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Abstract

This paper uses historical US inflation data covering over two cen-
turies, to examine the impact of the establishment of the US Federal
Reserve on average US inflation and inflation uncertainty. We find that
the founding of the Fed is associated with higher average US inflation
and lower inflation uncertainty. Critically, these results are not driven
by the post-1980 period, where the Fed policy is characterized by the
dual mandate. Other important results are that the Gold Standard
period is associated with both lower inflation and inflation uncertainty,
and that banking and stock market crises are a positive determinant of
inflation uncertainty and perhaps inflation. The two world wars and
the US civil war are associated with both higher inflation and higher
inflation uncertainty. In addition, we find that the central bank has
responded to increasing inflation uncertainty in a stabilizing manner
in support of the Holland hypothesis.
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1 Introduction

”The Central Bank, which possesses a monopoly over monetary base cre-
ation, controls trend inflation” Hetzel (p. xiii, 2008)

December 2013 marked the centenary of the creation of the US Fed-
eral Reserve System.1 This centenary has sparked an interesting debate on
the performance of the Fed, (Bernanke, 2013; Romer and Romer, 2013).
Bernanke (2013) highlights that the objective of the Great Experiment that
led to the founding of the Fed, was to maintain financial stability (Bernanke,
2013). Indeed, the Fed was created in response to the financial panic of
1907. Although the goals of the Fed changed several times during it’s 100-
year history, economists disagree on whether the Fed has been successful
in achieving its original goals. Friedman (1988) has been very critical of
Fed’s performance; ”No major institution in the US has so poor a record of
performance over so long a period, yet so high a public reputation”, (see,
Friedman, 1988, p. 28). It is widely accepted that the Fed failed on several
occasions in performing its objectives, most notably during the Great De-
pression (Romer and Romer, 2013). The Fed also has been criticised for not
fighting inflation in the 1970s (the Great Inflation), due to policy inaction
led by the belief that monetary policy cannot reduce inflation without a sub-
stantial cost (Romer and Romer, 2013). The Fed has also come under severe
critisism in the latest recession (Great Recession) of 2007-09 (see Meltzer,
2012).

Initially, the Fed objectives stipulated in the original Federal Reserve Act
of 1913, were to supply an elastic currency in order to prevent bank pan-
ics, a common phenomenon of the 19th and early 20th centuries. In 1977,
Congress amended the Federal Reserve Act, stating the monetary policy ob-
jectives of the Federal Reserve as: ”The Board of Governors of the Federal
Reserve System and the Federal Open Market Committee shall maintain
long run growth of the monetary and credit aggregates commensurate with
the economy’s long run potential to increase production, so as to promote
effectively the goals of maximum employment, stable prices and moderate
long-term interest rates”(Sec. 2A, 16 November, 1977). Although the Act
highlighted three policy goals, the Fed focuses primarily on employment and
prices. Moreover the FOMC on 25 January, 2012 released a statement clar-
ifying its long-run goals and its strategy in attaining these goals. Regarding
its inflation goal, the Committee states ”The inflation rate over the longer
run is primarily determined by monetary policy, and hence the Committee
has the ability to specify a longer-run goal for inflation. The Committee

1President Woodrow Wilson signed the Federal Reserve Act into law on the 23rd De-
cember 1913. See http://www.federalreservehistory.org/. For the remainder of the
paper, we shall refer to the US Federal Reserve as the Fed.



judges that inflation at the rate of 2 percent, as measured by the annual
change in the price index for personal consumption expenditures, is most
consistent over the longer run with the Federal Reserve’s statutory man-
date. Communicating this inflation goal clearly to the public helps keep
longer-term inflation expectations firmly anchored, thereby fostering price
stability and moderate long-term interest rates and enhancing the Com-
mittee’s ability to promote maximum employment in the face of significant
economic disturbances”. Given the widespread belief exemplified in Mil-
ton Friedman’s dictum that inflation is always and everywhere a monetary
phenomenon and our paper’s opening quote from Hetzel’s (2008), we assess
whether the Fed years have been associated with a reduced average rate of
inflation and inflation uncertainty.

We examine the relationship between inflation and inflation uncertainty
using a long series of US inflation data that spans over two centuries.
Macroeconomic theory predicts a bidirectional causal relationship between
inflation and inflation uncertainty. Friedman (1977) argues that in infla-
tionary times there is uncertainty among the public regarding the likely
response of the monetary authority, thus leading to inflation uncertainty.
Hence, inflation has a positive effect on inflation uncertainty. The sign of
the impact of inflation uncertainty on inflation, though, is ambiguous from
a theoretical point of view. It depends on the reaction of the central bank
to an increase in inflation uncertainty. The central bank may react oppor-
tunistically creating an inflation surprise to reap output gains (Cukierman
and Meltzer, 1986). Alternatively, the central bank may act in a stabilizing
manner reducing inflation in order to offset the increase in inflation uncer-
tainty and prevent the associated real costs. This stabilization motive has
been put forward by Holland (1995) on the basis of his US evidence that
higher inflation uncertainty causes a lower inflation rate. In particular Hol-
land (1995) has highlighted that, ”One possible reason for greater inflation
uncertainty to precede lower inflation is that an increase in uncertainty is
viewed by policymakers as costly, inducing them to reduce inflation in the
future”, (see Holland, 1995, p.832).2 3 The lack of a consensus on the ef-
fect of inflation uncertainty on inflation highlights the need for a further
empirical examination of this issue.

