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ABSTRACT

Uncertainty on Monetary Policy and the Expectations
Model of the Term Structure of Interest Rates

In this Paper we estimate jointly a forward-looking reaction function for the
three-month rate along with a term structure relationship linking the six-month
interest rates to current and expected future three-month rates. In our
empirical model the response of the six-month interest rates to current and
future three-month interest rates is allowed to depend on uncertainty on
monetary policy. The expectation theory cannot be rejected in periods of low
uncertainty on monetary policy.
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NON-TECHNICAL SUMMARY

The empirical failure of the expectations theory of the term structure of interest
rates is generally attributed either to systematic expectations errors, or to shifts in
the risk premia. In this Paper we concentrate on the short end of the term
structure, considering the behaviour of three-month and six-month interest rates,
to analyse explicitly the importance of uncertainty in monetary policy in explaining
the failure of the expectations model.

Expectations errors on short-term interest rates are usually related to peso
problems or to their very low predictability. In a famous study Mankiw and Miron
(1986), using data on a three- and six-month maturity, found evidence in favour
of the expectation theory prior to the founding of the Federal Reserve System in
1915. Interestingly, they show that the shift in regime occurred with the founding
of the Fed, and led to a remarkable decrease in the predictability of short-term
interest rates. Rudebusch (1995) and Balduzzi et al. (1997), expand on this
evidence by looking at more recent data.

The claim of very low predictability of policy rates contradicts a growing body of
empirical literature, which has established interest rate rules as a convenient way
to model and interpret monetary policy. An interest rate rule relates the setting of
a short-term money market rate (such as the Federal Funds rate in the US) to a
central bank’s perception of the inflation and output gaps. Taylor (1993) – from
which this literature originates – simply postulated a plausible rule and found that
it accurately describes how monetary policy actually has been conducted over
the period 1987–92. The original work by Taylor has been refined in a number of
Papers by Clarida, Gali and Gertler, (1998, 1999, 2000), who have shown that a
forward-looking version of the Taylor rule with some interest rate persistence not
only tracks the data well, but is also capable of explaining the high inflation in the
1970s in terms of an accommodating behaviour towards inflation in the pre-
Volcker era. We propose to assess explicitly the role of misprediction on
monetary policy by estimating jointly a forward-looking interest rate rule,
determining the three-month rates given macroeconomic conditions, and an
expectations model, determining the six-month rates given current and expected
future three-month rates. As both the equations in our model are forward looking,
we apply GMM as the most natural approach to the solution of our estimation
problem. Joint estimation allows measurement of the importance of expectation
errors on three-month rates in explaining deviations from the expectation model.
Within our framework, expectation errors on the short-term interest rates reflect
uncertainty on monetary policy directly. Estimation of our model on monthly US
data over the period 1984–99 points towards the rejection of the expectations
model over the whole sample but also provides evidence for a clear reduction in
uncertainty on monetary policy from 1994 onwards. Allowing then for a role of
uncertainty of monetary policy in shaping the response of the six-month interest
rates to current and future three-month interest rates, we find that such a
response is fully compatible with the predictions of the expectations model from
1994 onwards.



