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ABSTRACT

This paper investigates the relationship between inflation and inflation volatility.

Using annual data from 1688 to 2009, the results show that UK inflation and its

volatility have been positively correlated when inflation exceeds a certain value,

but negatively correlated when inflation is below this threshold. The evidence

also suggests that the break in the relationship occurs between annual inflation

rates of 0.6% and 5.5%, which includes both the 2% inflation target of many

central banks, and the 3.5% break point predicted by the New Keynesian model

of Coibion et al. (2012).

I INTRODUCTION

The relationship between inflation and its volatility plays a central role in

important macroeconomic questions involving monetary policy and the costs

of inflation. Despite the scarcity of theoretical models explaining this relation-

ship,1 there is widespread consensus that the level of inflation and inflation

volatility are strongly and positively correlated. Originally, the positive rela-

tionship was considered mostly at higher inflation rates, as in Friedman

(1977). Gradually, however, the positive correlation was extended to apply to

moderate or even low inflation rates (for example, Taylor, 1981; Ball and

Cecchetti, 1990; Brunner and Hess, 1993; Grier and Perry, 1998; Davis and

Kanago, 1998, 2000; Fountas, 2001; Daal et al., 2005; Thornton, 2007; Kiley,

2007; D’Agostino and Surico, 2012), so that eventually the relationship has

come to be thought of as monotonic. Put simply, high inflation is generally

expected to be variable inflation, while conversely low inflation is generally

expected to be stable inflation.

Recently, however, Coibion et al. (2012) have presented a theoretical New

Keynesian model that not only endogenously generates a relationship between

the level and volatility of inflation, but also predicts that this relationship is

not monotonic. In particular, their model predicts that the relationship

University of Illinois at Chicago
1 Ball (1992) and Kiley (2007) provide two influential exceptions.
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between the level and volatility of inflation is negative at low levels of

inflation, becoming positive only when inflation rises above a specific value.

Coibion et al. (2012) compute that the break in the relationship occurs at

annual inflation of 3.5%. In the rest of the present article, we refer to this as

the CGW Hypothesis.

The significance of such a result for monetary policy is straightforward.

Suppose that inflation and its volatility are indeed negatively related when

inflation is below a certain threshold. This would then mean that if inflation

falls below that threshold, raising it would make inflation more stable –
indeed, it would mean that inflation would have to be raised in order to be

made more stable.2

The goal of this paper is to examine empirically the relationship between

inflation and its volatility and test the CGW Hypothesis. Using annual UK

data over the period 1688–2009, the article estimates the relationship between

several measures of inflation (or trend inflation) and inflation volatility. The

main advantage of using such a long data set is that it includes a variety of

inflation (and deflation) experiences that are not commonly (or not at all)

found in more recent, post-WWII data sets.

Our first finding with this data set is that the overall correlation between

inflation and its volatility is extremely low. Next, we ask whether the 3.5%

inflation value implied by the model of Coibion et al. (2012) really marks a

break point in the relationship, and we find that it does: for inflation values

higher than 3.5%, the correlation between inflation and its volatility has been

positive; while for inflation below 3.5%, the correlation is negative. This is

consistent with the CGW Hypothesis.

But is 3.5% the actual break point? To answer that, we use two non-linear

techniques to estimate the break point. One of them, a quadratic model,

implies a break point that ranges from 3% to 5.5%. Hansen’s (1997) tech-

nique, however, places the break between 0.5% and 1.5%, a substantially

lower range.

Overall, the paper’s findings can be summarized in Figure 1, a scatterplot

of inflation volatility vs. inflation in the United Kingdom over the period

1693–2007 (Section II below defines the variables). The blue line shows the

overall relationship between the two variables: it is (very weakly) positive, and

so not inconsistent with the consensus view. Allowing for a non-monotonic

relationship, however, changes the picture dramatically. The relationship

remains positive (the red line) above a certain value of inflation, but becomes

negative (the green line) for inflation below this threshold. The threshold on

Figure 1 is roughly 0.6% (Section III below presents the full range of

estimates).

