQW VWXGLHY RU XVH ELUWKYV

% 'LIIXVLRQRIVXOID GUXJV

‘HEURDGO\REVHUYHGHFOLQHV LQPRUWDOLW\ZLWKWKHDUULYDO RI
DQG WDNH XS '"HVFULSWEXPFI®Q WMIGUIHXVLRQ RIVXOID GUXJV DV HYLGE
LOQOVWDWHV EDVHGRQ SUH VXOIDVWDWH OHYHOLQFRPHSHUFDSLWD
UHVLGHQWV RI WKH VWDWH WKHKLVWRULFDO VODYH VKDUH RI WKH S
HUDJH 7KHVHGHVFULSWLYHGHFOLQHV VXJIJHVW WKDW VXOID ZDV ZL

GLVFXVVHG L® DERMHG L[
7DE®MVHVWYV IRU GLITHUHQWLDO GLIIXVLRQLQ WHUPV RIVWDWH OH

OQ 3QHXPRQLP &R W DiGHWHU X+ (33RVW+ (4 3RVWVXQID
+(53RVW;! <HDUg3RVW;! <HDO W+ S,

XVLQJ VWDWH E\\HDU PRUWDOLWS GDWBDUGFHFDSWEHGYLPPHESH Q @/IH \H |
\HDU GHFOLQHV LQ PRUWDOLW\ IROQ RDISMMNXWHKHKN DQU WILHRRS XIODN ZK
HPHUJHV GXULQJ WKH SRVW VXOID SHY DR& FDSIWSXJHDAPKHHWHUAUIRS UL RS\
PRUWDOLW\ GHFOLQHV DUH ODUJHU LQ DUHXVHBW R WG EAQI REINKW BEW H
ZKHWKHU WUHQG EUHDNV YDU\ E\WKHVH FKDUDFWHUWY4,MW4yLBQG, Q WDE.
(6 LQWKHLQWHUHVWYV RI WsAS/CADALW D V@ HDWVFKRADH/HRU HDVH RI FRPSDL

$V REVHUYHGL QHMXOWYV P RIPO/IO PERHWDO IOW\UDRK VBHOHILF PRUWI
HYLGHQFH ODUJH PRUWDOLW\GHFOLQHV UHJDUGOHVV RIVWDWH OHY
WHUPV RI VWDWH O NKYIHDIFAHIDLAPOWHIEN MAEHY DQG RUWUHQG EUHDN

$
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DWSHUFHQWLOHV DQGXs RQWKHEFK-DIRRAMNHHU LWDRHO $ ZKLFK IRFX
VWDWHY PDUJLQDO HIIHFWV VXJIJHVW GHFOLQHV RIDQ\ZKHUHEHWZ}
FKDUDFWHULVWLFV LPPHGLDWHO\ %\\HDU GHFOLQHVDUHREVHUYF
DWPRVWUDQJLQJIURPDURXQG Wi @ BUOSHRIFHIQGMHILO K B WKWHD W H YV E
VKDUH RI XUEDQ SRSXODWLRQ 2WKHU FKDUDFWHULVWLFV VKRZ VPD
ODUJHU SURSRUWLRQDO GHFOLQHVY REVHUYHG LQ VWDWHYV ZLWK OR?:
SK\VLFLDQV SHU FDSLWD DQG KLJKHU UDWHV RI KLVWRULFDOO\HQVO
FRQVLVWHQW UHVXOWYV ZKHQ FRQVLGHULQJ PRUW® G UW Vb DWHWHIMX &F
IRUEODFNDQG ZKLWH PRUWDOLW\ RQO\ 5HJDUGOHVV RI WKH VDPSO
ODUJHGHFOLQHVLQ PRUWDOLW\

KLOH HYLGHQFLQJ EURDG GLIIXVLRQ RI VXOID GUXJV WKLV LV D G
PRUWDOLW\DUH ODUJHU LQ DUHDV ZLWK KLJKHU EDVHOLQH PRUWDOL
SUH VXOIDLQFLGHQFH ZH ZRXOG H[SHFW WKLV WR EHUHIOHFWHG LQ
VHFWLRQ ZH FRQVLGHU D PRUH GLUHFW WHVW RI GLITHUHQWLDO DFF
PRUWDOLW\ DQG ZKHWKHU FRQYHUJHQFH YDULHVY E\VWDWH OHYHO P

% &RQYHUJHQFHLQORUWDOLW\5DWHY )ROORZLQJVXOID

$ULFKHUWHVWRIKRZGUXJV GLIIXVHGDFURVV WKHSRSXODWLRQDQUC
RI VXOID KLVWRULFDOO\ ZKLFK PD\ H[SODLQ ORQJ WHUP SDWWHUQV
WLPH DQG ZKHWKHU WKLV FRQYHUJHQFHLVPHGLDWHG E\FURVV VWD
LQFURVV VWDWHFRQYHUJHQFHLQ SQHXPRQLD PRUWDOLW\UDWHYV E
WHVWLVY EDVHG RQWKHIROORZLQJPRGHO

3QHXPRQLDLORUWBOLIRVW,! %DVH 3QHXPRBRVIN,! Xs
+133RVW,;! %DVH 3QHXPRQLD)+ *,

ZKHX(HIHIHUV WR WKH VDPH FKDUDFWHHKLYWISHFDM FRQYY R@HWHGD® L
LWDGGUHVVHY WKH LQWHQVLYH PDUJLQ RI GLIIXVLRQ2WKH WUHQG E
VXE VHFWLRQ VLPSO\DVVHVVHV ZKHWKHU VXOID GUXJV ZHUH DYDLOL
GLITHUHQFHVLQ WDNH XS UDWHY FRQGLWLRQDORQ GUXJDYDLODELO
7KHHVWLPDWHG VSHFLILFDWLRQ LV D WULSOH GLIIHUHQFH GHVFULEI
ZKLFKJLYHV LW FRQFHSWXDO FODULW\

(YLGHQFHRIFRQYHUJHQFH LQ PRUW B%O kW U bl D 2vH I R VELUGHMHRADHY G L
PRUWDOLW\UDWHYV ZLWKRXW DQWHY® F RQ R QVAL MEVF & DWHDH W HIUG N QVE IR
PRUWDOLW\UDWHYV ZLWKUDWHY GHFOLQLQJPRUHLQDUHDV ZLWK KLJ
RQEDVHOLQH GLVHDVHDQG 6(6 FRQWUROV DV ZHOO DV LQ VSHFLILFC
‘HREVHUYH HYLGHQFH RI FRQYHUJHQFH ZKHQ FRQVLGHULQJ PRUWDO
DV ZKHQ FRQVLGHULQJ RQO\ PRUWDOLW\ DPRQJ ZKLWH DQG %ODFN $
VSHFLILFPRUWDOLW\GDWDLVDYDLODEOH $ORQJZLWKVWDQGDUG H
LQWHUYDOV EDVHG RQ D ZLOG FOXVWHUHG ERRWVWUDS ZKLFK FRQVL

,Q 7DB@H SUHVHQW DQDO\VHV RI ZKHWKHU FURVV \VXVIDOWG F R Q/HGU J
LQ FROXPQ KHDGLQJV ,Q SDQHO$ ZHGR QRW VHHHYLGHQFH RIFRQY
OLWHUDF\UDWHY KLJKHULQFRPHV KLJKHU XUEDQL]DWLRQ RUJUHD
LFDO VODYH VKDUHV 7KHRQO\VWDWLVWLFDOO\VLJQLILFDQW LQWH L
SKDUPDFLVWY DQG SK\VLF%D\KRZN KDL WE LYLUXBRVW FOHDU IRU S|

$



ZLWK /IRK®KDFFRXQW RIZLGHVSUHDG XSWDNHRIVXOID GUXJV LQ WKH
SKDUPDFLHV

‘HFDQ IXUWKHU H[DPLQH WKLV FRQYHUJHQFH WR WHVW ZKHWKHU F|1
LVWLBYHFLVHO\IROORZLQJWKHDUULYDO RIVXOID 7RGR VR ZHHIIH
RI ZKHUH UDWKHU WKDQ D VLQJOH 3RVW LQGLFDWRU ZH WHVW IR
\HDUV $VLQPDLQHYHQW VWXGQLHYQQWSURSRYHDWY EHARQOWBEDLQLQJ I
FRHIILFLHQWYV WR DYHUDJH UDWKHU WKDQ RPLWWLQJDVLQJOHDUEL

1943
SQHXPRQLDORUWBOLWM1{ <HDU}! %DVH 3QHXPRQLD
j=1930
943
+ 1L1{ <HDY}! %DVH 3QHXPRQLD
j=1930
1943 ]
+ LI <HDU} ! Xs+ Hs+ )¢ + *s,
j=1930

ZKHUH DOO GHWDLOV 5RORAQWWRRWH UGH H& WBIE 21 S UHMHQW PDUJLQ
HVWLPDWHG DW SHUFHQWLOH XDPQEURIHREK RKDH KWW H IPOMIDAU HY L
JHQFH ZLWK PRUWDOLW\GHFOLQHV RFFXUULQJPRUH VKDUSO\LQ DU
DIWHUWKHDUULYDO RIVXOID $SSUHFLDEOHJUDGLHQWY DUH REVHU
EXWQRWDFURVVWKHUDQJHRIRWKHU YDULDEOHV FRQVLGHUHG 7KL
WR PDSLQWR ORQJ WHUP RXWFRPHV LQDWIGHVER GO R UW KW ISID\S HW F DIHD
HYHQW VWXG\VSHFLILFDWLRQV DUH H{|DPSOHG DV GRFXPHQWHG LQ)

:KLOHZHGRQRWREVHUYHHYLGHQFHRIJUDGLHQWV LQPRUWDOLW\
E\WKH KLVWRULFDO VODYH VKDUH RI D VWDWHVY SRSXODWLRQDQG W
DUIJXPHQWV WKDWORQJWHUPRXWFRPHVDPRQJEODFNSRSXODWLRQ\
PD\DOVR UHIOHFW GLITHUHQWLDO UDWHV RI XSWDNH RUDBDFEHVV WR V.
WHVW IRUWKLYVY H[DPLQLQJZKHWKHULQLWLDO FRQYHUJHQFHLQ PRU
KLVWRULFDO VODYH VKDUHDQG WKH QXPEHU RI -LP &URZ ODZV LQ WK
WKDW PRUWDOLW\FRQYHUJHQFHDPRQJ %ODFN $PHULFDQV LQ WKH VF
KLVWRULFDO VKDUH RI H@V O®XHGSTHAUW R Q § K GO VH ULYFHBBN LR QV Z
ZHLIJKW E\ VWDWH SRSXODWLRQ 3DQHO & FROXPQ DQG DUH LPSUH
SRWHQWLDO plLuUvwW VWDJHY GLITHUHQFHV LQ DFFHVVY ,Q HDFK FDVH
VFRUH DQG VR WKH HIITHFW VLIH LQ SDQHO & VXJJHVWV WKDW D VWL

ZKHQ ZHLJKWHG E\VWDWH SRSXODWLRQ RU LI XQZHLIKWHG

KLIKHU WKDQ WKH EDVHOLQH UDWH RI 7KLY YDOXH RI LV
PRYHPHQWIURP WKHORZHVW WR WKH WKSHUFHQWLOHRIKLVWRULF
RIJUDGLHQWYVY ZKHQ FRQVLGHULQJ WKH QXPEHU RI-LP &URZ ODZV RU
7TDE®@H



7DEOH % 7UHQG %UHDNV LQ LQ,QIDQWDQG $00 $JHORUWDOLW\

/IHYHOV /IRJV
$00 DIHORUWDOLW\ ,QIDQW ORUWDOLW\ $O00 DJIH
SHU SRSXODWLRQ SHU ELUWKYV SHU SRS >
3RVW
<HDU

3RVW! <HDU

2EVHUYDWLRQV
OHDQ 'HS 9DU

1RWHV (DFKFROXPQ SUHVHQWV D VHSDUDWHPRGHO UHJUHVVLQJWKHOHYHO RU OR.
YDULDEOHVLQGLFDWHG LQ WKHWDEOHDV ZHOO DV VWDWH ILIHG HITHFWV 7KH OHY H(
UHVSHFWLYHO\ 7KHVDPSOHLQFOXGHV REVHUYDWLNRQV IR WKHDADNY RY HQ I\D R MW FPHRUW
GDWDLVDYDLODEOHIRUWKH SHUERB $SSHQBRDGDWD VRXUFHY 6WDQGDUG HUURUV D
noog " g ' g



MAVI OHNHMAXOd HNA SNAENNH 9NASOEMI9 HCANHAYEd AMAD Od AOTamBBIsB HHP \Mmloamndd
OHHZMHI AOYTMAANHAIY \ONAH\ AHOXO040 1 HBORA@OA \FIW MG Z SHSAHAM AHIIITH O9H]ITI HMAMA HOX0401
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AODYTMAANHAIZZ
NAH> iMAYE
NaH>

MAYE

AMNAET HM M AMXE9 HMTH:

Nade SH.,.OdHO
AODYTMAANHAIZZ
NAH> iMAYE
NaH>

MAYE

XMNYT NdAO% AMXHE9 NdAO%
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D0$ Mmoaio’ HCA 00% Mmoaio’ HCA 00% Mmoaio’ HCA 00%
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Wgomm_ —
Wisconsin —|
West Virginia —
Washington —
Virginia —
Vermont —

Utah —

Texas —
Tennessee —
South Dakota —
South Carolina —
hode Island —
Pennsylvania
regon —
Oklahoma —

10 —
North Dakota —
North Carolina —
New York —

New Mexico —
New Jersey —
New Hampshiré -
Nevada —|
Nebraska —
Montana —
‘Missour| —
Mississippi —
Minnesota —
Michigan —
Massachusetts
Maryland —
Maine —
Louisiana —|
Kentucky —
Kansas —

Jowa —

Indiana —|

Illinois

Colorado —
California <
Arkansas —|

Arizona —
Alabama —

JLIXUH %

6WDWH OHYHO ORUWDOLW\7UHQGV 2YHU 71

Mortality Rate
(per 100,000)

208.24
175
165
155
145
135
125
115
105

95

85

75

65

55

45

35
22.522

missing

I
1927

I
1930

I
1935

[
1940
Year

T
1945

I
1950

IRWBMWDWH E\\HDU FHOOV SUHVHQW SQHXPRQLDDQGLQIOXHQ]D PRUWDOLW\$U DRMHIVGGIUW LR QL

Density

0.0
1934 1935 1936
Estimated Trend Break Year

D $O0O5DFHV

1937

1938

1940 1941

YLIXUH %

0.6

0.4+

Density

0.2

0.0-
1942 1934 1935

1936 1937 1938 1939
Estimated Trend Break Year

E KLWHYV

Density

(VWLPDWHG 7LPLQJRI7UHQG %YUHDN E\5DF}

0.0’
1934 1935 1936 1937 1938 1939 1940 1941 1942
Estimated Trend Break Year

F %ODFN $PHULFDQ

IRWHYVWRJUDPV SORW\HDUV LQ ZKLFKWKH SULQFLSDO WUHQG EUHDNLV REVHUYHG LQ UDWH\
7KHSULQFLSDOWUHQG EUHDN\HDUIRUHDFK VWDWH LV HVWLI
ILQGLQIJWKHODUJHVW REVHUYHG GLVFUHWH FKDQJHLQ SHULRG WR SHULRG PRUWDOLW\UDW!|
) VWDWLVWLFVIRUHDFKVWDWH SULQFLSDO WUHQG EUHDNV DUHSORWWHGLQHDFK SDQHO |