The empirical literature on the inflation-inflation uncertainty nexus has
multiplied tremendously over the last two decades.4 Indeed, Hamilton (2008)

2In the relevant literature, Holland’s hypothesis has also been tested in a bivariate
GARCH-M setting where inflation uncertainty is allowed to affect inflation contempora-
neously rather than with a lag (Grier et al., 2004).

3Grier et al. (2004) describe the Holland Hypothesis as arguing that, ”... if high
inflation raises uncertainty and increased uncertainty harms growth, then the Fed has a
motive to stabilize inflation when uncertainty rises”, (see, Grier et al. 2004, p.559 f.11).

4Recent studies modelling uncertainty using both time and cross section data include,
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highlights the importance of GARCH modelling in macroeconomic applica-
tions that relate mostly to inflation uncertainty, output growth uncertainty,
inflation and growth. The majority of this literature has examined the link
between the two variables (inflation and inflation uncertainty) abstracting
from the consideration of regime changes in inflation and/or inflation uncer-
tainty (e.g., Grier and Perry, 1998, Bredin and Fountas, 2009). In general,
there is no consensus arising from this vast literature, in particular on the
Cukierman-Meltzer hypothesis.

Our study not only complements this inflation-inflation uncertainty lit-
erature, but it also adds to the literature regarding Fed performance, al-
though focusing on a much narrower inflation-inflation uncertainty criteria,
compared to the previous studies. There is a considerable literature on Fed
performance addressing inflation, growth and unemployment , e.g. Romer
(1986), Miron and Romer (1990), Selgin et al. (2012) and Hogan (2015).
Selgin et al. (2012) provide a comprehensive analysis of the Fed’s historical
performance, adopting multiple factors including prices and output. For
price stability, average rates and volatility of inflation are examined, and
the authors find that inflation was higher under the Fed regime, although
it was no less volatile. Prices were less predictable again during the Fed
regime, compared to the pre-Fed period. Hogan (2015) extends the Selgin
et al. (2012) study in a number of avenues, but again finds consistent results
with higher average rates of inflation under the Fed period and lower rates
of GDP growth.

Our results indicate that the Fed era has been associated with higher
average inflation and lower inflation uncertainty. Our empirical analysis
indicates that the higher inflation rate observed during the Fed years can
be accounted for by the prolonged recessions that were more commmon
following the founding of the Fed (Selgin et al., 2012). Our results are
robust to a number of sensitivity tests. Not surprisingly, the results hold
even when we omit the recent span of low and stable inflation (post-1980
period). We also find strong evidence that irrespective of our chosen sample,
increasing inflation uncertainty is associated with a stabilization of inflation,
in support of the Holland stabilization hypothesis. The paper is outlined
as follows. Section 2 offers a brief US monetary history during the last two
centuries. Section 3 describes our data and the econometric methodology.
Section 4 presents the baseline results and some robustness tests allowing
for major events, and section 5 concludes.

the cross-sectional dispersion of firms profits (Bloom, 2009), estimated time-varying pro-
ductivity (Bloom et al., 2016), cross-sectional dispersion of survey-based forecasts (Dick
et al., 2013), credit spreads (Fendoglu, 2014) and media focused measures (Baker et al.,
2016).
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2 US Monetary History Over 200 Years

