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and the federal funds rate can be modelled as non-stationary time series
linked by two co-integrating equations. One of these equations is stable over
the whole sample period, the other is different over the sub periods 1959.1 to
1979.4 and 1980.1 to 1999.3. I evaluate the ability of a class of models to
explain these facts and conclude that models that incorporate the natural rate
hypothesis are inadequate. An alternative class of models, characterized by
the existence of an upward sloping long-run Phillips Curve, can account for
the data.
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NON-TECHNICAL SUMMARY

This paper re-examines the evidence for the existence of a long-run Phillips
Curve – that is, a permanent relationship between unemployment and
inflation. In the 1970s, Edmund Phelps and Milton Friedman argued that one
should not expect there to be a long-run trade-off between inflation and
unemployment. They argued that only the real value of money should enter
utility or production functions. Hence money should be neutral and, if the stock
of money doubles, all nominal prices should double but unemployment and
other real variables should be unaffected. The Phelps-Friedman argument,
called the natural rate hypothesis, quickly became a cornerstone of all modern
macroeconomic models. Today, models that incorporate this hypothesis are
widely used to forecast inflation and unemployment and to assess the likely
effects of changes in interest rates.

The natural rate hypothesis helped explain the disappearance of the Phillips
Curve following the oil price shocks of 1973 and 1979 and its empirical
success led to its quick acceptance as received wisdom. But, as argued in this
paper, evidence that has accumulated since the 1970s should lead one to
reassess the facts. The data since 1959 reveals a steady increase in
unemployment until 1980, followed by a steady decline. The interest rate and
the inflation rate follow a similar pattern. This paper argues that the co-
movements in these series at low frequencies cannot easily be explained by
simple economic theories that incorporate the natural rate hypothesis. Instead,
they are better understood if one assumes a stable long-run relationship
between unemployment and inflation. This relationship can be interpreted as a
long-run Phillips Curve with a positive slope.

To establish the relationships between inflation, unemployment and the
interest rate the technique of co-integration analysis, developed by time series
econometricians in the last decade, is used. Cointegration analysis is a way of
studying relationships between variables that are drifting slowly over time as a
result of one or more common stochastic trends. In the data one common
trend and two co-integrating equations are found. One of these, between
unemployment and inflation, is stable over the entire period and it is this
relationship that is interpreted in this paper as a long-run Phillips Curve. The
second equation shows a distinct break in 1980 at about the time that the Fed
changed the way it conducts monetary policy. This paper ascribes this second
equation to the effects of Fed policy.

Although this paper argues that we should drop the natural rate hypothesis,
this does not imply that one should give up on models based on individual
maximizing behaviour. It is true that economic theory implies that money
should be neutral in the long-run. But this does not imply that we should



expect no long-run relationship between inflation and unemployment since
continual increases in the money supply can alter the nominal rate of interest
and this, in turn, may influence economic activity through a variety of
channels. These effects are called non superneutralities. The evidence
suggests that money is neutral but not super neutral.



4 Lqwurgxfwlrq
Pxfk uhfhqw zrun lq pdfurhfrqrplfv lv edvhg rq wkh uhsuhvhqwdwlyh djhqw
prgho1 Dffruglqj wr wklv dssurdfk/ djjuhjdwh pdfurhfrqrplf wlph vhulhv
fdq eh ylhzhg dv li wkh| zhuh fkrvhq e| d pd{lpl}lqj uhsuhvhqwdwlyh djhqw
zlwk udwlrqdo h{shfwdwlrqv ri ixwxuh sulfhv1 Dowkrxjk lqlwldo zrun rq wkh UD
prgho vwxglhg wkh uhodwlrqvklsv ehwzhhq frqvxpswlrq/ hpsor|phqw dqg fds0
lwdo dffxpxodwlrq/ uhfhqw dwwhqwlrq kdv ehhq irfxvhg rq d prqhwdu| yhuvlrq
ri wkh prgho lq zklfk wkhuh duh qrplqdo uljlglwlhv1 Wkh ghpdqg vlgh ri wklv
prqhwdu| prgho uhvhpeohv wkh LV0OP iudphzrun wkdw grplqdwhg pdfurhfr0
qrplf wkhru| lq wkh lpphgldwh srvw0zdu shulrg dqg wkh vxsso| vlgh/ exlow xs
iurp d wkhru| ri sulfh vhwwlqj djhqwv/ surylghv d plfurhfrqrplf irxqgdwlrq
iru wkh h{shfwdwlrqv dxjphqwhg Skloolsv fxuyh1

D nh| lqjuhglhqw ri wkh h{shfwdwlrqv dxjphqwhg Skloolsv fxuyh lv wkh qdw0
xudo udwh k|srwkhvlv1 Wklv k|srwkhvlv/ dgydqfhg e| Hgpxqg Skhosv dqg
Plowrq Iulhgpdq/ dvvhuwv wkdw wkh jurzwk udwh dqg wkh orqj uxq xqhpsor|0
phqw udwh duh lqghshqghqw ri prqhwdu| srolf|1 Zkhq wkh qdwxudo udwh k|0
srwkhvlv zdv �uvw sursrvhg/ vrph hfrqrplvwv kdg vxjjhvwhg wkdw wkh Skloolsv
fxuyh pljkw uhsuhvhqw d shupdqhqw h{sorlwdeoh wudgh�r� ehwzhhq xqhpsor|0
phqw dqg lq dwlrq1 Skhosv dqg Iulhgpdq dujxhg lqvwhdg wkdw wkhuh fdq eh
qr orqj0uxq wudgh0r�1 Wkh| srlqwhg rxw wkdw li udwlrqdo djhqwv duh iuhh ri
prqh| looxvlrq/ rqo| wkh uhdo ydoxh ri prqh| vkrxog hqwhu suhihuhqfhv dqg
whfkqrorj|1 Wkh| zhqw rq wr dujxh wkdw li rxwsxw dqg hpsor|phqw duh gh0
whuplqhg e| sxuho| uhdo idfwruv/ prqh| vkrxog eh qhxwudo dqg wkh orqj0uxq
Skloolsv fxuyh vkrxog eh yhuwlfdo1 Lq rwkhu zrugv/ wkh xqhpsor|phqw udwh
fdqqrw eh shupdqhqwo| lq xhqfhg e| prqhwdu| srolf|1

Wkh qhxwudolw| ri prqh| lv dq lpsruwdqw hohphqw ri dq| plfur0edvhg
h{sodqdwlrq ri djjuhjdwh pdfurhfrqrplf dfwlylw|1 Exw dowkrxjk qhxwudolw| lv
fhqwudo wr qhrfodvvlfdo hfrqrplfv/ lw lv qrw wuxh wkdw qhxwudolw| lpsolhv wkh
qdwxudo udwh k|srwkhvlv1 Qdwxudo udwh wkhru| uhtxluhv qrw rqo| wkdw prqh| lv
qhxwudo exw dovr wkdw lw lv vxshuqhxwudo1 Vxshuqhxwudolw| vwdwhv wkdw d grxeolqj
ri wkh prqh| jurzwk udwh zloo uhvxow lq d grxeolqj ri wkh lq dwlrq udwh exw
ohdyh xqhpsor|phqw dqg jurzwk xqd�hfwhg1 Wklv lv d vwurqjhu sursrvlwlrq
wkdq qhxwudolw| dqg lw lv qrw lpsolhg e| wkh devhqfh ri prqh| looxvlrq1

Wkhuh duh pdq| uhdvrqv zk| rqh pljkw h{shfw vxshuqhxwudolw| wr eh idovh1
Lq dwlrq pljkw fdxvh djhqwv wr krog ohvv prqh| dqg/ wr wkh h{whqw wkdw prqh|
lv d surgxfwlyh dvvhw/ hfrqrplf dfwlylw| pd| eh orzhu1 Lq dwlrq pljkw fdxvh
wkh uhdo lqwhuhvw udwh wr lqfuhdvh dqg djhqwv pljkw ghflgh wr krog ohvv fdslwdo1
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Dv d uhvxow ri lpshuihfw lqgh{dwlrq ri wkh wd{ v|vwhp/ h�hfwlyh wd{ udwhv pd|
ulvh dv lq dwlrq lqfuhdvhv1 Wklv frxog fdxvh lqglylgxdov wr zrun ohvv kdug ru
lqyhvw ohvv lq surgxfwlyh fdslwdo1 Iru doo wkhvh uhdvrqv/ lq dwlrq pd| kdyh
d shupdqhqw h�hfw rq wkh xqhpsor|phqw udwh ru rq wkh ohyho ri hfrqrplf
dfwlylw|1 Dowkrxjk wkhvh h�hfwv zhuh xqghuvwrrg e| Skhosv dqg Iulhgpdq/
wkh| zhuh wkrxjkw wr eh txdqwlwdwlyho| xqlpsruwdqw1 Lq wklv sdshu L dujxh
wkdw hylghqfh wkdw kdv dffxpxodwhg vlqfh Skhosv dqg Iulhgpdq lqwurgxfhg
wkh qdwxudo udwh k|srwkhvlv vkrxog ohdg xv wr uh0hydoxdwh wklv dvvhvvphqw1
Wklv hylghqfh vxjjhvwv wkdw wkh k|srwkhvlv lv idovh dqg wkdw wkh orqj0uxq
Skloolsv fxuyh lv xszdug vorslqj dqg qrw yhuwlfdo dv uhtxluhg e| wkh wkhru|
ri wkh qdwxudo udwh ri xqhpsor|phqw1

