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Abstract In this paper, we use new data and modern time series econometrics to
reassess the relationship between interest rates, prices and inflation in Britain across
the two and a half centuries from 1750 to 2006 for which reliable data are available.
We pay particular attention to monetary regimes that may lead to breaks in the
relationship and to associated shifts in the stochastic structure of interest rates and
prices. The behaviour of real interest rates is examined in detail and estimates of the
expected real rate are calculated using a variety of methods to check for robustness.

Keywords Gibson Paradox - Inflation - Interest rates - Prices - Real interest rates -
Volatility

JEL Classification C22 - E31 - N13 - N14

1 Introduction

From Henry Thornton at the turn of the nineteenth century (Thornton (1802 [1978]),
through Wicksell (1907), Fisher (1907, 1930) and Keynes (1930) in the early
twentieth century and Friedman and Schwartz (1982) in the late twentieth century,
to Alvarez et al. (2001) in the twenty-first century, the relationship between interest
rates and prices, either in levels or changes (i.e., inflation), has provoked great
interest and debate. In this paper, we use new data and modern time series
econometrics to reassess this relationship across the two and a half centuries from
1750 to 2006 for which reliable British data are available. We pay particular
attention to monetary regimes that may lead to breaks in the relationship and to
associated shifts in the stochastic structure of interest rates and prices.
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214 T. C. Mills

Section 2 thus introduces the data that we use and reports initial exploratory
analysis using simple graphical and regression approaches. Section 3 looks
explicitly at the Gibson Paradox, the relationship between the interest rate and
the price level that was argued to have been found during the gold standard regime.
The behaviour of the real interest rate—in particular, the long run stability of the
expected real rate—is the concern of Sect. 4. Section 5 provides a summary and
conclusions.

2 Initial data analysis

The price series that we use is the composite consumer price index of O’Donoghue
et al. (2004, Table 1) for 1750 to 2003, updated to 2006. Denoting this series as P,
the logarithms p, = log (P,) are plotted in Fig. 1 and the annual rate of inflation,
7, = 100Ap;, is plotted in Fig. 2. The familiar pattern of British price movements are
clearly seen in Fig. 1: an upward trend during the latter half of the eighteenth
century, stability throughout the nineteenth century up to the outbreak of World War
I, a sharp increase at the end of the war followed by a decline throughout the
interwar period, and then a continued upward trend, with various degrees of
steepness, till the end of the sample period. Inflation is very volatile until the mid-
1800s, although it fluctuates around zero (the median rate of inflation between 1750
and 1860 is indeed zero). Inflation fluctuations tend to decline thereafter, albeit with
bouts of volatility, but average inflation is markedly positive (post-1860 mean
inflation is 3% per annum).

For the long interest rate we use the yield on Consols, taken from Mitchell (1998)
and extended to 2006. This series, denoted R,, is shown in Fig. 3. For more than two
centuries (1750-1960) the Consol yield fluctuated within the band 2.25—6%. From
1965 to 1997, the yield was consistently well above this band, reaching over 14%
during the mid-1970s. From 1998, after the Bank of England became independent, it
has once again been below 6%.
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Fig. 1 Logarithm of the cost of living index, p,: 1750-2006
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Fig. 2 Annual inflation rate, ©,: 1750-2006

% per annum
(=)}
!

0 T T T T T T T T T T

1750 1775 1800 1825 1850 1875 1900 1925 1950 1975 2000

Fig. 3 Consol yield, R;: 1750-2006

Figure 4 presents a scatterplot of R, on m,, with the ‘aberrant’ period from 1965 to
1997 highlighted, along with the two inflation outliers of 31.0% in 1800 and
—26.4% in 1802. The 1965 to 1997 observations appear as a distinct cluster and a
regression of R, on 7, over this sub-period produces

R, = 6.815 + 0.410m,
(0.436)  (0.050)

R*=0.685 dw=2.08; T =233(1965—1997)