The US has a long and interesting monetary history. In order to finance
the American Revolution, the first type of paper money (the ”continentals”)
was printed by the Continental Congress. This money was supposed to be
redeemable on demand into specie. However, this did not materialize and
excessive quantity of this money led to high inflation. Following the end of
the Revolutionary War, debts issued by the states had expanded and each
state printed its own currency. The first Constitution of the Unites States
banned states from printing their own currency. The First Bank of the
United States was founded in 1790 to finance government debt and print
a national currency. This bank was modeled after the Bank of England
and was designed by Alexander Hamilton, the Treasury secretary. In addi-
tion to its standard activities of financing government operations, the bank
also provided commercial loans. Following the nonrenewal of its charter in
1811, during the second war with England (1812-1814) state banks prolif-
erated and financed the war. Due to excessive bank note circulation, the
Second Bank of the United States was established in 1816. The bank closed
in 1836 as president Jackson refused to extend its charter. The following
year the federal government issued its ”specie circular”: land agents were
required to accept only specie or bank notes convertible into specie when
selling public land. The outcome was a financial panic due to a reduc-
tion of bank notes and deposits. Banks also suffered from the prohibition
of nationwide branching that prevented diversification of loans portfolios.
During the free banking era (1837-1863) state-chartered banks proliferated.
Many bankers’ banks (such as the Suffolk Bank of New England) and bank
clearinghouses operated around the country providing a stable monetary en-
vironment (Timberlake, 1984; Gorton and Mullineaux, 1987). Following the
start of the civil war and the need for a new national bank to finance the
war, the National Banking System was created with the objectives to issue
government bonds to finance the war and introduce a uniform currency re-
placing state bank notes. For the first time under this new banking system
a common currency was circulating. However, the National Banking System
did not improve upon the state banking system as unit banking was still in
effect. The outcome was several bank panics. Five major panics took
place between the end of the Civil War and 1913 and were mostly related
to autumn harvests. These panics were primarily a US phenomenon due
to destabilizing financial regulations such as branching restrictions (Selgin,
2016). In 1907, the failure of the Knickerbocker Trust Co. in New York
City, a member of the New York Clearinghouse association, was followed by
a surging demand for liquidity. The Clearinghouse Association allowed the
issuance of clearinghouse loan certficates, the precursor to the federal fund
market. A serious liquidity crisis emerged with New York correspondent
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banks unable to meet the huge demand for liquidity. Following the financial
panic of 1907, the US Congress appointed a National Monetary Commis-
sion with the objective to evaluate alternative monetary policy regimes and
a successor to the National Banking System.5 In 1913, the Congress passed
the Federal Reserve Act that led to the establishment of the Fed. Initially,
the Fed objectives were the provision of an elastic currency and the supervi-
sion of the banking sector to prevent bank panics (Wells, 2004). Following
the collapse of the Bretton Woods system in the early 1970s, the objectives
of the Fed were transformed in 1977 and included macroeconomic stability
that was reflected in maximum employment and stable prices.

During the first World War, gold moved from Europe to the US and in-
flation increased. The Fed was unable to fight inflation due to the absence of
an open market operations policy tool. The US price level doubled between
1915 and 1920. After the end of the war, the Fed applied contractionary
monetary policy and the outcome was the deflation of 1920-21. During the
early 1930s when the bank panics occurred following the stock market crash
of October 1929, US money supply fell drastically. The Fed did very little
to expand its money supply and prevent the money multiplier decline. Its
passive performance led to a huge reduction of US money supply by 25%
and deflation (Friedman and Schwartz, 1963). During the second World
War the Fed financed the war to a great extent and money supply increased
rapidly. However, inflation did not increase as much due to the introduction
of price controls. In the post-WWII to 1965 period, price stability was the
norm. The Fed started applying a lean-against-the-wind policy during the
1953 recession. Money market rates were set according to macroeconomic
conditions.

The late 1960s saw the exploitation of the short-run Phillips curve by the
Fed. Stop-go monetary policy was applied with stimulative policies produc-
ing inflation. The control of inflation was left to income policies. The 1970s
saw rising inflation as Chairman Arthur Burns preferred the use of price
controls to fight inflation. US inflationary monetary policy was responsible
also for the demise of the Bretton Woods system in the early 1970s. Starting
in 1978 inflation reached even higher levels with the replacement of Arthur
Burns by William Miller who followed expansionary monetary policy. His
successor, Paul Volcker changed the Fed’s operating procedure by control-
ling non-borrowed reserves and applied tight monetary policies that brought
down inflation from the high levels of the 1970s. His policy was continued
when Alan Greenspan took over in 1987. The years since the mid-1980s
have been characterized by both low inflation and low inflation volatility,
the so-called Great Moderation. This period has also seen more emphasis
on communication and transparency in the Fed, as well as central banks

5A detailed history of the Federal Reserve is provided in Meltzer (2002, 2010a,b)
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in other developed countries, in order to anchor inflation expectations and
achieve its monetary policy objectives.

According to Romer and Romer (2013), excessive pessimism about the
effectiveness of monetary policy is responsible for the inability of the Fed
to deal with the deflation of the 1930s and inflation of the 1970s. Romer
and Romer (2013) argue that, even though it is too early to be definite,
it may be the case that during the recent severe recession of 2007-09 the
Fed also did not take prompt action to stabilize the economy due to undue
pessimism about the potency of monetary policy. Selgin et al. (2012) have
estimated inflation peristence and inflation uncertainty in the pre- and post-
Fed founding era. They find that since the establishment of the Fed the
persistence of both inflation and inflation uncertainty has increased.