5 Zk| p| Dujxphqw lv Lpsruwdqw
Lq d uhfhqw frqihuhqfh yroxph hglwhg e| Mrkq Wd|oru/ ^;`/ d qxpehu ri dx0
wkruv vrxjkw wr xqghuvwdqg krz dowhuqdwlyh prqhwdu| srolf| uxohv ehkdyh e|
hpehgglqj wkhp lqwr hfrqrplf prghov ri wkh irup=

%| ' � Eu� %|3� n Kn �|� +4,

Htxdwlrq +4, uhsuhvhqwv wkh uhgxfhg irup ri d prgho lq zklfk %| lv d yhfwru
ri hqgrjhqrxv yduldeohv/ K lv d yhfwru ri frqvwdqwv �| lv d vhuldoo| xqfruuh0
odwhg udqgrp yduldeoh zlwk fryduldqfh pdwul{ P dqg wkh pdwul{ � Eu� lv d
sro|qrpldo lq wkh odj rshudwru u�

Wkh jrdo ri wkh Wd|oru yroxph lv wr h{dplqh wkh urexvwqhvv ri dowhuqdwlyh
srolf| uxohv e| vwxg|lqj krz rxwsxw dqg lq dwlrq ehkdyh lq pdq| gl�huhqw
vlpxodwhg hfrqrplhv zkhq rqh dvvxphv wkdw wkh fhqwudo edqn iroorzv d jlyhq
uxoh1 Wkh prghov vwxglhg lq wklv yroxph gl�hu lq vhyhudo uhvshfwv1 Vrph
dvvxph udwlrqdo h{shfwdwlrqv/ rwkhuv gr qrw1 Vrph duh odujh/ vrph duh vpdoo1
Vrph duh rshq hfrqrp| prghov/ rwkhuv duh forvhg1 Wkhuh lv/ krzhyhu/ rqh
frpprq hohphqw wr wkhvh vwxglhv1 Wkh| hdfk lqfoxgh d Skloolsv fxuyh wkdw
hperglhv wkh qdwxudo udwh k|srwkhvlv1

Lq d uhfhqw sdshu/ Ehqkdele dqg Iduphu ^5` kdyh sursrvhg dq dowhuqdwlyh
wkhru| ri djjuhjdwh vxsso| wkdw kdv gl�huhqw lpsolfdwlrqv iru wkh prqhwdu|
wudqvplvvlrq phfkdqlvp1 Lq wkhlu prgho wkh qrplqdo lqwhuhvw udwh kdv shu0
pdqhqw orqj0uxq h�hfwv rq wkh xqhpsor|phqw udwh1 Li wkh Ehqkdele0Iduphu
prgho lv fruuhfw wkhq wkh urexvwqhvv vwxglhv lq wkh Wd|oru yroxph duh plv0
vshfl�hg vlqfh hdfk ri wkhp lv frqgxfwhg lq d prgho lq zklfk wkh Ihg fdqqrw
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lq xhqfh wkh orqj uxq ohyho ri hfrqrplf dfwlylw|1 Li wklv dvvxpswlrq lv idovh
wkhuh pd| eh d orqj uxq uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw/
vlplodu wr wkh orqj uxq Skloolsv fxuyh wkdw zdv zlgho| glvfxvvhg lq wkh 4<93*v1
Exw li wklv lv vr/ rqh pljkw krsh wr xqfryhu wklv uhodwlrqvkls e| vwxg|lqj wkh
orz iuhtxhqf| frpsrqhqw ri pryhphqwv lq wkh gdwd1 Qdwxudo udwh wkhrulhv
dqg qrq qdwxudo udwh wkhrulhv kdyh yhu| gl�huhqw lpsolfdwlrqv iru wkhvh orz
iuhtxhqf| pryhphqwv1 Wkh lghd ri wklv sdshu lv wr h{sorlw wklv gl�huhqfh e|
frpsdulqj wkh orz iuhtxhqf| pryhphqwv lq xqhpsor|phqw/ wkh lq dwlrq udwh
dqg wkh qrplqdo lqwhuhvw udwh lq X1V1 gdwd zlwk wkh suhglfwlrqv ri wkhrulhv
wkdw hperg| wkh qdwxudo udwh k|srwkhvlv1

6 D Sodq ri Dwwdfn
Ohw wkh orqj uxq ri dq hfrqrplf prgho eh gh�qhg dv wkh yhfwru % wkdw vroyhv
wkh htxdwlrq

% ' � E��%n K� +5,

Dffruglqj wr wklv gh�qlwlrq/ wkh orqj0uxq ri d prgho lv wkh vhw ri ydoxhv wkdw
zrxog eh dwwdlqhg e| lwv yduldeohv lq wkh devhqfh ri vwrfkdvwlf vkrfnv1 Lq
olqhdu prghov/ wklv gh�qlwlrq fruuhvsrqgv wr wkh xqfrqglwlrqdo h{shfwdwlrq
ri wkh yhfwru %� Li %| zhuh vwdwlrqdu|/ rqh frxog krsh wr uhfryhu d frqvlvwhqw
hvwlpdwh ri % iurp wkh vdpsoh phdq1 Exw li rqh ru pruh ri wkh frpsrqhqwv
ri %| lv qrq0vwdwlrqdu| wklv phwkrg euhdnv grzq vlqfh wkh vwhdg| vwdwh ri wkh
v|vwhp lv frqvwdqwo| prylqj1 Lq wklv fdvh/ rqh qhhgv wr uhvruw wr wkh vwxg|
ri fr0lqwhjudwhg v|vwhpv1

Lq X1V1 wlph vhulhv iurp 4<8< wkurxjk 4<<< wkh vwdwlrqdulw| dvvxpswlrq lv
d srru fkdudfwhul}dwlrq ri wkh gdwd hyhq li rqh uhvwulfwv dwwhqwlrq wr yduldeohv
olnh wkh xqhpsor|phqw udwh/ wkh lqwhuhvw udwh dqg wkh lq dwlrq udwh/ wkdw rqh
pljkw uhdvrqdeo| h{shfw wr frqyhujh wr d vwhdg| vwdwh1 Iljxuh 4 sorwv wkh
Ihg ixqgv udwh/ �/ wkh xqhpsor|phqw udwh/ L dqg wkh lq dwlrq udwh/ Z iurp
4<8<14 wkurxjk 4<<<161 Wkh wrs judsk sorwv xqhpsor|phqw dqg wkh lqwhuhvw
udwh phdvxuhg lq qrupdol}hg xqlwv wr kljkoljkw wkhlu fr0pryhphqwv1 Qrwlfh
wkdw erwk yduldeohv glvsod| d fohdu whqghqf| wr pryh lq rssrvlwh gluhfwlrqv dw
kljk iuhtxhqflhv exw wr pryh wrjhwkhu dw orz iuhtxhqflhv1 Wklv orz iuhtxhqf|
fr0pryhphqw lv fkdudfwhul}hg e| d vorz lqfuhdvh lq wkh wzr yduldeohv iurp
4<93 wkurxjk 4<:< wkdw lv uhyhuvhg diwhu 4<;31 Wkh erwwrp sdqho ri �jxuh 4
sorwv wkh Ihg Ixqgv udwh dqg wkh lq dwlrq udwh1 Rqfh djdlq/ erwk yduldeohv

6



guliw wrjhwkhu1 Lq wkh �uvw kdoi ri wkh vdpsoh wkh| guliw xs dqg ryhu wkh
vhfrqg kdoi wkh| guliw edfn grzq1

Dffruglqj wr frqyhqwlrqdo wkhrulhv ri wkh h{shfwdwlrqv dxjphqwhg Skloolsv
fxuyh/ iru xqhpsor|phqw wr eh deryh lwv qdwxudo udwh/ lq dwlrq pxvw h{fhhg
h{shfwhg lq dwlrq1 Iru xqhpsor|phqw wr eh ehorz lwv qdwxudo udwh/ wkh uh0
yhuvh vkrxog eh wuxh1 E| dyhudjlqj xqhpsor|phqw dqg wkh lqwhuhvw udwh ryhu
shulrgv ri whq |hduv/ rqh zrxog h{shfw wkdw |hduv ri deryh dyhudjh lq dwlrqdu|
h{shfwdwlrqv vkrxog eh edodqfhg e| shulrgv ri ehorz dyhudjh h{shfwdwlrqv1
Wkh qdwxudo udwh k|srwkhvlv wkhq vxjjhvwv wkdw wkhuh vkrxog eh qr glvfhuqleoh
uhodwlrqvkls ehwzhhq wkh qrplqdo lqwhuhvw udwh dqg wkh xqhpsor|phqw udwh1

Wkh hylghqfh lv udwkhu gl�huhqw1 Iljxuh 5 sorwv wkh lqwhuhvw udwh djdlqvw
wkh xqhpsor|phqw udwh dqg wkh lq dwlrq udwh iru wkh 4<83*v wkurxjk wkh
4<<3*v xvlqj ghfdgh dyhudjhv ri dqqxdo gdwd1 Wkh xszdug vorslqj olqh rq
wkh wrs sdqho lv wkh ohdvw vtxduhv uhjuhvvlrq olqh1 Wkh xszdug vorslqj olqh
rq wkh orzhu sdqho lv wkh uhodwlrqvkls suhglfwhg e| wkh Ilvkhu htxdwlrq li wkh
uhdo udwh ri lqwhuhvw kdg ehhq frqvwdqw dw 515( ryhu wkh hqwluh vdpsoh1 Wklv
olqh kdv d vorsh ri 4 +wkh Ilvkhu k|srwkhvlv, dqg dq lqwhufhsw ri 515 +wkh
dyhudjh uhdo lqwhuhvw udwh ryhu wklv shulrg,1 Wkhvh judskv vkrz wkdw wkhuh
kdyh ehhq srvlwlyh uhodwlrqvklsv ehwzhhq wkh dyhudjh qrplqdo lqwhuhvw udwh/
wkh dyhudjh xqhpsor|phqw udwh dqg wkh dyhudjh lq dwlrq udwh1 Dowkrxjk lw
lv srvvleoh wkdw xqhpsor|phqw dqg wkh qrplqdo lqwhuhvw udwh lqfuhdvhg dqg
wkhq ghfuhdvhg iru gl�huhqw uhdvrqv/ wkh frlqflghqfh ri wkh wuhqgv lq wkh wzr
vhulhv lv vxjjhvwlyh wkdw wkhuh duh fdxvdo idfwruv dw sod|1

