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Abstract

During the past fifteen years a large number of studies have used the
approach suggested by Mishkin (1990a, 1990b) to examine the information
content of the term structure of interest rates about future inflation. The
empirical results of these studies are, however, very mixed and often not
supportive of the Mishkin model. In addition, many results indicate that
the term structure of interest rates only contains very limited information
about future inflation. In this paper an extension of the Mishkin model
allowing for time-varying real interest rates and inflation risk premiums
is suggested and tested on monthly UK data from 1983:1 to 2004:10. The
empirical results show that while the standard Mishkin model indicates
that the term structure of interest rates contains very limited information
about future inflation, the extended Mishkin model indicates the contrary,
i.e. the term structure of interest rates contains much information about
future inflation when account is taken for a time-varying slope of the term
structure of real interest rates and inflation risk premiums. In addition, for
the pre-inflation targeting period in the UK, the empirical results provide
strong support for the extended Mishkin model when the slope along the
entire term structure is used as an indicator of expected inflation.
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1 Introduction

Fifteen years ago Mishkin (1990a, 1990b) published two articles on the infor-
mation content of the term structure of interest rates about future inflation.
Since then a number of authors have examined the information content of the
term structure of interest rates about future inflation — see e.g. Browne & Man-
asse (1990), Mishkin (1991), Jorion & Mishkin (1991), Koedijk & Kool (1995),
Day & Lange (1997) and Schich (2000).! The empirical results of these studies
are, however, very mixed and often not supportive of the Mishkin model. In
addition, many results indicate that the term structure of interest rates only
contains very limited information about future inflation. A common criticism
and a possible explanation for these results is that the Fisher equation used to
derive the Mishkin model is misspecified in the sense that it omits an inflation
risk premium and that the real interest rate is time-varying.? In this paper
a simple approximation to the omitted time-varying real interest rate and the
inflation risk premium is suggested, and the resulting extended Mishkin model
which allows for a time-varying slope of the term structure of expected real in-
terest rates and an inflation risk premium is tested using monthly UK data from
1983:1 to 2004:10. The empirical results show that while the standard Mishkin
model indicates that the term structure of interest rates contains very limited
information about future inflation, the extended Mishkin model indicates the
contrary, i.e. the term structure of interest rates contains much information
about future inflation when account is taken for a time-varying slope of the
term structure of expected real interest rates and inflation risk premiums. In
addition, the results for the pre-inflation targeting period 1983:1 to 1992:9 pro-
vide strong support for the extended Mishkin model when the slope along the
entire term structure of interest rates is used as an indicator of future inflation.

The outline of the paper is as follows. In Section 2 the Mishkin model is
presented and the extended Mishkin model is derived. Section 3 presents the
data used in the paper. Section 4 presents the empirical results and Section 5
contains some concluding remarks.

2 The Mishkin model and an extension

The standard Fisher equation decomposes the n-period nominal interest rate,
in,t, into the sum of the expected n-period real interest rate between time ¢ and
t+n, By [rrp4n], and the expected inflation rate between time ¢ and ¢ + n,
Et [7Tn,t+n]:

in,t = Et [T'rn,tJrn] + Et [ﬂ-n,t+n] (1)

1Other authors have used approaches similar to the Mishkin approach — see e.g. Fama
(1990), Frankel & Lown (1994) and Breedon & Chadha (1997).

2See e.g. Benninga & Protopapadakis (1983) and Evans & Wachtel (1992) for a discussion
of the inflation risk premium in the Fisher equation.



The Mishkin model is the difference between the m and n-period versions of the
standard Fisher equation (1) together with the assumptions of a constant slope
of the term structure of expected real interest rates and rational expectations.
The latter assumption is used to write the realized inflation, 7, 14, as the sum
of expected inflation, Ey [7y, 14|, and a rational expectation error, €y, 44y, which
is uncorrelated with all time ¢ information. The Mishkin model is thus stated
as:

Tm,t+m — Tnt4n = Cmn + Bm,n (Z.’ﬂht - in7t) + NMm,n,t+m (2)

where m > n and:

Omn = —(TPmtfm — TTht+n)
Bom = 1
NMmnt+m — Emit+m — Ent+n
Ejtr; = Tistj — Ee[mj144] for j =m,n

Due to the assumption of rational expectations, the error term is uncorrelated
with all time ¢ information and OLS thus yields consistent estimates of a, »
and f3,,,. Because of the multiperiod setup, the error term will follow an
MA(m — 1) process and inference based on normal OLS standard errors is not
valid. However, estimating robust standard errors using e.g. the Newey &
West (1987) method allows hypotheses about the coefficients o, and 3, ,
to be tested. Following Mishkin (1990a, 1990b), two hypothesis are typically
tested: 1) 3,,, = 1, i.e. the hypothesis that the Mishkin model holds and 2)
Byn,n = 0, i.e. the hypothesis that the term structure of interest rates contains no
information about future inflation. In this paper the Mishkin model is, however,
only said to be supported by the data if the null hypothesis 3,, ,, = 0 is rejected
and the null hypothesis 3, ,, = 1 is not rejected.