4 Lqwurgxfwlrq

Wkh hpslulfdo idloxuh ri wkh h{shfwdwlrqv wkhru| ri wkh whup vwuxfwxuh ri

lqwhuhvw udwhv lv jhqhudoo| dwwulexwhg hlwkhu wr v|vwhpdwlf h{shfwdwlrqv huuruv/

ru wr vkliwv lq wkh ulvn suhpld +vhh wkh wh{werrn wuhdwphqw lq Fdpsehoo/ Or/

PdfNlqod|/ 4<<:/ Fkdswhu 43,1 Lq wklv sdshu zh frqfhqwudwh rq wkh vkruw

hqg ri wkh whup vwuxfwxuh/ frqvlghulqj wkh ehkdylrxu ri wkuhh0prqwk dqg

vl{0prqwk lqwhuhvw udwhv/ wr h{solflwo| dqdo|}h wkh lpsruwdqfh ri xqfhuwdlqw|

lq prqhwdu| srolf| lq h{sodlqlqj wkh idloxuh ri wkh h{shfwdwlrqv prgho1

H{shfwdwlrqv huuruv rq vkruw0whup lqwhuhvw udwhv duh xvxdoo| uhodwhg wr

shvr sureohpv ru wr wkhlu yhu| orz suhglfwdelolw|1 Lq d idprxv vwxg| Pdqnlz

dqg Plurq/ 4<;9/ xvlqj gdwd rq d wkuhh dqg vl{ prqwk pdwxulw|/ irxqg

hylghqfh lq idyrxu ri wkh h{shfwdwlrq wkhru| sulru wr wkh irxqglqj ri wkh

Ihghudo Uhvhuyh V|vwhp lq 4<481 Lqwhuhvwlqjo| wkh| vkrz wkdw wkh vkliw lq

uhjlph rffxuuhg zlwk wkh irxqglqj ri wkh Ihg ohg wr d uhpdundeoh ghfuhdvh

lq wkh suhglfwdelolw| ri vkruw0whup lqwhuhvw udwhv1 Uxghexvfk/ 4<<8/ dqg

Edogx}}l hw do1/ 4<<:/ h{sdqgv rq wklv hylghqfh e| orrnlqj dw pruh uhfhqw

gdwd1

Wkh fodlp ri yhu| orz suhglfwdelolw| ri srolf| udwhv frqwudglfwv d jurz0

lqj erg| ri hpslulfdo olwhudwxuh zklfk kdv hvwdeolvkhg lqwhuhvw udwh uxohv dv

d frqyhqlhqw zd| wr prgho dqg lqwhusuhw prqhwdu| srolf|1 Dq lqwhuhvw udwh

uxoh uhodwhv wkh vhwwlqj ri d vkruw0whup prqh| pdunhw udwh +vxfk dv wkh Ihg0

hudo Ixqgv udwh lq wkh XV, wr d fhqwudo edqn*v shufhswlrq ri wkh lq dwlrq dqg

rxwsxw jdsv1 Wd|oru/4<<6/ iurp zklfk wklv olwhudwxuh ruljlqdwhv/ vlpso| srv0

wxodwhg d sodxvleoh uxoh/ dqg irxqg wkdw lw dffxudwho| ghvfulehv krz prqhwdu|

srolf| dfwxdoo| kdv ehhq frqgxfwhg ryhu wkh shulrg 4<;:04<<51 Wkh ruljlqdo

zrun e| Wd|oru kdv ehhq uh�qhg lq d qxpehu ri sdshuv e| Fodulgd/ Jdol dqg
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Jhuwohu/ 4<<;/ 4<<</ 5333/ zkr kdyh vkrzq wkdw d iruzdug0orrnlqj yhuvlrq ri