DOO\HDUV EHWZHHQ

DQG
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H 4XDUWLOHV RI3KDUPDFLVWYV SHU &DSLWDAXDUWLOHV RI3K\VLFLDQV SH

IRWHYPSRUDO YDULDWLRQ LQ UDWHY SQHXPRQLD PRUWDOLW\DUH SORWWHG E\ TXDUWLOHV R

UHIHUVWRDYHUDJHY FDOFXODWHG IURP

FHQVXV PLFURGDWD
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HMAMS\ HAd Q8 HYM 81 AHMAN \MTOdMNYd
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7z cOHY0A ANHOAHY HOIAM O1 O9HMAFdT90T HOIATNAA HOTOHAQI OHAHO HMAMAMIMIZ AOITIMIANHMOT AQ
\MT10AMNEYd HOTOHAAI OY \M10AMNEYd ATOHYdXHOS 90aA AlOHXOIOTId AHMAN AHAAHNCHN OAXOdd X4MANMYT

OHNAXL19 §
AOYTMAANHAZZ
NAd6 HWAOMAYIS]) HOOOX I MAYE
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7TDEOH % &RQYHUJHQFHLQS5DWHV RI3QHXPRQLD ORUW

,QIOXHQ]D ORUWDOLW\ SRVW

3DQHO $ $00 5DFHYV
3RVW BX®DUH ([SRVXUH

&,:LOG %RRWVWUDS > @ > @ > @
2EVHUYDWLRQV
OHDQ ,QIOXHQ]D ORUWDOLW\

3DQHO % :KLWH 2QO\
SRVW BXODNUH ([SRVXUH

\/

&,:LOG %RRWVWUDS > @ > @ > @
2EVHUYDWLRQV
OHDQ ,QIOXHQ]D ORUWDOLW\

3DQHO & %ODFN 2QO\
3RVW BXODBH ([SRVXUH

&, ' LOG %RRWVWUDS > @ > @ > @
2EVHUYDWLRQV
OHDQ ,QIOXHQ]D ORUWDOLW\

&RQWUROYV

6WDWH <HDU )(V < < < <
&HQVXV'LY <HDU )(V < < <
'LVHDVH &RQWUROV < <
6(6 &ERQWUROV <
1IRWHNFK FHOO UHSUHVHQWY D VHSDUDWH UHJUHVVLRQ ZKHUH WKH LQIOXHQ]D I
UHJUHVVHG RQ D 3RVW VXOID 3RVW LQGLFDWRU PXOWLSOLHG ZLWK WKH EI
FRQVLVWV RI VWDWH E\\HDU FHOOV FRYHULQJ RIWKH PDLQODQG 86 VWD

PRUWDOLW\ UDWHYV DQG FRQVLVW RI RQO\ VWDWHV ZLWK UDFH VSHFLILF PRU\
RQDZLOG FOXVWHU ERRWVWUDS DUHDOVR UHSRUWHG JLYHQ UHODWLYHO\ ORZ
GHVFULEHG 6HBWLRQS 's 6WDQGDUGHUURUVFOXVWHUHGE\VWDWHDUHU
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& ORGHOLQJDQG , GHQWLILFDWLRQ '"HWDLOV

& )XUWKHUGHWDLOV UHODWHG WR HVWLPDWLRQDQGLGHQWL

,QZKDW IROORZV ZHZLOO UHIHU WR WUH DpN PRHOQSWIHXWR QY DW RIRW DCH
WKH VHW RI DOO PRUVDO@IRYZL QD WKW MR DWLRQ RVEH $YHUDJH &D XV
5HYVSRQVH $&5 LVGHILQHG DV
_ +E[Yisc (P)]

ACR(p)_7+p )
FDSWXULQJ WKHDYHUDJH HIIHFW RI D PDUJLQDO FKDQJH LYQ H[SRVXL
&DOODZD\HWERRZWKDW XQGHUD3VWURQJSDUDO O HORW UFHD@ @&/ XOMINWKX P S
WKHIROORZLQJ TXDQWLW\

"= w(p)

PP
WKDW LV DZHLIJKWHG VXPWV&&5WRRKHHZ DIQBEWYVH GHILQHG DV

ACR(pj)
P # Pja1

w(l) =

(E[PIP $ 11# E[P]) 3@ $ 1)
2 1

1P

ZKHYHJHIHUV WR WKH YDULDQFH RIEDVHOLQH SQHXPRQLD PRUWDOLW
RXWAFRPBQG SRVW WUH DW PRHWQ MDR/ XHWRA ROARHV BOMMROQH MKERF BOLEWW W K|
SDUDOOHO WUHQG DVVXPSWIpR® UHTXLUHG VWDWHV WKDW IRUDOO

E[Yi(p) # Yiz1(0)] = E[Yi(p) # Yix1(0)|P = p].

,QZRUGYV WKLV DVVXPSWLRQ VWDWHYV WKDWREVHUYHG WUHQGV LQR
p WKHTXDQWLW\RQ WKHULJKW KDQG VLGHDERYH DUHDJRRG FRXC
ZRXOGKDYHIROORZHG KDGWKH\LQVWHDG EHHQDVVLIJQHG WKDW SD
DVDPXOWL YDOXHG JHQHUDOL]DWLRQ RI WKH SDUDOOHO WUHQGV D
DVVXPSWLRQ VLPSO\ UHTXLUHVY WKDW WKH WUHQGV LQ RXWFRPHYV IR
WUHQGVLQ RXWFRPHV WR WUHDWHG XQLWYVY KDG WKH\QRW EHHQ WUF

7KLV VWURQJ SDUDOOHO WUHQGV DVVXPSWLRQFDQQRWEHH[SOLFI
DVVLIQPHQWY ZKLFKDUH QHYHU REVHUYHG 1HYHUWKHOHVYV ZHFDQ
ZD\V ,Q SDUWLFXODU ZHFDQH[DPLQHYDULDEOHGRVHUHVSRQVHV D
SUH WUHQGY E\GRVHUHVSRQVHJURXSYV DQGWWRDINQ V¥R QN MEKDIWWKIKL
QRWOHDG WR DJJUHIJDWLRQLQDQ XQGHVLUHG FRPSBULHVRQWH :H H[D
HIDPLQHV KRZRXWFRPHVRILQWHUHVW HYROYH LQ WWHERNPISD ¥ H\G KVARL V
WKHHYROXWLRQRIRXWFRPHVLQVWDWHVZLWKWKHORZHVWEDVHOL!
PRGHOV EXW UDWKHU WKDQ FRQVLGHULQJD FRQWLQXRXV WUHDWPH (
EHORQJLQJWRVSHFLILFWUHDWPHQWLQWHQVLW\GHFLOHV +HUH ZH
DGRVHUHVSRQVHIXQFWLRQ ZKHUHRXWFRPHV LQ VWDWHY ZLWK WKF
WUHDWPHQW HIITHFWV WHQGLQJ WR GHFOLQH ZLWK WUHDWPHQW LQW
IRUZRUN UHODWHG GLVDELOLW\DUH OHVV FOHDQ RQDYHUDJH WKH
ZKHQ WKH SRVLWLYH RXWFRPHV WHQG WR ULVH :KLOH WKLV GRFE
WUHQGV ZRXOGKDYHEHHQIODWLQ SRVW WUH BWRWHMHWM Q H D IEFRGWU M/IOXU
LQWHQVUW\WHKRXSUH UHIRUP SHULRG LV UHDVVXUL&K ZHRERFKIPWHQMVH

$



WKH DJJUHIJDWLRQ ZHLJKWYV ZKLFK DUH LPSOLFLW LQ WZR ZD\ )( PRG
IUHTXHQF\RI WUHDWPHQW H[SRVXUHV VROLG OLQH 7KDW WKHVHTX
DUHXQOLNHO\WREHGULYHQ E\ XQGHVLUHG ZHLJKW& Q@H RRGHWGHHG

WKDWLIZHUH ZHLIKWREVHUYDWLRQVVXFKWKDWVWDWHVDUHUHSU
VLPLODU

.| KRZHYHU ZH VHHN WR DYRLG D VWURQJ SDUDOOHO WUHQGV DVV
FUHWL]DWLRQRIWKHWUHDWPHQW YDULDEOH PKHUN UBPSKKHUY QKD
DPHDVXUH RI +L3K{Oh DV HDWGRIKE3>QHIPLRIL BDVHOLQHGZKXPRBDBH ZH
UHWXUQ WR VWDQGDUG LGHQWLI\LQJDVVXPSWLRQV RI SDUDOOHO WU
QRW EHHQ KLJKO\ WUHDWHG E\ VXOID WKH\ZRXOG KDYHIROORZHG W
DUHDV :HFRQVLGHU WKLV VSHFLILFDWLRQDVDQDOW& RENVWUYHPRG
WKDW WKH WDNHDZD\LQ WHUPV RI WKLV GLVFUHWL]HG PRGHO LV VLPL
DPRQJLQGLYLGXDOV PRUHKLJKO\H[SRVHG WR WKHEHQHILWV RIVXO

& 7TDEOHVDQG )LIXUHV

JLIXUH & (VWLPDQG :HLJKWV 7ZR :D\)L[HG (IITHFWV :HLJKWV YHUV X"

0.08

fop>o(d)

0.06

0.04

Weights on ACR(d)

0.02

0.8 1.0 1.2 1.4 1.6
Dose (d)

IRWHUYJIJXUH GRFXPHQWYV ZHLJKWV RI XQLWY EDVHG RQ WKHLU 3GRVH" RI VXOID H[SR'
DVVLIQHG WR LQGLYLGXDO XQLWV ZLWKLQ WKH WZR ZD\ IL[HG HITHFW PRGHO HVWLP
ZKLOHHPSLULFDO ZHLJKWV EDVHG RQWKHIUHTXHQF\RIGRVHV REVHUYHG LQ RXU VD
DVROLG EODFNOLQH 7:)(ZHLJIKWADDWHD E D O IF WEDR\SHRG/ LRM\ALBRRZ L Q J



7TDEOH & 7ZR ZD\)L[HG (IIHFWV $YHUDJH &DXVDO 5HVSRQVHV DQG

ORJ )DPLO) -dWJN/LPLWLQJ
6FKRROL,(%J|]:RPH8_PSOR\PH VDELOLW\

3DQHO $ %DVHOLQHORGHO
3RVW BXODUH ([SRVXUH

(IN'1HFW VLIHIRUDQ LQWHUTXDUWLONHMMXUVYW LQ EDVH H[SEBWXUH SS
2EVHUYDWLRQV

3DQHO % 5HZHLJKWLQJEDVHG RQ $&5IXQFWLRQ
3RVW BXODUH ([SRVXUH

(II1HFW VLIJH IRUDQ LQWHUTXDUWLORNHXUVW LQ EDVH H[SFBWBXUH SS
2EVHUYDWLRQV

3DQHO & %LQDU\ 7TUHDWPHQW OHDVXUH
SRVW BXQUK %DVH ([SRVXUH

2EVHUYDWLRQV

I1RWHNFK FROXPQUHSUHVHQWY D VHSDUDWHUHJUHVVLRQ (VWLPDWHVDUHIRUDOOLQG
RQ 3R¥WVHOLQH3QHXPRQLD SDQHED$ DBV RIZRERYW3IRVW LGHQWLILHY FRKRUWYV ERU
,QIOXHQ]D LV WKH DYHUDJH SQHXPRQLD LQIOXHQ]D PRUWDOLW\ UDWH EHWZHHQ +
UDWH DERYH WKH PHGLDQ 6DPSOH GHILQLWLRQV DRBOAHRQWIIRIOWHIRG D R B MWK MFADEHP RQ
FRPSDULVRQ 3DQHO % UH ZHLJKWV REVHUYDWLRQV VR WKDW HVWLPDWHY FDQ EH FRQV|
XQLWV DUH UH ZHLJKWHG E\ WKH UDWLR RI DQDO\W.LF, @HLDJEWYWSRDRQ ¥ % HZLKIHKWWHY 05 R G WH
PHDVXUH LV XVHG HVWLPDWHG HIIHFWRIDQ LQWHU TXDUWLOHUDQJHPRYHPHQWLQ SQ
IRRWHUWPW'SLEH " & ''g



' $OWHUQDWLYH2XWFRPHVDQG )XOO5HVXOWYV E\'F

' $GGLWLRQDO 2XWFRPHV

,Q WKH ERG\ Rl WKH SDSHU ZH SUHVHQW UHVXOWV IRU PDLQ RXWFRP
HPSOR\PHQWDQG ZRUN OLPLWLQJGLVDELOLW\ :HDGGLWLRQDOO\ JH
RUDOWHUQDWLYH RXWFRPHV ZKHWKHU DQ LQGLYLGXDO FRPSOHWH
LQFRPH LV EHORZ RI'WKH QDWLRQDO SRYHUW\OLQHDQG ZKHWKHU
SUHVHQWHG LQ WKLV $SSHQGL]

5HVXOWVY DUH SUHVHQWHG ZKLFK FRUUHVSRQG WR HDFK Rl WKH PD
ZKLFK FRUUHVSRQUGHBRHPEQWHG LQ $SEMRGWNV/DIEIORHK FRU DMWWSRQG W
SUHVHQWHG LQ $S SHH\GL) WIYEAXH. FK FR U DH Y SRIGIY WRWEEBQ $SSHQGL
SHVXOWYV ZKLFK FRUUDWIS B QB8 WHR NDHE® HQ $SSHDGRWIYDECLHF K FRUUH V!
JLIXUHUH SUHVHQWHG LQ $SSHQGL[)LIXUH

‘HDGGLWLRQDOO\ SUHVHQW UHVXOWYV H[DPLQLQJHIIHFWV RI VXOII
FHQWLOHV RIWKH SUH VXOID LQFRPH GLVWULEXW IDFO®D Z®8VHLIBXDG
DQG $SSHQG'L[ PLURXS$ VSHFLILF HVWLPDWHYV

' $OWHUQDWLYH *HQGHU E\5DFH (VWLPDWHYV

' BULQFLSDO 5HVXOWYV

‘HSUHVHQW UHVXOWV IRUHDFK GHPRJUDSKLF JURXS ZKLFK FRUUHVSF
RIORQJ WHUP LPSDFWV SJDHHHOAGHIG Q@ ANVEVSHFLILF HVWLPDWHYV DUt
WH[W DV)RE®HHQW VWX GLURX® VISIKFRIHLFE UHVXOW V D UHVBKIH ¥ B QMRIG
ORQJ UXQ UHWXUQV EDVHG RQ H[SRVIRKS R/ 8 X6 LDLEGLU HWXIRWQ V TDUEHD $il
' 7KHUREXVWQHVV RIHVWLPDWHY E\ JUR %S HARHQMNG RY G L DXIUMR ) L.