Many studies using the Mishkin model find that it is rejected by the data.
Possible solutions typically discussed are the possibility of a time-varying slope
of the term structure of expected real interest rates and/or a time-varying in-
flation risk premium. If the slope of the term structure of expected real interest
rates is not constant and/or an inflation risk premium has to be included in
the Fisher equation, the Mishkin model in (2) omits relevant variables and OLS
will produce inconsistent estimates of the ay, , and 3, , parameters. In this
paper an extended Mishkin model which allows for a time-varying slope of the
term structure of expected real interest rates and a time-varying inflation risk
premium is derived and examined empirically. The extended Mishkin model is
derived from the Fisher equation with a time-varying inflation risk premium:

int = Bt [rrn t4n] + Bt [T t4n] + Dot (3)

where rp, ¢ is the n-period inflation risk premium. Subtracting the n-period
version of equation (3) from the corresponding m-period version and using the
assumption of rational expectations yield the following extended version of the



Mishkin model:

Tm,t+m — Tnt+n — Omn + Bm,n (im,t - Z‘n,t)
TVmn (Bt [rrm t+m + TPmt] — Bt [rTn tn + 1Pnt])
+77m,n7t+m (4)
where

OUmn = 0

6m,n =1

Vm,n = -1

NMmmnt+m — Emit+m — Ent+n

Ejiti = Tiavj — Ei[mjes]  forj=mn

The problem with testing equation (4) is that the expected real interest rate
and risk premium term, Ey [Ty, t4m + TPm.t] — Bt [Tn.t4n + ™Pn¢), is unobserv-
able. A similar problem is encountered when the expectations hypothesis of the
term structure of interest rates is tested. The expectations hypothesis states
that long-term interest rates equal the average of current and expected future
short-term interest rates over the life of the long-term bonds plus a possibly
time-varying term premium. The term premium is, however, unobservable and
therefore needs to be modelled. In a study examining the expectations hypothe-
sis, Tzavalis & Wickens (1997) propose a very simple model of the unobservable
term premium. Their method builds on the findings by Heston (1992), who
shows that within the Cox, Ingersoll & Ross (1985) model of the term structure
of interest rates, the unobservable term premium has a single-factor represen-
tation. Tzavalis & Wickens (1997) use this finding to model the m-period term
premium as a linear function of the n-period term premium. Knowledge of one
term premium thus gives an approximation to the other term premiums. In
their estimations, Tzavalis & Wickens (1997) replace the unobserved term pre-
mium with an ex post term premium for another maturity. Using this setup,
they find that they are able to reconcile the expectations hypothesis with the
data. Based on these positive findings, it is interesting to examine if a simi-
lar simple single-factor representation of the sum of the expected real interest
rate and the inflation risk premium in the Fisher equation may help reconcile
the Mishkin model with the data. Denoting the sum of the expected j-period
real interest rate and the j-period inflation risk premium by E; [rrrp; 4], i.e.
Ey[rrrpj ] = Ey[rrj44] + 7pje, it is thus assumed that the sum of the ex-
pected m-period real interest rate and the m-period inflation risk premium is
given by:

By [rrrpm.tvm] = G i Er [r77Dj 044] (5)

The problem with the specification in equation (5) is that Ey [rrrp; +;] is un-
observable. However, the Fisher equation and the assumption of rational ex-



pectations imply that:

Ei[rrrpjavil = dije — By [Tj044]
Uit — Tjitj + Ejttj
Tjttj T €jttj (6)

where:

Tjiti = Uit = Wit (7)
is the ex post j-period real interest rate implied by the j-period nominal interest
rate and the realized j-period inflation rate. E [rrrp; ;] can thus be replaced
by the ex post real j-period interest rate plus a rational expectation error, €; ;4 ;.
In other words, using the Fisher equation and the assumption of rational expec-
tations, it is possible to use the ex post real interest rate implied by the nominal
interest rate and the future realized inflation rate as an approximation to the
sum of the unobservable expected real interest rate and the inflation risk pre-
mium. In the case where real interest rates are constant, Ey [rrrp; ;] serves as
an approximation to the unobservable inflation risk premium. In this case, it is
thus assumed that the inflation risk premium has a single-factor representation.
If uncertainty is increasing in maturity, it is expected that ¢,, ; > 1 when m > j
and vice versa. The opposite holds if uncertainty is decreasing in maturity (e.g.
if the economic agents believe in the central bank’s long-run inflation target).
Non-monotonic relationships are, of course, also possible. In the case with a
constant inflation risk premium, Ey [rrrp; ;] serves as an approximation to
the time t unobservable expected j-period real interest rate. In this case the
single-factor representation of Ey [rrrp; 4,] corresponds to the assumption that
real interest rates have a single-factor representation. This assumption can be
justified by referring to the class of affine single-factor models of the term struc-
ture of interest rates where interest rates of different maturities are given by a
linear function of a single interest rate. Typically the short-term interest rate is
used as the factor driving the term structure of interest rates but any interest
rate can in principle be used as the factor driving the term structure of interest
rates.®> In this case, ¢y, ; therefore describes the shape of the term structure of
expected real interest rates. In the following, however, E; [rrrp; ;] is thought
of as an approximation to the sum of a time-varying expected real interest rate
and a time-varying inflation risk premium, and it is assumed that E; [rrrp,, ¢1n]
has a single-factor representation.?

Using the single-factor representation of the sum of the expected real interest
rate and the inflation risk premium in equation (5), and using Ey [rrrp; ;] =

3See e.g. Cochrane (2001), chapter 19.

4Since ex post real interest rates are used as approximations to the sum of the expected
real interest rate and the inflation risk premium in the extended Mishkin model, the sum of
the expected real interest rate and the inflation risk premium can also be interpreted as a
level variable indicating that the level of nominal interest and inflation rates influence the
relationship between the slope of the term structure of interest rates and changes in future
inflation.



Tjt+j + €jt+j, it is thus possible to rewrite the extended Mishkin model (4) as:

Tm,t+m — Tnt+n = Omn + ﬁm,n (’Lm,t - ’Ln,t) + YmnTit+i + Nmon,t+m (8)

where
mn = 0
Brum =
Ymm =~ (mj — bnj)
Nontem = Emttm = Entin — (Pmj — Onj) Eiitti

In the following the extended Mishkin model (8) with j = 1 and 3 will be
examined. However, since ;1 ; by definition is correlated with ¢;,; and thus
also with 7, . ;1 ,,, whenever the term structure of "expected real interest rates
plus the inflation risk premiums” is not flat, i.e. whenever ¢,, ; # ¢, ;, it is
necessary to estimate equation (8) using an instrumental variable method. In
this chapter, the generalized instrumental variable (GIV) estimator suggested
by Hansen & Singleton (1982) is used. The standard errors are made robust
to heteroskedasticity and autocorrelation of order (m — 1) using the Newey &
West (1987) estimator.

3 Data

This paper uses monthly UK interest rate and inflation rate data for the period
1983:1 to 2004:10. The inflation rates are calculated from monthly observations
of the UK retail price index excluding mortgage interest payments (RPIX) for
the period 1983:1 to 2004:10. The RPIX series is obtained from the Office for
National Statistics and is seasonally adjusted using the X11 method in RATS.?
The inflation rates are calculated as continuously compounded inflation rates
measured on an annual basis, i.e. as 7, ¢ = (ply — ply—r)*12/n where pl; denotes
the natural logaritm of the seasonally adjusted RPIX at time t.

The interest rates are obtained from two sources. Estimated zero-coupon in-
terest rates with maturities 12, 24, 36 and 48 months are obtained from the Bank
of England.% These interest rates are available on a daily frequency and there-
fore have to be converted into a monthly frequency. Since the price index used
refers to the second or third Tuesday in each month,” mid-month observations
of the interest rates are chosen. More specifically, the observations referring to
the 15th of each month are chosen. If these observations are not available, the
closest available observations to the 15th are used instead.® Since the Bank of

5The RPIX is seasonally adjusted since preliminary research indicated that especially the
1 and 3 month inflation rates would show clear seasonal patterns otherwise.

6See Bank of England (2002) and Anderson & Sleath (2001) for a discussion of the esti-
mation procedure used by the Bank of England.

TOffice for National Statistics (1998), pp. 22-23.

8The only exception from this ”rule” is October 1990 where the observations from the
12th October are used instead of those from the 15th October. The reason for this is that
the 12-month nominal interest rate is not available at the 15th October, and that the 12th
October is the closest date where it is available.



England does not report estimated 1 and 3-month zero-coupon interest rates
before March 1997, the interest rate data used for these maturities are 1 and
3-month UK Treasury Bill rates obtained from Datastream.’ As with the infla-
tion rates all interest rates are expressed as continuously compounded rates (in
decimal form) and measured on an annual basis.'’ As is clear from figure 1 and
table 1, a justification for using the 1 and 3-month Treasury Bill rates is that
these rates are very close to the estimated 1 and 3-month zero-coupon interest
rates over the 1997:3 to 2004:10 period.