The rest of the paper is organized as follows. Section II discusses the data

and defines the variables to be used in the estimation. Section III outlines the

2 If the threshold was sufficiently high, this would even strengthen the case of those who
call for an increase in the inflation target, such as Blanchard et al. (2010), and Ball (2013).
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estimation methodology, derives the main empirical results, and implements a

number of robustness checks. Section IV discusses the findings and concludes.

II THE DATA

The price level (Pt) is measured by the Consumer Price Level. The source is

the Data Annex of Hills et al. (2010), and the data set consists of annual

observations covering the period 1688–2009. The inflation rate (pt) is defined

as the percent change in the CPI: pt ¼ 100 � Pt � Pt�1ð Þ=Pt�1.

The objective of Hills et al. (2010) is to put the recent UK recession in

historical perspective. To that end, their study relies on various sources to

put together an extensive set of data covering the last three centuries. As

the focus is on business-cycle comparisons, the available series include sev-

eral macroeconomic and financial variables. One of these series is the

aggregate price level, P, which is the variable that will be used in the pres-

ent study. Hills et al. (2010) measure P by the Consumer Price Level, com-

bining data from Mitchell (1988) for the 1688–1750 period; O’Donoghue

et al. (2004) for the 1750–1975 period; and the Bank of England for data

since 1975.3

Table 1 presents simple statistics on average inflation and inflation volatility

over the entire 1688–2009 period, as well as over several subperiods. Both

measures have varied considerably over this long period, and sometimes in

ways that are somewhat unexpected. Looking at 50-year periods, for example,

average inflation has ranged from �0.58% in the first half of the nineteenth

century, to 5.97% in the second half of the twentieth century. Somewhat sur-

prisingly, however, inflation volatility (measured by the standard deviation of

the inflation rate) was substantially higher in the first half of the nineteenth

century than in the second half of the twentieth. As one more example, con-

sider the first half of the eighteenth century and the second half of the nine-

teenth century. While these are the two 50-year periods when average inflation
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Figure 1. Inflation volatility vs. inflation.

3 The full data set is available from the Bank of England’s website at www.bank
ofengland.co.uk/publications/quarterlybulletin/threecenturiesofdata.xls.
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was closest to zero (�0.07% and 0.27%, respectively), inflation volatility was

twice as high during the first half of the eighteenth century (7.77) than it was

in the second half of the nineteenth (3.82).

Time-varying average inflation (�pt) and our first measure of inflation volatil-

ity (rpt ) series are next constructed using rolling five-year windows: �pt and rpt
are set equal to the mean and standard deviation, respectively, of the inflation

rate over each 5-year period.4 In addition, we use the Hodrick-Prescott (HP)

filter, proposed by Hodrick and Prescott (1997), to decompose inflation into

permanent and transitory components. We set the trend inflation series (�pHP
t )

equal to the HP permanent component,5 and we use again rolling five-year

windows to define our second measure of inflation volatility (rHP
t ) as the stan-

dard deviation of the HP transitory component of the inflation rate over each

5-year period. The Band-Pass filter proposed by Baxter and King (1999), and

the ‘optimal’ filter of Christiano and Fitzgerald (2003) were also used but their

results were so similar to the HP filter’s that are not reported below to pre-

serve space.6

Figure 2 plots inflation (pt), average inflation (�pt), the HP trend inflation

(�pHP
t ), and inflation volatility (rpt ) over the period 1689–2009. Figure 2 clearly

Table 1

Sample statistics

�p rp

Full period

1688–2009 1.77% 7.08

By century

18th century (1701–1800) 1.09% 7.84

19th century (1801–1900) �0.16% 6.74

20th century (1901–2000) 4.40% 6.35

By half-century

1701–1750 �0.07% 7.77

1751–1800 2.24% 7.80

1801–1850 �0.58% 8.76

1851–1900 0.27% 3.82

1901–1950 2.82% 7.21

1951–2000 5.97% 4.93

Notes: �p is average inflation and rpt is the standard deviation of inflation over the periods indicated.

4 Longer window lengths (up to 10 years) were also used, but the results are shown to be
robust. Middle-of-window values are used for both �pt and rpt .