7 Suholplqdu| Gdwd Dqdo|vlv
Li wkh prgho vxjjhvwhg e| htxdwlrq +4, lv fruuhfw/ wkh vhulhv i�c Zc Lj vkrxog
kdyh xqlyduldwh uhsuhvhqwdwlrqv wkdw duh vwdwlrqdu|1 Dv d irupdo whvw ri vwd0
wlrqdulw|/ L udq wkh dxjphqwhg Glfnh| Ixoohu uhjuhvvlrqv

{%�| ' K Eu�{%�|3� n S%�|3A n _nn�|c +6,

iru %�| ' i�|c Z|c L|j zkhuh K Eu� lv d A �|� ghjuhh sro|qrpldo lq wkh odj rs0
hudwru1 Wdeoh 4 uhsruwv wkh w0vwdwlvwlf iru wkh frh!flhqw ri S lq hdfk ri wkh
wkuhh uhjuhvvlrqv iru wkh zkroh vdpsoh dqg iru hdfk ri wzr vxe0vdpsohv eur0
nhq lq 4<:<171 Wkhvh w0ydoxhv vkrxog eh ehorz wkh fulwlfdo ydoxh uhsruwhg lq
wkh wdeoh wr uhmhfw wkh qxoo k|srwkhvlv wkdw wkh vhulhv lv qrq0vwdwlrqdu| dw
wkh 4(/ 8( ru 43( ohyhov1 Doo wkuhh vhulhv idlo wklv whvw dw wkh 43( ohyho
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lq hdfk ri wkh vxe0vdpsohv1 Dowkrxjk rqh fdq uhmhfw qrq0vwdwlrqdulw| ri wkh
lqwhuhvw udwh dw wkh 8( ohyho lq wkh hqwluh vdpsoh/ wkh whvw lv lqydolg lq wkh
suhvhqfh ri sdudphwhu lqvwdelolw|1 Vlqfh rqh fdq uhmhfw wkh k|srwkhvlv ri d
frqvwdqw0sdudphwhu uhgxfhg0irup0prgho dfurvv wkh hqwluh shulrg/ wkh uhvxowv
iru wkh hqwluh shulrg duh lqydolg1

Dowkrxjk wkh wkuhh vhulhv duh dssduhqwo| qrq0vwdwlrqdu|/ �jxuhv 4 dqg 5
vxjjhvwv wkdw olqhdu frpelqdwlrqv ri wkhp duh vwdwlrqdu|1 Lq rwkhu zrugv/ wkh
wkuhh vhulhv duh fr0lqwhjudwhg1 D frpsolfdwlqj idfwru lv wkdw wkhuh pd| kdyh
ehhq vkliwv lq wkh fr0lqwhjudwlqj uhodwlrqvklsv dv d uhvxow ri fkdqjhv lq wkh
prqhwdu| srolf| uxoh1 Vrph hylghqfh ri wklv srvvlelolw| dsshduv lq �jxuh 4
+orzhu sdqho, zklfk vxjjhvwv wkdw wkhuh zhuh fkdqjhv lq wkh uhdo lqwhuhvw udwh
durxqg wkh wlphv zkhq wkhuh zhuh vljql�fdqw fkdqjhv lq prqhwdu| srolf|1

Pdq| prghov wkdw rqh pljkw zulwh grzq lpsrvh wkh dvvxpswlrq wkdw wkh
uhdo lqwhuhvw udwh lv vwdwlrqdu|1 Vwdwlrqdulw| iroorzv iurp wkh uhsuhvhqwdwlyh
djhqw dvvxpswlrq lq frqmxqfwlrq zlwk wkh k|srwkhvlv wkdw wkh uhsuhvhqwdwlyh
djhqw kdv d frqvwdqw udwh ri wlph suhihuhqfh1 Exw d whvw ri vwdwlrqdulw| ri
wkh uhdo udwh/ e| uxqqlqj htxdwlrq +6, xvlqj wkh h{0srvw uhdo lqwhuhvw udwh dv
wkh ohiw vlgh yduldeoh/ ohdgv wr d whvw vwdwlvwlf ri 05179 zklfk idlov wr uhmhfw wkh
xqlw urrw k|srwkhvlv dw wkh 43( ohyho1

D zhdnhu irup ri wkh frqvwdqw uhdo udwh k|srwkhvlv zrxog doorz wkh uhdo
udwh ri lqwhuhvw wr gl�hu dfurvv prqhwdu| srolf| uhjlphv1 H{dpsohv ri prghov
lq wklv fodvv lqfoxgh wkh LV0OP prgho/ wkh ryhuodsslqj jhqhudwlrqv prgho/ ru
uhsuhvhqwdwlyh djhqw prghov zlwk wd{ glvwruwlrqv1 Wr doorz iru wklv srvvlelolw|
L udq wkh uhjuhvvlrq/

o| ' Sf n S�_� n S2_2 n S�_� n �|

zkhuh o| lv wkh Ihg ixqgv udwh plqxv wkh uhdol}hg lq dwlrq udwh/ dqg _�/ _2/
dqg _� duh vwhs gxpplhv iru 4<:314/ 4<:<17 dqg 4<;5171 Wkhvh gxpplhv
doorz iru lqwhufhsw vkliwv lq wkh prgho lq 4<:314/ zkhq Exuqv wrrn ryhu dv
jryhuqru ri wkh Ihg/ lq 4<:<17/ zkhq Yrofnhu lqlwldwhg d srolf| ri frqwuro ri
wkh udwh ri jurzwk ri wkh prqh| vxsso|/ dqg lq 4<;517 zkhq wklv srolf| zdv
dedqgrqhg1

Iljxuh 6 ghprqvwudwhv krz wkhvh gxpplhv khos wkh gdwd wr �w zlwk hfr0
qrplf wkhru|1 Wkh vhulhv ri vwhsshg olqhv lq wkh xsshu sduw ri wklv �jxuh
fruuhvsrqg wr hvwlpdwhv ri wkh uhdo udwh ryhu hdfk ri wkh vxe shulrgv 4<8<16�
4<:314/ 4<:314�4<:<17/ 4<:<17�4<;515 dqg 4<;515�4<<<161 Wkh lpsolhg uhdo
lqwhuhvw udwhv iurp wklv uhjuhvvlrq duh jlyhq lq wdeoh 5 dqg dq DGI vwdwlrq0
dulw| whvw ri wkh uhvlgxdov jlyhv d whvw vwdwlvwlf ri 07137 zklfk uhmhfwv wkh
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k|srwkhvlv ri d xqlw urrw dw wkh 4( ohyho1 Lq rwkhu zrugv/ wkh uhdo udwh lv
vwdwlrqdu| zlwklq prqhwdu| srolf| uhjlphv1

8 Lqwhusuhwlqj wkh Gdwd
Wr uhfds p| dujxphqw> iru doo wkuhh yduldeohv rqh fdqqrw uhmhfw wkh k|srwkhvlv
ri qrq0vwdwlrqdulw|1 Wklv vxjjhvwv wkdw htxdwlrq +4, surylghv d srru fkdudf0
whul}dwlrq ri gdwd1 Krzhyhu/ �jxuhv 4 dqg 5 vxjjhvw wkdw wkh yduldeohv pryh
wrjhwkhu dw orz iuhtxhqf|/ dw ohdvw ryhu vxe0shulrgv ri wkh prgho iru zklfk
wkh srolf| uxoh frxog uhdvrqdeo| kdyh ehhq h{shfwhg wr uhpdlq vwdeoh1 Wdnhq
wrjhwkhu/ wklv hylghqfh vxjjhvwv wkdw rqh vkrxog orrn iru d prgho wkdw fdq
h{sodlq wkh yduldeohv dv d frlqwhjudwhg v|vwhp zlwk rqh frpprq wuhqg dqg
wzr frlqwhjudwlqj htxdwlrqv1

H{lvwlqj vwxglhv xvh wkh vwdwlvwlfdo prgho

%| ' � Eu� %|3� n �|c +7,

zkhuh � Eu� lv d sro|qrpldo lq wkh odj rshudwru dqg %| dqg �| duh vwdwlrqdu|
yduldeohv1 Vlqfh lq sudfwlfh %| lv qrq0vwdwlrqdu|/ L sursrvh lqvwhdg wr vwxg|
prghov lq wkh fodvv

{%| ' � Eu�{%|3� n��%|3A n �|c +8,

zkhuh � lv d 2� � pdwul{ zkrvh froxpqv duh wkh frlqwhjudwlqj uhodwlrqvklsv
dqg � lv d � � 2 pdwul{ wkdw uh hfwv wkh zhljkwv zlwk zklfk hdfk ri wkh
frlqwhjudwlqj htxdwlrqv d�hfwv wkh g|qdplfv ri wkh yduldeohv Lc � dqg Z lq
wkh uhgxfhg irup1