3 Data and Model

Our annual US inflation data series covers over 200 years for the period 1801-
2013. The raw CPI data are taken from the Minneapolis Fed website and in-
flation rates are constructed taking the logged differences, ln(CPIt/CPIt−1).
The dates of US recessions are taken from the National Bureau of Economic
Research for the period 1854-2013.6 7 For the earlier years, the dates are
taken from Knoop (2004). Figure 1 illustrates the annual rate of inflation
and in shaded areas the recessions that took place during our sample. Spikes
in inflation are associated with the US civil war, as well as the first and sec-
ond world war. Table 1 presents the summary statistics for the annual rate
of inflation over the complete sample and a number of sample splits. Be-
sides the full sample, we also split the sample into pre- and post-Fed periods
and the last sample which omits the period where the Fed adopted a dual
mandate (this will be discussed in more detail later). From both Table 1
and Figure 1, there is considerable evidence of deflation, in particular during
the 19th century, and predominantly as a result of banking panics.8 Infla-
tion is clearly higher during the period since the Fed has been established.
However, this is just an unconditional result that arises from the summary
statistics without a reference to a formal regression analysis.

6Recessionary periods are expected to have an influence on inflation uncertainty. Dur-
ing a recession the central bank may or may not follow an accommodative policy. This
uncertainty about the response of the central bank leads to inflation uncertainty.

7Watson (1992) has highlighted that some studies find spurious correlations and ex-
aggerated volatility from using NBER recession dates. While Romer (1989) has provided
updated recession dates, 1896-1908, we continue to adopt NBER dates given our 200 year
sample.

8Sprague (1910) highlighted that the banking panics of 1873, 1884, and 1907 were all
accompanied by a fall in prices.
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We estimate an asymmetric GARCH in-mean (GARCH-M) model for
inflation. There is a considerable literature adopting GARCH models to
examine the inflation-inflation uncertainty relationship. Examples include
Fountas (2001), Hwang (2001) and Kontonicas (2004). As indicated by
Henry et al. (2007) these flexible models provide a direct test of the sta-
tistical significance of the time variation of inflation’s conditional variance
(Engle, 1982); the causal relationship between inflation and inflation un-
certainty, rate dependence (Grier and Perry, 1998); and differences in the
response of inflation uncertainty to the sign and size of inflationary shocks,
i.e., an asymmetry effect (Daal et al., 2005). Following evidence of asym-
metry in volatility using the Engle and Ng (1993) sign bias test (see below),
we adopt the exponential GARCH (EGARCH) model suggested by Nelson
(1991). Fountas et al. (2004) also employed the EGARCH methodology to
model inflation uncertainty in European Union countries. Equations (1) and
(3) below are the mean and conditional variance equations, respectively.

πt = θ0 +

n∑
i=1

θiπt−i + λ1Fed+ λ2Rec+ λ3σ
2
t + ϵt (1)

ϵt/Ωt−1 ∼ (0, σ2
t ) (2)

log(σ2
t ) = β0 + β1log(σ

2
t−1) + α1|

ϵt−1

σt−1
| (3)

+ γ1
ϵt−1

σt−1
+ ξ1Fed+ ξ2Rec

According to expression (2), ϵt conditionally on the information set at
time t-1 follows a distribution with zero mean and conditional variance equal
to σ2

t . The choice of the EGARCH model is based on its advantages in
relation to competing models. It does not require nonnegativity restrictions
placed on the parameters given the logarithmic function of the conditional
variance. In the empirical model, Fed is the dummy that takes the value
one during the Fed years (1914 onwards) and Rec is the recession dummy
taking the value one during recessions and zero otherwise. The dummies
enter in a multiplicative fashion to allow for interaction effects of the Fed
years with recessions. The size of coefficient λ1 captures the effect of the
Fed on inflation in the absence of recessions, i.e., when the recession dummy
equals zero. A negative sign would imply that average inflation was lower
in the years following the creation of the Fed.

In equation (1) the conditional variance (σ2
t ) represents a proxy for in-

flation uncertainty. In other words, inflation uncertainty is measured by the
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variance of unpredictable inflation in agreement with the model of Cukier-
man and Meltzer (1986).9 Coefficient λ3 captures the effect of inflation
uncertainty on inflation. A positive sign indicates evidence in favour of
the Cukierman-Meltzer hypothesis which predicts that the central bank re-
sponds opportunistically to higher inflation uncertainty, thus raising infla-
tion. In contrast, a finding that λ3 < 0 indicates evidence in favour of
the Holland hypothesis, which implies that the central bank is reacting in a
stabilizing manner to counteract the impact of inflation uncertainty on the
real economy. Equation (3) allows for the existence of asymmetric effects
of positive and negative shocks on inflation uncertainty via coefficient γ1.
The γ1 parameter is expected to be positive and significant when there is
evidence of asymmetry, i.e., positive inflation shocks increase uncertainty
more than negative shocks (Friedman, 1977 and Ball, 1992). Finally, the
two dummy variables take account of the role of Fed years and recessions
on inflation uncertainty.10 In analogy with the equation for the mean in-
flation (eq. (1)), coefficient ξ1 captures the impact of the Fed’s founding
on inflation uncertainty in normal (non-recessionary) times. It is likely that
during recessionary periods and in the presence of a central bank in charge
of monetary policy, inflation uncertainty rises as the reaction of the central
bank to a recessionary environment is uncertain and depends on the type of
policymaker, i.e., hawks or doves.