5 In particular, the HP filter defines the trend, �pHP
t , as the component that minimizes

XT

t¼1

pt � �pHP
t

� �2 þ k
XT�1

t¼2

�pHP
tþ1 � �pHP

t

� �� �pHP
t � �pHP

t�1

� �� �2

for k > 0. In the empirical section below we report results for k = 6.25, as recommended by Ravn

and Uhlig (2002), but we have also tried k = 100, the value suggested by Hodrick and Prescott for

annual data.
6 All results are available on request.
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shows that periods of high inflation have also been periods of elevated infla-

tion volatility. Similarly, high trend (or average) inflation is also associated

with raised volatility. At the same time, however, periods of unusually low

(including negative) inflation also tend to be periods of high volatility. Fig-

ure 2, therefore, suggests that while very high inflation is volatile inflation, so

may be very low inflation. This raises the possibility that the relationship

between inflation and inflation volatility is non-linear, a hypothesis that is

more formally examined in the next section.

III EMPIRICAL EVIDENCE

Linear relationship

We start with a simple linear relationship between inflation volatility and

trend inflation, of the form:

r̂pt ¼ aþ b � p̂t þ ut; ð1Þ
where r̂pt ¼ rpt or rHP

t ; and p̂t ¼ pt, �pt, or �pHP
t . Table 2 reports the estimated

bs, as well as the correlation coefficients between r̂pt and p̂t. Somewhat

surprisingly, the bs are rather low, imprecisely estimated, and not even

robustly positive. Similarly, the estimated correlations are all very close to

zero. The scatterplots of Figure 3 visualize these simple correlations, showing

the overall flat relationships between inflation volatility on the one hand, and

inflation or trend inflation on the other.

Break at 3.5%?

Next, we test the CGW (2012) hypothesis that:

[at] low levels of inflation, increasing �p reduces the volatility of

inflation [. . .]. When �p rises past a specific value [. . .] the vari-

ance of inflation rises with �p . Given our baseline values, this

UK inflation series and inflation volatility
1689–2009
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Figure 2. Inflation (pt), average inflation (�pt), HP trend inflation (pHP
t ), and inflation

volatility (rpt ).
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switch occurs at an annualized trend inflation rate of approxi-

mately 3.5%. (Coibion, Gorodnichenko, and Wieland, 2012).7

To test that there is a break in the relationship which is located at 3.5%

annual inflation, the estimated model becomes:

r̂pt ¼ aþ bLOWp̂tI �pt � 3:5ð Þ þ bHIGHp̂tI �pt [ 3:5ð Þ þ ut; ð2Þ
where I �ð Þ is the indicator function, and again r̂pt ¼ rpt or rHP

t ; and p̂t ¼ pt, �pt,
or �pHP

t . In effect, model (2) estimates two linear relationships: one for inflation

values that fall short of 3.5% (captured by bLOW), and another for inflation

values that exceed 3.5% (captured by bHIGH).

Linear relationships
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Figure 3. Inflation volatility vs. inflation, HP trend inflation, and Average inflation.

Notes: Scatter plots include annual observations over the period 1693–2007. Straight lines are
regression lines.

Table 2

Linear relationships

r̂pt ¼ aþ b � p̂t þ ut

r̂pt ¼ rpt r̂pt ¼ rHP
t

p̂t ¼ pt p̂t ¼ �pHP
t p̂t ¼ �pt p̂t ¼ pt p̂t ¼ �pHP

t p̂t ¼ �pt

b 0.014 0.043 0.063 �0.003 �0.031 �0.021

(0.031) (0.057) (0.058) (0.027) (0.049) (0.050)

corr r̂pt ; p̂t
� �

0.026 0.042 0.060 �0.006 �0.036 �0.024

Q [0.219] [0.564] [1.154] [0.010] [0.403] [0.179]

Notes: Estimation period is 1693–2007. pt is inflation, �pt is average inflation, �pHP
t is the HP trend inflation,

and rpt is inflation volatility. The number of usable observations is N = 315. See text for variable
definitions. Estimated standard errors in parentheses; estimated Ljung–Box Q statistics in square brackets.
‘**’ and ‘*’ denote statistical significance at the 1% and 5% significance levels.