Lq d wkuhh yduldeoh v|vwhp rqh fdqqrw lghqwli| wzr frlqwhjudwlqj htxd0
wlrqv e| vwxg|lqj orz iuhtxhqf| pryhphqwv vlqfh gdwd zloo foxvwhu durxqg
wkh yhfwru wkdw gh�qhv wkhlu lqwhuvhfwlrq1 Urwdwlrqv ri hlwkhu ri wkh wzr
frlqwhjudwlqj htxdwlrqv durxqg wklv yhfwru ohdyh wkh orqj uxq surshuwlhv ri
wkh v|vwhp xqdowhuhg1 Lqvwhdg/ rqh pxvw fkrrvh duelwudu| qrupdol}dwlrqv ri
wkh frlqwhjudwlqj htxdwlrqv1 Lq wkh iroorzlqj dqdo|vlv L fkrvh wkh qrupdol}d0
wlrq iru wkh pdwul{ � uhsruwhg lq wdeoh 61 Wklv qrupdol}dwlrq lv lqwhuhvwlqj
vlqfh wkhuh lv hylghqfh wkdw rqh ri wkh sursrvhg frlqwhjudwlqj uhodwlrqvklsv/
wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw/ lv vwdeoh ryhu wkh wzr
vxe0shulrgv wkdw L vwxglhg1

Lq wdeohv 7/ 8 dqg 9 L suhvhqw hvwlpdwhv ri wkh fr0lqwhjudwlqj uhodwlrqvklsv
lq wkh gdwd1 Wdeoh 7 suhvhqwv hvwlpdwhv ri wkh vxe0shulrg iurp 4<8<14 wr
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4<:<171 Wdeoh 8 lv wkh vhfrqg vxe0shulrg iurp 4<;314 wr 4<<<16 dqg wdeoh
9 suhvhqwv hvwlpdwhv iru wkh hqwluh vdpsoh1 Iru wkh wzr vxe0shulrgv/ wkh uh0
juhvvlrqv lqfoxgh wzr odjv ri gl�huhqfhg gdwd dqg iru wkh hqwluh shulrg wkh
uhjuhvvlrqv xvh irxu odjv1 L eurnh wkh gdwd lqwr wzr vxe shulrgv ehfdxvh
suholplqdu| lqyhvwljdwlrqv ri wkh xquhvwulfwhg prgho uhyhdo frqvlghudeoh sd0
udphwhu lqvwdelolw| wkdw lqydolgdwhv wkh frlqwhjudwlrq whvwv ryhu wkh zkroh
vdpsoh1

Wkh vwdwlvwlfv uhsruwhg lq wdeohv 7�9 duh whvwv ri uhgxfhg udqn ri wkh pdwul{
�� dqg wkh hljhqydoxhv uhsruwhg lq wkh ohiw froxpqv duh }hur li dqg rqo| li
wkh hljhqydoxhv ri �� duh }hur1 L frqgxfwhg wklv whvw xqghu wkh dvvxpswlrq
wkdw wkhuh lv qr ghwhuplqlvwlf wuhqg lq wkh gdwd/ exw L doorzhg iru frqvwdqwv
lq wkh wzr frlqwhjudwlqj uhodwlrqvklsv1 Irupdoo|/ dw wkh 4( ohyho/ rqh fdq
uhmhfw wkh k|srwkhvlv ri }hur frlqwhjudwlqj uhodwlrqvklsv lq idyru ri rqh/ lq
erwk vxe0shulrgv1 Vlploduo|/ rqh fdq uhmhfw wkh k|srwkhvlv wkdw wkhuh duh
wkuhh frlqwhjudwlqj htxdwlrqv1 Wkh k|srwkhvlv wkdw wkhuh lv rqh frlqwhjudwlqj
htxdwlrq/ udwkhu wkdq wzr/ lv qrw fohduo| uhmhfwhg dowkrxjk wkh olnholkrrg udwlr
iru wklv k|srwkhvlv lv forvh hqrxjk wr wkh wdlo ri wkh dv|pswrwlf glvwulexwlrq
lq hdfk fdvh iru rqh wr eh frpiruwdeoh zlwk d vwdwlvwlfdo prgho zlwk wzr
frlqwhjudwlqj htxdwlrqv dqg d vlqjoh frpprq wuhqg1

Frqglwlrqdo rq fkrrvlqj d prgho zlwk wzr frlqwhjudwlqj uhodwlrqvklsv/
wdeoh : suhvhqwv hvwlpdwhv ri wkhvh htxdwlrqv ryhu wkh wzr vxe0shulrgv 4<8<=4�
4<:<=7 dqg 4<;3=4�4<<<=61 Iljxuh 7 lv d judsk ri wkh sdudphwhuv @�c S� ri
wkh frlqwhjudwlqj uhodwlrqvkls ehwzhhq wkh Ihg ixqgv udwh dqg lq dwlrq iru
wkh wzr vxe0shulrgv zlwk 50vwdqgdug huuru erxqgv1 Iljxuh 8 suhvhqwv wkh
vdph lqirupdwlrq iru wkh frlqwhjudwlqj htxdwlrq ehwzhhq xqhpsor|phqw dqg
lq dwlrq1 Iljxuh 7 lqglfdwhv vwurqj hylghqfh djdlqvw wkh k|srwkhvlv ri d vlqjoh
frlqwhjudwlqj htxdwlrq ehwzhhq wkh lqwhuhvw udwh dqg lq dwlrq dfurvv wkh wzr
vxeshulrgv1 Exw iurp �jxuh 8 lw dsshduv wkdw wkh k|srwkhvlv ri d vlqjoh vwdeoh
frlqwhjudwlqj htxdwlrq ehwzhhq xqhpsor|phqw dqg lq dwlrq lv xqolnho| wr eh
uhmhfwhg1

9 Dq Rujdql}lqj Iudphzrun
L zloo wdnh lw dv jlyhq wkdw wkh X1V1 gdwd duh wr eh ghvfulehg e| d yhfwru
huuru fruuhfwlrq prgho zlwk wzr frlqwhjudwlqj yhfwruv1 Wkhuh lv hylghqfh
wkdw rqh ri wkhvh frlqwhjudwlqj yhfwruv/ dq htxdwlrq uhodwlqj lq dwlrq wr wkh
qrplqdo lqwhuhvw udwh/ vkliwhg gudpdwlfdoo| lq 4<:<17/ zkhq wkh Ihg fkdqjhg
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lwv prqhwdu| srolf|1 Wkh vhfrqg/ dq htxdwlrq uhodwlqj xqhpsor|phqw wr
lq dwlrq/ lv uhodwlyho| vwdeoh1 Wklv vhfwlrq hydoxdwhv wkh delolw| ri d vhulhv ri
vlpsoh hfrqrplf prghov wr h{sodlq wkhvh idfwv1

Wkh prghov L zloo hydoxdwh duh lq wkh fodvv=

.| d�2%|n� n �f%| n �� Eu� %|3�o n �| ' fc +9,

zkhuh �2 lv d pdwul{ wkdw ghvfulehv wkh lq xhqfh ri ixwxuh h{shfwdwlrqv/ �f

lv d pdwul{ wkdw ghvfulehv wkh frqwhpsrudqhrxv olqnv ehwzhhq wkh yduldeohv
ri wkh v|vwhp dqg �� Eu� lv d sro|qrpldo lq wkh odj rshudwru1 L zloo dvvxph
wkdw �| lv d yhfwru ri huuruv zlwk gldjrqdo fryduldqfh pdwul{ P dqg wkdw rqh
ri wkhvh huuruv ��| lv d udqgrp zdon1 E| gl�huhqflqj wkh htxdwlrq zlwk wkh
xqlw urrw/ dqg xvlqj wkh wudqvirupdwlrq { ' � � u/ rqh fdq dozd|v uhzulwh
wklv v|vwhp dv iroorzv

.|

k
��2{%|n� n ��f{%| n ��� Eu�{%|3�

l
n��%|3A n �| ' fc +:,

zkhuh � lv d 2��pdwul{ ri frlqwhjudwlqj yhfwruv/ � frqwdlqv wkh zhljkwv zlwk
zklfk wkhvh yhfwruv hqwhu wkh wkuhh vwuxfwxudo htxdwlrqv dqg �| lv d yhfwru
ri vwdwlrqdu| xqfruuhodwhg vwuxfwxudo huuruv1 Wklv huuru yhfwru frqwdlqv wkh
huuruv ��| � 9' �c iru wkh wzr htxdwlrqv ri +9, wkdw kdyh vwdwlrqdu| huuruv dqg
wkh gl�huhqfh {��| iru wkh htxdwlrq zlwk d qrq0vwdwlrqdu| huuru1

Wkh dvvxpswlrq wkdw wkh yhfwru �| lv gldjrqdo lv lpsruwdqw wr p| dujx0
phqw1 Wkh v|vwhp +:, lv qrw lwvhoi d vwuxfwxudo yhfwru dxwruhjuhvvlrq vlqfh lw
frqwdlqv wkh h{shfwdwlrqv whupv .| d%|n�o1 Exw lw lv d vwuxfwxudo prgho dqg lw
lv wklv idfw wkdw hqdeohv ph wr pdnh dvvxpswlrqv derxw wkh lqwhu0uhodwlrqvklsv
ri wkh huuruv1