Figure 1: Zero-coupon rates vs Treasury Bill rates
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It is, of course, not possible to extrapolate the 1997:3 to 2004:10 behaviour
to the 1983:1 to 1997:2 period, but based on the findings above, and since no
immediate alternatives exist to the estimated 1 and 3-month zero-coupon rates
before 1997:3, it is in the following assumed that the 1 and 3-month Treasury
Bill rates can be used without affecting the main conclusions.

9The 1 and 3-month Treasury Bill rates have the Datastream codes LDNTBIM and LD-
NTB3M, respectively. These interest rates are available on a daily frequency. The monthly
observations for the 1 and 3-month rates correspond to the same dates as the monthly obser-
vations for the estimated zero-coupon rates.

10The 1 and 3-month Treasury Bill rates are originally measured as effective interest rates
in per cent and are thus converted to continuously compounded rates (on a decimal form)
measured on an annual basis.



Table 1: Descriptive statistics (1997:3 to 2004:10) for Bank
of England estimated 1 and 3-month zero-coupon interest
rates and 1 and 3-month Treasury Bill rates.

1-month rate 3-month rate
T-Bill ZCR T-Bill ZCR
mean 0.05050 0.05136 0.05081 0.05117

variance 0.00014 0.00015 0.00014 0.00015
skewness 0.26481 0.30758 0.24592  0.30293
kurtosis -1.09730 -1.09548 -1.11264 -1.09096
correlation 0.9952 0.9950

T-Bill refer to Treasury Bill rates obtained from Datastream
ZCR refer to estimated zero-coupon interest rates obtained from Bank of England

The earliest starting date for the analysis is 1979:1 since estimated zero-
coupon interest rates are not available before this date. Due to extreme behav-
iour of the 1 and 3-month inflation rates in the late 1970s and early 1980s, the
analysis starts in 1983:1. The data used in the analysis are the (3,1), (12,1),
(12,3), (24,1), (24,3), (36,1), (36,3), (48,1) and (48,3) interest rate and inflation
rate spreads and the 1 and 3-month ex post real interest rates. The (m, 1) in-
flation rate spreads and the 1-month real interest rate all contain an extreme
outlier in 1990:4. The observation corresponding to 1990:4 is therefore replaced
with the value found by linear interpolation between 1990:3 and 1990:5.'!

Table 2: Number of lags (p) and t-statistic for ADF test with a constant

P tstat p tstat P tstat
igi; 1 -5.1656 pspr 1 -15.7240 n 4 -3.3041
ipi; O  -4.6119 pp; O -129584  r; 3 -2.9882
iis O -4.4629 ppPs 11 -5.8060
ii; O -3.2465 PPy 2 -6.8373
iz O -3.0217 PuPs 3 -3.7307
iy O -2.7421 PsPr 2 -5.689
iz O  -2.5373 PsPs 3 -3.1023
igi; O -25018 PiPs 2 -5.1187
igiz O  -2.3205 PiePs 3 -25233

The 5% and 10% critical values are -2.86 and -2.57, respectively.

Table 2 presents unit root tests of the data used. The order of integration of
the variables used are determined using augmented Dickey-Fuller (ADF) tests
with a constant and with lag length determined by adding lags until a Ljung-Box
test statistic fails to reject the hypothesis of no serial correlation up until order
12. Using 10% asymptotic critical values the null hypothesis of non-stationary

1 Preliminary research indicated that this has little influence on the main results in this
paper.



variables is rejected for all variables except i4g —41, 136 — %3, 148 — %3 and w48 — 3.
For 148 — 11, 136 — i3 and m4g — w3 the null hypothesis of non-stationary variables
is almost rejected at the 10% significance level.'? In addition, Phillips-Perron
tests (not reported in the paper) with 4 or 12 lags reject the null hypothesis of
non-stationary variables for all variables using 10% critical values. It thus seems
reasonable to assume that all variables used in the analysis are stationary.

4 Empirical results

In the following, the results of OLS estimation of the standard Mishkin model (2)
and GIV estimation of the extended Mishkin model (8) will be presented and dis-
cussed.'® The instruments used are a constant, (tm,t — ingt) and 7, ..., rj’t,5.14
Empirical results are presented for the full sample 1983:1 to 2004:10, the period
prior to the UK left the ERM, i.e. 1983:1 to 1992:9, and the inflation targeting
period, i.e. 1992:10 to 2004:10.'% In the following a 10% significance level will
be used.