7 In practice, it may be useful to distinguish between weak and strong versions of the
CGW hypothesis. The weak version would be that the relationship between inflation and its
volatility is not monotonic. The strong version would be that the relationship is not mono-
tonic and that the minimum occurs at 3.5%. The empirical results below address both
versions.
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The results of this split estimation are given in Table 3. The picture now

changes dramatically. The estimated bLOWs range from �0.3 to �0.5,

while the estimated bHIGHs vary from 0.1 to 0.4. In addition to being

considerably greater in magnitude, these coefficients are also more statisti-

cally significant than those of Table 2. Note that the estimated bLOWs are

all negative, while the estimated bHIGHs are all positive, so the evidence

appears to be strongly supportive of the CGW hypothesis. It appears that

the relationship between inflation and inflation volatility is positive for

(trend) inflation higher than 3.5%, but it becomes negative for (trend)

inflation below 3.5%.

Figure 4 visualizes the implied non-linear relationship when the break

point is assumed to be at 3.5% (trend) inflation. The conditional correla-

tion coefficients reported at the bottom of Table 2 make the same point:

inflation and its volatility are positively correlated when inflation is above

3.5%, but negatively correlated when inflation falls below 3.5%. Note

again that allowing for the break at 3.5% strengthens the estimated corre-

lations between inflation volatility and (trend) inflation. It appears that the

very low correlation coefficients we obtained in Section ‘Linear relationship’

above for the entire sample mask much stronger correlations between �0.2

and �0.6 for (trend) inflation below 3.5%, and between 0.1 and 0.5 for

(trend) inflation above 3.5%.

Estimating the break

In the last section, we investigated the existence of the break, under the

assumption that it occurs at (trend) inflation of 3.5%, as suggested by the

theory of Coibion et al. (2012). In this section, the goal is to let the data

identify the break. To allow for a non-linear relationship between inflation

volatility and (trend) inflation, we first estimate a simple quadratic model:

Table 3

Break at 3.5% inflation

r̂pt ¼ aþ bLOWp̂tI �pt � 3:5ð Þ þ bHIGHp̂tI �pt [ 3:5ð Þ þ ut

r̂pt ¼ rpt r̂pt ¼ rHP
t

p̂t ¼ pt p̂t ¼ �pHP
t p̂t ¼ �pt p̂t ¼ pt p̂t ¼ �pHP

t p̂t ¼ �pt

bLOW �0.485** �0.350** �0.287* �0.410** �0.295** �0.298**
(0.045) (0.120) (0.120) (0.039) (0.104) (0.103)

bHIGH 0.379** 0.273* 0.262 0.294** 0.124 0.102

(0.061) (0.134) (0.152) (0.055) (0.117) (0.133)

corr r̂pt ; p̂t �pt � 3:5j� � �0.602** �0.186** �0.155** �0.587** �0.181** �0.186**
Q [114.1] [10.8] [7.6] [108.4] [10.2] [11.0]

corr r̂pt ; p̂t �pt [ 3:5j� �
0.518** 0.231** 0.193** 0.465** 0.122* 0.087

Q [80.9] [16.2] [11.2] [65.3] [4.5] [2.3]

Notes: See notes to Table 2. The numbers of usable observations are N = 208 for �pt � 3:5ð Þ and N = 107
for �pt [ 3:5ð Þ.
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r̂pt ¼ aþ bp̂t þ c p̂tð Þ2 þ ut; ð3Þ

where once more r̂pt ¼ rpt or rHP
t ; and p̂t ¼ pt, �pt, or �pHP

t .

The results are reported in Table 4 and the evidence is again supportive of

the CGW (2012) hypothesis. The estimated bs range from �0.11 to �0.20 and

are generally statistically significant, while the estimated cs vary from 0.02 to

0.03, and are all statistically significant. We note that the estimated bs are all

negative, while the estimated cs are all positive, suggesting that the non-linear

relationship between inflation volatility and (trend) inflation is captured by a

convex parabola, consistent with the non-linearity implied by Coibion et al.

(2012).