: D Fodvv ri Vwuxfwxudo Prghov
L zloo frqvlghu d vxevhw ri prghov lq wkh fodvv gh�qhg e| htxdwlrq +:,1 Doo ri
wkhvh prghov frqvlvw ri dq djjuhjdwh ghpdqg htxdwlrq/ dq djjuhjdwh vxsso|
htxdwlrq dqg d srolf| uxoh1 P| vwudwhj| lv wr dvn li wklv fodvv ri prghov fdq
h{sodlq wkh frlqwhjudwlqj uhodwlrqvklsv xqfryhuhg lq gdwd1

Wkh djjuhjdwh ghpdqg htxdwlrq L zloo frqvlghu lv ri wkh irup

.| d�� Eu�{L|n�o n @ E�| � Z| � 4� n ��| ' fc +;,
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zkhuh @ lv d sdudphwhu1 Wklv htxdwlrq fdq eh ghulyhg iurp wkh vshfl�fdwlrq
ri Urwhpexuj dqg Zrrgirug/ ^<` ru wkdw ri PfFdooxp dqg Qhovrq ^9` e|
dgglqj wkh dvvxpswlrq wkdw xqhpsor|phqw lv olqhduo| uhodwhg wr wkh rxwsxw
jds1 Lq vlpsoh prghov wkh sro|qrpldo �� Eu� lv d frqvwdqw= lw pd| frqwdlq
kljkhu rughu whupv lq u li djhqwv kdyh qrq0vhsdudeoh suhihuhqfhv ru li xwlolw|
doorzv iru kdelw irupdwlrq1

Wkh vxsso| htxdwlrq L frqvlghu lv dq h{shfwdwlrqv dxjphqwhg Skloolsv
fxuyh ri wkh irup

Z| ' b� Eu� Z|3� n .| dE�� b� Eu�� Z|n�o� b2 Eu�
�
L| � 7L

�
n �2| ' fc +<,

zkhuh 7L lv wkh qdwxudo udwh ri xqhpsor|phqw1 Wklv vshfl�fdwlrq lv ulfk
hqrxjk wr fdswxuh erwk iruzdug dqg edfnzdug orrnlqj yhuvlrqv ri wkh Skloolsv
fxuyh1 Lq wkh vlpsohvw prghov wkh sro|qrpldov b� Eu� dqg b2 Eu� duh frq0
vwdqwv1 E| doorzlqj iru qrq0}hur whupv lq u rqh duulyhv dw d vshfl�fdwlrq
wkdw pd| ehwwhu fdswxuh wkh g|qdplfv ri hpsor|phqw dgmxvwphqw1 Wkh qdw0
xudo udwh k|srwkhvlv lv fdswxuhg e| wkh idfw wkdw wkh frh!flhqwv rq doo odjv ri
lq dwlrq vxp wr }hur vr wkdw wkhuh lv qr orqj0uxq wudgh0r� ehwzhhq lq dwlrq
dqg xqhpsor|phqw1

Wkh �qdo htxdwlrq wkdw forvhv wklv v|vwhp lv wkh srolf| uxoh wkdw L zulwh
dv

�| ' B Eu� �|3� n d�� B Eu�o
�
kZ| � q

�
L| � 7L

�
n �

�
n ��| ' fc +43,

zkhuh B Eu� lv d sro|qrpldo wkdw fdswxuhv lqwhuhvw udwh vprrwklqj ehkdylru
e| wkh Ihg dqg k/ q/ � uhsuhvhqw wkh Ihg*v uhdfwlrq wr lq dwlrq dqg xqhp0
sor|phqw1

Wkh vroxwlrq wr wkh deryh udwlrqdo h{shfwdwlrqv prgho fdq eh zulwwhq dv
d yhfwru dxwruhjuhvvlrq1 Li wkh huuru yhfwru �| lv vwdwlrqdu| dqg wkh g|qdplfv
ri wkh prgho duh vwdeoh/ wkh yduldeohv zloo frqyhujh wr dq lqyduldqw suredelolw|
glvwulexwlrq zlwk phdqv wkdw vdwlvi| htxdwlrqv +44,�+46,1

�� Z � 4 ' fc +44,

L � 7L ' fc +45,

�� kZ n qL n �f ' fc +46,

zkhuh �f ' ��q 7L 1 Li rqh ru pruh ri wkh huuru whupv ��|/ lv qrq0vwdwlrqdu|/ wkh
v|vwhp zloo kdyh d yhfwru huuru fruuhfwlrq uhsuhvhqwdwlrq1 Lq wkh iroorzlqj
vhfwlrq ri wkh sdshu L h{soruh wkh lpsolfdwlrqv ri dvvxplqj wkdw rqh ri ru
rwkhu ri wkhvh huuruv lv qrq0vwdwlrqdu|1
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; Lv wkh QUK Frqvlvwhqw zlwk GdwdB
Wkh prghov L kdyh ghvfulehg frqwdlq d srolf| uxoh dqg wzr htxdwlrqv wkdw
ghvfuleh fxuuhqw ehkdylru dv d ixqfwlrq ri fxuuhqw dqg ixwxuh h{shfwhg hq0
grjhqrxv yduldeohv1 Wkh fryduldqfh pdwul{ ri vwuxfwxudo vkrfnv/ Pc lv dvvxphg
gldjrqdo dqg L lghqwli| �� dv d ghpdqg vkrfn/ �2 dv d vxsso| vkrfn dqg �� dv
d srolf| vkrfn1 L zloo wkhq dvn li lw lv srvvleoh iru prghov ghvfulehg e| htxd0
wlrqv +;,�+43, wr h{sodlq wkh wzr frlqwhjudwlqj uhodwlrqvklsv irxqg lq gdwd e|
gursslqj wkh dvvxpswlrq wkdw doo wkuhh ixqgdphqwdo huuruv duh vwdwlrqdu|1

Wklv vwudwhj| jlyhv ulvh wr wkuhh srvvlelolwlhv iru wkh fr0lqwhjudwlqj yhfwruv1
Iluvw/ vxssrvh wkdw wkh djjuhjdwh vxsso| fxuyh kdv guliwhg ryhu wlph1 Wklv
k|srwkhvlv lpsolhv wkdw �2 lv qrq0vwdwlrqdu| dqg wkdw wkh wzr fr0lqwhjudwlqj
yhfwruv/ iurp htxdwlrqv +44, dqg +46,/ duh i�c��c 4j dqg

q
�c �3k

q
c �f
q

r
1 Vhf0

rqg/ wkh qrq0vwdwlrqdu| frpsrqhqw pd| eh frplqj iurp wkh srolf| uxoh1 Lq
wklv fdvh wkh fr0lqwhjudwlqj yhfwruv/ jlyhq e| +44, dqg +45,/ duh i�c��c 4j dqg�
�c fc 7L

�
� Ilqdoo|/ wkh djjuhjdwh ghpdqg htxdwlrq pd| eh qrq0vwdwlrqdu|1

Lq wklv fdvh wkh frlqwhjudwlqj yhfwruv/ jlyhq e| htxdwlrqv +45, dqg +46,/ duh
i�c�kc �fj dqg

�
�c fc� 7L

�
1 Wkh iroorzlqj wkuhh vhfwlrqv glvfxvv hdfk ri

wkhvh srvvlelolwlhv1

;14 Guliw lq wkh Qdwxudo Udwh Fdq*w H{sodlq wkh Frp0
prq Wuhqg

Wkh prvw frpprq h{sodqdwlrq iru wkh xqlw urrw lq xqhpsor|phqw lv wkdw
wkh qdwxudo udwh kdv ehhq guliwlqj ryhu wlph gxh wr vwuxfwxudo fkdqjhv lq
wkh oderu pdunhw1 Li wklv h{sodqdwlrq lv wr kdyh dq| krsh ri h{sodlqlqj zk|
wkhuh lv frlqwhjudwlrq ehwzhhq lq dwlrq dqg xqhpsor|phqw/ rqh pxvw dvvxph
wkdw wkh Ihg fdqqrw revhuyh wkh qdwxudo udwh1 Li wklv zhuh qrw wkh fdvh/ wkh
Ihg zrxog suhvxpdeo| uhdfw rqo| wr wkh xqhpsor|phqw jds/ udwkhu wkdq wkh
ohyho ri xqhpsor|phqw/ dqg d guliwlqj qdwxudo udwh zrxog qrw ohdg wr guliw lq
lq dwlrq1

Vxssrvh/ wkdw 7L lv xq0revhuydeoh dqg kdv d xqlw urrw1 Dq htxlydohqw
dvvxpswlrq lv wkdw wkhuh lv d qrq0vwdwlrqdu| huuru whup wr wkh vxsso| htxd0
wlrq �2| 1 Wklv ohdgv wr d prgho ri wkh lq dwlrq exlog0xs vlplodu wr d uhfhqw
h{sodqdwlrq ri Ruskdqlghv ^:` zkr dujxhv wkdw wkh Ihg zdv wrr orrvh lq lwv
lq dwlrq srolf| lq wkh 4<:3*v ehfdxvh srolf| pdnhuv v|vwhpdwlfdoo| xqghuhv0
wlpdwhg wkh qdwxudo udwh1 L zloo uhihu wr wklv k|srwkhvlv dv wkh vxsso| vlgh
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h{sodqdwlrq ri frlqwhjudwlrq1
Dffruglqj wr wkh vxsso| vlgh h{sodqdwlrq/ wkh huuru whup �2| lv d udqgrp

zdon dqg khqfh L � 7L ' f fdqqrw eh rqh ri wkh fr0lqwhjudwlqj htxdwlrqv1
Lqvwhdg/ wkh fr0lqwhjudwlqj yhfwruv duh � � Z � 4 ' fc +wkh Ilvkhu htxdwlrq,
dqg ��kZnqLn�f ' f/ +wkh srolf| uxoh,1 Exw li wkh Ilvkhu htxdwlrq dqg wkh
srolf| uxoh duh fr0lqwhjudwlqj uhodwlrqvklsv wkhq wkh Ihg ixqgv udwh dqg wkh
lq dwlrq udwh vkrxog fr0lqwhjudwh zlwk wkh yhfwru i�c��c 4j � Wklv frqwudglfwv
wkh idfwv suhvhqwhg lq wdeoh :1 Dffruglqj wr wklv hylghqfh/ wkh lqwhuhvw udwh�
lq dwlrq fr0lqwhjudwlqj yhfwru lq wkh suh 4<;3 shulrg zdv i�c�f�D.c�2�Dj dqg
lq wkh srvw 4<;3 shulrg lw zdv i�c�2��c f�e2j1 Ixuwkhu/ wkhvh fr0lqwhjudwlqj
yhfwruv duh wljkwo| hvwlpdwhg zlwk vwdqgdug huuruv wkdw doorz rqh hdvlo| wr
uhmhfw wkh k|srwkhvlv wkdw wkh wuxh uhodwlrqvkls lv i�c��c 4j1