4 Empirical Results

4.1 Diagnostics

We first test for a unit root in inflation using the ADF, Phillips-Perron,
and Ng and Perron (2001) tests. The results reported in Table 2 indicate
clear evidence that inflation is stationary. Prior to the estimation of the
EGARCH model we perform a number of tests with results reported in
Table 3 to determine whether there is evidence for time-varying conditional
volatility. First, we test for normality of the deviation of inflation from
a constant mean value. The reported skewness and kurtosis coefficients
indicate evidence of deviations from normality. This conclusion is supported
by the Jarque-Bera statistic which indicates a rejection of the normality null
hypothesis. Moreover, Engle’s LM test reported in Panel B implies the

9Survey-based measures do not measure uncertainty accurately and the moving stan-
dard deviation of inflation measures used in the earlier literature do not capture uncer-
tainty but rather inflation volatility (Grier and Perry, 1998).

10An alternative would be to adopt a formal regime switching model. For example,
drawing on Evans (1991), Evans and Wachtel (1993) adopt a Markov switching model
of inflation uncertainty, while Bredin and Fountas (2009) consider a switching ARCH
in-mean (SWARCH-M) model in the spirit of Hamilton and Susmel (1994).
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rejection of uncorrelated squared residuals and hence offers futher support
to the evidence of ARCH effects. Based on these results we conclude that
the inflation errors are conditionally heteroskedastic. Finally, in panel C of
Table 3, we report the Engle-Ng (1993) statistic, which rejects the null of
symmetry in relation to volatility.

4.2 Inflation and Inflation Uncertainty Results

Table 4 reports the estimated EGARCH models.11 A large number of
EGARCH models were estimated and the chosen model was based on the
standard information criteria approach. Standard errors have been calcu-
lated using the approach of Bollerslev and Wooldridge (1992) that suggests
consistent estimators of standard errors under Quasi-Maximum Likelihood
(QML) estimation.

In Table 4, columns 2 and 3 refer to a model where both the inflation
equation and the conditional variance equation do not include a recession
dummy. The last two columns add a recession dummy in both equations.
The full sample results indicate the following: First, when recessions are
not accounted for, the Fed years are associated with higher inflation and
no difference in inflation uncertainty in comparison with the pre-Fed regime
(coefficient λ1 is positive and statistically significant at very low significance
level and ξ1is negative but not statistically significant). The interpretation
of λ1 is that annual inflation during the Fed years was by 2.6% higher than
in the pre-Fed years. This result is not very different from the unconditional
result reported in Table 1 which shows that inflation during the Fed years
was about 3 percentage points higher than in the pre-Fed period. Quali-
tatively similar results are obtained if a war dummy (taking the value 1 for
the two world wars) and a civil war dummy are included in the conditional
mean and conditional variance equations. Second, once a recession dummy
is added, the creation of the Fed has no impact on inflation or inflation
uncertainty as indicated by the lack of statistical significance of coefficients
λ1 and ξ1, respectively.

12 Given the insignificance of parameter λ1, we ar-
gue that consistent with Selgin et al., (2012), inflation was higher under
the Fed since recessions were more prolonged. Third, inflation uncertainty
has not had a statistically significant effect on average inflation.13 Fourth,

11Other asymmetric volatility models have also been estimated, with consistent conclu-
sions being drawn. Results are available from the authors upon request.

12The error term in the estimated model is well specified as shown by the lack of
correlation in residuals and squared residuals according to the reported Q statistics. In
addition, no remaining GARCH effects are present in the model.

13An alternative approach to that adopted here is to replace the recession dummy
variable with output growth. The benefit of such an approach is that the depth of the
recessions would be captured, rather than the equal weights we have assumed using the
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the asymmetric GARCH model seems to fit the data well as the asymme-
try coefficient (γ1) is positive and statistically significant. In addition, this
asymmetry evidence is consistent with Friedman (1977) in the sense that
more inflation (positive inflation shocks) should lead to more uncertainty
than less inflation (negative inflation shocks). Finally, the large value of
coefficient β1(0.711 or 0.914) indicates that inflation uncertainty is highly
persistent.

Figure 2 plots the estimated inflation uncertainty for the complete sam-
ple. The graph clearly indicates evidence of clustering, a notable attribute
of time-varying conditional volatility. In particular, periods of considerable
uncertainty are the periods around the start of our sample (Anglo American
War of 1812-1815), the periods of the US civil war (1861-65), WWI and the
mid 1970s. As expected the post-1990 period, the Great Moderation, reports
very low uncertainty. Our chronology of periods of inflation uncertainty are
very consistent with Cogley and Sargent (2015), who use wholesale price
inflation and an alternative econometric approach.