Note the absence of autocorrelation and the highly significant positive coefficient on
inflation (figures in parentheses are standard errors). In contrast, the corresponding
regression for the remainder of the sample (1750-1964, 1998-2006) yielded

R, =3.724 + 0.0837,
(0.058)  (0.085)

R*=0.004; dw=0.18; T =222(1750—1964, 1998—2006)

Accounting for the severe residual autocorrelation either by estimating with a first-
order autoregressive error process or by first differencing reduces the z-ratio from
1.0 to 0.3. For example,
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Fig. 4 Scatterplot of R, on m,: 1750-2006
AR[ == 0.00IATC[
(0.003)
R* = 0.000; dw =2.08; T =221(1751—1964,1998—-2006)

This confirms that, for the great majority of the two and a half centuries for which
we have data, there was no contemporaneous linear relationship between R, and ..
Neither does including lags of Am, improve matters. Adding three lags of this
regressor for the 1751-1964 period only increases the R to 0.012.

Barro (1987) argues that government spending impacts upon interest rates.
Figure 5 shows the government spending ratio g,, defined as the ratio of government
spending to GNP. The large spikes in g, associated with increased military spending
during the Napoleonic and the twentieth century world wars are clearly seen, as well
as the rising trend throughout the twentieth century. Including g, as a control
variable produces the following regressions

R; =1.932 4+ 0.3997, + 14.408g;

(2.142)  (0.047)
R*=0.733; dw = 2.39;
AR, = 0.000647, + 0.8044g,

(0.0035) (0.544)

R* =0.010; dw =2.09;

(6.204)
T = 33 (1965—1997)

T =221 (1750—1964, 1998—2005)

The inclusion of the government spending ratio, although it enters significantly, has
no impact on the strength and direction of the relationship between consol yields
and inflation. However, is this evidence of no relationship a consequence of failing
to distinguish between periods when Britain was on (1750-1796, 1822-1913,
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Fig. 5 Government spending ratio, g,: 1750-2006
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Fig. 6 Scatterplot of R, on 7, distinguishing between being off and on the gold standard

1925-1931) and off the gold standard? Figure 6 suggests not and this is confirmed
by the following regressions. For the gold standard sample, we obtain

R, =3.412 + 0.00027,
(0.058)  (0.0100)

R*=0.001; dw=0.18; T = 146(1750—1796,1822—1913,1925—1931)

AR, = —0.0013247%, + 6.7384g,
(0.00335) (1.573)

R*=0.114; dw=274; T = 146(1750—1796,1822—1913,1925—1931)

For the periods when the gold standard was not in operation, we obtain
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R, = 4.373 + 0.00707;
(0.105)  (0.0116)

R> =0.005; dw = 0.28;
T =77 (1797—1821,1914—1924,1932—1964, 1998—2006)

and

AR, = 0.001147, + 0.4754g,
(0.0068) (0.798)

R* =0.005; dw = 1.90;
T =177 (1797—1821,1914—1924, 1932—1964, 1998—2005)

There continues to be no relationship between R, and 7, in any of these periods and,
indeed, no relationship between R, and g, except under the gold standard (the
possible presence of residual autocorrelation indicated by the dw statistic in this
regression does not affect this relationship: the coefficient on g, remains significant
at less than the 0.005 level when HAC standard errors are used).

3 The Gibson Paradox

Consider now Fig. 7, which is the scatterplot of R; on the price level, p,, for the
period 1750 to 1914, split (by examination of the data) into periods closely
approximating the years when Britain was on and off the gold standard, i.e., 1750—
1794, 1795-1820, 1821-1914. During the two ‘gold standard’ periods, there is
clearly a positive relationship between the two variables, but there appears to be a
negative relationship in the intervening years. The positive correlation between the
long term interest rate and the price level is termed the ‘Gibson Paradox’, regarded
by Keynes (1930, p. 198) as ‘one of the most completely established empirical facts
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Fig. 7 Scatterplot of R, on p,: 1750-1914

@ Springer



Exploring historical economic relationships 219

in the whole field of quantitative economics’. For examples of quantitative evidence
concerning the Gibson Paradox, see Sargent (1973), Shiller and Siegel (1977),
Benjamin and Kochin (1984), Barsky and Summers (1988) and Mills (1990), while
reviews of the theoretical explanations of the paradox may be found in Friedman
and Schwartz (1982, Chap. 10) and Capie et al. (1991).