D zhdnhu irup ri wkh djjuhjdwh ghpdqg htxdwlrq zrxog uhsodfh htxdwlrq
+44, zlwk htxdwlrq +47d,/

�� Z � 4� �L ' fc � : f� +47d,

Wklv htxdwlrq zrxog dulvh dv wkh orqj0uxq ghpdqg htxdwlrq lq dq LV0OP
prgho lq zklfk lw kdv wkh lqwhusuhwdwlrq ri dq LV fxuyh1 Lw lv srvvleoh wr
ghulyh d vlplodu orqj0uxq uhodwlrqvklsv lq ryhuodsslqj jhqhudwlrqv prghov ru
lq uhsuhvhqwdwlyh djhqw prghov zlwk wd{ glvwruwlrqv wkdw doorz wkh uhdo lqwhuhvw
udwh wr ydu| zlwk srolf|1 Xqghu wklv lqwhusuhwdwlrq wkh Ilvkhu htxdwlrq lv d
vshfldo fdvh ri wkh LV fxuyh lq zklfk wkh orqj0uxq LV fxuyh lv krul}rqwdo1 Exw
wkh LV fxuyh lqwhusuhwdwlrq grhv qr ehwwhu wkdq wkh Ilvkhu h{sodqdwlrq vlqfh
lw lpsolhv fr0lqwhjudwlqj uhodwlrqvklsv i�c @�c S�j c i�c @2c S2j zkhuh

@� ' � Eqnk��
qn�

S� '
E�

f
�3q4�

Eqn��

@2 '
E�3k�
Eqn��

S2 '
E4n�

f
�

Eqn��
�

Wkh sdudphwhuv � dqg q duh erwk suhglfwhg e| wkhru| wr eh srvlwlyh1 Exw
iurp wdeoh : zh vhh wkdw wkh devroxwh ydoxh ri frh!flhqw @� zdv hvwlpdwhg wr
eh vljql�fdqwo| ohvv wkdq rqh lq wkh �uvw vxe0shulrg1 Wklv lpsolhv wkdw k pxvw
eh ehwzhhq }hur dqg rqh1 Exw wkh frh!flhqw rq wkh vhfrqg fr0lqwhjudwlqj
uhodwlrqvkls/ @2/ zdv hvwlpdwhg wr eh qhjdwlyh/ lpso|lqj k : �/ zklfk lv d
frqwudglfwlrq1
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;15 Guliw lq wkh Srolf| Uxoh Fdq*w H{sodlq wkh Frp0
prq Wuhqg

Dffruglqj wr d srsxodu lqwhusuhwdwlrq ri wkh lq dwlrq exlog0xs lq wkh :3*v/
prqhwdu| srolf| lq wkh srvw0zdu shulrg uhvxowhg iurp wlph lqfrqvlvwhqf| ri
wkh rswlpdo srolf|1 Wklv lghd/ gxh wr N|godqg dqg Suhvfrww ^8` dqg Eduur
dqg Jrugrq ^4`/ kdv uhfhqwo| ehhq h{soruhg e| Luhodqg ^7`1 L zloo lqwhusuhw wkh
wlph lqfrqvlvwhqf| k|srwkhvlv dv d qrq0vwdwlrqdu| ydoxh ri ��/ wkh huuru whup
lq wkh srolf| uxoh1 Li srolf| lv wkh vrxufh ri wkh frpprq wuhqg wkhq/ xqghu wkh
vwulfw irup ri wkh udwlrqdo h{shfwdwlrqv uhsuhvhqwdwlyh djhqw prgho/ rqh zrxog
h{shfw wr revhuyh wkh fr0lqwhjudwlqj yhfwruv � � Z � 4 ' f dqg L � 7L ' f1
Rqfh djdlq/ wklv frqwudglfwv wkh hvwlpdwhv lq wdeoh : vlqfh wkh lqwhuhvw udwh
dqg lq dwlrq gr qrw fr0lqwhjudwh zlwk frh!flhqwv i�c��j1 Xqghu wkh zhdn
irup ri wkh djjuhjdwh ghpdqg k|srwkhvlv wkdw uhsodfhv wkh Ilvkhu htxdwlrq
zlwk dq LV fxuyh/ rqh zrxog h{shfw wr revhuyh wkh frlqwhjudwlqj htxdwlrqv
�� Z � 4� �L dqg L � 7L ' f1 Wklv prgl�fdwlrq dovr idoov irxo ri wkh gdwd
iru wkh uhdvrqv h{sodlqhg ehorz1

Lq wkh vhfrqg vxe0shulrg/ rqh fdqqrw uhmhfw wkh k|srwkhvlv wkdw xqhpsor|0
phqw lv vwdwlrqdu| vlqfh @2 ' f idoov mxvw zlwklq wzr vwdqgdug huuru edqgv
ri wkh hvwlpdwhg srlqw ydoxh ri �f�fS� Wklv lpsolhv wkdw wkh qdwxudo udwh
k|srwkhvlv kdv vrph fkdqfh ri vxffhvv/ dw ohdvw diwhu 4<;5/ vlqfh rqh fdqqrw
uhmhfw wkdw

�
�c fc� 7L

�
lv wkh xqhpsor|phqw0lq dwlrq frlqwhjudwlqj yhfwru1

Wkh �uvw vxe0shulrg lv vwloo d sureohp vlqfh wkh srlqw hvwlpdwh ri @2 lv �f��D
dqg f lv pruh wkdq wzr vwdqgdug huuruv dzd| iurp wklv ydoxh1 Exw hyhq li
rqh zhuh wr dffhsw wkdw xqhpsor|phqw lv vwdwlrqdu|/ rqh zrxog vwloo uhmhfw
wkh frpsohwh prgho1 Li xqhpsor|phqw lv vwdwlrqdu| dqg li wkh frpprq wuhqg
lq wkh prgho dulvhv iurp qrq0vwdwlrqdu| srolf|/ wkh Ilvkhu htxdwlrq vkrxog
krog dv d fr0lqwhjudwlqj htxdwlrq1 Lq rwkhu zrugv/ rqh zrxog h{shfw wr �qg
wkdw wkh lqwhuhvw udwh dqg lq dwlrq fr0lqwhjudwh zlwk frh!flhqwv i�c��j � Dv
h{sodlqhg deryh/ wklv k|srwkhvlv lv uhmhfwhg lq erwk vdpsoh shulrgv1

;16 Guliw lq Djjuhjdwh Ghpdqg Fdq H{sodlq wkh Frp0
prq Wuhqg li Rqh Gursv wkh Qdwxudo Udwh K|srwk0
hvlv

Dv d �qdo srvvlelolw|/ vxssrvh wkdw wkh huuru whup �� lv qrq0vwdwlrqdu|1 Wklv
dvvxpswlrq lpsolhv wkdw wkh frpprq wuhqg lq gdwd dulvhv iurp guliw lq wkh

45



djjuhjdwh ghpdqg htxdwlrq1 Li rqh pdlqwdlqv wkh qdwxudo udwh k|srwkhvlv/ wkh
fr0lqwhjudwlqj uhodwlrqvklsv vkrxog eh L � 7L ' f/ dqg ��kZn qL n �f ' f�
Rqfh djdlq/ wklv k|srwkhvlv lv uhmhfwhg e| hylghqfh iurp wkh �uvw vxe0shulrg1
Gxulqj wklv shulrg wkhuh lv hylghqfh ri d fr0lqwhjudwlqj uhodwlrqvkls ehwzhhq
xqhpsor|phqw dqg wkh lq dwlrq udwh zlwk d fr0h!flhqw rq lq dwlrq wkdw
lv vljql�fdqwo| gl�huhqw iurp }hur1 Lq wkh vhfrqg vxe0shulrg/ rqh fdqqrw
uhmhfw wkh k|srwkhvlv wkdw xqhpsor|phqw lv vwdwlrqdu|1 Wklv fdvh lv frqvlvwhqw
zlwk wkh qdwxudo udwh k|srwkhvlv vlqfh wkh frlqwhjudwlqj uhodwlrqvkls ehwzhhq
lq dwlrq dqg wkh lqwhuhvw udwh lv jlyhq e| wkh yhfwru i�c�2��j zklfk frxog
dulvh iurp d srolf| uxoh lq zklfk wkh Ihg djjuhvvlyho| �jkwv lq dwlrq1