4.1 The standard Mishkin model

The results of OLS estimation of the standard Mishkin model are presented in
table 3a-c. Interestingly, the Mishkin model is only supported for the (48,3)
spread in the 1983:1 to 1992:9 period, where the null hypothesis 3,, , = 0 is
rejected and the 3,, , = 1 hypothesis is not rejected. Furthermore, as is clear
from table 3a, the null hypothesis 3,,, = 0 is only rejected for the (36,1)
spread, i.e. the term structure of interest rates does not seem to contain much
information about future inflation during the 1983:1 to 2004:10 period. In the
two subperiods 1983:1 to 1992:9 and 1992:10 to 2004:10, the term structure
of interest rates seems to contain some information about future inflation since

12Using the "finite sample" critical values tabulated by MacKinnon (1991) will make ba-
sically no difference due to the large number of observations. As discussed in Davidson &
MacKinnon (1993), p. 708, it may, however, in general be preferable to use asymptotic critical
values.

13 Hausman specification test have been calculated by regressing T4,t4+5 on the instruments
using OLS. The predicted values from this regression are then used as an extra explanatory
variable in the extended Mishkin model (8). This equation is then estimated using OLS and the
significance of the predicted value of r; ;4 ; is tested using robust standard errors. The results
of the Hausman specification test (not reported in the paper) indicate that the endogeneity
of r; ¢4 ; does not always have significant effect on the estimates. The GIV estimates are used
since for some spreads and some time periods the endogeneity seems to have significant effect
on the estimates, and since 7 +; should be correlated with 7, ,, ;1 ,, whenever the term
structure of "expected real interest rates plus the inflation risk premiums” is not flat.

1With the exception of the (48,n) spreads in the case with the r3 ;4 ; approximation in the
1992:10 to 2004:10 period, a J-test for overidentifying restrictions (not reported in the paper)
cannot reject the null hypothesis of "valid" instruments.

15Note that the actual starting date in the regressions are 1983:9 and 1993:6 since the use
of r3,4—5 as an instrument requires the use of i3 ;g and 73,t—5. The results with and without
different approximations to the slope of the term structure of expected real interest rates and
inflation risk premiums can thus be directly compared.



Table 3a: The Mishkin model 1983:1 to 2004:10

(m,n)
(1)
(12,1)
(12,3)
(24,1)
(24,3)
(36,1)
(36,3)
(48,1)
(48,3)

am,n

0.0001

0.0001
-0.0005
-0.0006
-0.0015
-0.0011
-0.0023
-0.0022
-0.0034

bm,n

-0.4167
0.1377
0.0816
0.1885
0.2447
0.2481
0.3273
0.2786
0.3791

(o)’
0.3819
0.2411
0.2603
0.1586
0.1706
0.1444
0.1982
0.1825
0.2467

p-values for

Byn=0
0.2763
0.5684
0.7542
0.2358
0.1527
0.0871
0.1001
0.1283
0.1260

b=l
0.0003
0.0004
0.0005
0.0000
0.0000
0.0000
0.0008
0.0001
0.0126

Adj. R?
-0.0007
-0.0018
-0.0028
0.0058
0.0219
0.0184
0.0502
0.0327
0.0776

? Estimated standard errors for the estimates of b, ,. The standard errors are
corrected using the Newey & West (1987) method with lags = m-1.

Table 3b: The Mishkin model 1983:1 to 1992:9

(m,n)
(1)
(12,1)
(12,3)
(24,1)
(24,3)
(36,1)
(36,3)
(48,1)
(48,3)

am,n

0.0001
0.0009
-0.0005
0.0002
-0.0017
-0.0003
-0.0024
-0.0007
-0.0029

bm,n

-0.6212
0.0576
0.0079
0.2357
0.3082
0.3789
0.4985
0.4713
0.6353

(o)’
0.4665
0.3234
0.4055
0.1843
0.2121
0.1837
0.2564
0.2343
0.3136

p-values for

Bin =0
0.1858
0.8590
0.9845
0.2037
0.1493
0.0416
0.0545
0.0468
0.0453

Pma=1
0.0007
0.0043
0.0161
0.0001
0.0015
0.0010
0.0531
0.0261
0.2475

Adi. R?
-0.0012
-0.0089
-0.0093
0.0054
0.0195
0.0350
0.0711
0.0648
0.1256

& Estimated standard errors for the estimates of by, The standard errors are
corrected using the Newey & West (1987) method with lags = m-1.