' $GGLWLRQDO 5HVXOWV IRU :RPHQ

(VWLPDWHYV RI WKH ORQJ UXQ UHWXUQV WR ELUWK \HDU 15F\RVMWY W R
DUH SUHVHQWHG IRUERWK %ODFNDQG :KLWH ZRPHQ DQG PHQ DQG LQ
WKDQ WKRVH IRUPHQ ,Q WKHFDVHIRUEODFNZRPHQ XQOLNHDOO RW
GHFOL@ERQJWHUP PHDVXUHV RI KXPDQ FDSLWDO UDWKHU WKDQ LPS
" VXJIJHVW WKDW ZLWK VRPHH[FHSWLRQV WKHVHUHVXOWV DUHQRW
LQ WKH FDVH RI EODFN ZRPHQ ZKHQ FRQVLGHULQJ ERWK HGXFDWLRC
VHTXHQFHV ZH REVHUYH HYLGHQFH FRQVLVWHQW ZLWK HLWKHU VLJQ
WKH ORQJUXQ :KLWHZRPHQRQ WKHRWKHUKDQG JHQHUDOO\KDYH U
PHQ WKRXJK W\SLFDOO\PRUHPXWHGLQPDJQLWXGH

,Q WKLV VHFWLRQ ZH LQYHVWLJDWH SRWHQWLDO H[SODQDWLRQV
SQHXPRQLD H[SRVXUH DV ZHOO DV WKH GLITHUHQFHLQ ORQJUXQ HIIF
2QH H[SODQDWLRQRIGLIIHUHQWLDO UHVSRQVHV E\JHQGHU LV WKDW
DPRQJPDOHLQIDQWY WKDQ DPRQJ IHPDOH LQIDQWY DW EDVHOLQH :F
DJH IBRRWWHZKRUHSRUWY UHVXOWV RID 86 3XEOLF +HDOWK
WKHVH VKRZ WKDW SQHXPRQLD LQFLGHQFH UDWIHV. @MUK RBSSHQELJ!
7KHUH LV DOVR D ODUJH JHQGHU GLIIHUHQFH L'QEPRRHLORIZCAKN F KU & ® FEW

$



DOO DJHLQIOXHQ]DDQG SQHXPRQ LR H RAUMDIBMDVW\WIHDGY HD\E R R B X W/HL [SHH F
QLD PRUWDOLW\ EHWZHHQ WKH EDVHOLQH SHULRG DQG ZC
YHUVXV GHDWKV SHU IRUPHQ DQG ZRPHQ UHVSHFWLYHO\ $V
ELGLW\ PRUWDOLW\GLIIHUHQFHV SUR[\VHYHUH UDWHV RILQIHFWLRC
IURP H[SRVXUH WR DQWLELRWLFWKHUDS\LQLQIDQF\WKDQJLUOV EHF
SQHXPRQLD

$ FRPSHWLQJH[SODQDWLRQ LV WKDW IROORZLQJ H[SRVXUH WR DQ\
WDU\LQYHVWPHQWY ZHUH ODUJHU DPRQJPHQ WKDQDPRQJZRPHQ 7K
DFFHVV WR WKH ODERU PDAUMNHW HIP® HPBHIRFSWKIH FRQIOXHQFH RI VRFLLEL
LOQHIILFLHQW SHUVRQQHO SUDFWLFHV LQ UHVWULFWLQJ RSSRUWXQL
WKH KLULQJ RI ZRPHQ DQG DOORZHG IRUWHUPLQDWLRQ RIHPSOR\PH
IHPDOH ODERU VXSSO\GXULQJWKH 'HSUHVVLERQ GUL D @ kHNKURDVIKSW R
SHDUDQFH ZDV XOWLPDWHO\GULYHQ E\FKDQJLQJVRFLDO QRUPV ZLW
VHFWRU DQG ULVLQXIR\PWOD HRMHGKXIFODWERQHYHU IRU WKH PDUJLQDO V
PHPEHU ERUQ LQ WKH H[LVWHQFH RIUHVWULFWLRQV RQ HPSOR\P
KXPDQ FDSLWDO LQYHVWPHQWY WKURXJK WKHLU HDUO\DQG PLGGOH
HGXFDWLRQDO LQYHVWPHQWY UHLQIRUFLQJVXOID OHG LPSURYHPHOQ

‘HWHVW WKH K\SRWKHVLVY WKDW VRFLDODQG LQVWLWXWLRQDO FRC
WR LPSURYHG HDUO\ OLIH KHDOWK IRU ZRPHQ E\l! QBN (R @ X WHK H
ZLWK LQGLFDWRUV RI JHQGHU GLIIHUHQFHV LQ HGXFDWLRQDO LQYHV
ZH FUHDWH WZR PHDVXUHV2WKH IHPDOH PDOH HPSOR\PHQW DQG FRO

LQ WKH FHQVXV :HDOVRFRQVLGHUHG JHQGHU UDWLRV RI KLJ
WXUQV WR VFKRROLQJ EXW WKHVH H[KLELWHG OHVV YDULDQFH WKDZC
HPSOR\PHQW UDQJHG IURP WR DFURVV WKH 86 VWDWHV LQ D

WR PDNLQJLW SHUWLQHQW WRLQYHVWLJDWH LI WKLV VSDWLD
ZRPHQ WR LQYHVW LEHKQXPID@MOABR S LV DQFH DUJXHV WKDW IHPDOH O]
UDWHV GXULQJWKLY SHULRG ZHUH FRQYHUJLQJZLWK PDOHUDWHV DK
YDULDEOH SUR[LHV IRULQFHQWLYHVWRLQYHVW LQ KXPDQ FDSLWDO
EUDLQ LQWHQVLYHDV RSSRVHG WREUDZQ LQWHQVLYH WDVNV UHOD\

7KH UHVXOWYV DWRH WEKIZDBOGBHHQGL[] 7KH K\SRWKHVLV LV WKDW HYF
ZRPHQDUHVPDOO WKH\LQFUHDVHV\VWHPDWLFDOO\DVWKHIHPDOH
QDUURZV 7KLVLPSOLHVD SRVLWLYHFRHIILFLHQWRQWKHWULSOHLQ
ZHVHHYHU\OLWWOHVXSSRUWIRUWKLY ZLWKODUJHO\LQVLJQLILFD
LQUHWXUQVLQWKHVHYDULDEOHY RUDWOHDVWZHGR QRWKDYH VXI
LQUHIJLRQVZLWKUHODWLYHO\KLIJKUHODWLYHSDUWLFLSDWLRQRI ZI
ZLWKRXUILQGLQJVIRUEODFNPHQLQOHVVGLVFULPLQDWRU\VWDWH)
ZRPHQ WKDW GLG EHQHILW ZDV VPDOODQG RUWKDWZH QHHG KLIJKHU
FRKRUWOHYHO WRLGHQWLI\JUDGLHQWYV IRU ZRPHQ

$VZHILQG QR FOHDUHYLGHQFH WKDW EODFN ZRPHQTV HGXFDWLRQ
VXOID GUXJ H[SRVXUH LQ LQIDQF\ DQG REVHUYH VPDOO HIIHFWV DPF
LPSDFWV RQ PDUULDJH PDUNHW RXWFRPHYV 8VLQJ GDWD IURP WKH
DVZHOO DV D UDQJH RIPHDVXUHV RI IHUWLOLW\ ERWK DW WKH H[WH
' DQG )LIXRIHWKLY $SSHQGL[ ZH REVHUYH FOHDU LPSDFWV RI VXOID
UDWHV RI EODFN ZRPHQ ZLWK PRUH PXWHG HIIHFWV DPRQJ ZKLWH ZR

JRUD GLVFXVVLRQ RI WKH XVH RILQIOXHQ]D DQG SQHXPRQLD PRUWD®ULW\ UDWKH
WKH PDLQ SDSHU D GGX)S5WRBIDJOO DJHUDWH EHFDXVH WKHLQIDQW PRUWDOLW\UDW

$



ZRPHQ H[SRVHG WR WKHLPSDFWV RIVXOIDDUHVXEVWDQWLDOO\PRUF
PDUULHG LQ VXEVWDQWLDOO\PRUH OLNHO\WR DQ\ FKLOGUHQ I
XQFRQGLWLRQDO RQ KDYLQJ DQ\ FKLOGUHQ $PRQJ ZKLWH ZRPHQ Z
OLNHOLKRRG RI PDUULDJH ZH VHH LI DQ\WKLQJ GHFOLQHV LQ IHUWI
REVHUYHG HIIHFWV RQ ORQJ WHUP RXWFRPHV WKH SRVLWLYH HQGRZ
EHWWHU PHHW WKHLU GHVLUHG IHUWLOLW\ WKURXJKVRPHLQFUHDVF
KLJK ULVN RI ORVV RWKHUZLVH ,QWHUDFWLRQV EHWZHHQ IHUWLOLW
ZRXOG WKXV SRLQWWR GHFOLQHVLQODERUVXSSO\DQGHGXFDWLRQ |
DPRQJZKLWH ZRPHQ

7R H[DPLQH WKLV GLUHFWO\ ZH FDQ DOVR VWUDWLI\ E\ PDUULDJH D
WR VXOID H[SRVXUH DPRQJ ZRPHQ :H SUHVHQW DKNXI®WHN RG & KW Y Q)
DXJPHQW WKH PDLQ RXWFRPHV SUHVHQWHG LQ WKH SDSHU ZLWK DQ
HPSOR\HG DV ZHOO DV HGXFDWLRQDO DWWDLQPHQW E\OHYHO +HUH Z
LQ PDUULDJH DQG IHUWLOLW)\ H[SODLQ WKH GLYHUJHQW SDWWHUQYV
ZRPHQ GHFOLQHVLQHGXFDWLRQ IDPLO\LQFRPHDQGHPSOR\PHQW D
ZRPHQ KDYLQJ LI DQ\WKLQJ LPSURYHG RXWFRPHV DV D UHVXOW RI V
KLJK DQG ORZ IHUWLOLW\ DPRQJEODFN ZRPHQ GHFOLQHV LQ ODERU
E\ZRPHQ ZKR KDYH KLJK IHUWLOZMWK RRZPIRIWAVE DUWKYRPHQ REVHUY
VXOID RQ WKH ODERU PDUNHW $PRQJZKLWH ZRPHQ2ZKHUH VXOID KDC
GLIIHUHQWLDO HIIHFWV DUH REVHUYHG ZLWK LPSURYHPHQWYV LQ OD
XQPDUULHG ZRPHQ DQG KLJK DQG ORZ IHUWLOLW\ ZRPHQ

‘HVSOLWWKHVDPSOHLQ WKLVZD\WRHQVXUHDVXIILFLHQWO\ODUOEHWVWRSOHLQ
WKH ELUWKVDPSOHLV WRRVPDOODPRQJEODFNZRPHQ WRHVWLPDWH SUHFLVHHIII

$



' 7TDEOHVDQG )LIXUHV

7DEOH' (VWLPDWHG ,PSDFWV RI3QHXPRQLD ([SRVXUHLQ ,QIDQI

+LJK ng WLYH
6FKRRO&ROOHJH 3RY ELOLW\

SRVW BX®ODVH ([SRVXUH

):(5S YDOXH > @ > @ > >@ @
(IMTHFW VLIHIRUDQ LQWHUTXDUWLOBYKLIWLQEDVHH[SRVXUH SS
2EVHUYDWLRQV

IRWHHIHU WR QRWHGWRWDED® PRGHOV DUH HVWLPDWHG KRZHYHU KHUH IRU DOWH
KHDGHU

n < 1 <

''g

JLIXUH' +HWHURJHQHRXV (IIHFWV RI VXOID'UXJV $FURVYV WK
0.10
0.05

[N

10.05

10.10

Fraction of Individuals in Ptelreatment Income Percentil

o1 15 510 10025 2550 50075 7590 90095 9599 99 100
Income Percentile

IRWHMVWULEXWLRQDO LPSDFWV RI VXOID H[SRVXUH RQ ORJ )DPL\ON QQ-FR PHUBISIR SWH @ Bl G RHHIGL
DQG FRQILGHQFHLQWHUYDOV RI VHSDUDWH UHJUHVVEZRK® Y H(WKK GHEHQJG/H QY MDA R ED B H.\WX
DIDPLO\LQFRPHLQ WKHLQFRPH SHUFHQWLOH UHSRUWHG RQ WKH [ D[LV 7KHVH LQFRPH SHUF
&RQILGHQFHLQWHUYDOV DUH EDVHG RQ VWDQGDUG HUURUV FOXVWHUHG E\ VWDWH



JLIXUH' (YHQW6WXG\ (VWLPDWHVY RI3QHXPRQLD ([SRVXUHLQ ,QI

High school
College

-0.05- i -0.05- ‘
T T T 1 T T T 1 T T T 1 T T T d
1930 1932 1934 1936 1938 1940 1942 1943 1930 1932 1934 1936 1938 1940 1942 1943
Birth Cohort Birth Cohort
Individuals = 1,433,937, Birth State X Birth Years = 2,452. Individuals = 1,433,937, Birth State X Birth Years = 2,452.
D +LJKVFKRRO E &4ROOHJH
0.02 I 0.04 |
| |
| |
|
|
|
O g N 0.02- }
2
2
2 ! 8
§ o0z ! S 000+ -
c 2
| H
| 2 |
l o l
| |
-0.04 I |
| -0.02 |
| |
| |
| |
| |
-0.06 - | |
U T T } T T T 1 0047 U T T } T T T 1
1930 1932 1934 1936 1938 1940 1942 1943 1930 1932 1934 1936 1938 1940 1942 1943
Birth Cohort Birth Cohort
Individuals = 4,190,633, Birth State X Birth Years = 7,183. Individuals = 1,328,396, Birth State X Birth Years = 2,380.
'
F 3BRYHUW\ G &RJIQLWLYH'LVDELOLW\

I1RWBNMIHU WR 1RWH YV @HRQWLFDW PRGHOV DUH HVWLPDWHG KRZHYHU KHUH IRU DOWHU

7DEOH' *UDGLHQWVLQ/RQJ5XQ,PSDFWV RI,QIDQW 3QHXPRQLD ([SRV>

+LJK %RWWL\
6FKRRO&ROOHJH 3R, U L\OL\

3RVW BXODBH ([SRVXUH

):(5S YDOXH > @ > @ > @ >
SRVWBXODUH ([SR¥KDHPDFLVWYV S F

):(5S YDOXH > @ > @ > @ >
(I!"/HFW VLIHIRUDQLQWHUTXDUWLOH VKLIW DWSBSRWWRPESHFLOH REISKDUPD

(IN'1HFW VLIHIRUDQ LQWHUTXDUWLOH VKLIWDWSBRS GHFSL®H RI SK®PIJPDFLV!
2EVHUYDWLRQV

IRWBWIHU WR QRWH& AWRWIDFEBOHPRGHOV DUH HVWLPDWHG KRZHYHU KHUHIRUDOWHUQDWL
moog N g ' g



7DEOH' (VWLPDWHG ,PSDFWV RI3QHXPRQLD ([SRVXUHLQ ,QIDQF\RQ $¢

+LJK %RWWLYH
6FKRRO&ROOHJH 3R, U L\OLW\

3DQHO $ :KLWHOHQ
3RVW BXODUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @
(IHIHFW VL]JH IRUDQ LQWHUTXDUWLOBYKLIW LRSEDVH H[SRVXUH SS

2EVHUYDWLRQV

3DQHO % :KLWH :RPHQ
3RVW BX®DUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @
(IN'1HFW VLIHIRUDQ LQWHUTXDUWLOBYKLIWLQEDVHH[SBVXUH SS

2EVHUYDWLRQV

3DQHO & %ODFNOHQ
3RVW BXODUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @
(IHIHFW VL]JH IRUDQ LQWHUTXDUWLOBYKLIW LRSEDVH H[SRVXUH SS

2EVHUYDWLRQV

3DQHO' %ODEN :RPHQ
3RVW BXODUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @
(IITHFW VLIHIRUDQ LQWHUTXDUWLOH®$KLIWL@GEDVHH[S®RVXUH SS