The impression obtained from Fig. 7 is confirmed by the following regressions

R, = —0.244 + 0.857p, — 0.00587, 4+ 9.279¢g; + 0.401R,_,
(0.740)  (0.446) (0.0100) (2.232) (0.123)

R*=0.767 T =44(1751—-1794)

R, =9.71—2.773p, + 0.0117%, + 6.176g, + 0.072R,_,
(1.99) (. 714) (0.0080) (1.802) (0.176)

R*=0.532 T =26(1795-1820)

R, = —1.436 + 0.961p, + 0.00267, + 0.195¢, + 0.759R,
(0.476)  (0.239) (0.0032) (0.563) (0.053)

R>=0.864 T =94(1821—1914)

Note that 7, and g, are both included as control variables and R,.; is included to
model any dynamics. Their joint inclusion fails to stop p, from remaining significant
with the predicted signs. We can thus confirm the existence of the ‘traditional’ form
of the Gibson Paradox, a positive relationship between interest rates and the price
level, for the years of the gold standard before 1914. However, we also find that
there is still a relationship between these two variables when the gold standard was
suspended, albeit a negative one.

Not surprisingly, any relationship between interest rates and the price level
completely disappears after 1914:

R, = 0.863 + 0.066p, + 0.0677; — 1.919g; + 0.871R,_;
(0.458)  (0.107) (0.025) (1.040) (0.052)

R*>=0.896 T =91(1915-2005)

Although the residuals in this regression exhibit time varying heteroskedasticity,
fitting a GARCH model to them produces little change to the coefficient estimates
or their significance.

4 Modelling the real interest rate

The ex post, or realised, real interest rate is defined as
=R, — m (1)
Following Rose (1988), for example, this definition of the realised real rate follows

from the Fisher decomposition of the nominal interest rate as the sum of the ex ante
real rate and expected inflation:

R,fr +”z+1

If expected inflation differs from observed inflation by a forecasting error,
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() _
T = Tl + Hepg
then
c
P =R — T — 1

This will lead to (1) if ¥ =r, — 5, , ;, i.e., if the ‘forecast error’ in predicting real
interest rates offsets the inflation forecast error. From (1) it would seem that the
stochastic properties of r, will depend upon the stochastic properties of the observed
R; and 7, , ;. Table 1 reports the conclusions on the level of integration of the
respective series that we have drawn from subjecting them to a battery of unit root
tests across a range of sample periods. The years from 1965 to 1997, already
indicated above as ‘aberrant’, is the only period for which the variables are
‘balanced’ (Granger 1999, Chap. 1), i.e., the price level is 1(2), inflation is thus (1),
interest rates are also /(1) and the observed real rate, being the difference between
these series, is also I(1). For all other periods and, indeed, for the complete sample,
interest rates are /(1) and inflation is /(0) but real rates are also 1(0), whereas they
should, in terms of balance, be I(1).

The nonstationarity of interest rates and the apparent stationarity of inflation and the
real rate can also be observed in the spatial densities of the three series shown in Fig. 8
and the plot of the real rate itself in Fig. 9. The spatial density is a concept developed in
Phillips (2001, 2005) and is a generalisation of the probability distribution to
nonstationary time series. The spatial densities shown in Fig. 8 are kernel densities
scaled by /T (calculated using a gaussian kernel with bandwith 772, as
recommended by Phillips 2001) and have the interpretation of indicating the amount
of time (the ‘sojourn’ time) spent by a series in the vicinity of a particular value. For a
nonstationary series, the spatial density thus distributes soujourn time across space,
whereas for a stationary series a conventional density estimate distributes probability
across space. Phillips (2001) demonstrates that for a stationary series, the spatial
density will be fairly smooth, have quite a narrow spatial support, and will have a
single mode. For a nonstationary series, the spatial density will be irregular and show
substantial variation in sojourn levels over a wide range of spatial values, providing
information about the spatial points that the series has visited and the relative
proportion of those visits to the full sample. The spatial densities in Fig. 8 show, first,
that interest rates, although having a mode between 3 and 3.5%, also visit the regions