Table 3c: The Mishkin model 1992:10 to 2004:10

(m,n)
(3.1)
(12,1)
(12,3)
(24,1)
(24,3)
(36,1)
(36,3)
(48,1)
(48,3)

am,n

-0.0002
-0.0010
-0.0007
-0.0009
-0.0007
-0.0005
-0.0004
-0.0016
-0.0009

bm,n

0.0973
0.3009
0.2438
0.1477
0.1392
0.0777
0.0682
0.0664
0.0315

(bmn)®
0.7254
0.1834
0.1559
0.0807
0.0625
0.0557
0.0476
0.0390
0.0368

p-values for

Bin=0
0.8935
0.1034
0.1205
0.0698
0.0281
0.1661
0.1554
0.0923
0.3935

Pma=1
0.2155
0.0002
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Adi. R?
-0.0075
0.0014
0.0125
-0.0033
0.0096
-0.0077
-0.0030
-0.0081
-0.0089

& Estimated standard errors for the estimates of by, The standard errors are
corrected using the Newey & West (1987) method with lags = m-1.
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the 3, ,, coefficients are found to be significantly different from 0 for 4 and 3
spreads, respectively. Notably, the estimates of the j3,, , coefficients for the
(36,n) and (48,n) spreads in the 1983:1 to 1992:9 period are relatively high -
ranging between 0.38 and 0.64 - and statistically significant.

The results of GIV estimation of the extended Mishkin model with the 1-
month real interest rate serving as the approximation to the slope of the term
structure of expected real interest rates and inflation risk premiums are shown in
table 4a-c. For the 1983:1 to 2004:10 period the extended Mishkin model is not
supported for any spread.'® However, the approximation to the time-varying
slope of the term structure of expected real interest rates and the inflation risk
premiums is found to be significant and the term structure of interest rates
is found to contain information about future inflation for the (24,1), (36,1),
(36,3), (48,1) and (48,3) spreads. The estimates of the f3,, ,, coefficients for these
spreads are relatively high - ranging between 0.33 and 0.66. For the 1983:1 to
1992:9 period the extended Mishkin model is supported for the (12,1), (24,1),
(36,1), (48,1) and (48,3) spreads. In addition, the results indicate that the term
structure of interest rates also contains information about future inflation for
the (36,3) spread. All the estimates of the f3,, , coefficients - apart from the
(12,3), (24,3) and (36,3) spreads - are high - ranging between 0.73 and 0.99. For
the 1992:10 to 2004:10 period the results are quite similar to the results for the
1983:1 to 2004:10 period. However, for the 1992:10 to 2004:10 period the term
structure of interest rates seems to contain information about future inflation
for all spreads except the (3,1) and (12,3) spreads.

Table 4a: The extended Mishkin model (j = 1) 1983:1 to 2004:10

p-values for
(m,n) am,n bm,n dbm,n)a gn,n bm,n=0 bm,nzl gm,n=0 Ad] . R2
(31) -0.0041 0.0877 0.5280 0.1214 0.8682 0.0853 0.1025 0.3139
(12,1) -0.0065 0.2285 0.1782 0.1800 0.2011 0.0000 0.0028 0.4611
(12,3) -0.0020 0.1160 0.2008 0.0618 0.5639 0.0000 0.1020 0.0304
(24,1) -0.0086 0.3315 0.1459 0.2015 0.0240 0.0000 0.0125 0.4810
(24,3) -0.0029 0.2426 0.1605 0.0616 0.1320 0.0000 0.1810 0.0496
(36,1) -0.0197 0.5516 0.1637 0.4330 0.0009 0.0067 0.0001 0.4938
(36,3) -0.0063 0.3524 0.1767 0.1307 0.0474 0.0003 0.0071 0.0758
(48,1) -0.0235 0.6637 0.1528 0.4775 0.0000 0.0288 0.0002 0.4960
(48,3) -0.0107 0.4811 0.1786 0.1681 0.0076 0.0041 0.0396 0.1181

2 Estimated standard errors for the estimates of b, ,. The standard errors are corrected using the Newey &
West (1987) method with lags = m-1.

16The extended Mishkin model is in the following said to be supported by the data if the
null hypotheses 3,, , =0 and v,, ,, = 0 are rejected and the null hypothesis 3, ,, = 1 is not
rejected.
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Table 4b: The extended Mishkin model (j = 1) 1983:1 to 1992:9

p-vauesfor
(mln) am.n bm.n S(bm.n)a gﬂ,n bm.n:0 bm,n:]- gm,n:O Adl . R2
(31) -0.0247 0.8768 0.6607 0.4824 0.1873 0.8524 0.0019 0.3268
(12,1) -0.0411 0.8228 0.3573 0.7247 0.0232 0.6209 0.0000 0.5597
(12,3) -0.0050 0.2208 0.3382 0.0927 0.5153 0.0232 0.2402 0.0291
(24,1) -0.0405 0.8374 0.2238 0.6861 0.0003 0.4692 0.0000 0.4794
(24,3) -0.0060 0.3422 0.2642 0.0849 0.1980 0.0143 0.4713 0.0419
(36,1) -0.0405 0.8808 0.2210 0.7092 0.0001 0.5908 0.0000 0.4622
(36,3) -0.0097 0.4920 0.2211 0.1294 0.0282 0.0236 0.1971 0.1005
(48,1) -0.0482 0.9906 0.2103 0.8408 0.0000 0.9644 0.0000 0.5258
(48,3) -0.0191 0.7270 0.1682 0.2684 0.0000 0.1076 0.0001 0.1813

& Estimated standard errors for the estimates of b, ,. The standard errors are corrected using the Newey &
West (1987) method with lags = m-1.