Figure 5 plots some of the estimated parabolas, clearly showing that the

vertex occurs at positive, although relatively low, inflation values. The last

couple of rows of Table 4 estimate these vertices and their standard errors,

using the Delta method. It appears that the (trend) inflation rate that mini-

mizes inflation volatility ranges from 2.9% to 5.5%. We note that this range

for the break point includes the 3.5% annual inflation rate value predicted by

Coibion et al. (2012) and is distinctly higher than the 2% inflation target used

by many central banks (see Ball, 2013).8

Finally, we specify a threshold-type model

r̂pt ¼ aþ bLOWp̂tI �pt � qð Þ þ bHIGHp̂tI �pt [ qð Þ þ ut; ð4Þ

Break at inflation of 3.5%
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Figure 4. Inflation volatility vs. inflation, HP trend inflation, and average inflation.

Assuming a break at 3.5% Inflation.

Notes: Scatter plots include annual observations over the period 1693–2007. Straight lines are
regression lines assuming a break at 3.5% inflation.

8 It is worth noting that in recent years, the UK has rarely experienced inflation outside of
this range. This would be consistent with the Bank of England operating in a way that
attempts to minimize inflation volatility. I wish to thank an anonymous referee of this
journal for bringing this to my attention.
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where q is the break point to be estimated, and again r̂pt ¼ rpt or rHP
t ; and

p̂t ¼ pt, �pt, or �pHP
t . We estimate q using the econometric techniques

proposed by Hansen (1997) and report the results in Table 5. The esti-

mated qs range from 0.6% to 1.2% and, just as before, the estimated

bLOWs are all negative, while the estimated bHIGHs are all positive. The

magnitude and statistical significance of the bLOW and bHIGH parameters is

very little affected from the results of Table 3. Qualitatively, therefore,

these estimates remain consistent with the non-linear prediction of the

CGW hypothesis: inflation volatility and (trend) inflation are positively

related when inflation exceeds a certain threshold, but negatively correlated

when inflation is below this threshold. Figure 6 visualizes these non-linear

relationships when the break point is estimated with the Hansen (1997)

method.

Table 4

Quadratic relationship

r̂pt ¼ aþ bp̂t þ c p̂tð Þ2 þ ut

r̂pt ¼ rpt r̂pt ¼ rHP
t

p̂t ¼ pt p̂t ¼ �pHP
t p̂t ¼ �pt p̂t ¼ pt p̂t ¼ �pHP

t p̂t ¼ �pt

b �0.110** �0.201* �0.149 �0.105** �0.196* �0.185

(0.029) (0.095) (0.098) (0.025) (0.083) (0.085)

c 0.019** 0.026** 0.024** 0.015** 0.018* 0.019*
(0.002) (0.008) (0.009) (0.002) (0.007) (0.008)

Vertex 2.941** 3.804** 3.117* 3.413** 5.481** 4.992**
(0.707) (1.099) (1.302) (0.754) (1.409) (1.370)

Notes: See notes to Table 2.

Quadratic relationships
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Figure 5. Inflation volatility vs. inflation, HP trend inflation, and average inflation.

Assuming a quadratic relationship.

Notes: Scatter plots include annual observations over the period 1693–2007. Parabolas plot
fitted values from the quadratic regressions.
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Rolling estimation

One of the luxuries of long time series data is the ability to estimate time-

varying parameters. As a final extension, we use rolling correlations to look

at how the relationship between inflation and its volatility might have

evolved over time.9 Figure 7 reports such correlations computed over rolling

subsamples of 100 years each (so the first observation is for 1790) when

the break point is assumed to be at 3.5% inflation. Consistent with the results

of the previous sections, inflation and its volatility are always positively

Estimating the break
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Figure 6. Inflation volatility vs. inflation, HP trend inflation, and average inflation.

Estimating the break point.

Notes: Scatter plots include annual observations over the period 1693–2007. Break point

estimated using the Hansen (1997) technique. Straight lines are regression lines.