Table 1 Orders of integration for p, m, R and r for alternative sample periods

p n R r A
1750-2006 1(1) 1(0) I(1) 1(0) 0.010
1750-1820 I(1) 1(0) I(1) 1(0) 0.004
1821-1914 1(0) 1(0) I(1) 1(0) 0.001
1915-2006 I(1) 1(0) I(1) 1(0) 0.031
1965-1997 1(2) I(1) I(1) I(1) 0.119
1915-1964 I(1) 1(0) I(1) 1(0) 0.004
1940-2006 I(1) 1(0) I(1) 1(0) 0.082

2 = varAR/varn
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Fig. 8 Spatial densities of R,,m; and r,: 1750-2006. 95% confidence bands for the spatial densities are
given by the dashed lines

[4.5, 5] and [8.5, 10.5] more frequently than surrounding regions, thus confirming that
interest rates are nonstationary; and, second, that both inflation and real rates are
concentrated in the region [0, 5], consistent with stationarity.

A resolution of the paradox is provided by the simulation experiment of
Markellos and Mills (2001) and the theoretical analysis of Sun and Phillips (2004).
This shows that, if the difference between an /(1) and an /(0) series is computed, a
standard Dickey—Fuller test for a unit root would almost always reject the correct
I(1) null if the variance of the /(0) series was much larger than the innovation
variance of the I(1) series. The final column of Table 1 reports the values for the
variance ratio 4 = var AR/varrm. In most cases A is extremely small, so that the
variation in stationary inflation swamps the ‘I(1)-ness’ of interest rates so that real
rates exhibit stationarity as well, which is clearly seen in Fig. 9.
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Fig. 9 Real interest rate, r,: 1750-2005

We thus continue by assuming that real rates are stationary. However, both the
conditional mean and variance of r, are autocorrelated, as seen from the sample
autocorrelation functions in Fig. 10. Although Sun and Phillips (2004) argue that
any long memory in interest rates would be swamped by the variation in inflation, it
is hard to reconcile the sample autocorrelation function of r, with anything other
than a short memory process. After some experimentation, the following AR(2)-
EGARCH(1,2) model with generalised error (GED) innovations (see Nelson 1991)
was found to adequately fit r, for the complete sample period.

ry =2.553 + u,
(0.280)

u; = 0.559%,_1 — 0.151u;,_» + &
(0.064) (0.058)

& = 0%y Z[NGED{1.30(0.17>}

log o2 = —0.395 +0.755|¢,_1 /o, 1| — 0 366¢1/0:1
(0.134)  (0.167) 0.109)

0.4281 0.5001
+(0097) oga 1+( o ogat s

R*=0.186 T =254 (1752—2005)

This model has the following interpretation. The mean real rate is estimated to be
2.55% per annum, around which the real rate cycles stochastically (since the roots of
the AR(2) component are complex: 0.28 + 0.27i) with an average period of 8.2 years.
However, this cyclical movement is rather volatile, being buffeted by drawings from a
fat-tailed GED random variable (since the GED parameter is estimated to be less than
2) scaled by a time-varying g,, whose evolution is plotted in Fig. 11. This is seen to be
asymmetric, with rapid increases in volatility being followed by slower declines.
Writing the asymmetric part of the EGARCH specification as

0-755|8t—]/01—1| — 0.36681_1/0}_1 = 0.755(—0.485&_1/0',_1 + ‘8,_1/0';_1 |)

enables the ‘news impact’ curve to be defined as
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Fig. 10 Sample autocorrelations of (a) r, and (b) 722 1750-2005. Dashed horizontal lines indicate one
standard error bounds

f(gt—l/o'z—l) = _0-4853&1/0}—1 + ‘8171/0'r71|

Thus, 0f/0e, .1 = 0.515if ¢ _; > 0and Off0e, . 1 = — 1.485if ¢ . < 0, showing
the asymmetric response of volatility to innovations, i.e., ‘news’.