Table 4c: The extended Mishkin model (j = 1) 1992:10 to 2004:10

p-vauesfor
(m’n) am.n bm.n S(bm.n)a gn,n bm.n:O bm.n:1 ng,n:O Adl . R2
(31) -0.0008 0.0273 0.7302 0.0175 0.9703 0.1851 0.8912 0.5233
(12,21) -0.0057 0.3628 0.1656 0.1575 0.0303 0.0002 0.0472 0.5855
(12,3) -0.0017 0.2165 0.1445 0.0288 0.1365 0.0000 0.4369 0.0668
(24,1) -0.0241 0.4376 0.1216 0.6863 0.0005 0.0000 0.0000 0.7777
(24,3) -0.0022 0.1709 0.0624 0.0383 0.0072 0.0000 0.3709 0.0751
(36,1) -0.0406 0.5002 0.1172 1.1497 0.0000 0.0000 0.0000 0.8688
(36,3) -0.0187 0.3027 0.0878 0.5224 0.0008 0.0000 0.0000 0.1040
(48,1) -0.0399 0.4865 0.0520 1.0786 0.0000 0.0000 0.0000 0.8319
(48,3) -0.0224 0.2871 0.0453 0.5993 0.0000 0.0000 0.0000 0.0632

& Estimated standard errors for the estimates of b, ,. The standard errors are corrected using the Newey &
West (1987) method with lags = m-1.

The results of GIV estimation of the extended Mishkin model with the 3-
month real interest rate serving as the approximation to the slope of the term
structure of expected real interest rates and inflation risk premiums are shown
in table 5a-c. For the 1983:1 to 2004:10 period the extended Mishkin model only
seems to hold for the (36,3) and (48,3) spreads. For the (36,1) and (48,1) spreads,
however, the f3,,,, = 0 hypothesis is rejected and the j3,, , = 1 hypothesis is
not rejected, i.e. the data also provide some support the extended Mishkin
model in this case. Compared to the results for the standard Mishkin model,
the estimates of the 3,,,, coefficients for the (36,n) and (48,n) spreads in the
extended model are more than twice as large and the estimates of the Binn
coefficients for the (24,n) spreads are also higher. For the 1983:1 to 1992:9
period, the extended Mishkin model is supported for the (12,3), (24,3), (36,3),
(48,1) and (48,3) spreads. For the (24,1) and (36,1) spreads, the 3,,, = 0
hypothesis is rejected and the 3,, ,, = 1 hypothesis is not rejected, i.e. the data
provide some support for the extended Mishkin model for these spreads. For
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the 1992:10 to 2004:10 period, the extended Mishkin model does not hold for
any spread. However, for all spreads except the (3,1), (24,1) and (36,1) spreads,
the f3,,, = 0 hypothesis is rejected, which indicates that the term structure
of interest rates contains some information about future inflation. In addition,
the approximation to the slope of the term structure of expected real interest
rates and inflation risk premiums is significant for the (24,3), (36,n) and (48,n)
spreads.

Table 5a: The extended Mishkin model (j = 3) 1983:1 to 2004:10

p-vauesfor
(m’n) am.n bm.n S(bm.n)a gm,n bm.n:O bm.n:1 gm,n:O Adl . R2
(31) -0.0036 0.0170 0.6480 0.0982 0.9791 0.1305 0.4234 0.0077
(12,1) -0.0098 0.4754 0.3124 0.2252 0.1294 0.0944 0.1326 0.0253
(12,3) -0.0007 -0.0521 0.2755 0.0225 0.8502 0.0002 0.7777 0.0939
(24,1) -0.0147 05486 0.4102 0.2919 0.1824 0.2723 0.2973 0.0400
(24,3) -0.0085 0.3429 0.1798 0.1943 0.0578 0.0003 0.1533 0.2408
(36,1) -0.0365 0.8886 0.4585 0.7604 0.0539 0.8082 0.1301 0.0577
(36,3) -0.0313 0.7031 0.3383 0.7322 0.0389 0.3813 0.0005 0.2665
(48,1) -0.0357 0.8655 0.4637 0.6748 0.0634 0.7722 0.2542 0.1029
(48,3) -0.0378 0.8238 0.2897 0.8062 0.0049 0.5437 0.0000 0.3479

& Estimated standard errors for the estimates of b, ,. The standard errors are corrected using the Newey &
West (1987) method with lags = m-1.