2EVHUYDWLRQV

IRWHBHIHU WR QRWHNGWRWDEDGI PRGHOV DUH HVWLPDWHG KRZHYHU KHUH IRU DOW|
KHDGHUV

moog " g ' g




0dS OHAdHMIAZ I HOSHAAHIM NYI ZHAO NHAHZYY 9H\AOSATO HNA AHTOXMA MOHAH B@AXTWOHVOAHMET HM NHIAGMET

\MT0T13AAT. COTMIdT/ NNY: S MOHJ\H0Sd) dHdY40'\01da( rd40 O OdIMAdx9) d

OHdY: NddO% ,.0OHOQAct
\MTOT3AAT. COTMIAdT/ NNE: O MOHA\H0OSd) NHAdHd40'\01da( rd0 W OdIMAdxX9) 1

oo we o oo e os we oo me o et
ore
wr
w00 R
H 3 g
. wo £ H wo £
X i H
i i - i
| w00 | ! oo ! w1
or oo w2

OHONddO% ® OHOAdE
\MTO0T3AAT. COTMTAT/ NN X MOHJ\H0Sd) CHdY¥40'\01dad( cHO | OdIMAd4X9) H

OHdY:HMIM: % OHOAEg
\MT10T13AAT. COTMITAT/ NNY: 9 MOHJ\H40Sd) dHdd40'\01da( r¥40 3 0dI1Ma4dx9) da

§
wo o 2 o
: H i wo §
H 20 3 =
o
o o
o o

OHOHMIM: $0HOQAE
X930 \40AIO ' OTHNXAYS]) dTOHdXHOE Id AHMAdTITMA)I\DOXMI MOHA) . HNXCT(



JLIXUH' +HWHURJHQHRXV (IIHFWV RIVXOID'UXJV $FURVV WKH ,QFRPH 'L

E E
@ 0.10 g 0.10
[7) [5)
ol o
] [}
£ £
3 8
£ 005 £ 005
€ IS
Q Q
£ £
I ©
T 000 — — 'S 000 — —
& [ | . Y L -
c c
i) 0
© ©
3 3
2 2
S 1005 3 1005
£ £
ks IS
c c
il il
3] S
E 10.10 E 10.10

o1 15 5110 10025 2550 50075 75190 9095 9599 99 100 o1 15 5110 10025 2550 50075 7590 90195 9599 99 100

Income Percentile Income Percentile
D :KLWHOHQ E %ODFNOHQ

5 5
g 0.10 8 0.10
[5) [
a o
g g
8 8
£ o005 £ o005
€ <
[} [}
E £
< ©
<} <
5 5 o I
g 00— T & 000 r1
£ £
0 i)
] E]
S =
> >
5 1005 S 1005
£ =
- -
o o
c c
o il
S S
E 10.10 S 10.10

o1 15 5110 10025 2550 50075 75190 90195 9599 99 100 o1 15 5110 10025 2550 50075 7590 90195 95199 99 100

Income Percentile Income Percentile
F :KLWH :RPHQ G %ODFN :RPHQ

IRWHWWULEXWLRQDO LPSDFWV RIVXOID H[SRVXUHRQORJ )DPLO\,QFRPH DUH\SH®H M WQVIHIGI R
FRHIILFLHQWY VROLG EDUV DQG FRQILGHQFHLQWHUYDOV Rl VHSDIONMHUMK H I6HBEIHRQGH @ BVF
RIDQLQGLYLGXDOKDYLQJDIDPLO\LQFRPHLQ WKHLQFRPHSHUFHQWLOHUHSRUWHG RQ WKH [
LQ WKH IXOO0 VDPSOH &RQILGHQFHLQWHUYDOV DUHEDVHG RQ VWDQGDUG HUURUV FOXVWHUHC



JLIXUH' 3:6WURQJ3DUDOOHO 7UHQGV $VVXPSWLRQ DQG WKH $YHUDJ
3DOHO $ :KLWHOHO

/
. Intensity Decile Intensity Decile Intensity Decile
2nd 2nd

Intensity Decile

P P H

s 3 a0 §
— — —an a s
—~ s —~ s —~ 5 £ — s
e H o ~on £ g
“m $ “m “m H o
- on - - on - an 2 - n
- on - on - on [y

D (GXFDWLRQ E ORJ )DPLO\,QFRPH F (PSOR\PHQW G :RUN /LPLWLQJ'L
SDOHO % :KLWH :RPHO

Intensity Decile Intensity Decile Intensity Decile
a - 2nd 2nd

Intensity Decile

2nd 2 z

b b b 3 b
— an — an — an 5 —an
s s 5 £ s
o o o £ o
-~ -~ -~ H -
- on - on - on 2 - on
-+ on -+ on - on ' - on

H (GXFDWLRQ | ORJ )DPLO\,QFRPH J (PSOR\PHQW K :RUN /LPLWLQJ'L
3DOHO & %ODFNOHO

[

7A\s Intensity Decile
2na

Intensity Decile Intensity Decile
2nd 20

IR
tbl
thbl
thbl

nnnnnnnnnnnn

L (GXFDWLRQ M ORJ )DPLO\,QFRPH N (PSOR\PHQW O :RUN /LPLWLQJ'L
3DOHO' %ODFN :RPHOQO

Intensity Decile Intensity Decile
20 20

>0
o 3 -
e £ D
e £ e
- 2 -
~ ~

P (GXFDWLRQ Q ORJ )DPLO\,QFRPH R (PSOR\PHQW S :RUN /LPLWLQJ'L

IRWBWIHUWR QRWH\GWQ WMLIPOJHVSHFLILFDWLRQV DUH HVWLPDWHG KRZHYHU KHUHIRU DO



7TDEOH' )XOOS5REXVWQHVV &KHFNV £ :KLWHOHQ

6FKRROL(§J])DP OR\PHSW

FRPH

N/LPLWL
VDELOLW

3DQHO $ $OWHUQDWLYH %DVHOHDVXUHYV
SRVW b XDV H ([SRVXUH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUHSS Ss
2EVHUYDWLRQV

3DQHO % ,QIDQW 3QHXPRQLD OHDVXUH

3RVW BXODUH ([SRVXUH ,QIDQW

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUHSS SS
2EVHUYDWLRQV

3DQHO & OHDVXUHPHQW (UURU &RQWUROV

3RVW BXODUH ([SRVXUH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUHSS SS
2EVHUYDWLRQV

3DQHO' &RQWUROOLQJIRU'HSUHVVLRQ 1HZ'HDOB6SHQGLQJ

3RVW BXODUH ([SRVXUH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIVADQ¥DVH H[SRVXUHSS SS
2EVHUYDWLRQV

3DQHO ( 1R'XVW %RZO 6WDWHYV

3RVW BXODUH ([SRVXUH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIVADQ¥DVH H[SRVXUHSS SS
2EVHUYDWLRQV

3DQHO) ([FOXGLQJ::,, &RKRUWYV

3RVW BXODUH ([SRVXUH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIVADQ¥DVH H[SRVXUHSS SsS
2EVHUYDWLRQV

3DQHO * + &RKRUWYV 2Q0\

3RVW BXODUH ([SRVXUH

(I IHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIVADQ¥DVH H[SRVXUHSS SS

2EVHUYDWLRQV

3DQHO + Pp'RQXWYIVSHFLILFDWLRQ QR + &RKRUWYV
SRVW BEXODVH ([SRVXUH

&RQWLQXHG RQ C



7TDEOH' +t FROWLQXHG IURP SUHYLRXV SDJH

6FKRROL(§J])DP OR\PHSY?/N/LPLWL

FRPH VDELOLW
(IIHFW VL]JHIRUDQ LQWHUTXDUWLOH VKLIVADQ¥DVH H[SRVXUHSS SS
2EVHUYDWLRQV
3DQHO, ([FOXGLQJ &HQV XV

SRVW BXODVH ([SRVXUH

(IMTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIVADQ¥DVH H[SRVXUHSS SS
2EVHUYDWLRQV

3DQHO - &HQVXV 2Q0\
3RVW BXODUH ([SRVXUH

(INTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIVAIDQ¥DVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO. OHDVXUHPHQW (UURU 6/6
3QHXPRQLD ,QIOXHQ]D ORUWDOLW\5DWH

(IMTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIVADQ¥DVH H[SRVXUHSS SS
2EVHUYDWLRQV

IRWBHWIHUWR QRWHW WR WOLEFO® UREXVWQHVV WHVWV DUH GLVSOD\HG KRZHYHU QRZ IRU WK
FOXVWHUHG DWWKHELUWK VWDWH OHYHO DUHUHSRUWHGLQ SDUHQWKHVHV

g Ng ' g

7TDEOH' )XOOS5REXVWQHVV &KHFNV =+ :KLWH :RPHQ

I)DP RUN /LPLWL
6FKRROLC%FRPHk§§OR\PH5%QDELOLW

3DQHO $ $OWHUQDWLYH %DVHOHDVXUHYV
SRVW b XDV H ([SRVXUH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUH SS Ss
2EVHUYDWLRQV

3DQHO % ,QIDQW 3QHXPRQLD OHDVXUH
3RVW BXEODUH ([SRVXUH ,QIDQW

(IMTHFW VLIHIRUDQ LOQWHUTXDUWLOH VKLIWHDQEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO & OHDVXUHPHQW (UURU &RQWUROV
SRVW BXODVH ([SRVXUH

(INTHFW VLIHIRUDQ LQWHUTXDUWLOH VKLIWHDQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO' &RQWUROOLQJIRU'HSUHVVLRQ 1HZ'HDOB6SHQGLQJ
&RQWLQXHG RQ C



7TDEOH' £+t FROQOWLQXHG IURP SUHYLRXYV SD

JH

ORJ )DP :
6FKRRO LT FRPJﬁ§OR\PH5

%N/LPLWL
LVDELOLW

3RVW BXODUH ([SRVXUH

(IHIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO ( 1R'XVW %RZO 6WDWHYV

3RVW BXODUH ([SRVXUH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO) ([FOXGLQJ::,, &RKRUWYV

3RVW BXODUH ([SRVXUH

(IHIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO * + &RKRUWYV 2Q0\

3RVW BXODUH ([SRVXUH

(IHIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUH SS
2EVHUYDWLRQV

3DQHO + P'RQOXWYTVSHFLILFDWLRQ QR + &RKRUWYV

3RVW BXODUH ([SRVXUH

(IHIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUH SS SsS
2EVHUYDWLRQV

3DQHO, ([FOXGLQJ &HQV XV

3RVW BXODUH ([SRVXUH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO - &HQVXV 2Q0\

3RVW BXODUH ([SRVXUH

(IHIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUH SS Ss
2EVHUYDWLRQV

3DQHO. OHDVXUHPHQW (UURU 6/6

3QHXPRQLD ,QIOXHQ]D ORUWDOLW\ 5DWH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIDQUEDVH H[SRVXUH SS SS

2EVHUYDWLRQV

I'da)

IRWBWIHU WR QRWHVYOMR WOLFOKW UREXVWQHVV WHVWY DUH GLVSOD\HG KRZHYHU QRZ IRU W

ELUWK VWDWHOHYHO DUHUHSRUWHGLQ SDUHQWKHVHV
1 < 1 < ! <



7TDEOH' )XOOS5REXVWQHVV &KHFNV =+ %ODFNOHQ

6FKRROL(%JJ)DP FRoripHBYN /LPLWL

FRPH

LVDELOLMW

3DQHO $ $OWHUQDWLYH %DVHOHDVXUHYV
SRVW b XDV H ([SRVXUH

(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHDQEDVH H[SRVXUH
2EVHUYDWLRQV

SS SS

3DQHO % ,QIDQW 3QHXPRQLD OHDVXUH
3RVW BXEODUH ([SRVXUH ,QIDQW

(INTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHBQUEDVH H[SRVXUH
2EVHUYDWLRQV

SS SS

3DQHO & OHDVXUHPHQW (UURU &RQWUROV
SRVW BEXODVH ([SRVXUH

(INTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHBQUEDVH H[SRVXUH
2EVHUYDWLRQV

SS SS

3DQHO' &RQWUROOLQJIRU'HSUHVVLRQ 1HZ'HDOB6SHQGLQJ
3RVW BXODUH ([SRVXUH

(INTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHRQUEDVH H[SRVXUH
2EVHUYDWLRQV

SS SS

3DQHO ( 1R'XVW %RZO 6WDWHYV
3RVW BXODUH ([SRVXUH

(INTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWVHDQQEDVH H[SRVXUH
2EVHUYDWLRQV

SS SS

3DQHO) ([FOXGLQJ::,, &RKRUWYV
3RVW BXODUH ([SRVXUH

(INTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHBQUEDVH H[SRVXUH
2EVHUYDWLRQV

SS SS

3DQHO * + &RKRUWYV 2Q0\
SRVW BX0ODNMH ([SRVXUH

(INTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHBDQUEDVH H[SRVXUH
2EVHUYDWLRQV

SS SS

3DQHO + Pp'RQXWYIVSHFLILFDWLRQ QR + &RKRUWYV
SRVW BEXODVH ([SRVXUH

&RQWLQXHG RQ C



7TDEOH' +t FROWLQXHG IURP SUHYLRXV SDJH

ORJ )DPLO) RUN/LPLWL
6FKRROLY FRPJPSOR\PH5%§DELOLW

(IMHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHRQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO, ([FOXGLQJ &HQV XV
3RVW BX®ODBH ([SRVXUH

(ITHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHBQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO - &HQVXV 2Q0\
3RVW BXODUH ([SRVXUH

(INTHFW VLIHIRUDQ LQWHUTXDUWLOH VKLIWHRQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO. OHDVXUHPHQW (UURU 6/6
3QHXPRQLD ,QIOXHQ]D ORUWDOLW\5DWH

(INTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHBUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

IRWBHWIHUWR QRWHM WR WLEFO® UREXVWQHVYVY WHVWV DUHGLVSOD\HG KRZHYHU QRZ IRU WK
VWDWHOHYHODUHUHSRUWHGLQ SDUHQWKHVHYV

g Ng ' g

7TDEOH' )XOOS5REXVWQHVV &KHFNV =+ %ODFN :RPHQ

ORJ )DPLO) RUN/LPLWL
6FKRR0L§§FRPJPSOR\PHB%QDELOLW

3DQHO $ $OWHUQDWLYH %DVHOHDVXUHYV
SRVW b XDV H ([SRVXUH

(IHIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHRUWEDVH H[SRVXUH SS
2EVHUYDWLRQV

3DQHO % ,QIDQW 3QHXPRQLD OHDVXUH
3RVW BXEODUH ([SRVXUH ,QIDQW

~

(IMHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHRQRUEDVH H[SRVXUH SS
2EVHUYDWLRQV

3DQHO & OHDVXUHPHQW (UURU &RQWUROV
SRVW BXODVH ([SRVXUH

(INTHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWHRUBDVH H[SRVXUH SS
2EVHUYDWLRQV