wkh Wd|oru0uxoh zlwk vrph lqwhuhvw udwhv shuvlvwhqfh qrw rqo| wudfn wkh gdwd

zhoo exw lv dovr fdsdeoh ri h{sodlqlqj wkh kljk lq dwlrq lq wkh vhyhqwlhv lq

whupv ri dq dffrpprgdwlqj ehkdylrxu wrzdugv lq dwlrq lq wkh suh0Yrofnhu

hud1 Zh sursrvh wr dvvhvv h{solflwo| wkh uroh ri plv0suhglfwlrq rq prqhwdu|

srolf| e| hvwlpdwlqj mrlqwo| d iruzdug0orrnlqj lqwhuhvw udwh uxoh/ ghwhuplqlqj

wkh wkuhh0prqwk udwhv jlyhq pdfurhfrqrplf frqglwlrqv/ dqg dq h{shfwdwlrqv

prgho/ ghwhuplqlqj wkh vl{0prqwk udwhv jlyhq fxuuhqw dqg h{shfwhg ixwxuh

wkuhh0prqwk udwhv1 Dv erwk htxdwlrqv lq rxu prgho duh iruzdug orrnlqj/ zh

dsso| JPP dv wkh prvw qdwxudo dssurdfk wr wkh vroxwlrq ri rxu hvwlpdwlrq

sureohp1

5 Lqwhuhvw udwh uxohv dqg wkh vkruw0hqg ri wkh whup

vwuxfwxuh ri lqwhuhvw udwhv= hylghqfh iurp wkh

XV1

Rxu hpslulfdo dqdo|vlv lv edvhg rq wkh hvwlpdwlrq ri wkh iroorzlqj prgho=

u|c|n� @ +4� �,
�b
u . d�H| +�|n�2 � �W, . d2H| +|| � |W| ,

�
+4,

.�u|3�c|n2 . x�|1

u|c|nS @ e� . e2u|c|n� . e�H|u|n�c|nS . x2| +5,

zkhuh u|c|n� lv wkh lqwhuhvw udwh revhuyhg dw prqwk w rq d }hur0frxsrq

erqg zlwk pdwxulw| dw prqwk w. l/ �| lv lq dwlrq dw wlph w dqg || lv rxwsxw

dw wlph w/ �W lv wkh wdujhw ohyho iru lq dwlrq vhw e| wkh prqhwdu| srolf|

pdnhu dqg |W lv wkh qdwxudo ohyho ri rxwsxw1

Wkh �uvw htxdwlrq lq wkh prgho lv d vwdqgdug iruzdug0orrnlqj Wd|oru

uxoh zlwk lqwhuhvw udwh vprrwklqj/ sursrvhg e| Fodulgd Jdol dqg Jhuwohu/
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4<<;/4<<</ 5333/ dqg vxffhvvixoo| lpsohphqwhg wr prgho prqhwdu| srolf| lq

d qxpehu ri lqgxvwuldol}hg frxqwulhv1 Wkh huuru whup x�| fdq eh udwlrqdol}hg

e| frqvlghulqj wkdw fhqwudo edqn dssolhv d sduwldo dgmxvwphqw prgho/ durxqg

d wdujhw lqwhuhvw udwhv/ ghvfulehg e| wkh iroorzlqj wzr htxdwlrqv=

uW|c|n� @
b
u . d�H| +�|n�2 � �W, . d2H| +|| � |W| , / +6,

u|c|n� @ +4� �, uW|c|n� . �u|3�c|n2 . x�|/ +7,

zkhuh uW lv wkh wdujhw lqwhuhvw udwh dqg
b
u lv wkh htxloleulxp ydoxh iru uW1

Qrwh wkdw/ li wkh fhqwudo edqn lv vhwwlqj srolf| udwhv rswlpdoo|/ wkhq d� dqg

d2 duh frqyroxwlrqv ri sdudphwhuv ghvfulelqj wkh vwuxfwxuh ri wkh hfrqrp|

dqg sdudphwhuv ghvfulelqj suhihuhqfhv ri wkh prqhwdu| srolf| pdnhu1

Wkh vhfrqg htxdwlrq lv d frqvlvwhqw zlwk wkh h{shfwdwlrqv prgho ri wkh

whup vwuxfwxuh/ zklfk lv rewdlqhg h{dfwo| zkhq e2 @ e� @ 3=8= Wkh huuru whup

x2| fdswxuhv udqgrp  xfwxdwlrqv lq wkh ulvn suhplxp1 Wkh k|srwkhvlv ri

devhqfh ri fruuhodwlrq ehwzhhq x2| dqg wkh uhjuhvvruv lq wkh vhfrqg htxdwlrq

lv vwurqj exw/ dv zh vkdoo vhh/ whvwdeoh lq wkh hvwlpdwlrq iudphzrun zh duh

jrlqj wr xvh1

E| holplqdwlqj wkh xqrevhuyhg iruhfdvw yduldeohv/ zh rewdlq wkh iroorzlqj

vshfl�fdwlrq ri rxu prgho=

u|c|n� @ +4� �,
b
u . d� +4� �, +�|n�2 � �W, . d2 +4� �, +|| � |W| , +8,

.�u|3�c|n2 . ��|/

u|c|nS @ e� . e2u|c|n� . e�u|n�c|nS . �2| +9,

zkhuh

��| @ x�| � d� +4� �, +�|n�2 �H|�|n�2,� d2 +4� �, +|| �H|||, 1

�2| @ x2| � e� +u|n�c|nS �H|u|n�c|nS,
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Wkhq/ vlqfh H| ^��| m L|` @ 3> H| ^�2| m L|` @ 3>zkhuh L| lqfoxghv doo wkh yduldeohv