Wdnhq rq lwv rzq/ rqh frxog dffhsw wkdw wkh srvw 4<;5 gdwd lv frqvlvwhqw
zlwk wkh qdwxudo udwh k|srwkhvlv/ sduwlfxoduo| li rqh kdg vwurqj sulruv lq wklv
gluhfwlrq1 Exw wkh suh 4<;5 hylghqfh lv lqfrqvlvwhqw zlwk wklv k|srwkhvlv dqg
lw lv vrphzkdw xqvdwlvidfwru| wr kdyh dq h{sodqdwlrq ri wkh idfwv wkdw rqo|
zrunv iru vxeshulrgv ri wkh gdwd1 Wkh wlwoh ri wklv sdshu/ qdwxudo udwh grxewv/
dulvhv iurp wkh idfw wkdw wkhuh lv dq dowhuqdwlyh wr wkh qdwxudo udwh k|srwkhvlv
wkdw �wv wkh hylghqfh vrphzkdw ehwwhu1

Lq d fodvv ri prghov/ sxw iruzdug e| Ehqkdele dqg Iduphu ^5`/ wkh Skloolsv
fxuyh lv uhsodfhg e| d orqj uxq djjuhjdwh vxsso| uhodwlrqvkls ehwzhhq xq0
hpsor|phqw dqg uhdo edodqfhv1 Vlqfh kljk lq dwlrq hfrqrplhv duh rqhv lq
zklfk djhqwv fkrrvh wr krog ohvv uhdo edodqfhv/ wklv fodvv ri prghov suhglfwv
d srvlwlyho| vorshg orqj uxq Skloolsv fxuyh1 Lq Ehqkdele0Iduphu hfrqrplhv/
wkh qdwxudo udwh k|srwkhvlv +45, zrxog eh uhsodfhg/ lq wkh orqj0uxq/ e| dq
htxdwlrq ri wkh irup

L � 7L ' wZ�

Wkh Ehqkdele0Iduphu prgho kdv wkh vdph sureohpv h{sodlqlqj gdwd dv
wkh qdwxudo udwh prgho li wkh frpprq wuhqg dulvhv iurp djjuhjdwh vxsso| ru
iurp srolf|1 Exw li djjuhjdwh ghpdqg lv wkh vrxufh ri qrq0vwdwlrqdulw|/ wkh
prgho fdq h{sodlq erwk fr0lqwhjudwlqj yhfwruv1 Lq dgglwlrq lw fdq dffrxqw iru
wkh vkliw lq gluhfwlrq ri wkh guliw lq lq dwlrq ehiruh dqg diwhu 4<;5 dqg iru
wkh vkliw lq wkh fr0lqwhjudwlqj yhfwru dw wkh gdwh ri wkh fkdqjh1

Vxssrvh wkhuh h{lvwv d orqj0uxq srvlwlyho|0vorshg Skloolsv fxuyh dqg vxs0
srvh ixuwkhu wkdw wkh frpprq wuhqg lq doo wkuhh vhulhv dulvhv iurp d qrq0
vwdwlrqdu| vkrfn wr wkh djjuhjdwh ghpdqg htxdwlrq1 Lq wklv fdvh rqh zrxog
h{shfw wr vhh wzr fr0lqwhjudwlqj yhfwruv1 Rqh lv L ' 7L n wZ/ +wkh orqj0
uxq djjuhjdwh vxsso| fxuyh, dqg wkh rwkhu lv � ' kZ � qL n �f +wkh srolf|
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uxoh,1 Dffruglqj wr wklv lqwhusuhwdwlrq ri wkh gdwd wkh vwdeoh frlqwhjudwlqj
yhfwru ehwzhhq xqhpsor|phqw dqg lq dwlrq lv hylghqfh ri d vwdeoh orqj uxq
vxsso| uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw zlwk d vorsh ri ds0
sur{lpdwho| f��c +d �jxuh wkdw dyhudjhv wkh suh dqg srvw 4<;5 hvwlpdwhv ri
@2,1

Hylghqfh lq vxssruw ri wkh k|srwkhvlv ri d vwdeoh xszdug vorslqj orqj0
uxq Skloolsv fxuyh fdq eh irxqg lq �jxuh 8 zklfk sorwv hvwlpdwhv ri wkh
xqhpsor|phqw0lq dwlrq frlqwhjudwlqj sdudphwhuv iru wkh suh dqg srvw 4<;5
shulrgv/ wrjhwkhu zlwk 50vwdqgdug huuru edqgv1 Wklv hylghqfh lqglfdwhv vxs0
sruw iru wkh k|srwkhvlv wkdw wkh suh0zdu hvwlpdwh ri @2 ' �f��D lv lqvljql�0
fdqwo| gl�huhqw iurp wkh srvw0zdu hvwlpdwh ri @2 ' �f�fS1

Xqghu wkh xszdug vorslqj Skloolsv fxuyh k|srwkhvlv/ wkh lqwhuhvw udwh0
lq dwlrq fr0lqwhjudwlqj yhfwru lv wkh srolf| uxoh1 Wklv fr0lqwhjudwlqj uhod0
wlrqvkls kdv frh!flhqwv rq wkh lqwhuhvw udwh dqg lq dwlrq ri i�c� Ek n qw�j
dqg wkh sdudphwhuv k dqg q fdqqrw eh vhsdudwho| lghqwl�hg1 Rqh fdq/ krz0
hyhu/ lqihu iurp wkh idfw wkdw k n qw lqfuhdvhg iurp �f�D. wr 2�� wkdw d
frpelqdwlrq ri wkh uhvsrqvh ri wkh Ihg wr xqhpsor|phqw dqg lq dwlrq/ e|
udlvlqj ru orzhulqj wkh lqwhuhvw udwh/ zdv pxfk pruh djjuhvvlyh diwhu 4<;5
wkdq ehiruh14

Lq dgglwlrq wr h{sodlqlqj wkh fr0lqwhjudwlqj uhodwlrqvkls ehiruh dqg diwhu
4<;5/ wkh xszdug vorslqj Skloolsv fxuyh k|srwkhvlv kdv d vhfrqg dwwudfwlyh
ihdwxuh1 Lw h{sodlqv zk| lq dwlrq uhyhuvhg gluhfwlrq dw wkh srlqw ri wkh srolf|
vkliw lq 4<;51 Wr vhh krz wklv h{sodqdwlrq zrunv/ qrwlfh wkdw wkh orqj0uxq
ehkdylru ri lq dwlrq lv jryhuqhg e| wkh htxdwlrq

�� Z � 4 ' ��

zkhuh �� kdv d xqlw urrw1 Exw lq dwlrq dqg wkh lqwhuhvw udwh duh fr0lqwhjudwhg
zlwk fr0lqwhjudwlqj yhfwru i�c�k�j zkhuh k� � k n qw1 Lw iroorzv wkdw wkh
orqj0uxq ehkdylru ri lq dwlrq lv jryhuqhg e| wkh htxdwlrq

�
�� k�

k�

�
Z ' 4 n ���

4Wklv lqwhusuhwdwlrq ri wkh fkdqjh lq wkh uhodwlrqvkls ehwzhhq wkh lqwhuhvw udwh dqg
lq dwlrq/ dv d fkdqjh lq Ihg srolf|/ lv e| qrz zlgho| dffhswhg1 Vhh/ iru h{dpsoh/ wkh
sdshu e| Fodulgd Jdol dqg Jhuwohu ^6`1 Zkdw lv qryho lq p| dqdo|vlv lv wkh uhfrjqlwlrq
wkdw wklv frh!flhqw lv lghqwl�hg e| d frlqwhjudwlqj uhodwlrqvkls lq d prgho lq zklfk wkhuh
lv d qrq0vwdwlrqdu| djjuhjdwh ghpdqg fxuyh1
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Vxssrvh wkdw �� kdv d xqlw urrw dqg lv guliwlqj ryhu wlph1 Wkhq lq dwlrq zloo
dovr eh d xqlw urrw surfhvv zlwk guliw> exw wkh gluhfwlrq ri wkh guliw lq lq dwlrq
zloo ghshqg rq wkh pdjqlwxgh ri k�� Li k� lv ohvv wkdq rqh lq devroxwh ydoxh/
dv lw zdv ehiruh 4<;5/ lq dwlrq dqg �� zloo pryh lq wkh vdph gluhfwlrq1 Li
lw lv juhdwhu wkdq �/ dv lw zdv diwhu 4<;5/ Z dqg �� zloo guliw lq rssrvlwh
gluhfwlrqv1 Khqfh wkh prgho lq zklfk wkhuh lv d orqj0uxq Skloolsv fxuyh fdq
h{sodlq wkh frlqwhjudwlqj uhodwlrqvklsv ehwzhhq wkh yduldeohv/ dqg wkh fkdqjh
lq wkh gluhfwlrq ri wkh guliw/ e| lqyrnlqj d vlqjoh srolf| fkdqjh lq 4<;51 Lq
p| ylhz/ wklv h{sodqdwlrq ri hyhqwv lv pruh frpshoolqj wkdq h{sodqdwlrqv
wkdw lqyrnh wkh qdwxudo udwh k|srwkhvlv dqg lw lv wklv idfw wkdw ohdgv wr p|
�qdwxudo udwh grxewv�1

< Frqfoxvlrq
Lq vxppdu|/ wkhuh lv vwurqj hylghqfh wkdw wkh lq dwlrq udwh/ wkh xqhpsor|0
phqw udwh dqg wkh qrplqdo lqwhuhvw udwh duh qrq0vwdwlrqdu| lq X1V1 gdwd iurp
4<8< wkurxjk 4<<<1 Wkhuh lv ixuwkhu hylghqfh ri wzr fr0lqwhjudwlqj htxdwlrqv/
rqh ehwzhhq wkh lqwhuhvw udwh dqg wkh lq dwlrq udwh dqg d vhfrqg ehwzhhq
xqhpsor|phqw dqg wkh lq dwlrq udwh1 Wkh �uvw frlqwhjudwlqj htxdwlrq glv0
sod|v d pxfk odujhu uhvsrqvh ri wkh lqwhuhvw udwh wr lq dwlrq diwhu 4<;3 wkdq
ehiruh 4<;31 Wkh vhfrqg kdv ehhq vwdeoh ryhu wkh hqwluh shulrg vwxglhg1