3DQHO' &RQWUROOLQJIRU'HSUHVVLRQ 1HZ'HDOB6SHQGLQJ
&RQWLQXHG RQ C



7TDEOH' +t FROWLQXHG IURP SUHYLRXV SDJH

ORJ )DPLO) "RUN/LPLWL
6FKRROLY FRPH(‘PSOR\PHB&{/\/DELOLV\
3RVW BXODUH ([SRVXUH
(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIUBDVH H[SRVXUH SS SS
2EVHUYDWLRQV
3DQHO ( 1R'XVW %RZO 6WDWHYV
3RVW BXODUH ([SRVXUH
(IHIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHRUWEDVH H[SRVXUH SS
2EVHUYDWLRQV
3DQHO) ([FOXGLQJ::,, &RKRUWYV
3RVW BXODUH ([SRVXUH
(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHOIURDVH H[SRVXUH SS
2EVHUYDWLRQV
3DQHO * + &RKRUWV 2QO0\
3RVW BXODUH ([SRVXUH
(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIUEDVH H[SRVXUH SS
2EVHUYDWLRQV
3DQHO + P'RQOXWYTVSHFLILFDWLRQ QR + &RKRUWYV
3RVW BXODUH ([SRVXUH
(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHOIUBRDVH H[SRVXUH SS
2EVHUYDWLRQV
3DQHO, ([FOXGLQJ &HQV XV
3RVW BXODUH ([SRVXUH
(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIQUBDVH H[SRVXUH SS SS
2EVHUYDWLRQV
3DQHO - &HQVXV 2Q0\
3RVW BXODUH ([SRVXUH
(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWVHDQ EDVH H[SRVXUH SS s
2EVHUYDWLRQV
3DQHO. OHDVXUHPHQW (UURU 6/6
3QHXPRQLD ,QIOXHQ]D ORUWDOLW\ 5DWH
(IIHFW VL]H IRUDQ LQWHUTXDUWLOH VKLIWHIURDVH H[SRVXUH SS

2EVHUYDWLRQV

IRWBWIHUWR QRWHYOMR) WOLEFOKW UREXVWQHVY WHVWV DUH GLVSOD\HG KRZHYHU QRZ IRU W|

ELUWK VWDWHOHYHO DUHUHSRUWHGLQ SDUHQWKHVHV
1 < 1 < ! <



JLIXUH' S5REXVWQHVV RRIHVWLPDWHV WR DOWHUQDWLYH FF
3DOHO $ :KLWHOHO

+Projected Trends | | o + Projected Trends | | o + Projected Trends =N + Projected Trends o i
| | | |
i i i i
| | | |
I I | I
+Census Wave ! (State + Birth Year) FEs | | o +Census Wave ! (State + Birth Year) FEs - | =} +Census Wave ! (State + Birth Year) FEs -0 +Census Wave ! (State + Birth Year) FEs o I
| | | |
| | | |
| | | |
| | | |
+ State-level health - 1 {E] + State-level health - | [} + State-level health i + State-level health (=) |
| | | |
| | | |
| | | |
+ State level socioeconomic | | a + State level socioeconomic | | o + State level socioeconomic | [E] + State level socioeconomic o i
i i i i
i i i i
| | | |
+ Mortalty controls | | o + Mortalty controls | | =} + Mortality controls 1 o + Mortality controls o I
I I I I
I I I I
| | | |
Baseline FEs | funi Baseline FEs - | =il Baseline FES o Baseline FES &} \
000 020 040 060 080 100 0.00 005 010 015 004 002 000 002 004 005 004 003 002 001 000
Estimated Effect Estimated Effect Estimated Effect Estimated Effect

D (GXFDWLRQ E ORJ )DPLO\,QFRPH F (PSOR\PHQW G RUN OLPLWLQJ"'
3DOHO % :KLWH :RPHO

+ Projected Trends | o + Projected Trends | | + Projected Trends o + Projected Trends o i
I | I I
| | | |
i i i i
i i i i

+ Census Wave ! (State + Birth Year) FEs | ) + Census Wave | (State + Birth Year) FEs | | o + Census Wave | (State + Birth Year) FEs I 5} + Census Wave ! (State + Birth Year) FEs a |
i I I i
I I I I
I I I I
I I I I

+ State-level health : 5] + State-level health : = + State-level health : [E] + State-level health =] :
I I I I
| | | |
| | | |

+ State level socioeconomic beeih + State level socioeconomic | | o + State level socioeconomic | o + State level socioeconomic o i
| | | |
I I I I
I I I I

+ Mortality controls [ +Mortalty controls - - | =} + Mortality controls | o + Mortality controls =] }
I I I I
| | | |
i i i i

Baseline FEs e Baseline FEs | wiuia) Baseline FEs ] Baseline FEs o ]
020 000 020 040 060 080 000 005 010 002 000 002 004 006 004 003 002 001 000
Estimated Effect Estimated Effect Estimated Effect Estimated Effect

H (GXFDWLRQ I ORJ )DPLO\,QFRPH J (PSOR\PHQW K ‘RUN OLPLWLQJ"
3DOHO & %ODFN OHO

+ Projected Trends ) + Projected Trends | | a + Projected Trends a + Projected Trends E
i | i i
| | | |
i i i i
| | | |
+ Census Wave ! (State + Birth Year) FEs =] +Census Wave ! (State + Birth Year) FEs | | =] + Census Wave ! (State + Birth Year) FEs I o + Census Wave ! (State + Birth Year) FEs o
| | | |
i i i i
i i i i
| | | |
+ State-level health ] +Stteevet el | @ + State-level health ; o + State-level health ol
| | | |
| | | |
I I I I
+ State level socioeconomic [ o + State level socioeconomic | | o + State level socioeconomic iy + State level socioeconomic =N
| | | |
I I I I
| | | |
+ Monality controls [ 0 + Moraliy controls | | =] + Mortality controls feoei® + Mortality controls ]
| | | |
| | | |
| | | |
Baseline FEs e Baseline FEs | = o Baseline FEs s Baseline FEs o !
-0.50 0.00 0.50 1.00 0.00 0.05 0.10 015 0.20 0.25 -0.05 0.00 0.05 0.10 015 -0.06 -0.04 -0.02 0.00 0.02 0.04
Estimated Effect Estimated Effect Estimated Effect Estimated Effect

L (GXFDWLRQ M ORJ )DPLO\ ,QFRPH N (PSOR\PHQW O :RUN /LPLWLQJ'L
3DOHO ' %YODFN :RPHOQO

+ Projected Trends. [E] i + Projected Trends. =] | + Projected Trends. 5} i + Projected Trends. o i
| | | |
I I I I
| | | |
I | I |
+ Census Wave ! (State + Birth Year) FEs o I + Census Wave ! (State + Birth Year) FEs =] | + Census Wave ! (State + Birth Year) FEs o I + Census Wave ! (State + Birth Year) FEs =
| | | |
| | | |
| | | |
I | I |
+ State-level health o I + State-level health o / + State-level health o I + State-level health Bt
| | | |
| | | |
| | | |
+ State level socioeconomic o i + State level socioeconomic o + State level socioeconomic = + State level socioeconomic = 4
| | | |
| | | |
i i i i
+ Mortaliy controls 5] + Mortaliy controls {= + Mortaliy controls {= + Mortaliy controls [al 4
I I I I
| | | |
| | | |

Baseline FEs aj Baseline FEs o ! Baseline FEs d Baseline FEs o]

150 100 050 000 050 100 020 010 0.00 010 020 015 010 005 000 005 006 -004 002 000 002 004
Estimated Effect Estimated Effect Estimated Effect Estimated Effect

P (GXFDWLRQ Q ORJ )DPLO\,QFRPH R (PSOR\PHQW S :RUN /LPLWLQJ'L

IRWBWIHUWR IRWHVGHROMWIKDB UREXVWQHVYV FKHFNV DUH GLVSOD\HG KRZHYHU KHUH IRULC



7DEOH' *UDGLHQWVLQ/RQJ5XQ,PSDFWVRI,QIDQW 3QHXPRQLD ([SRVX

o krROLYTL)OP o R 1P AR /P!

3DQHO $ :KLWHOHQ
3RVW BX®ODUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @
SRVW BXODNUH ([SRYKDHPDFLVWV S F

):(5S YDOXH > @ > @ > @ > @
(ITHFW VLIHIRUDQLQWHUTXDUWLOH VKLIW DW EFRDMWRP GHFLOH RI SESBUPDFL

(IN'HFW VLIHIRUDQ LQWHUTXDUWLOH VKLIWDWWRESGHFLOH RISKDUBBFLVWYV
2EVHUYDWLRQV

3DQHO % :KLWH :RPHQ
3RVW BXODUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @
SRVW BEXODUH ([SRYKDUPDFLVWV S F

):(5S YDOXH > @ > @ > @ > @
(lIN"HFW VLIHIRUDQLQWHUTXDUWLOH VKLIWDW EHFRDAUWRP GHFLOH RI SESUPDFL

(ITHFW VLIHIRUDQLQWHUTXDUWLOH VKLIWDW WVWWISHFLOH RI SKDUBBFLVWYV
2EVHUYDWLRQV

3DQHO & %ODFNOHQ
3RVW BXODUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @
3RVW BXODBH ([SRYKDHPDFLVWV S F

):(5S YDOXH > @ > @ > @ > @
(II1HFW VLIHIRUDQ LQWHUTXDUWLOH VKLIWDW EER\WWWRP GHFLOH RI SKIBUPDFL

(INTHFW VLIHIRUDQ LOQWHUTXDUWLOH VKLIWDWWRYSGBGHFLOH RISKDUBBFLVWYV
2EVHUYDWLRQV

3DQHO' %ODFN :RPHQ
3RVW BX®DUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @
SRVW BXODNUH ([SRYKDHPDFLVWV S F

):(5S YDOXH > @ > @ > @ > @
(I"THFW VLIHIRUDQLQWHUTXDUWLOH VKLIW DW ERMUWRP GHFLOH RI SK®PUPDFL

(IN'HFW VLIHIRUDQ LQWHUTXDUWLOH VKLIWDW VHWWUFHFLOH RI SKDUP®SELVWYV
2EVHUYDWLRQV

IRWBWIHUWR QRWHGWR WRLEO® PRGHOV DUH HVWLPDWHG KRZHYHU KHUH IRUDOWHUQDWLYH C
KHDGLQJV

m ! !
s s s $



Mm M i M iii
HOJIAMHMM 1 MEEI HIM MA HITAMAHITHOHMNESHN HIM A OHOTAYNS HNA OAdXO0dd MX4AH OTHdEdAMXE HYIM OY
AdHIITHOHMAdTMAH HYZ AHMA4T0SHN SANMAMYE YT Od O9HAAI AMHNEAANIHNAXLADTOHOTALYNS HNA 104d: 900
AHABIAMOEHNAS OTHMAMAIMNITIINI OHNHMAXO4dANENNHONADDOAMAINMIZLOHO0OA OHMOHAHNS HNA AMOHTIATIIHY®
4dH OTAYTIMAN MOHd\HOSAH O (XMI1ZADITITMIANHMOTNHOTIAD YA ADdAXO0Hd® AMAHIIHOTAd COT\ONHOOX HIM
D B TNVAHINWRFEMIA NI X O A O % \MHOAAIORH HS NHDD HIEZ NdA0% 90A HMIN: NHI AHMAdTMAH MOHAHNS % 90d $ AOHO@AHMYT

AODYTMAANHAZZ

'S ANAH\ SS SS ¥ ITMANHOAQAdJAMAAYHI Id HOTdHD SYM MA HITA MdHII)
5 S ANAH\ SS S9MAN HOAdd HOQHIHY HOTdHOD ddMMY3 MA HITA MdHII)
< © < © < © < © < © < © < HXOAdA S G):(

IMAS NHOOH« i
HNXAYS]) HOOOX I MAYE

< © < © < © < © < © < © < HXOAA S G):(

HNXAYS]) HOOOX I MAYE
OHdY: NdAO% F % OHOA¢g

ADYTMAANHAIZZ

SS ANAH\ SS SS ¥4I1MAN HOQdAHA@®@AHI 14 HOTdHOD SYM MA HITA MdHII)
SsS ANAH\ SsS USIMAN HOAd HOQMHIHY HOTdHOD ddMMYEI MA HIIA MdHILT)
< © < © < © < © < © < © < HXOAQA S g):(

dI1MAS NHOOHx i
HNXAYS]) HOOOX I MAYE

< @) < © < © < @) < © < @) < HXOAQA S g):(

HNXAYS]) HAOOX I MAYE
OHdY: HMIX: F$0HOAct

7O0T3IAAT. _ \M1013AA. .
MOHd Iamuw MOHd Iamuw
n048wmq\/mom@jaoﬁ% @ommxH@48wmd/mOmagaoA% mommxuo

Od® HOAO HOAdHY WWuIs Wa@mMd\d0Sd) HOAO HOAdH( MOHTI9AN«

)0 (\IHNXAYS]) d10ddXHOEMOAID' 14 AMdASd OXS O/ OTAMOHTIOANx . HOZIAL



JLIXUH' 3QHXPRQLD E\*HQGHU

Al -5 Men =&~ Women === Men == Women

100 4
90
80
70

60 |

Pneumonia Incidence per 1,000
Deaths per 100,000 Population

50~
0-

T T T T T T T T T T 1 T T T T T T T t T T 1
Under 1 14 519 10114 15'24 25134 35144 45!54 55164 65!74 Over75 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940

Age Group Year

D $JH3URILOHRI3QHXPRQLD ORUELGLW\ E 7UHQGVLQ 3QHXPRQLD ORUW

IRWHWDQHO $ SORWY QDWLRQZLGH VH[ VSHFLILF SQHXPRQLD%QIFV®HQBB WHW#\SOJRPY QDWLI
SQHXPRQLD PRUWDOLW\ E\ VH[NUR®HU DQG MRWKHHKLIJKHU OHYHO OLQHV DUH WKH OLQHV IRU P

7DEOH' (VWLPDWHG ,PSDFWV RI3QHXPRQLD ([SRVXUHLQ ,QIDQ
(YHU &XUUHQWO\ &HKQOGUHIKLOGUH
ODUULHG ODUULHG (EHUOQR BQ\ &KLOG

3DQHO $ :KLWH :RPHQ
3RVW BX®DUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @ > @

(IMTHFW VLIHIRUDQ LQWHUTXDUWLOBY¥KLIW LSSEDVH H [FKRMXAWKHH Q SS
2EVHUYDWLRQV

3DQHO % %ODEFN :RPHQ
3RVW BXODUH ([SRVXUH

):(5S YDOXH > @ > @ > @ > @ > @

(INTHFW VLIHIRUDQ LOQWHUTXDUWLOBYKLIW LSSEDVH HHERROKUHQ SS
2EVHUYDWLRQV

IRWHBWIHU WR 1RWH\GMR WREOB PRGHOV DUH HYWLPDWHG KRZHYHU KHUH IRU QRQ PDUNHW
DWELUWK ORGHOV DUHHVWLPDWHG IRU :KLWH ZRPHQ 3DQHO $ DQG %ODFN ZRPHQ SDQHO ¢

OXOWLSOHFRPSDULVRQDGMXVWHG S YDOXHBWRAKLFK DES URIGBKIRWL G R GA Q2L VXIDHIUHUERUDUWF IN\W ¥
RIDQLQWHU TXDUWLOHUDQJHPRYHPHQWLQ SQHXPRQLD PRUWDOLW\ IHZ VA BMK M S H

" < 1 < ! <




NXCT(OTHAYIM ZHOOHI AOTAMHO NHYIMHE 00$ OHOAS dIdMMHET OHdYZ
40 AHO3IATINAA OdIMAdNYI\OTdAl MHNNAQTIZHO OHI SEAMMAMMABRIINA AHTOXMA MOHAHMXTATAMOHMET M NHIAHMAT