lq wkh fhqwudo edqn*v lqirupdwlrq vhw dw wkh wlph srolf| udwhv duh fkrvhq/

zh kdyh d vhw ri ruwkrjrqdolw| frqglwlrqv zklfk fdq eh xvhg wr hvwlpdwh

wkh sdudphwhuv ri lqwhuhvw e| JPP1 Pruhryhu/ mrlqw hvwlpdwlrq/ doorzv wr

h{solflwo| phdvxuh h{shfwdwlrqv huuruv rq srolf| udwhv dqg dvvhvv wkhlu uroh

lq h{sodlqlqj ghyldwlrqv iurp wkh h{shfwdwlrqv prgho1

514 Uhvxowv

Zh frqvlghu prqwko| gdwd iru wkh XV hfrqrp| ryhu wkh vdpsoh 4<;7=40

4<<<=81 Wkh gdwd vsdq d shulrg ri lqwhuhvw udwh wdujhwlqj e| wkh Ihg +vhh

Ehuqdqnh0Plkry/ 4<<;, iru zklfk dpsoh hylghqfh lv dydlodeoh rq wkh hpslu0

lfdo vxffhvv ri iruzdug0orrnlqj Wd|oru uxohv1 Zh frqvlghu wkh iroorzlqj vhw

ri ruwkrjrqdolw| frqglwlrqv wr lpsohphqw JPP hvwlpdwlrq=

H| ^i| m L|` @ 3

i| @

�
u|c|n� �

�
+4� �,

b
u . d� +4� �, +�|n�2 � �W, . d2 +4� �, +|| � |W| ,� �u|3�c|n2

�
u|c|nS � +e� . e2u|c|n� . e�u|n�c|nS,

�

Vhyhudo hpslulfdo sureohpv kdyh wr eh vroyhg wr lpsohphqw JPP1 Iluvw/

hpslulfdo frxqwhusduwv kdyh wr eh vshfl�hg iru �W dqg |W| = Iroorzlqj wkh

ruljlqdo fkrlfh e| Wd|oru/ 4<<6/ vxssruwhg e| ixuwkhu hpslulfdo hylghqfh

lq Fodulgd hw do1/ 4<<</ zh vhw wdujhw lq dwlrq dw wzr shu fhqw1 Zh gh0

ulyh lqvwhdg srwhqwldo rxwsxw e| dsso|lqj dq Krgulfn0Suhvfrww �owhu +zlwk

d vprrwklqj sdudphwhu ri 47733, wr rxu phdvxuh iru rxwsxw/ zklfk lv vhd0

vrqdoo| dgmxvwhg lqgxvwuldo surgxfwlrq14 Vhfrqg/ d vhw ri lqvwuxphqwv kdv

wr eh fkrvhq wr plplf wkh uhohydqw lqirupdwlrq vhw L|> zh frqvlghu odjjhg

srolf| udwhv/ irxu odjv ri lq dwlrq/ irxu odjv ri wkh rxwsxw jds/ wkh dqqxdo

fkdqjh lq frpprglw| sulfh lq dwlrq/ wkh dqqxdo fkdqjh lq hpsor|phqw lq

4Zh ghulyh wkh �owhuhg vhulhv e| frqvlghulqj d odujhu vdpsoh +4<;7=405333=8, wkdq wkh
rqh dfwxdoo| xvhg iru hvwlpdwlrq ri rxu wzr0htxdwlrq prgho +4<;7=404<<<=8,1

:



wkh qrq0idup vhfwru1 Wklug/ jlyhq wkdw zh kdyh vxevwlwxwhg revhuyhg ydo0

xhv wr h{shfwhg ydoxhv iru hvwlpdwlrq/ zh kdyh lpsohphqwhg JPP e| xvlqj

wkh fruuhfwlrq iru khwhurvfhgdvwlflw| dqg dxwrfruuhodwlrq ri xqnqrzq irup

zlwk d odj wuxqfdwlrq sdudphwhu ri 45 dqg fkrrvlqj Eduwohww zhljkwv wr hq0

vxuh srvlwlyh gh�qlwhqhvv ri wkh hvwlpdwhg yduldqfh0fryduldqfh pdwul{/ vhh

Gdylgvrq0PdfNlqqrq+4<<6,1 Wkh uhvxowv ri hvwlpdwlrq duh uhsruwhg lq Wd0

eoh 41

Lqvhuw Wdeoh 4 khuh

Wkh hvwlpdwlrq ri wkh Wd|oru uxoh rq wkuhh0 prqwk udwhv jlyhv vwdqgdug

uhvxowv/ looxvwudwlqj wkdw wkh prgho frpprqo| dgrswhg iru wkh Ihghudo ixqgv

udwh shuirupv htxdoo| zhoo zkhq dssolhg wr wkh wkuhh0prqwk udwh1 Wkhuh lv

d vwurqj shuvlvwhqfh/ wkh orqj0uxq htxloleulxp qrplqdo udwh lv 7198 zklfk/

jlyhq wkdw zh kdyh vhw wkh wdujhw iru lq dwlrq dw wzr shu fhqw/ gholyhuv dq

htxloleulxp uhdo lqwhuhvw udwh ri 51981 Wkh uhvsrqvh ri wkuhh0prqwk udwh wr

ghyldwlrqv ri lq dwlrq iurp wdujhw lv kljkhu wkdq rqh/ wkhuhiruh uhdo wkuhh0

prqwk udwh duh udlvhg lq suhvhqfh ri lq dwlrqdu| vkrfnv dqg d qhfhvvdu|

frqglwlrq iru vwdelolw| ri htxloleulxp dw wkh wdujhw ohyho iru lq dwlrq lv vdw0

lv�hg1 Wkh srlqw hvwlpdwh ri wkh uhvsrqvh ri wkh wkuhh0prqwk udwh wr wkh

rxwsxw jds lv voljkwo| kljkhu wkdq wkrvh uhsruwhg lq wkh olwhudwxuh exw qrw

vljql�fdqwo| gl�huhqw1

Wkh h{solflw hvwlpdwlrq ri wkh uhodwlrq ehwzhhq wkh vl{0prqwk udwh dqg

fxuuhqw dqg ixwxuh wkuhh0prqwk udwhv uhmhfwv wkh h{shfwdwlrqv prgho1 Lq idfw/

wkh vxp ri frh!flhqwv rq fxuuhqw dqg ixwxuh wkuhh0prqwk udwhv dggv xs wr

rqh exw wkh fxuuhqw vkruw0whup lqwhuhvw udwh lv ryhu0zhljkwhg zlwk d frh!0

flhqw ri 31; dqg wkh ixwxuh vkruw0whup lqwhuhvw udwh lv xqghu0zhljkwhg zlwk d

frh!flhqw ri 3151 Vxfk qxphulfdo ydoxhv lpso| wkdw wkh fkdqjh lq wkh vkruw0

;