Lw lv iuhtxhqwo| srlqwhg rxw wkdw wkh xqhpsor|phqw udwh lv d erxqghg
yduldeoh dqg fdqqrw eh ghvfulehg e| d udqgrpzdon1 Wklv fulwlflvp lv orjlfdoo|
fruuhfw exw luuhohydqw vlqfh xqhpsor|phqw pd| zhoo ehkdyh dssur{lpdwho|
dv d udqgrp zdon ryhu wkh shulrg ri lqwhuhvw1 Lw pd| dovr eh srlqwhg rxw wkdw
irupdo whvwv kdyh olwwoh srzhu wr glvwlqjxlvk d xqlw urrw iurp d vwdwlrqdu|
surfhvv zlwk d urrw forvh wr rqh1 Wklv vhfrqg srlqw lv dovr fruuhfw/ exw zkhq
urrwv duh forvh wr rqh/ d plv0vshfl�hg prgho wkdw dvvxphv dq L+4, surfhvv
pd| eh d jrrg dssur{lpdwlrq wr wkh gdwd jhqhudwlqj surfhvv1 Huuruv ri
lqihuhqfh lqwurgxfhg e| wklv plv0vshfl�fdwlrq duh xqolnho| wr eh vhulrxv1 Li
wkh wuxh surfhvv lv qrq0vwdwlrqdu|/ rq wkh rwkhu kdqg/ plv0vshfl�fdwlrq eldv
iurp dvvxplqj vwdwlrqdulw| fdq ohdg wr vhulrxv huuruv ri lqihuhqfh1 Iru wkhvh
uhdvrqv/ wkh dvvxpswlrq ri d frlqwhjudwhg v|vwhp vkrxog eh wdnhq vhulrxvo|
dv d sduvlprqlrxv ghvfulswlrq ri wkh gdwd1

Jlyhq wkdw rqh dffhswv wklv vwdwlvwlfdo uhsuhvhqwdwlrq ri wkh gdwd/ krz
pljkw rqh uhvsrqg wr wkh hylghqfhB Lq wkh sdshu L kdyh pdgh wzr vhsdudwh
fodlpv/ erwk edvhg rq wkh dvvxpswlrq wkdw rqh vkrxog vhhn d frpprq fdxvh
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iru wkh euhdn lq gdwd wkdw dsshduv lq 4<;31 Wkh �uvw lv wkdw wkh vrxufh
ri qrq0vwdwlrqdulw| lq wkh gdwd lv d xqlw urrw lq wkh vkrfn wr wkh djjuhjdwh
ghpdqg htxdwlrq1 Wkh vhfrqg lv wkdw wkh qdwxudo udwh k|srwkhvlv lv idovh1
Li rqh lv zloolqj wr dffhsw wkh frlqflghqwdo dqg vlpxowdqhrxv fkdqjh lq wzr
gl�huhqw vwuxfwxudo htxdwlrqv/ wkhq p| dujxphqwv euhdn grzq1 Iru h{dpsoh/
wkh wuhqg lq wkh lq dwlrq udwh pd| kdyh ehhq fdxvhg e| d Ihg srolf| wkdw
uhyhuvhg lwvhoi lq 4<;3 dw wkh vdph wlph wkdw ixqgdphqwdo idfwruv fdxvhg d
uhyhuvdo lq wkh xszdug wuhqg lq xqhpsor|phqw1

Wkh fodlp iru qrq0vwdwlrqdulw| lq wkh djjuhjdwh ghpdqg htxdwlrq lv wkh
vwurqjhu ri p| wzr fodlpv1 Lw lv edvhg sulpdulo| rq wkh devhqfh ri d Ilvkhu
uhodwlrqvkls ryhu wkh wzr vxeshulrgv1 Dowhuqdwlyh h{sodqdwlrqv duh srvvleoh1
Iru h{dpsoh/ wkh sulfh lqgh{ pd| eh plv0phdvxuhg dqg vkrxog shukdsv lq0
foxgh dq lqgh{ ri wkh sulfhv ri lpsruwhg jrrgv1 Exw jlyhq wkh pdlqwdlqhg
dvvxpswlrqv ri wkh prgho/ lw lv gl!fxow wr vhh zkhuh hovh wr sodfh wkh vrxufh
ri qrq0vwdwlrqdulw|1 Hylghqfh djdlqvw wkh qdwxudo udwh k|srwkhvlv lv zhdnhu/
dqg rqh fdqqrw uhmhfw wkh k|srwkhvlv wkdw xqhpsor|phqw lv vwdwlrqdu| lq
wkh srvw 4<;3 shulrg1 Exw li rqh vhhnv d frpprq h{sodqdwlrq ri wkh hqwluh
shulrg/ wkh lqwhusuhwdwlrq ri dq xszdug vorslqj orqj0uxq Skloolsv fxuyh lv
pruh sodxvleoh1 Wkh Ehqkdele0Iduphu prgho lv rqh srvvleoh h{sodqdwlrq ri d
plfur0edvhg wkhru| zlwk wklv surshuw|/ exw wkhuh duh rwkhuv wkdw duh htxdoo|
zhoo urrwhg lq udwlrqdo ehkdylru e| lqglylgxdo djhqwv1 Uhmhfwlrq ri wkh qdw0
xudo udwh k|srwkhvlv vkrxog qrw ohdg xv wr jlyh xs rq udwlrqdo fkrlfh1 Wkh
hylghqfh vxjjhvwv krzhyhu/ wkdw zh vkrxog eh vnhswlfdo ri wkhrulhv wkdw lqfru0
srudwh vxshuqhxwudolw| dv d pdlqwdlqhg dvvxpswlrq ri dq hfrqrplf prgho1
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Table 1: ADF Test Statistic Whole Sample 59.1 99.3
Inflation -1.749322
Interest Rate -2.945355
Unemployment -2.058254

1%   Critical Value  -3.4715
5%   Critical Value  -2.8792
10% Critical Value  -2.5761

ADF Test Statistic Sub Period 59.1 79.4
Inflation -1.302998
Interest Rate -1.186703
Unemployment -2.106276

1%   Critical value
5%   Critical Value
10% Critical Value

-3.5092
-2.8959
-2.5849

ADF Test Statistic Sub Period 80.1 99.7
Inflation -1.982781
Interest Rate -1.639029
Unemployment -1.374947

1%   Critical value
5%   Critical Value
10% Critical Value

-3.5142
-2.8981
-2.5680
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Table 2: Real Interest
Rate

1959.3 – 1970.1 1.6%
1970.2 – 1979.3 0.1%
1979.4 – 1982.2 6.7%
1982.3 – 1999.3 4.6%

56



Table 3: i U Constant
1 0 a1 c1

0 1 a2 c2
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Table 4 Sample1959:1 1979:4
Lags interval: 1 to 2:

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical

Value
Critical
Value

No. of CE(s)

 0.341886  45.09370  34.91  41.07       None **
 0.113389  11.62357  19.96  24.60    At most 1
 0.024638  1.995697   9.24  12.97    At most 2

 Normalized Cointegrating Coefficients: 2 Cointegrating
Equation(s)

Fed. Funds Rate Unemployment Inflation Constant
 1.000000  0.000000 -0.574696 -2.523327

 (0.11268)  (0.47236)
 0.000000  1.000000 -0.155720 -1.084707

 (0.07550)  (0.31653)
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Table 5 Sample1980:1 1999:3
Lags interval: 1 to 2:

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical

Value
Critical
Value

No. of CE(s)

 0.388743  57.07889  34.91  41.07       None **
 0.120510  18.19213  19.96  24.60    At most 1
 0.096851  8.047512   9.24  12.97    At most 2

 Normalized Cointegrating Coefficients: 2 Cointegrating
Equation(s)

Fed. Funds Rate Unemployment Inflation Constant
 1.000000  0.000000 -2.271630  0.423117

 (0.44886)  (1.65211)
 0.000000  1.000000 -0.057736 -1.549507

 (0.04006)  (0.14745)
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Table 6 Sample1959:1 1999:3
Lags interval: 1 to 4:

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical

Value
Critical
Value

No. of CE(s)

 0.113183  32.29676  34.91  41.07       None
 0.048443  13.43845  19.96  24.60    At most 1
 0.035302  5.642535   9.24  12.97    At most 2

 Normalized Cointegrating Coefficients: 2 Cointegrating
Equation(s)

Fed. Funds Rate Unemployment Inflation Constant
 1.000000  0.000000 -1.353125 -1.096836

 (0.57469)  (2.41282)
 0.000000  1.000000 -0.160312 -1.123353

 (0.05017)  (0.21063)
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Table 7 Fed Funds
Rate

Unemploy
ment

Inflation Constant

First
Equation.

1 0 -0.57
(0.11)

-2.5
(0.47)1959.1-

1979.4 Second
Equation.

0 1 -0.15
(0.07)

-1.08
(0.31)

First
Equation.

1 0 -2.27
(0.45)

0.42
(1.65)1980.1-

1999.3 Second
Equation.

0 1 -0.06
(0.04)

-1.5
(0.14)

5;
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