90TIM®\O$ 90IM® M 90IM®\0$ € OHNOOIMX® OAMYEL | 9HINNAd NHA) H

265 = SIBBA UUIG X SIS UUIF '8L0'0L = SIENPIAPUI 665 = SIPA UMIE X Q11 UUIg '880'0L = SIENPIAIpU

T25 = SIEOA UUI X BIEIS GG 'S90°0L = SIEPIPUI 265 = SIEBA UMIE X 910IS UG 'BLO'OL = SIENPIPUI
V6T 2v6T ov6T 8e6T veeT ze61 og6T V6T Zv6T ov6T 8g6T vesT ze61 og6T V6T 2V ov6T 8g6T veeT ze6T 0g6T
ooz
00T
Foo1-
>
5 2 9 =
wwwww oo & g g H
E H g g
i 00T
|
|
|
|
|
i Loz L
9 = SIEBA UIG X SIEIS YIE '806'599 = SIENPIAIUI ‘79 = SIEA UUIG X 3IEIS YIG '806'599 = SIENPINPUI V9 = SIEaA UUI X SIEIS YuIE 'B06'599 = STenPINpUI
vouoo wuig oyoo
6T 2v6T ov6T 8e6T 9861 vesT 2861 og6T 6T 2v6T 6T 2v6T ov6T veeT 2861 og6T 6T 2v6T ov6T se6T 9g6T ve6T ze61 og61
! ovo- ! :
! oo ! 200
| |
| |
|
|
|
ozo-
Lozo- —— 000
000 »
s 2 ] =
g g H 2
E g ]
fzo0 S
" 000 |
A 7S " 000 I 200
|
|
/ ¥ 00 |
| | |
| | | |
| | | |
| | | 0zo |
i Lozo i Leoo i i Lvoo

OHdY: HMIX:
OO0Y\dOAIO' OTHNXAYS]) ATOYdXHOE IS AHMADTMA)\DOXMI MOHA) . HNXCI(



Mm M i M iii
AHAHMMOHNAS OT9HMOHAHNS HNA HMAMAMIMNITII VNI OHNHMAXOd ANENNH O SNADDAM9 AOIX0dd
{1 HNAQ IYMZ OHdYZ NII\OHMANASHACOTMAdTMAHNHAHZIYY 9HMAdTIMAHHNA AOHS Y dHOOEAMOW OHMEO S M NHIAEMAT

AODHYTMAANHAZZ

HNXAYS]) HOOOX I MAYE
OHdY: HMIM: F,0HOAgt
ADYTMAANHAZZ

HNXAYS]) HAOOX I MAYE
OHdY: NJdAO% F® OHOA¢E

SRS : ISR dd )
nIOOm@ x%J*ttmo@}ﬂM@%wmu@ Inzoom%uxn%ﬁza/momﬁﬁoA#@whmmxuo

\MTITOTMNHI ZYd/ \MITOTMNHIMACT+

AODYTMAANHAZZ

HNXAYS]) HOOOX I MAYE
OHdY: HMIM: F% OHOAE
AOYTITMAANHAZZ

HNXAYS]) HOOOX I MAYE
OHdY: NddO%w F$oHOA¢E

d43 r d4d M dd )
nIOOW_nw x}uwv@Ia/mO/wo&wM@ufwmn_o IH,IOOW_%O v_nbw+%_|_n_/w_o/m0n_.m_n:ﬂﬂm_fommxuo

O9HITINNAdOS8 OHTNNAO

dNHM cO0d/ 04 \40dIO" DTHNXAYS]) d10ddXHOEId AM4ASd OHMAdTMA) »HO3A4d!.



s i 5 ii s iii

MA4TD90TAHAdIAMXE HATMAONHMOA NI HNHY NHAHZEY 9HMAdTMAHHNA AOHSD H dHOOEHAQUWOW AHMEO 4M NHIAEHMYT

ADYTMAANHAIZZ

SS SsS SS SS g8 NS OY43MAOTdTIASATIOD Id HOT4dHD SYM MA HITA MdHII)
SS SS SS SS \JHdNSDIITMABEIdTINAABBId HOTAHD ddMMET MA HITA MAHIT)
< < < © < @) < @) < @) < HXOAdA S g):(
\JdNne OdImMmadiIdindAl, i
HNXAYS]) HOOOX I MAYE
< < < [®) < ) < ) < © < HXOAdA S g):(
HNXAYS]) HAQMAYE
OHdY: NdAO% % oHOAcg
AOYTMAANHAZZ
SS Ss SS SsS SIINS OYBBADTdIASATD I HOTAHD SUYM MA HITA MdHII)
SS SS SS SS \]JdNSDITMABBIINIAABSBIY HOTdHD ddMMEIT MA HITA MdHIL)
< < < © < © < © < © < HXOAdA S G):(
\JdNe OdImadiIdindAl, i
HNXAYS]) HOOOX I MAYE
< < < @) < ®© < @) < ®© < HXOAA S G):(
HNXAYS]) HAQWMAYE
OHONddO% $OHOQAcE
SJOf I ommxéﬁowm%>4 d4Md9
M A %mm HCHOOY® ; %%%m Inzoom%

ACHAT ACT+

NP d HOSAHIOKMAAWARIDAALdIMdAN(0oAdd1INdMAT+ MOHT19AN«

1. I AH4T90 ' \THNXAYS]) A10ddXHOE MOAID 14 AM4ASd OXSrOd/ O1TAMOHTIOAN »HO3A4d!.



( 6SHFLILFDWLRQDQGS5REXVWQHVYV &KHFNYV

( $GGLWLRQDO '"HWDLOV RQ5REXVWQHVY &KHFNYV

,Q WKLV $SSHQGL[ZHFROOHFWDGGLWLRQDO UREXVWQHVV FKHFENV :}
5HVXOWY DUH SUHV HQMWAIKCH. R WG FWWRK@\ DUH GLVFXVVHG LQ WKH WHI\

( /IRQJ UXQLPSDFWV RIVXOID +$GGLWLRQDO5HVXOWV DQG )XUWK

SODFHER EUHDNA\BHB®YWWKLY $SSHQGL[ ZHFRPSOHPHQW RXUDQDO\VL!
WKHORQJ UXQLPSDFWV RIHDUO\SQHXPRQLD H[SRVXUHE\GHILQLQJTCL
VXOID ZLWKHDFK\HDULQ WKHLQWHUYDO > @ 7KHVHUHVXOWYV )
IRUSRVLWLYHRXWFRPHVY OLNHLQFRPH WKHMXPSV EHLQJ QHJDWLY
ODUJHVWVLIQLILFDQW MXPSVDUHIRXQG ZKHQ LVVHWDV WKHEUHI
LQWKDWVSHFLILF\HDU $VH[SHFWHG WKHUHLV QR V\VWHPDWLF VLJ

RUSRVW DQGWKHVLIQLILFDQW SRVLWLYHFRHIILFLHQWYV IRU &
RI WKH SRVW JURXS DFWXDOO\EHLQJ H[SRVHG ZKLOH SRVW DUH
DUULYHGLQ WKHSUHFHGLQJ\HDU

6HOHFWLYH PLJUDWLRQ RI SD WBHMWGWRWRBRRE 8IS BPBKRIZWMUH WKH SRW
LV HODERUDWHG :HVHOHFW \HDU ROGV DV WKH SRSXODWLRQ JUR
SHULRG 'HDWKV LQ WKLV DJHUDQJH DUH OLPLWHG ZKLFKDOORZV X\
PLJUDWLRQ :HUHJUHVV WKH ORJDULWKP RI SRSXOBWYR Q[RQ VWDFEHK VW
DQG WKH FRQW U R OMUHQUHNVOCOML\R QU H S RH WHKQ W $ISSLHQIDLIHOHKHUH LV QF
RIVHOHFWLYH PLJUDWLRQ

BHOHFWLYH PLJUDWLRQ RITWKHRDPFROFRIQRWRQYPDO FRQFHUQ LV WK
LQWHUHVW PD\KDYH PLJUDWHG EHWZHHQ ELUWK DQG WKH FHQVXV Gl
DQG WKDW WKLV PD\KDYH LQIOXHQFHG UHWXUQV IRU VRPH 7R WHVVW
7KH GHSHQGHQW YDULDEOH PLJUDWLRQ LV GHILQHG DV UHVLGLQJLQ
HQXPHUDWLRQ :HILQG QR VLJQLILFDQW LPSDFW RI VXOID RI[SRVXUH
WKLV $SSHQGL[ $QLPSOLFDWLRQRIWKLVLVWKDW WKHJDLQVLQHF
ZHUH QRW DFKLHYHG E\ PRYLQJ WR RSSRUWXQLW\ EXW PRUH OLNHO\
FDYHDW EHLQJ WKDW ZH KDYH KHUH RQO\DQDO\]JHG LQWHU VWDWH PL
ZHFDQQRW LGHQWLI\DJHRIPLJUDWLRQ RUUHWXUQ PLJUDWLRQ

6HOHFWLY H6IHHH HOWRRWKH SDSHU ZKHUH WKH LVVXH LV HODERUDWH
EHFDXVH LW UHFRUGV FKDUDFWHULVWLFV Rl WKH SDUHQWYV RI WKH E
ILFDWLRQ LQ HEXWWVRQJ SDUHQWDO FKDUDFWHULVWLFV DJH UDFH
KRXVHKROG LQFRPH DV GHSHQGHQW YDRLWEOW¥SBKIQGBHVXOWYV DUH

&ERQWUROOLQJRQO\NIRU\HDUDQG VWDWHIL[HGHIIHFWYVY ZHVHHWKHH[SHFWHG ZH
DIWHU VWDWHYV ZLWK KLJKHU SUH SQHXPRQLD KDG ODUJHU SRSXODWLRQV F
FRQYHUJHQFHLQ GLVHDVHOHYHOV +RZHYHU WKLV HIIHFW LV VPDOODQG UHQGHUH
DWEDVHOLQH ZKLFK WKHPDLQPRGHOVLQ WKHSDSHUFRQWURO IRU

$



$GGLWLRQDO UREXAMEQHRY WKKNB$BEHQGL[ SUHVHQWYV FKHFNV WKDW F
LQWKHPDLQ WH[W7IKHVHPMIHRQLVWHG DQG EULHIO\ GLVFXVVHG KHUH
RITDEXKLFK FRUUHVSRQGV WR HDFK VHW RIUHVXOWYV

$ ,QVWHDG RI XVLQJFRPELQHG SQHXPRQLD DQG LQIOXHQ]D PRUWDC
XVHD PHDVXUH RI SQHXPRQLD PRUWDOLW\DYDLODEOH LQ YRU

%, QVWHDG RI XVLQJ DOO DJH PRUWDOLW\DV D PHDVXUH RI EDVHOL
RZLQJWR SQHXPRQLD DQG LQIOXHQ]D )RUGLVFXVVLRQ RI WKLV LU

& &RQWUROV IRUPHDVXUHPHQW HUURU LQ PRUWDOLW\WLWYVDWNRDUH
LQWHUDFWHG ZLWK ELUWK VA\VWHP UHJLVWUDWLRQ FRPSOHWHQF
YLWDO VWDWLVWLFV GDWD TXDOLW\ )RUGLVFXVVLRQ RIWKLV UF

" ,QFRUSRUDWHV VWDWH OHYHO FRQWWURBINAHR bl \VHZONHDUWD\F S\HHGG Z_ 10
SRVW;VXOID

( 5SHPRYHV VWDWHY H[SRVHG WR WKH 'XVW %YRZO 1HZ OH[LFR 2NOD
&RORUDGR IURP WKHHVWLPDWLRQ VDPSOH

) SHPRYHV FRKRUWYV ERUQ DQG EH\RQG DV FRKRUWYVY ERUQ GXULC

*SHVWULFWV WKHVDPSOH WR 7TKLVUHVWULFWLRQDOORZV
DQG:RUOG :DU,, FRKRUWYV ZLWK WKHUHVXOWV UHPDLQLQJVLPLO

+ 5HPRYHV WKH VDPSOH Rl ELUWK FRKRUWY ERUQ LPPHGLDWHO\ D
HGRQXWY GHVLJQ FRPSDUHV LQGLYLGXDOV H[SRVHG LQ LQIDQF\
XDOV H[SRVHG IURP RQO\ODWHU LQIDQF\ DQG SULRU ELUWK FF

, -([FOXGLQJ 3DQHO . RUXVLQJH[FOXVLYHO\ 3DQHO/ GDWD IURP \
IRUPHU WKHUHLVVRPHFRQFHUQLQWKHOLWHUDWXUHWKDW WKH
LOQDFEXUDFLHV L@@ QBSRIUWYBE® GLVEXVVLRQ LOLMBISHBELY GV
WR WKHODWWHU ZHIRFXVRQWKLVVLQJOHFHQVXVVRDVWRDVVE
DVWKHELUWK FRKRUWY LQ RXUVDPSOHEHJLQ WR DJH E\ WKH F
ERWK FDVHV WKHUHVXOWV DUH EURDGO\FRQVLVWHQW ZLWK WKF

8VLQJ 3RMWADVH D[S PWXIURL Q VWU XPHQWHERWWEK VW R WRIKRHLDW O\ SQ
DQG LQIOXHQ]D PRUWDOLW\ 7KLV FKHFN IRUPDOL]JHV WKH LQWXL
WKH PDLQ SDSHU E\ H[SOLFLWO\PRGHOLQJWKHLPSOLHG ILUVW V)
SRWHQWLDO PHDVXUHPHQW HUURU LQ ERWK WKH\HDUO\ SQHXPRC
WKRXJK WKH VLPLODU HIITHFW VL]H PDJQLWXGHV VXJJHVW WKDW W

(YHQW 6WXGLHV DQG %PV EONVGB 8B WHWHQW VWXG IOH® ORIQORIZ D VXJJ
VHWWLQJ DOO SUH VXOID \HDU GXPPLHV HTXDO WR JHUR DV D EDVHOL
VLQJOH SUH WUHDWPHQW EDVHOQ LAHHSWHWH QY FHH SN URRGE ZIQL)AK X UMW E
DVWKHRPLWWHGEDVHOLQHJURXS UDFH DQG JHQ G H&O WSHFQ DIWF LNV
LI ZHDUH FRQFHUQHG WKDW LQGLYLGXDOV ZKLFK ZHUH H[SRVHG QRW
IHZ\HDUV RIOLIHGRQRWDFWDVDQLGHDOFRQWURO ZHFDQFRQVLGH
JLIXUMSUHVHQWY YHUVLRQV LQ ZKLFK WKH EDVHOLQH UHIHUHQFH JUR
XQH[SRVHG GXULQJWKHILUVW \HDUV RIWKHLU OLIHDV EDVHOLQH E

$



( *UDGLHQWV LQ/RQJ 5XQ ,PSDFWV $GGLWLRQDOS5HVXOWV DQG )X

$V GLVFXVVHG LQ WKH SDSHU WKH PDLQ WKUHDWYVY WR LGHQWLILFDW
LPSDFWV IRU EODFN PHQ E\ LQVWLWXWLRQDO GLVFULPLQDWLRQ DUH
DQRG VXUYLYDO VHOHFWLRQ 7KHVHLVVXHVY ZHUH DGGUHVVHG LQ WK
GHVFULEHDGGLWLRQDO UREXVWQHVV FKHFNYV

'LVFULPLQDWLRQ JUDGLHQWYV | RUDELRVMAKH.Y B SHARPIHQYHSRUWYV WK
7DEQAK) WKH SDSHU IRU ZKLWHPHQDQG ZRPHQ ,Q VKDUSFRQWUDVW W
LV QR HYLGHQFH WKDW WKH ORQJUXQ UHWXUQV WR VXOID GUXJV ZHU|
RXWFRPHV WKH FRHIILF L9%MWHV( SR ¥ R UHU\LRQ (D WD RIQ @B R[VLIQLILFDC
GLIIHUHQW IURP JHUR DQG JUDGLHQWYV GRFXPHQWHG DW WKH IRRW R
RUGHU RIPDJQLWXGH VPDOOHU WK D Q JKIDG\LXIIW V \G R RMXKFCHO) W K I6 LIQD7C
PHQDQGZRPHQDUHGULYHQE\D SURFHVV VSHFLILFWR WKLV SRSXOD)
RIGLVFULPLQDWRU\VWDWHVY WKDW ZRUVHQHG RXWFRPHV IRU HYHU\F