whup udwh uhdfwv wrr olwwoh wr wkh odjjhg vsuhdg ehwzhhq orqj dqg vkruw udwhv

dowkrxjk/ wkh shuyhuvh uhvsrqvh/ xvxdoo| irxqg lq wkh hpslulfdo olwhudwxuh +

vhh Fdpsehoo hw do1/ 4<<:,/ jhqhudwhg e| d qhjdwlyh uhodwlrq ehwzhhq fxuuhqw

fkdqjh lq vkruw whup lqwhuhvw udwhv dqg odjjhg vsuhdgv lv qrw frpsdwleoh

zlwk rxu hvwlpdwhv1 Wkh srlqw hvwlpdwh ri wkh frqvwdqw lq wklv uhodwlrq lv

vpdoo dqg grhv qrw gl�hu vljql�fdqwo| iurp }hur1 Wkh M0whvw iru wkh ydolglw|

ri lqvwuxphqwv grhv qrw uhmhfw wkh qxoo dw wkh �yh shu fhqw ohyho/ dowkrxjk

wkh wdlo suredelolw| lv udwkhu forvh wr �yh shu fhqw1 Wkhuhiruh/ zh kdyh qr

vwurqj hylghqfh ri ylrodwlrq ri wkh srvwxodwhg ruwkrjrqdolw| frqglwlrqv1

Wkh uhodwlyh vwuhqjwk ri rxu sursrvhg phwkrgrorj| lv wkdw lw doorzv d

gluhfw dvvhvvphqw ri wkh lpsruwdqfh ri xqfhuwdlqw| rq prqhwdu| srolf| dqg

wkhuhiruh ri h{shfwdwlrqv huuruv rq ixwxuh vkruw0whup udwhv lq h{sodlqlqj

ghyldwlrqv iurp wkh h{shfwdwlrqv prgho1 Zh uhsruw lq Iljxuh 4 dfwxdo dqg

�wwhg ydoxhv dqg uhvlgxdov iurp wkh hvwlpdwlrq ri wkh Wd|oru uxoh ryhu wkh

zkroh vdpsoh1

Lqvhuw Iljxuh 4 khuh

Zh qrwh wkdw wkh suh04<<7 yduldqfh ri uhvlgxdov lv fohduo| kljkhu wkdq

wkh srvw04<<7 yduldqfh= diwhu 4<<7 wkh xqfhuwdlqw| rq prqhwdu| srolf| suh0

glfwhg dv suhglfwhg e| d Wd|oru uxoh lv fohduo| uhgxfhg1 Lqwhuhvwlqjo|/ iurp

4<<7 rqzdugv wkh Ihg dgrswhg wkh sudfwlfh ri ghflglqj prgl�fdwlrqv ri wkh

Ihghudo ixqg wdujhw rq rffdvlrq ri wkh Ihghudo Rshq Pdunhw Frpplwwhh

phhwlqjv/ zkrvh fdohqgdu kdv ehhq pdgh sxeolf lq dgydqfh1 Wr dvvhvv wkh

srwhqwldo lpsdfw ri wkh fkdqjh lq xqfhuwdlqw| rq wkh h{shfwdwlrqv prgho zh

uh0hvwlpdwh wkh htxdwlrq iru wkh vl{0prqwk lqwhuhvw udwhv e| doorzlqj iru d

uroh ri xqfhuwdlqw| lq ghwhuplqlqj wkh uhvsrqvh ri vxfk udwhv wr fxuuhqw dqg

ixwxuh wkuhh0prqwk udwhv=

<



u|c|n� @ +4� �,
�
b

u . d�H| +�|n�2 � �W, . d2H| +|| � |W| ,
�

+:,

.�u|3�c|n2 . x�|1

u|c|nS @ e� . +e2 . e2�GXP<7, u|c|n� . +e� . e��GXP<7,H|u|n�c|nS+;,

.x2|

zkhuh GXP<7 lv d gxpp| yduldeoh wdnlqj ydoxhv ri 4 iurp 4<<7=4 rq0

zdugv dqg }hur hyhu|zkhuh hovh1 Wkh uhvxowv iurp hvwlpdwlrq duh uhsruwhg

lq Wdeoh 51

Lqvhuw Wdeoh 5 khuh

Wkh hvwlpdwhg prgl�hg prgho vkrz wkdw xqfhuwdlqw| rq prqhwdu| srolf|

lv fdsdeoh ri h{sodlqlqj wrwdoo| wkh ghyldwlrqv iurp wkh h{shfwdwlrqv prgho

revhuyhg lq rxu ruljlqdo v|vwhp1 Lq idfw/ wkh zhljkwv rq fxuuhqw dqg ixwxuh

vkruw0whup udwhv lq wkh vhfrqg htxdwlrq duh uhvshfwlyho| rqh dqg }hur lq wkh

shulrg ri ehiruh 4<<7/ exw diwhu 4<<7 wkh qxoo ri htxdo zhljkwv ri rqh kdoi

fdqqrw eh uhmhfwhg/ zlwk srlqw hvwlpdwhv o|lqj uhvshfwlyho| dw 319 dqg 3171

Lqwhuhvwlqjo|/ d vpdoo exw vljql�fdqw frqvwdqw ulvn suhplxp ri 47 edvlv srlqwv

qrz uhvxowv iurp wkh hvwlpdwlrq ri wkh iruzdug0orrnlqj prgho iru vl{0prqwk

udwhv1

6 Frqfoxvlrqv

Lq wklv sdshu zh kdyh mrlqwo| hvwlpdwhg d iruzdug0orrnlqj uhdfwlrq ixqfwlrq

iru wkh wkuhh0prqwk udwh dorqj zlwk d iruzdug0orrnlqj whup vwuxfwxuh uhod0

wlrqvkls olqnlqj wkh vl{0prqwk lqwhuhvw udwhv wr fxuuhqw dqg h{shfwhg ixwxuh

wkuhh0prqwk udwhv1 Mrlqw hvwlpdwlrq doorzv phdvxuhphqw ri wkh lpsruwdqfh

ri h{shfwdwlrqv huuruv rq wkuhh0prqwk udwh lq h{sodlqlqj ghyldwlrqv iurp
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wkh h{shfwdwlrqv prgho1 Zlwklq rxu iudphzrun/ h{shfwdwlrqv huuruv rq wkh