We implement a number of robustness checks concentrating on a series
of important events that affected average inflation during the sample. We
use dummies to capture, first, the Great Depression and second, the Great
Inflation of the 1970s. The main results are consistent with those reported
in columns 2-5 of Table 4.14 That is, even if we take account of these two
periods, the Fed years were not accompanied by both lower inflation and
lower inflation uncertainty. Therefore, some of our reported results using
our narrow focus of performance are consistent with results reported for the
broader measures, e.g. Selgin et al. (2012) and Hogan (2015). Similar
to the results of these authors, we also find that inflation has been higher
during the Fed years.

Our finding that inflation uncertainty was higher during recessionary
periods (the coefficient of the recession dummy in column 4 is positive and
significant) which were quite common during the Fed years (Selgin et al.,
2012) is consistent with the claim by Romer and Romer (2013). Romer and
Romer (2013) find that the Fed did not manage to stabilize the economy in
the 1930s, 1970s, and perhaps during the Great Recession due to excessive
pessimism about the effectiveness of monetary policy. During these peri-
ods that were also associated with major recessions, we find that inflation

dummy variable approach. In addition, this approach would also overcome any concerns
over the potential endogeneity of the recession dummy (see Bloom, 2009). Incorporating
GDP growth and inflation in a bivariate setting for our full sample, we find that an
increase in inflation uncertainty has led to a reduction in average inflation in support of
the stabilizing role of the central bank (Holland, 1995). This result is fully consistent with
those presented in table 3. We also find that an increase in growth uncertainty has led to
an increase in average inflation. Results are available from the authors upon request.

14We have not reported these additional results, however they are available from the
authors upon request.

10



uncertainty was higher which may be due to the inaction on the part of the
Fed, as claimed by Romer and Romer (2013).15

Indeed, leading members of the FOMC have claimed after the recent
US recession that monetary policy tools are not very effective (Romer and
Romer, 2013). Perhaps, the claims that monetary tools may not be very
effective is justified by the recent findings by Hamilton et al. (2015). Using
cross-country data that begins in the 19th century the authors find that
there is very high uncertainty regarding the equilibrium real interest rate
and its association with trend GDP growth.

4.3 Robustness Tests

During our sample period there were various types of crises affecting the US
economy. Principal causes of the bank panics were collapsing asset prices
and stock prices in particular. With the resulting unhealthy balance sheets
and the uncertain economic conditions (potentially reflected via inflation un-
certainty) many banks became insolvent with eventual bank panics ensuing.
Banking crises in particular were a common phenomenon in both the 19th

and 20th centuries, with panics occurring with regular frequency; 1819, 1837,
1857, 1873, 1884, 1893, 1907 and 1930-1933. Reinhart and Rogoff (2010,
2011) have provided detailed documentary evidence of these crises. Using
the Reinhart and Rogoff (2010, 2011) crisis dates we now include additional
adjustments in our model for the conditional mean and conditional variance
equations. In our model the greater uncertainty as a result of the banking
and stock market crises should be reflected in higher inflation uncertainty.
The banking and stock market crises may also have an effect on inflation.

It is important to note that during the sample period several exchange
rate regimes were in place. In particular, the participation of the US in the
Gold Standard should be an important determinant of US inflation perfor-
mance during this period. As a further robustness test, we include a Gold
Standard dummy (named Gold) for the period 1877-1913 capturing the US
membership in this exchange rate regime (McCallum, 1996, pp. 78-81).16

Table 5 includes the results of the estimated EGARCH model that incor-
porates dummies for banking and stock market crises, the Gold standard,
the two world wars (named war) and the civil war (named civil) in both

15Using the dispersion of the inflation forecasts created by the survey of the
Philadelphia Fed, i.e., the Livingston survey, one observes that inflation uncer-
tainty as measured by this dispersion was higher during the Great Recession. See
https://www.philadelphiafed.org/research-and-data/real-time-center/livingston-survey.

16While the US was formally a member of the Gold Standard between 1879-1933, we
have shortened the period to 1877-1913 to take account of the Fed operating a discretionary
monetary policy. We thank an anonymous referee for this suggestion.
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the mean and conditional variance equations.17 As panics are likely to cor-
respond with recessions, we have not included the recession dummy. The
following results are obtained: First, we find no statistically significant evi-
dence that inflation was different between the Fed and pre-Fed years. This
result is consistent with the conclusion reached on the basis of the results
of Table 4. Second, in contrast, we find that during the Fed years inflation
uncertainty was lower.18 Third, banking crises increase inflation uncertainty
statistically significantly, but their effect on inflation is insignificant. Fourth,
stock market crises affect positively both inflation and inflation uncertainty.
Fifth, inflation is higher during the two world wars and the civil war. Sixth,
as expected, inflation uncertainty was lower during the Gold Standard years.
Finally, inflation uncertainty has a negative and significant effect on infla-
tion in accordance with the Holland hypothesis, a result similar with the
benchmark model of Table 4.