7KH*UHDW 0L J3UHDIWURVR \RH MK HRS® SHU ZKLFK PRWLYDWHV GLVFXVVLRQ
PLJUDWLRQ IURP WKH 6RXWK WR WKH 1IRUWK PLJKW H[SODLQ WKH GLVF
ZRUN VKRZV WKDW WKH UHODWLYHO\ HG X F D WHGSRHIU $IDPIRRUH G IONTHDG W
OD]XPGHU 2QH PLJKW ZRUU\ WKDW WKLV GULYHV WKH VWURQJHU VX
WKH 1IRUWK UHODWLYH WR WKH 6RXWK 7KHLPSDFW RIDQ\FKDQJHV L
RSSRUWXQLWLHYV WKDW KDSSHQHG WR FRLQFLGH ZLWK WKH KHDOWK
'LVFULPLQDWLRRLFAKRI[NHWQFOXGHG LQ PR G H®\L BWMHWVHRW HREXIOW 7TRE O\
FRQFHUQLILW ZDVLQGXFHG E\KLJK SQHXPRQLD OHYHOV +RZHYHU Z
GUXJV VWLPXODWHG FRQYHUJHQFH LQ GRVWEHKWHSOBMHOVZREEBIR VM V W(
LQLWLDO GLVHDVH EXUGHQV LQ WKHB6RXWK LPSOLHV 6RXWK 1RUWK F

6R LI PLJUDWLRQ ZHUH GLVHDVH OHG WKHQ LW ZLOO KDYH H[KLELW
FRHIILFLHQW;R @ BRWW[ERUMBULPLQDWRRGRYRWLYHRXWFRPHV OLNH
LQFRPH ,QIDFW ZHHVWLPDWH D QHJDWLY HE RHIHLFD SIQW RAK WRKL V X
GLYHUJHQFH RI RXWFRPH JDLQV EHWZHHQ %ODFN $PHULFDQV LQ WK
BRXWK WR 1IRUWK PLIJUDWLRQ ZRXOG RQO\VWUHQJWKHQ WKH GLVFULI
PLJUDWLRQHTXDWLRQVZHUHQHYHUWKHOHVV REWDLQHGDQG WKH\V
QR DVVRFLDWLRQ EHWZHHQ %DVH 3QHXPRQLD DQG WKH SURSHQVLW\
IRUWKZDUGRTWKQAN $SSHQGL[ ,Q $IHMKRIZ FDEDBO PHQ DQG DOVR IR
HVWLPDWHYV RIDQ HTXDWLRQ PRGHOOLQJPLJUDWLRQRIPHPEHUV RI \
ZHVHH QR HYLGHQFHRIHQGRJHQRXV PLJUDWLRQ

6HOHFWLYH PIRWIWODD LOMHMG PRUWDOLW\ GHFOLQHV ZHUH ODUJHU LQ VW
DQG ODUJHU DPRQJ6RXWKHUQ %ODFN LQGLYLGXDOV EHFDXVH WKH\ |
ERWK 3 RYWONXVH D[S IOVXAWBRYWX¥RUH([SRVXVHULPLQDWISRQ BH RV K H

LOWURGXFWLRQ RIVXOID GUXJV ZDV D SRVLWLYH VKRFN WKH PDUJLC
FRXOG SURGXFH WKH PRUH PXWHG ORQJ UXQ HITHFWV LQ PRUH GLVFU
PDWH WKHHPSLULFDO VLIJQLILFDQFH RI GLITHUHQWLDO VHOHFWLYH V
GLVFULPLQDWRU\ VWDWHY ZH XVH UDFHDQG VWDWH VSHFLILF SQHXF
SUH VDPSOH ZKR GLHG EXW ZKR ZRXOG KDYH VX $DIGHHE K D G1 WXDOL

$



FRQGXFW D VLPLODUH[HUFLVH :HDVVLJQHG WKHVHLQGLYLGXDC
YDULDEOHV IRULQVWDQFH D]HURIRUKLJK VFKRRO DQG FROOHJH F|
PHDQRIWKHERWWRP TXLQWLOH :HILQG QRDSSUHFLDEOH FKDQJH L
7DEORI WKLV $SSHQGL]

$IJH KHDSUL@XPHUDF\ ZDV FRUUHODWHG ZLWK GLVFULPLQDWLRQ DQG
YDOXHVY HQGLQJ LQ DQG WKHQ WKH FODVVLFDO PHDVXUHPHQW HI
GLVFULPLQDWLRQ JUDGLHQWY ‘HLQYHVWLJDWHG WKLV E\ XVLQJ WK
FRKRUW DQG WKHUHLVQRHYLGHQFHRIDJHKHDSLQJRURIWKLV EHL

5DFH GLIITHUHQFHV BRNVKMLOG DPDERRYHPHQWY LQ FKLOG KHDOWK PD\ K
FKLOG ODERU RUHDUO\ HQWU\ LQWR WKH ODERU PDWEHWNIDORQJIJVLGF
SHOQNDWDUDPDAKILY LV SHUWLQHQW IRU %YODFN $PHULFDQV LQ WKH 6F
UXUDO DUHDV DQGIRUZKRP FKLOG ODERUODZVY KDG QR VLIQLILFDQW
EHFDXVHRID SDXFLW\RIEODFN VFKRROVDQG VWDWHYV EHLQJPRUH O]
ODZWHUDV 0OXQHW IROORZV WKDWDQRWKHUH[SODQDWLRQ IRUWKH G
LQUHVSRQVHWR WKHSRVLWLYHKHDOWK VKRFN %ODFNPHQDQG ZRP
UDWKHU WKDQ VFKRROLQJ +RZHYHU WKLV ZRXOG UHPDLQ D UHIOHF
%ODFN SHUVRQV LQ WKLV HUD

&LYLO 5LIKWYV GHHLADLMW OORPQ@ FRKRUW ZDV ZKHQ WKH &LYLO 5LIJKWYV
ZDVWRRODWHLQWKHOLIHFRXUVHWRKDYHLQIOXHQFHGLQYHVWPHC
FROQGLWLRQDO XSRQ HGXFDWLRQ IRURXU VDPSOH FRKRUWY EXW IRU
ZRXOG QHHG WR KDYHGLVFULPLQDWHG EHWZHHQ FORVH QHLJKERUYV |
LPSODXVLEOH ,QDQ\FDVH LIWKH&LYLO 5LIJKWV PRYHPHQW ZHUH LC
ODUJHU LPSURYHPHQWY LQ RXWFRPHV IRU %YODFN $PHULFDQV LQ WK
WKH RSSRVLWH 6R DFFRXQWLQJIRU WKH &LYLO 5LJKW $FWV Rl WKH
6RXWKHUQ %ODFNPHQDQGZRPHQGLG QRWEHQHILWDVPXFKIURPD S
LOQWKHUHDOPRIHGXFDWLRQ

,QDQ\FDVH LQWHUFHSW FKDQJHV LQ RXWFRPHV DVVRFLDWHG ZLW
&LYLO 5LIKWV PRYHPHQW DUH FRQWUROOHG IRUWKURXJKWKHLQFO)>
RIBRVW VXUFWLPLQDWH@QSBWREFRXQW IRUDQ\ELUWK FRKRUW GLIIHU
&LYLO 5LIKWV PRYHPHQW DFURVV VWDWHY ZLWK GLITHUHQW OHYHOV |

$Q (YHQW VWXG\ORGHO Rl /RBBBHRQILFDGILHR@W\H[DPLQLQJ ORQJ WHU
GLVFULPLQDWLRQSH RPMVHVGLRQ VLQJOH FRHIILFLHQW PRGHOV :H WK.
JUDGLHQWV REVHUYHG LQ RXWFRPHV DUH SLFNL'QY KIS ICPLLI QHOYWHIGRQLIUR
LV RWKHUZLVH QRWDGHTXDWHO\FDSWXULQJOHYHO GLIIHUHQFHV EH
UHDVRQ ZHLPSOHPHQW IXO0 HPB QWA XVYWR GHROWURPILQH ZKHWKH



RQO\DSSHDU LQ FRKRUWY ERUQ DIWHU WKHDUULYDO RIVXOID :HHVYV

%943
Yisek = !+ ' ({ <HDU}! %DVH3QHXPRQLD
j=1930
%943
+ - ({ <HDU}! %DVH 3QHXPRQALWLPLQDWLRQ
j=1930

e+ (S! W)+ %+ X!+ &ste,

ZKHUH DOO GHWDKHRAHNRHOWERRZ ZLWK WKH DGGHG LQFOXVLRQ RI WKH \
FRUUHVSRQGLQJFRHIILFLHQWYV

,Q)LIXUHM.VWRULFDO IUDFWLRQ RI HDN@DRA®BAVVROQYUBERBQW U
WKHVHPRGHOV UHVSHFWLYHO\IRU %ODFNPHQDQG ZRPHQ DQG :KLW
HIITHFWV YW QS HUFHQWLOH RI 'L VF ZIKALFEDUWMLSRUH YBRIWHW KH TXD QWL
'LVFULPLQDWLRQ 3URJ[\ 3HY F HQREDHHUIRK IHDARKFKIFDVH WKDW WKHUH
GHYLDWLRQ RI SUH VXOID WUHQGV IURP SULRUWR IXOO\DIIHFWHG E
IROORZLQJ VXOID )RU %ODFN PHQ DQG ZRPHQ VXFK LPSDFWV DUH D
GLVFULPLQDWLRQEXWOQRWLQDUHDV ZLWK KLJK GLVFULPLQDWLRQ Z
LVHYLGHQW
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7TDEOH ( +t FRQWLQXHG IURP SUHYLRXV SDJH

ORJ )DP RUN /LPLWL
6FKRROL’(%JFRPthé()R\PHBE{/VDELOLV\

(ITHFW VLIHIRUDQ LQWHUTXDUWLOH VKLIWHDQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO, ([FOXGLQJ &HQVXV
3RVW BX®ODBH ([SRVXUH

(ITHFW VLIHIRUDQ LOQWHUTXDUWLOH VKLIWHDQEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO - &HQVXV 2Q0\
3RVW BXODUH ([SRVXUH

(INTHFW VLIHIRUDQ LQWHUTXDUWLOH VKLIWHDQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

3DQHO. OHDVXUHPHQW (UURU 6/6
3QHXPRQLD ,QIOXHQ]D ORUWDOLW)\5DWH

(INTHFW VLIHIRUDQ LQWHUTXDUWLOH VKLIWHDQUEDVH H[SRVXUH SS SS
2EVHUYDWLRQV

1RWHNMFK FROXPQ SDQHO UHSUHVHQWY D VHSDUDWH UHJUHVVLRQ 0R ®GVIHSRODV/GHH W KUR\EL
RIWKHVHHVWLPDWHY 7KHVDPSOHRILQWHUHVWKHUHLVLQGLYLGXDOVRIDOO GHPRJUDSK]|
WR WKRVH JHQHUDWLQJ WKH FRUH HVWLPDWHYV__ZL % B WKMLIRHD 0 B WIHQR HDO/XIWAL K Q ¥ RIUQRE KD G
UHSODFHG ZLWK DQ DOWHUQDWLYH PHDVXUH ZKLFK UHSRIDVW S RO X RIDGLHD FPHRIMXDIGILIWA WD
SUH LQWHUYHQWLRQ SQHXPRQLD LQI0XH GPGVRWRVIDNO LR\ AEMWHYEIG/MY HE | DEYM V WAIDQHI R & F
PHDVXUH RI ELUWK XQGHU UHSRUWLQJ WKDW SR [IHD\OI R § FQGIE@QIFNVHDWMLIVZVOLVE M TXPW H & \Z L3
DQG LQFOXGHG DV DQ DGGLWLRQD G WRGWMYR IHFWE0G ERGKBVXBWQHRZO 1HZ OH[LFR 2NOD
&RORUDGR DUHUHPRYHG IURP WKERIKRWWIBERRQ GXRPEQH 88RQNAPYHPHQW LQ :RUOG :DU ,,
‘"HUHVWULFW RXU VDPSOH WR WKH ELUWK FRKRUWYV ZKLFK H[FOXGH ¥ HFRRWHKI W MHK H IFE
ERUQLQ WKHLPPHGLDWH SUH DQG SRVW VXOID DUULYDO SHUWPRFWHY + FHQVYXD @BRDRG D
FHQVXV GDWOVBDBROWHOLQH SQHXPRQLD LQIOXHQ]D PRUWDOLW\DV DQ ,9 IRUDQQXDO
ZHH[SHFWDVLJQ UHYHUVDO DV SRVLWLYHWUHDWPHQW LQGLFDWRULQ WKHUHGXFHG IRUP
VWDWH OHYHO DUH UHSRUWHG LQ SDUHQWKHVHY ,Q HDFK FDVH WKH HVWLPDWHG HIITHFW R
LV SURYLGHG LQ SDHFHDERRMWHUV DV

g N g ' g




7TDEOH ( 7HVWLQJIRU (QGRJHQRXV 6RXWK 1RUWKOLJUDW

)XOO 6DPSOGRPH +LJK6FKRRO

%DVH ([SRVXUH
OHDQ RI 'HSHQGHQW 9DULDEOH

2EVHUYDWLRQV
IRWHDUIJLQDO HITHFWV DUH SUHVHQWHG IURP 3URELW UHJUHVVLRQV RI WKH

EHWZHHQ DQG DPRQJWKRVH %ODFNLQGLYLGXDOV RIFKLOG EHDULQJ
LQ DVDIXQFWLRQRI %DVH 3QHXPRQLD PRUWDOLW\ UDWHV 'DWD FRQVLYV
W K H FHQVXV &RQWUROV LQ FROXPQ LQFOXGHDJHDQG VH[)( DQG VWDQ

DUHFRQVLVWHQWO\UHSRUWHG ,QFROXPQ ZHDGGLWLRQDOO\DGG VWDW
PRUWDOLW\ DQG KHDUW GLVHDVHPRUWDOLW\ ,Q FROXPQV DQG HVWLPDW
36RPH +LJK 6FKRRO DQG %H\RQG" DV WKLV UHSUHVHQWY WKH PHGLDQ RI WK
6WDQGDUG HUURU FOXVWHUHG E\VWDWHV DUHLQFOXGHGLQ SDUHQWKHVHYV
m < " < !g

7TDEOH( 7HVWLQJIRUOLJUDWRU\5HVSRQVHYV

$00 "KLWH % ODFN % ODFN

3DQHO $ OHQ DQG :RPDQ

3RVW BX®DUH ([SRVXUH

SRVW BEXODVH ([SREVRDMH )UDFWLRQ

2EVHUYDWLRQV

3DQHO % OHQ

SRVWBXODVH ([SRVXUH

SRVW BEXODUVH ([SREVRDMH )UDFWLRQ

2EVHUYDWLRQV

3DQHO & :RPHQ

SRVWBEXODVH ([SRVXUH

SRVWBEXODVH ([SREVRDMH )UDFWLRQ

2EVHUYDWLRQV

IRWHWRGHO VSHFLILFDWLRQZWEH GO 3BIGH QW YDULDEOH LV PLIUDWLRQ ZKLFK
UHSRUWY OLYLQJLQD GLIITHUHQW VWDWH WKDQ WKHELUWK VWDWH DW WKH WLP
LQGLYLGXDOV ERUQLQ 6WDQGDUG HUURUVY FOXVWHUHG E\VWDWH DUH SL