vkruw0whup lqwhuhvw udwhv uh hfw gluhfwo| xqfhuwdlqw| rq prqhwdu| srolf|1 Hv0

wlpdwlrq ri rxu prgho rq prqwko| XV gdwd ryhu wkh shulrg 4<;704<<</ srlqwv

wrzdugv wkh uhmhfwlrq ri wkh h{shfwdwlrqv prgho ryhu wkh zkroh vdpsoh exw

dovr surylghv hylghqfh iru d fohdu uhgxfwlrq lq xqfhuwdlqw| rq prqhwdu| sro0

lf| iurp 4<<7 rqzdugv1 Doorzlqj wkhq iru d uroh ri xqfhuwdlqw| ri prqhwdu|

srolf| lq vkdslqj wkh uhvsrqvh ri wkh vl{0prqwk lqwhuhvw udwhv wr fxuuhqw dqg

ixwxuh wkuhh0prqwk lqwhuhvw udwh/ zh �qg wkdw vxfk d uhvsrqvh lv ixoo| frp0

sdwleoh zlwk wkh suhglfwlrqv ri wkh h{shfwdwlrqv prgho iurp 4<<7 rqzdugv1
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Uhihuhqfhv

Edogx}}l S1/ Ehuwrod J1/ dqg Iruhvl V1/ 4<<: �D prgho ri wdujhw fkdqjhv dqg

wkh whup vwuxfwxuh ri lqwhuhvw udwhv� Mrxuqdo ri Prqhwdu| Hfrqrplfv/

57/ 6:406<<1

Ehuqdqnh/ E1 V1 dqg Plkry/ L1 +4<<;,1 cPhdvxulqj prqhwdu| srolf|*1 Txdu0

whuo| Mrxuqdo ri Hfrqrplfv/ 446/ 6= ;9<0<351

Fdpsehoo M1/ D1 Or dqg F1PdfNlqod|/ 4<<:/ Wkh Hfrqrphwulfv ri Ilqdqfldo

Pdunhwv/ Sulqfhwrq Xqlyhuvlw| Suhvv= Sulqfhwrq

Fodulgd U1/ M1 Jdol dqg P1 Jhuwohu/ 4<<; �Prqhwdu| srolf| uxohv lq sudf0

wlfh=vrph lqwhuqdwlrqdo hylghqfh� Hxurshdq Hfrqrplf Uhylhz/ 75/

Fodulgd U1/ M1 Jdol dqg P1 Jhuwohu/4<<< �Wkh vflhqfh ri prqhwdu| sro0

lf|= D qhz0Nh|qhvldq shuvshfwlyh�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/

[[[YLL +7,/ 499404:3:1

Fodulgd U1/ M1Jdol dqg P1Jhuwohu/ 5333 �Prqhwdu| srolf| uxohv dqg pdfurh0

frqrplf vwdelolw|= hylghqfh dqg vrph wkhru|�/ Wkh Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ 448/ 4/ 47:04;3

Frrn W1 dqg W1 Kdkq/ 4<;</ �Wkh h�hfwv ri fkdqjhv lq wkh ihghudo ixqgv

wdujhw rq pdunhw lqwhuhvw udwhv lq wkh 4<:3v�/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 57/ 6640684

Gdylgvrq/ U1/ dqg PdfNlqqrq/ M1 J1 +4<<6,1 Hvwlpdwlrq dqg lqihuhqfh lq

hfrqrphwulfv1 R{irug= R{irug Xqlyhuvlw| Suhvv1

Pdqnlz dqg Plurq +4<;9,
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Uxghexvfk J1G1/4<<8 �Ihghudo uhvhuyh lqwhuhvw udwh wdujhwlqj/ udwlrqdo h{0

shfwdwlrqv/ dqg wkh whup vwuxfwxuh1� Mrxuqdo ri Prqhwdu| Hfrqrplfv/

68/ 57805:71

Vrghuolqg S1 dqg O1Vyhqvvrq+4<<:, �Qhz whfkqltxhv wr h{wudfw pdunhw

h{shfwdwlrqv iurp �qdqfldo lqvwuxphqwv�/ Mrxuqdo ri Prqhwdu| Hfr0

qrplfv/ 73/ 6;6075<

Wd|oru M1E1 +4<<6, �Glvfuhwlrq yhuvxv srolf| uxohv lq sudfwlfh�/ Fduqhjlh0

Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 6</ 4<80547
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Wdeoh 41 JPP hvwlpdwlrq ri H| ^i| m L|` @ 3> Vdpsoh 4<;7=404<<<=8