As an additional check for robustness of our results, in the last two
columns of Table 5 we report results of the estimated model for the 1801-
1980 period. By ending the sample in 1980, we account for a possible struc-
tural break associated with the introduction of the Fed’s dual mandate and
the emphasis on price stability along with maximum employment. We thus
remove the stable inflation period (low and stable inflation) that is asso-
ciated with the Great Moderation. Again the results indicate that only
inflation uncertainty and not inflation was lower during the Fed years.19 In
other words, our sensitivity results further emphasize the unsuccessful per-
formance of the Fed in fighting inflation. Again, we find a negative and very
statistically significant effect of inflation uncertainty on inflation, as implied
by the Holland hypothesis. Regarding the impact of the other dummies on
inflation and inflation uncertainty, our results are generally consistent with
the complete sample.20

Finally, our result that inflation uncertainty is lower during the Fed
years is in broad agreement with the findings of a study by Caporale and
McKiernan (1998). Using a GARCH model, the authors report evidence
that interest rate uncertainty has been lower since the founding of the Fed.

17Diagnostic test results reported in the last four lines of Table 5 indicate that there is no
further serial correlation present in the errors and that there is no evidence of non-linearity.

18Both inflation and inflation uncertainty are lower during the Gold Standard years.
While, these effects are not statistically significant for the full sample, the effects are sta-
tistically significant once we omit the Great Moderation. See below for further discussion.

19Moving to the reduced sample we also find that the level of inflation uncertainty
persistence is slightly higher, while the effect of inflation uncertainty on average inflation
is also slightly higher compared to the full sample of results.

20We have also estimated the model where the Reinhart and Rogoff (2010, 2011) tally
replaces our banking and stock market crises dummy. This tally takes into consideration,
in addition to the banking and stock market crises mentioned above, two other types of
crises, i.e., currency crises and sovereign debt crises. Our results reported in Table 5
remain qualitatively unchanged.
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Given that long-run nominal interest rates closely follow expected inflation,
the Caporale and McKiernan (1998) results are consistent with our finding
that inflation uncertainty has been reduced since the creation of the Fed.21

5 Conclusions

This paper uses historical US inflation data covering over two centuries to
examine the impact of the Fed’s founding on average inflation and inflation
uncertainty. We find that the founding of the Fed is associated with higher
average inflation and lower inflation uncertainty.22 Our results are robust
to the incorporation of dummies capturing banking and stock market crises,
wars and the Gold standard years. We also find consistency when we omit
the post-1980 period which includes the dual mandate that characterized
US monetary policy. The Gold Standard years have been associated with
lower inflation and inflation uncertainty. On the other hand, crises (in the
banking sector and the stock market) are a positive determinant of inflation
uncertainty. Inflation and/or inflation uncertainty was also high during the
two world wars and the civil war. Finally, we conclude that the central bank
has responded to increasing inflation uncertainty in a stabilizing manner in
support of the Holland hypothesis. The above results indicate that some
of the criticism the Fed has received during the years is justified, at least
within the narrower focus of inflation-inflation uncertainty performance.

21In order to determine whether the creation of a central bank has an effect on inflation
and inflation uncertainty, we also applied the previous methodology to UK inflation data
for the period 1265-2014. Our tests show that the founding of the Bank of England in
1694 led to a reduction in inflation uncertainty but the negative effect on the inflation
rate is not statistically significant.

22If all recessions are included, our conclusions are restricted to normal or non-
recessionary times.
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Table 1: US Inflation (annual percentages)

Sample Observations Mean Standard Error Minimum Maximum

1801-2013 213 1.385 5.597 -14.000 27.000
1801-1913 113 -0.328 5.644 -14.000 27.000
1914-2013 100 3.322 4.890 -10.900 17.800
1801-1980 180 1.051 5.985 -14.000 27.000
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Table 2: Unit root tests for US Inflation (1801-2013)

ADF PP MZa MZt
-8.352 -8.403 -68.461 -5.846
(0.000) (0.000) -13.8 -2.58

Note: ADF and PP stand for the Augmented Dickey Fuller and Phillips
Perron unit root tests, respectively. MZa and MZt are the Ng-Perron unit
root tests. The numbers in parentheses are p-values. The numbers under
the Ng-Perron statistics are the 1% critical values. The order of the ADF
test was chosen according to the minimum value of the Schwarz information
criterion. For the PP test, bandwith 6 was chosen under the Bartlett kernel.
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Table 3: Distribution of inflation shocks and LM test for ARCH effects