Given that we have earlier identified several sub-periods showing different
statistical properties, models for the real rate process were also built for the periods
1750-1914, 1915-1964 and 1965-2005. For the first period, an AR(3)-
EGARCH(1,2), again with GED innovations, provided a satisfactory fit

ry = 2.867 -+ u;
(0.209)

u, = 0.236u,_1 — 0.169u;_» — 0.239 + ¢
(0.072) (0.070) (0.066)

& =01z 72~GED{1.12(0.19)}

loga,2 —0294+0371|s, 1/04— 1|—03298, 1/00-1
(0.108)  (0.155)

0.2571 0. 7481
+(0198) oga, 1—1—( oga,2
R2=0226 T=162 (1753—1914)

The stochastic properties of the real rate for the period up to 1914 are very similar to
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Fig. 11 Conditional standard deviation, a,, of the real interest rate: 1750-2005

those for the complete period. The mean real rate is 2.87% per annum, around which
the real rate cycles stochastically with an average period of 5.9 years (the roots of
the AR(3) process are 0.35 £ 0.62i and —0.47). The GED innovation distribution
has fatter tails than for the complete period, with its parameter, estimated to be 1.12,
being insignificantly different from unity, which defines the double exponential, or
Laplace, distribution. The news impact curve is

f(gt—l/o'z—l) = *0~8873t—l/0'z—1 + ‘gt—l/at—l|

so that the asymmetry is even more marked in this subperiod than for the complete
period.
Rather simpler models are required for the two later periods, being

Iy = 1.937 + U
(0.839)

u; = 0.646u,_1 + &
(0.061)

& =01z 7~GED{0.94(0.22)}

o7 = 6.245 + 0.949¢7 |
(2.970)  (0.639)

R*=0.517 T =50 (1915-1964)

and
= 2.871 4+ u;
(0.823)
u, = 0.698u,_1 + &
(0.145)

& = 0%y Z[NN(O, 1)

o2 = 1.856 + 0.749¢% |
(0.765)  (0.385)

R* =0.447 T =41 (1965-2005)
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The mean real rate is 1.94% per annum between 1915 and 1964, but is 2.87% from
1965 onwards. The cyclical pattern in the real rate has disappeared after 1915 and,
from 1965, so has the fat-tailed GED innovations, being replaced by gaussianity.
The asymmetry in the conditional variance has also disappeared after 1915, with
ARCH(1) processes being all that is required in both sub-periods. Persistence in
volatility also decreases over time, since the ARCH parameter is smaller in the final
sub-period.

The robustness of these results is examined by fitting two alternative models to
the real rate. The first is a two-state Markov switching process in which both the
mean and the variance depend on the state (see Garcia and Perron 1996; Mills and
Wang 2003, 2006, for previous applications to real interest rates and details of
estimation and hypothesis testing). The fitted model is

ry = ,U(St) + u;

3.070, S, =1
(1.322)
:u'(St) =
2402, S, =2
(0.457)
u; = 0.58%u, 1 — 0.145u, _, + ¢
(0.060) (0.057)
& =0(S)z z~N(0, 1)
IR
S) = )
a(S1) 2294 5, =2
(0.646)

This model categorises the real rate as falling into one of two states every year: a high
mean(y (S; = 1) = 3.07%), high variance (o(S; = 1) = 8.331) regime, and a low
mean (u(S; = 2) = 2.40%), low variance (0(S; = 2) = 2.294) regime. The transition
probabilities associated with the two states are p1; = 0.96, p1, = 0.04, p»; = 0.02 and
P2 = 0.98, where p;; is the probability that S, = j given that S,.; =i, i,j = 1, 2. The
expected duration of being in state i is given by (1 — p;)~", so that the expected
durations are 27 and 42 years respectively. Thus, once the real rate enters a particular
state, it tends to stay in that state for a considerable length of time, so that the
expected real rate is extremely stable. This is shown in Fig. 12, which plots the
(smoothed) probability of being in state 1 (high mean, high variance). On the
assumption that a probability in excess of 0.5 categorises the year as being in state 1,
then this state occurs throughout the period 1750 to 1858, apart from the years 1786
to 1792, while state 2 occurs throughout the subsequent period, apart from the years
1914 to 1921 and 1939.