Table 5

Estimating the break

r̂pt ¼ aþ bLOWp̂tI �pt � qð Þ þ bHIGHp̂tI �pt [ qð Þ þ ut

r̂pt ¼ rpt r̂pt ¼ rHP
t

p̂t ¼ pt p̂t ¼ �pHP
t p̂t ¼ �pt p̂t ¼ pt p̂t ¼ �pHP

t p̂t ¼ �pt

q 0.606 0.504 1.163 0.606 0.504 1.163

bLOW �0.529** �1.112** �0.849** �0.434** �0.968** �0.778**
(0.059) (0.199) (0.166) (0.051) (0.173) (0.145)

bHIGH 0.416** 0.197* 0.206* 0.330** 0.067 0.080

(0.043) (0.086) (0.102) (0.038) (0.074) (0.088)

corr r̂pt ; p̂t �pt � qj� � �0.620** �0.437** �0.372** �0.597** �0.437** �0.388**
Q [93.12] [45.9] [33.3] [86.4] [45.8] [36.2]

corr r̂pt ; p̂t �pt [ qj� �
0.582** 0.162** 0.156** 0.536** 0.061 0.069

Q [107.4] [8.3] [7.7] [91.3] [1.2] [1.5]

Notes: See notes to Table 1.

9 I am grateful to an anonymous referee of this journal for suggesting this.
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correlated when inflation exceeds 3.5%, and always negatively correlated

when inflation is below 3.5%.10

Perhaps more surprising is how little these correlations have changed over

this long time period. Indeed, with the exception of a relatively brief 30-year

period, the correlation between inflation and its volatility has been fluctuating

around 0.6 when inflation is above 3.5%, and around �0.5 when inflation is

below 3.5% (the exception is the 1915–1945 period that registers a much

lower correlation). This remarkable stability, over long periods characterized

by very different economic environments and monetary policy regimes, sug-

gests that the relationship between inflation and its volatility may be deter-

mined by fundamentals that are more solid than previously thought.

Understanding the reasons for this would be one of the most urgent priorities

for future research.

IV DISCUSSION AND CONCLUSIONS

This paper investigated the relationship between inflation and inflation volatil-

ity. Using annual UK data from 1688 to 2009, the results show that the rela-

tionship between inflation and its volatility is not monotonic. In particular,

the evidence suggests that UK inflation and its volatility have been positively

correlated when inflation exceeded a certain value, but negatively correlated

when inflation was below this threshold. These results are found to be robust

to a number of different empirical specifications and estimation techniques.

What is the inflation rate that minimizes inflation volatility? Our evi-

dence suggests that the break in the relationship occurs between annual

Rolling correlations
Break at 3.5%

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
–1.00

–0.75

–0.50

–0.25

0.00

0.25

0.50

0.75

1.00

corr (p < 3.5%)

corr (p > 3.5%)

hpcorr (p < 3.5%)

hpcorr (p > 3.5%)

Figure 7. Rolling correlations.

Notes: corrðp[ 3:5%Þ ¼ corr rpt ;pt pt [ 3:5j� �
, hpcorrðp[ 3:5%Þ ¼ corr rHP

t ;pt pt [ 3:5j� �
,

corrðp\3:5%Þ ¼ corr rpt ; pt pt\3:5j� �
, hpcorrðp\3:5%Þ ¼ corr rHP

t ;pt pt\3:5j� �
. See text for

details.

10 Very similar results hold when the break point is assumed to be at 2% inflation, and
when the Baxter-King or Christiano-Fitzgerald filters are used.
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inflation rates of 0.6% and 5.5%. This range includes both the 2% (for-

mal or informal) inflation target of many central banks, and the 3.5%

break point predicted by the New Keynesian model of Coibion et al.

(2012). Future research should focus on estimating this threshold more

precisely.

The significance of the paper’s results is straightforward. Most importantly,

the evidence shows that, contrary to a broad consensus, lower inflation has

not always been more stable inflation. The implication is that, if inflation falls

below the break point, raising it may result in lower instead of higher inflation

volatility. Whether that strengthens the argument of those who call for higher

inflation targets (such as such as Blanchard et al., 2010; Ball, 2013) will

depend in practice on the actual value of the threshold. It follows that investi-

gating the properties of the break point is a promising avenue for future

research.
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