Panel A: Distribution of inflation shocks
Mean -6.38e-18
Median -0.004
Maximum 0.256
Minimum -0.154
Standard deviation 0.056
Skewness 0.840
Kurtosis 6.170

Jarque-Bera 114.222
p-value (0.000)

Panel B: LM Test for ARCH effects
ARCH(1) 53.294 (0.000)
ARCH(4) 62.691 (0.000)

Panel C: Engle-Ng (1993) Test for Asymmetry in Volatility
Sign Bias Test 10.205 (0.017)

Note: The numbers in parentheses are p-values. The LM Tests for con-
ditional heteroskedasticity and the Engle-Ng (1993) test are asymptotically
distributed as χ2.
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Table 4: EGARCH Model for US Inflation

1801-2013 1801-2013

Coefficient Estimate Standard Error Estimate Standard Error

Mean
θ0 -0.010* 0.003 0.009* 0.004
θ1πt−1 0.378* 0.067 0.678* 0.069
θ2πt−2 -0.115 0.067 -0.257* 0.082
θ3πt−3 0.153* 0.052 0.172* 0.064
θ3πt−4 -0.108* 0.041 0.192* 0.055
θ5πt−5 0.232* 0.038
θ6πt−6 -0.129* 0.033
λ1Fed 0.026* 0.004 -0.001 0.005
λ2Rec -0.003 0.003
λ3σ

2
t 1.424 1.296 -1.608 1.738

Conditional Variance
γ0 -2.748* 0.369 -1.014* 0.255
β1log(σ

2
t−1) 0.711* 0.053 0.914* 0.028

α1 | ϵt−1

σt−1
| 1.160* 0.151 0.175 0.106

γ1
ϵt−1

σt−1
0.325* 0.097 0.405* 0.096

ξ1Fed -0.305 0.173 -0.008 0.070
ξ2Rec 0.481* 0.148

AIC -3.856 -3.889
Q(2) 0.617 (0.432) 0.640 (0.726)
Q(4) 2.426 (0.658) 1.582 (0.812)
Q2(2) 0.672 (0.715) 1.466 (0.480)
Q2(4) 3.633 (0.458) 4.353 (0.360)

Note: A * represents significance at the 5% level. AIC is the Akaike Informa-
tion Criterion. Q(2) and Q(4) are Q-statistics for tests of serial correlation
of 2nd order and 4th order, respectively. Q2(2) and Q2(4) are Q-statistics
for tests of serial correlation in squared residuals of 2nd order and 4th order,
respectively. In all cases, numbers in parentheses are p-values.
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Table 5: EGARCH Model for US Inflation: Robustness Tests

1801-2013 1801-1980

Coefficient Estimate Standard Error Estimate Standard Error

Mean
θ0 0.030* 0.012 0.032* 0.010
θ1πt−1 0.670* 0.073 0.646* 0.095
θ2πt−2 -0.181* 0.078 -0.162 0.082
θ3πt−3 0.163* 0.046 0.138* 0.082
θ5πt−5 0.183* 0.045 0.178* 0.055
θ6πt−6 -0.042 0.034 -0.055 0.046
λ1Fed -0.023 0.013 -0.019 0.010
λ3σ

2
t -10.863* 3.760 -11.823* 4.386

Gold -0.019 0.011 -0.022* 0.009
Bank Crisis -0.003 0.004 -0.005 0.010
Stock Market Crisis 0.011* 0.004 0.009 0.005
World Wars 0.023 0.013 0.020 0.014
US Civil War 0.107* 0.038 0.106* 0.030

Conditional Variance
γ0 -1.799* 0.391 -1.206* 0.306
β1log(σ

2
t−1) 0.746* 0.060 0.805* 0.051

α1 | ϵt−1

σt−1
| 0.315* 0.126 -0.081 0.075

γ1
ϵt−1

σt−1
0.218* 0.084 0.375* 0.076

ξ1Fed -0.834* 0.158 -0.385* 0.090

Gold -0.635* 0.163 -0.442* 0.141
Banking Crisis 0.359* 0.130 0.466* 0.149
Stock Market Crisis 0.753* 0.161 0.414* 0.117
World Wars 0.297 0.189 0.154 0.196
US Civil War 0.120 0.221 0.391* 0.217
AIC -3.958 -3.686
Q(2) 0.6780 (0.712) 2.145 (0.342)
Q(4) 1.481 (0.830) 3.602 (0.463)
Q2(2) 0.0647 (0.968) 0.346 (0.841)
Q2(4) 0.3793 (0.984) 3.111 (0.539)

Note: A * represents significance at the 5% level. AIC is the Akaike Informa-
tion Criterion. Q(2) and Q(4) are Q-statistics for tests of serial correlation
of 2nd order and 4th order, respectively. Q2(2) and Q2(4) are Q-statistics
for tests of serial correlation in squared residuals of 2nd order and 4th order,
respectively. In all cases, numbers in parentheses are p-values.
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