Figure 13 superimposes a nonparametric trend onto the real rate series obtained
using a Nadaraya—Watson kernel estimator (see Mills 2003, Chap. 5.3). This trend is
smoothly and slowly varying and may be interpreted as an estimate of the
underlying expected real rate. This is 2.75% at the beginning of the period in 1750
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Fig. 12 Smoothed probability of r, being in state 1 (high mean, high variance) from a two-state Markov
switching model
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Fig. 13 Kernel trend estimate of the real interest rate: 1750-2005

and slowly increases to 3.5% during the 1820s. It then declines to 1.5% by 1950
before increasing again to stand at 2.15% by 2005.

The Markov switching model and the nonparametric trend, although neither can
effectively deal with the conditional volatility that is a major feature of the observed
real rate, do lend support to the perception obtained from the set of volatility models
that the expected real rate is rather stable, only slowly varying through a maximum
range of 1.5 to 3.5% per annum. Indeed, from the GARCH models a strong claim
can be made that, apart from the period from the outbreak of World War 1 to the
mid-1960s, when the expected real rate was just under 2%, the expected real rate
was constant at 2.86%.

5 Conclusions
Throughout the last two and a half centuries, long interest rates in Britain, as

measured by the Consol yield, have been generated by a nonstationary, I(1) process.
The price level, on the other hand, has been stationary or nonstationary depending

@ Springer



Exploring historical economic relationships 227

upon the monetary regime. Typically it has been I(1), so that innovations (or shocks)
to the price process are permanent and inflation—the stationary transformation of
the price level—is the appropriate measure to analyse. During the gold standard era
from 1820 to 1914, however, the price level was stationary, so that shocks have only
a temporary impact and prices revert in time back to an underlying equilibrium
level. In stark contrast, from the start of the stagflation era, 1965, to the beginning of
Bank of England independence in 1997, the price level was 1(2). This implies that
inflation was nonstationary and that shocks to inflation were permanent and the
price process was characterised by permanent shocks to both its level and slope.
Consequently, pinning down the relationship between interest rates, prices and
inflation has been difficult. The Gibson Paradox, that there is a relationship between
interest rates and the price level, is confirmed to hold during the gold standard, even
when controlling for inflation and government spending and allowing for dynamics.
Interest rates and inflation are positively related during the 1965 to 1997 period but
there is no relationship between them during any other period. The changing
integration properties of the price level over the complete period perhaps suggests
that long memory models of the type fitted by Baillie et al. (1996) to inflation and
extended by Gil-Alana (2007) may be a useful extension to the approach taken here.

The real interest rate is stationary, even though the nominal rate is nonstationary,
a consequence of the excessive volatility of inflation compared to that of nominal
rates. It also exhibits volatility, having an asymmetric conditional volatility process
driven by fat-tailed innovations, i.e., that increases in volatility are more rapid than
falls and these movements are driven by innovations drawn from a distribution for
which the probability of obtaining large (absolute) values is much greater than for a
normal distribution. The extent of this asymmetry and ‘fat-tailed’-ness appears to
have dissipated during the twentieth century. The expected real rate has been very
stable across the entire period, being around 2.9% except between 1915 and 1964,
when it was about one per cent lower. Alternative models produce estimates of the
expected real rate that are consistent with this. Given the evidence of shifting
volatility, an interesting extension of the models fitted here would be to the
switching ARCH (SWARCH) class of models introduced by Cai (1994) and
Hamilton and Susmel (1994): see Abramson and Cohen (2007) for recent references
and developments.
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