1 < I < ! <



7DEOH (

THVWLQJIRU )HUWLOLW\6HOHFWLRQ

ORWKHUfV
(GXFDWLRQ

ORWKHUYV ORWKHUTV +RXVHKRO
$JIH ‘RUNLQJ ,QFRPH

SRVW BXODVH ([SRVXUH

2EVHUYDWLRQV

I1RWHVFK FHOO SUHVHQWYVY D VHSDUDWH UHJUHVVLRQ RIPDWHUQDO RU KRXVHKI
FHQVXV PLFURGDWD WR WHVW IRUVHOHFWLRQ O0REGMOZRIMNFLLWRDOGDLWROQYV DU

IURP WKH
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7TDEOH ( $GXOW 2XWFRPHV $VVRFLDWHG ZLWK )DOVH 7UHQG %UHD

J)DPLO) : WN/LPLWLQJ
eFKRROL%gFRPJPSOR\PH3 VDELOLW\

3DQHO % =3IRNRW RQZDUGYV
SRVW 6XQAIPDVH ([SRVXUH

(IN'THFW VLIHIRUDQLQWHUTXDUWLOH WKRUW LQ EDVH H[SRVX®%H SS
2EVHUYDWLRQV

S3DQHO %=3RRW RQZDUGV
SRVW 6XQIDPDVH ([SRVXUH

(II1HFW VL]JH IRUDQ LQWHUTXDUWLOHMRUNV LQ EDVH H[SR®SUH Ss
2EVHUYDWLRQV

3DQHO & =3RNRW RQZDUGYV
SRVW 6XQAIPDVH ([SRVXUH

(IMTHFW VLIHIRUDQ LOQWHUTXDUWLOHWMWODIUW LQ EDVH H[SRWSUH SS
2EVHUYDWLRQV

3DQHO 't 3aRVRW RQZDUGYV
BRVW 6XQIDPDVH ([SRVXUH

(IM'HFW VLIHIRUDQLQWHUTXDUWLOHMRUNM LQ EDVH H[SRWSUH SS
2EVHUYDWLRQV

3DQHO (1 SRMW RQZDUGYV
3RVW 6 XQIPDVH ([SRVXUH

(IM'§HFW VLIHIRUDQ LQWHUTXDUWLOHMRUNM LQ EDVH H[SRWSUH SS
2EVHUYDWLRQV

3DQHO ) 3RMW RQZDUGYV
BRVW 6XQIBPDVH ([SRVXUH

(IN'1HFW VLIHIRUDQLQWHUTXDUWLOHMRUNMW LQ EDVH H[SR\®SUH SS
2EVHUYDWLRQV

IRWHMFK FROXPQ UHSUHVHQWYVY D VHSDUDWH UHJUHVVLRQ 7KH [FRIGMO3MLNWHLLYVGHIWQH O (

DQXPEHURIDOWHUQDWLYH\HDUYV DQG 7KH SRVLWLYH LPSDFW HVW
ZKLFKLVLGHQWLEBRORMKR. YDFEROHVLVWHQW ZLWK WKH DUULYDO RIVXOID GUXJV WKDW \HDU
UDQJHPRYHPHQWLQ SQHXPRQLD PRUWDOLW\ IHZHU GH CHW kW63 HH) LVSURYLGHG |
m " !



Z OHDVXUHPHQW &RQFHUQV
OHDVXUHPHQWRI3QHXPRQLD ORUWDOLW\5DWHYV

$00 DJHYV LQ$VQGWWIDXWNWG LQ WKHPDLQ WH[W ZHSXUVXHRXUDQDC
LQIOXHQ]D PRUWDOLW\UDWHVY DYHUDJHG RYHU DVWKHPHDVXL
H[SRVXUH LQ HDXQIBW LRQWH WKH DOO DJH UDWH LQ OLHX RI WKH LQID
XQGHUUHSRUWLQJRILQIDQW ELUWKY DQG WRD OHVVHUH[WHQW Gl
BRXWKOQGHU DQG *UREMWQN ZKLFK WRJHWKHU LQWURGXFHV QRLVH L
ZKLFKDUH QXPEHU RI GHDWKV GLYLGHG E\ QXPEHU RIHELKRZKW KQVD L H
LOQVWHDG RI GLUHFWO\ XVLQJWKH DOO DJHUDWH ZHXVHLW WRLQVV
HVWLPDWHYV 7KLVLVFRQVLVWHQW ZLWK WZR VW\OL]HG IDFWV WKDW ¢
IRUWKHLQIDQW VHULHV )LUVW SQHXPRQLD KDV GUDPDWLFDOO\KLJ
WKDQ IRUDQ\ RWKHU DJH JUBRXSG BIHSHW B HQ WL XU 9D R O $ISFSHHIEM. [ Q 71
%ZKHUH ZH GLVFXVV VXOIDJV LPSDFW RQ PRUWDOLW\ 6HFRQG DQG U
LQIDQW DQG DOO DJH MKUWLHY® DH W UPMO-DWUDFNV WKH LQIDQW UDWH
LVHYLGHQW LQ ERWK VHULHV DQG VKDUSHE LQ WKH LQIDQW VHULHYV |

WLV QHYHUWKHOHVV LPSRUWDQW WR GHPRQVWUDWH WKDW WKH ?
GRHV ZLWK DOO DJHoUDKHWH BHHK VYBIE/MOKIH OHYHO DQG WKH ORJDULWKP
SQHXPRQLDDQG LQIOXHQ]D PRUWDOLW\UDWHV DV GHSHQARQW YDUL

DQRQZDUGV RW KB WALH/QIG I<® BUUWKIHD D Q GRAWDWXOILGHG HIIHFW
9LWDO 6WDWLVWLFV GDWD IRU ‘HILQG QHIJDWLYHDQG VWDWLYV
RQ 3R¥MWIDWRU ERWK WKH OHYHO DQG ORJPRGHOV DQG IRUERWK LQIDQ

3QHXPRQLD YHUVXVWKHFRPELQHG UDW H NRHUFR@IEXPRQH DR WQ D Q 6 RADEH
SQHXPRQLD H[SRVXUH PHDVXUH ZH XVH LV WKDW LW FRPELQHYV SQHXP
PD\VHUYH WR UHGXFH PHDVXUHPHQW HUURU IRU WKH IROORZLQJ UHD
IRUH[DPSOH IHYHUV FRXJK PDODLVH DQGVKRUWQHVV RIEUHDWK [
JXLVK SDUWLFXODUO\LQ WKH VZKHUH UDGLRJUDSKV ZHUH QRW ZL
SQHXPRQLD ZDV RIWHQ WKH SUR[LPDO FDXVH RI GHDWK IRU WKRVH DI
DQ\JHQXLQH VHSDUDWLRQ RI WKH WZR

‘HH[SHFWQRELDVIURPLQFOXGLQJLQIOXHQ]DZLWKSQHXPRQLD PR
DODUJHEDFWHULDO FRPSRQHQW ZDVWUHDWDEOH ZLWK VXOID GUXJ
LQWURGXFWLRQRIDQWLELRWLFV WKHHQWLUHFKDQJHLQ WKHFRPE!
GHFDGDO GDWD VHSDUDWLQJ WKH WZR FDXVHV RI GHDWK VKRZ WKDW
EHWZHHQ DQG HYHQ DVWKHLQIDQW SQHXPRQLD PRUWDOLW\ U
GRPLQDWHG WKH FRPELQHG VHULHV ZLWK GHDWKV SHU LQ :
ELUWKV IURP LQIOXHQ]D

$OWKRXIKDQQXDO WLPHVHULHVE\VWDWHDUHRQO\DYDLODEOH IF
QLDOGDWD WKDW VHSDUDWH GHDWKV IURP SQHXPRQLD YVQGHOXHQ]I
DQG *URYH DQG ZH XVHV WKHVH WR LQYHVWLJDWH PRUH IRUPDOO\ Zk
PLIKW GULYH RXU UH\SOOWMWWD $QZHDEBWSQDFHG WKH FRPSRXQG PHDV XU
\HDU DQRG VKRZHG WKDW RXU ILQGLQJV DUHUREXVW WR WKLV FKD(

7KH VHSDUDWH VHULH V) DEHHORZREW WHEGLHU) D CGUWD FH )RU ERWK JHQ
LW LV FOHDU WKDW SQHXPRQLD GRPLQDWHG LQIOXHQ]D LQ SUHYDOH
VLIQLILFDQW GHFOLQHDIWHU JIRQHFRPSDUHV WKH SUH LQW
SHULRG WKHUHLV OLWWOHGHFOLQHLQLQIOXHQ]D PRUWDOLW\ UDW|

$



RIDQLQIOXHQ]D SDQGHPLF LQ ZKLFK DOVR OHG WR DQ XSWLFEN
RIWHQ FDXVHG E\LQIOXHQ]D

J)LIXUBOVR VKRZV WKDW PRUWDOLW\UDWHVY IURP ERWK GLVHDVHV
IRU%ODFN SHUVRQV WKDQ IRU ZKLWHYV %RWK WKH JHQGHU JDS DQG
IRULQIOXHQ]D $EVROXWHGHFOLQHVLQ SQHXPRQLD PRUWDOLW\UDYV
IRU %ODFN $PHULFDQV WKDQ IRU ZKLWHV EXW WKH GHFOLQHYV DUH HY
WKHDOO DJHUDWHY EXW ZH FRQILUPHG WKDW WKH LQIDQW UDWHYV HJ
SQHXPRQLD PRUWDOLW\ ZDV SHU LOQIDQWYV RYHUDOO DQ
‘HGLVFXVV PHDVXUHPHQW HUURU LQ SQHXPRQLD PRUWDOLW\DV LW D

) OHDVXUHPHQW (UURULQ ORUWDOLW\5DWHV E\5DFH

,Q WKH SUHYLRXV VXE VHFWLRQ ZH H[SODLQHG WKDW PHDVXUHPHQW
LQDOO DJHUDWHYV DQG WKDW SQHXPRQLD ZDV RIWHQ WKH HQG UHV X
IOXHQ]D VRWKHFRPELQHGLQIOXHQ]DDQG SQHXPRQLD PRUWDOLW\ L
EHPHDVXUHG ZLWK OHVV HUURU WKDQ WKH SQHXPRQLD RQO\ PRUWLI
OHYHO ,Q WKLV VXE VHFWLRQ ZHGLVFXVV WKHIDFW WKDW XQGHU 1
DVVLIQPHQW RIFDXVHVRIGHDWK ZHUH YHU\OLNHO\JUHDWHU LQ WKH
UHVLGHG LQ WKHEFIL@GN ®&WDWHDQG UDFH VSHFLILFWLPH LQYDULDOQ\
DUHFDSWXUHG LQ RXU!V\®W BM HFA DMIGRH)IVHERW YD FINQ G JHQHUDO WUHQG V
WLFV GDWD DUH DENRW EHE & HUIHFWY /LQHDUO\HYROYLQJ VWDWH V
LQ PHDVXUHPHQW DUH D FERRNMQWHEGDIRYH ESBBFEH.F SUH WLPH WUHQ
JLIXUHMH DUH QHYHUWKHOHVVY FRQFHUQHG WKDW RXU HVWLPDWHV PD)
LQORQJUXQRXWFRPHV RIVXOID H[SRVXUHIRU %ODFN $PHULFDQV LQ
VSXULRXVO\RQDFFRXQW RIGLITHUHQWLDO WUHQGV LQ WKH TXDOLW\
KLJKHU RU ORZHU UDWHV RI LQVWLWXWLRQDOL]JHG GLVFULPLQDWLRC
IRUGLIIHUHQFHV LQ PHDVXUHPHQW TXDOLW\DFURVV VWDWH DQG UD|
GDWD DURXQG WKH WLPH RIWKH VXOID UHYROXWLRQ 7KH SUR[LHV DL
ELUWK DQG GHDWK UHJLVWUDWLRQ VLW HPVDWHVSHAWIHYH@H RE WD L ¢
WLRQDO FRQJORPHUDWHY RI VWDWHY XVLQJVLPLODU EHVW SUDFWLF
QDWLRQDO UHJLVWUDWLRQ VIVWHP ZLOO KDYH XSJUDGHG WR QDWLR(

‘'HQHYHUWKHOHVVH[SORUHWKHPKHUHDV SUHYLRXV ZRUN XVLQJPI
QRWWRGLVFXVVPHDVXUHPHQWLVVXHV YHU\PXFK )LUVW ZHDWWHP
VWDQWLYHLQGLFDWRUV RI TXDOLW\ 7KHFRPSUHKHQVLYHQHVV RI QI
YLWDO VWDWLVWLFV DXGLW FRQGXFWHG LQ 6XQG L U RED Q& | F8K6 CBRXKE

7TKHDXGLWYV XWLOL]JHG GHFHQQLDO FHQVXV GDWD IURP WKRVH \}
RI'WKHWRWDO QXPEHU RI ELUWKY LQ WKH 86 DQG FRPSDUHG WKHVH W
VWDWHLQ WKHLUYLWDO VWDWLVWLFVLQWKDW\HDUWR\LHOGDQ LQ¢
UHFRUGHG LQ WKHFHQVXV WKDW ZHUH DOVR UHPBPR 8GR & \ QV\W KW F/R\PC5W
QHVV YDULDEOH DJDLQVW WKH WLPLQJ RI HQWU\ LQWR WKH 1DWLRQLEL
FRQVLGHUDEOH VWDWH YDULDWLRQLQ WKHFRPSOHWHQHVV RIUHJLYV
ZLWKHDUOLHUHQWU\LQWR WKHUHJLVWUDWLRQ V\VWHP

7KHUH ZDV QR FRUUHVSRQGLQJQDWLRQDO DXGLW RIWKH GHDWK UF
UHODWLRQVKLS EHWZHHQ WKH\HDURIHQWU\WR GHDWK UHJLVWUDW
WKH QDWLRQDO EXWQRW VWDWH OHYHO QDPHO\ WKH SHUFHQWDJF
JLIXUHE VKRZV WKDW ODWHU HQWU\LQWR WKH GHDWK UHJLVWUDWLR:
Rl XQ FRGHG FDXVHV RI GHDWK 1RWH WKDW DFFRUGLQJ WR KLVWRU

$



LOFOXGHG GHDWKV RXWVLGH KRVSLWDOVDQG UHJLVWUDWLRQ ODZV
DSSURSULDWHDXWKRULW\LQRUGHU WRREWDLQD SHOFRW IRUGLVSR

"HQH[WLQYH¥WIMDWHFRQWHQWLRQ WKDWYLWDO VWDWLVWLFVPH
IRU %ODFN $PHULFDQV WKDQ IRU ZKLWHVY EHFDXVH PRUH WKDQ Rl %
WKHVXOIDGUXJHUD $VGLVFXVVHGLQ WKHSDSHU WKLV LVUHOHYDC
JLIXUHFN DQGG SORW WKH \HDUV RI HQWU\ LQWR WKH ELUWK DQG GH!
SHUFHQWDJH RI WKH VWDWH SRSXODWLRQ WKDW ZDV EODFN %RWK S
TXDOLW\DUHLQYHUVHO\UHODWHG WR KUBD ¥ IG PIREXIDBREQ R QWKDHH )L
ZKLFK VKRZ SURPLQHQW FOXPSLQJLQ ODVWGLJLWRIUHFRUGHG DJH |
DORWKHU IRUP RIPHDVXUKHPHQ@W SIQRW WK YHDUJRII ELUWK UHJLVWUD
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