Table 5b: The extended Mishkin model (j = 3) 1983:1 to 1992:9

p-vauesfor
(Mmn)  ann  bmn SOmY® Gnn bni=0  bp=l gm0 Adi.R?
(31 0.0335 -15746 1.0521 -0.6317 0.1375 0.0160 0.2049 0.1016
(12,1) -0.0577 1.3040 1.1427 1.0445 0.2564 0.7907 0.2071 0.0067
(12,3) -0.0369 0.8492 0.4180 0.6177 0.0447 0.7191 0.0052 0.3830
(24,1) -0.0568 0.9447 0.4560 1.1829 0.0407 0.9037 0.1153 0.0227
(24,3) -0.0501 1.1466 0.2656 0.8307 0.0000 0.5820 0.0000 0.3480
(36,1) -0.0691 1.2393 0.2627 1.4776 0.0000 0.3643 0.1040 0.0613
(36,3) -0.0603 1.0560 0.2005 1.0383 0.0000 0.7804 0.0000 0.3820
(48,1) -0.0649 1.4974 0.3045 1.4289 0.0000 0.1053 0.0831 0.1295
(48,3) -0.0587 1.2343 0.2167 1.0500 0.0000 0.2819 0.0000 0.4811

& Estimated standard errors for the estimates of b, ,. The standard errors are corrected using the Newey &
West (1987) method with lags = m-1.
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Table 5c: The extended Mishkin model (j = 3) 1992:10 to 2004:10

p-vauesfor
(mln) am.n bm.n S(bm.n)a gﬂ,n bm.n:O bm.n:1 g‘n,n:O Adl . R2
(31 0.0008 -0.0706 0.8325 -0.0343 0.9326 0.2007 0.7776 -0.0140
(12,1) -0.0010 0.5055 0.2625 -0.0162 0.0565 0.0620 0.9277 -0.0101
(12,3) -0.0008 0.3631 0.1870 -0.0170 0.0545 0.0009 0.8699 -0.0122
(24,1) -0.0264 0.4805 0.3569 0.7558 0.1810 0.1483 0.3149 0.0588
(24,3) -0.0140 0.3576 0.1095 0.3772 0.0015 0.0000 0.0368 0.4032
(36,1) -0.0487 0.4805 0.3953 1.3694 0.2270 0.1919 0.0053 0.0608
(36,3) -0.0277 0.2983 0.1380 0.7583 0.0331 0.0000 0.0000 0.4959
(48,1) -0.0534 0.5399 0.2335 1.3915 0.0232 0.0520 0.0124 0.0499
(48,3) -0.0259 0.3087 0.0585 0.7179 0.0000 0.0000 0.0000 0.4155

& Estimated standard errors for the estimates of b, ,. The standard errors are corrected using the Newey &
West (1987) method with lags = m-1.

For all periods the extended Mishkin model thus indicates that the term
structure of interest rates contains more information about future inflation than
the standard Mishkin model does. For the 1983:1 to 1992:9 period, i.e. the
period prior to the inflation targeting monetary regime in the UK, the results
also indicate that the extended Mishkin model holds for the (36,n) and (48,n)
spreads, i.e. the extended Mishkin model is clearly supported when the slope
along the entire term structure is used.!” Interestingly, in the 1983:1 to 1992:9
period, the extended Mishkin model is also supported for the (12,1) and (24,1)
spreads when the 1-month real interest rate is used as an approximation to
the time-varying slope of the term structure of expected real interest rates and
inflation risk premiums. Likewise, the extended Mishkin model is supported for
the (12,3) and (24,3) spreads in the 1983:1 to 1992:9 period when the 3-month
real interest rate is used as an approximation to the time-varying slope of the
term structure of expected real interest rates and inflation risk premiums.

5 Concluding remarks

In this paper an extended version of the Mishkin model (2) has been proposed
and tested. The extended Mishkin model (8) is derived from the Fisher equation
including a time-varying inflation risk premium and a time-varying expected
real interest rate. A single-factor representation of the sum of the expected
real interest rate and the inflation risk premium is suggested, and based on the
assumptions of rational expectations, ex post real interest rates for different
maturities are used as an approximation to the expected real interest rate plus
the inflation risk premium term in the extended Mishkin model. The empiri-
cal results show that the term structure of interest rates contains much more
information about future inflation than is the case if the misspecified standard

ITInterestingly, this result is much like the results obtained by Frankel & Lown (1994) using
a very different model.
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Mishkin model is examined. Interestingly, the data provide strong support for
the extended model in the pre-inflation targeting period 1983:1 to 1992:9 in the
UK when the slope along the entire term structure is used.
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