i�| @ u|c|n� �
�
+4� �,

b

u . d� +4� �, +�|n�2 � �W, . d2 +4� �, +|| � |W| ,� �u|3�c|n2
�

i2| @ u|c|nS � +e� . e2u|c|n� . e�u|n�c|nS,

Frh!flhqw Hvwlpdwh Vwg1 Huuru w0Vwdwlvwlf Sure1
b

u 7198 316: 45168 3133

� 31<3 31358 6817; 3133

d� 415; 315< 7176 3133

d2 4145 3157 718< 3133

e� 31356 3138 3179 3197

e2 31;3 3136; 531<7 3133

e� 3153 31369 8169 3133

V1H1 ri uhjuhvvlrq lq i�| 3165 Phdq ghshqghqw ydu lq i�| 9185

V1H1 ri uhjuhvvlrq lq i2| 314< Phdq ghshqghqw ydu lq i2| 9196

M0Vwdwlvwlf "2 +;, @ 48= 4;< +3=388,
Lqvwuxphqwv= u|3�c|n2> ||3�> ||32> ||3�> ||3e> �|3�> �|32> �|3�> �|3e>��2osfp|>��2oh|

|| = orj ri vhdvrqdoo| dgmxvwhg lqgxvwuldo surgxfwlrq

|W| = KS �owhuhg +vprrwklqj sdudphwhu@47733, ||

�| =dqqxdo FSL lq dwlrq
�W = wzr shu fhqw
u|c|n� = wkuhh0prqwk Hxurgroodu udwh

u|c|nS = vl{0prqwk Hxurgroodu udwh

��2osfp| = dqqxdo fkdqjh lq LPI frpprglw| sulfh lqgh{

��2oh| = dqqxdo fkdqjh lq hpsor|phqw lq qrq0idup vhfwru

Doo vhulhv duh wdnhq iurp Gdwdvwuhdp
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Wdeoh 51 JPP hvwlpdwlrq ri H| ^i| m L|` @ 3> Vdpsoh 4<;7=404<<<=8

i�| @ u|c|n� �
�
+4� �,

b

u . d� +4� �, +�|n�2 � �W, . d2 +4� �, +|| � |W| ,� �u|3�c|n2
�

i2| @ u|c|nS � +e� . +e2 . e2�GXP<7, u|c|n� . +e� . e��GXP<7,H|u|n�c|nS,

Frh!flhqw Hvwlpdwh Vwg1 Huuru w0Vwdwlvwlf Sure1
b

u 71;: 3159 4;16: 3133

� 31<3 3135 6;1;8 3133

d� 413< 3155 71:; 3133

d2 31;3 3149 71<3 3133

e� 3145 31376 51<3 31338

e2 4133 3137; 531<7 3133

e2� 03174 314< 05146 3136

e� 03133; 3137: 0314: 31;:

e�� 3173 314< 5146 3136

V1H1 ri uhjuhvvlrq lq i�| 3165 Phdq ghshqghqw ydu lq i�| 9185

V1H1 ri uhjuhvvlrq lq i2| 3149 Phdq ghshqghqw ydu lq i2| 9196

M0Vwdwlvwlf "2 +<, @ 4:=:9 +3=37,
Zdog whvw e2 . e2� @ 3=8> e� . e�� @ 3=8> "2 +5, @ 4=8; +3=78,
Lqvwuxphqwv= u|3�c|n2> ||3�> ||32> ||3�> ||3e> �|3�> �|32> �|3�> �|3e>��2osfp|>��2oh|>GXP<7
|| = orj ri vhdvrqdoo| dgmxvwhg lqgxvwuldo surgxfwlrq

|W| = KS �owhuhg +vprrwklqj sdudphwhu@47733, ||

�| =dqqxdo FSL lq dwlrq
�W = wzr shu fhqw
u|c|n� = wkuhh0prqwk Hxurgroodu udwh

u|c|nS = vl{0prqwk Hxurgroodu udwh

��2osfp| = dqqxdo fkdqjh lq LPI frpprglw| sulfh lqgh{

��2oh| = dqqxdo fkdqjh lq hpsor|phqw lq qrq0idup vhfwru

GXP<7 = gxpp| yduldeoh wdnlqj ydoxhv ri rqh iurp 4<<7=4 rqzdugv dqg 3 hyhu|zkhuh hovh
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