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1 Introduction

There is substantial variation in inflation, both over time and across coun-
tries. As is well known, inflation and its variation obey a remarkably robust
empirical regularity: There is a strong positive relation between the average
level and variance of inflation across countries. This paper shows that this
relationship can be explained by a surprisingly simple model. Moreover, the
model provides an explanation for the variation in inflation over time. The
main theoretical innovation in this paper is the introduction of an objective
function for monetary policy makers that exhibits ‘prudence’ in output. The
results indicate that Blinder (1997, p. 6) is right; the conventional assumption
of a quadratic loss function is not innocuous.

This paper adopts an elementary version of the Barro and Gordon (1983)
framework. The central bank engages in discretionary monetary policy after
the public has formed its inflation expectations. The economy is described by
an expectations-augmented Phillips curve and is subject to random supply
shocks. The central bank maximizes an objective function that depends on
the level of inflation and output. As usual, it is quadratic in inflation. But,
for output the commonly made assumption of certainty equivalence is aban-
doned. Instead, I adopt ‘prudence’ and motivate my decision by presenting
microfoundations for the central bank’s objective function. Prudence gives
rise to the crucial property of the model that inflation is decreasing and con-
vex in the supply shock to output. So, when the economy faces an episode of
disfavorable shocks, the central bank operates on the steep end of the infla-
tion response, giving rise to high and variable inflation. When disturbances
tend to be favorable, inflation will be low and stable.

Convexity of the inflation response brings about an additional mechanism
that induces a positive relationship between the average level and variability
of inflation. An increase in the variance of real shocks produces a rise in
both the mean and variance of inflation. The positive association between
inflation and its variation appears to be extremely robust. It does not depend
on differences in (the variance of) supply shocks; it also arises for variation in
central bank preferences. In addition, it even holds in the presence of perfect
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case of an information asymmetry for the private sector, it is independent of
the way expectations are formed.

When there is asymmetric information about the level of the supply shock,
an increase in the variance of the shocks not only affects average inflation, but
it also raises the level of inflation for any realization of the supply shock. This
level effect hinges on rational expectations. When people perceive greater
variation in supply shocks, they will increase their inflation expectations,
thereby boosting the rate of inflation. This may provide an explanation for
the fact that the oil shocks in the 1970s brought about such persistently high
inflation. It also suggests that exchange rate stabilization could lower the
average level of inflation through a reduction of the variance of imported
supply shocks.

There is an additional interesting finding in the case of asymmetric infor-
mation about supply shocks. It allows the central bank to stabilize output,
but it also leads to lower average inflation than with perfect information.
This means that an information advantage for the central bank has a posi-
tive effect on its reputation by reducing inflation expectations.

The approach adopted in this paper distinguishes itself from the existing
literature on monetary policy in two important respects. First, it proposes
an alternative, more general objective function that produces previously ob-
tained results as limiting cases. Moreover, this paper emphasizes the rel-
evance of economic variables for monetary policy. The latter is in sharp
contrast to most of the literature which focuses on (uncertainties about) the
institutional setting with issues like central bank independence and credibil-
ity. Although this paper does not deny their importance, I hope to illustrate
that these institutional characteristics are by no means the sole determinants
of the outcome of monetary policy.

Earlier explanations of the positive correlation between inflation and its
variation, which was already documented by Okun (1971), include Cukier-
man and Meltzer (1986), Devereux (1989) and Demetriades (1988). The key
ingredients in Cukierman and Meltzer (1986) are imperfect monetary con-
trol and asymmetric information about the central bank’s shifting objectives.
Relative instability of objectives induces a reduction in the optimal degree

of monetary control, because control errors obscure the shifts in preferences



and thereby allow the central bank to reap the benefits from monetary sur-
prises. A higher variance of control errors in turn, increases the variability
of inflation but also the mean. The latter arises because people rationally
anticipate the central bank’s greater incentive to inflate. Hence, variation
in political stability produces a positive relationship between the mean and
variance of inflation. The driving forces in Devereux (1989) are wage index-
ation and real disturbances. A higher variance of real shocks raises inflation
variability. In addition, it reduces the optimal degree of wage indexation
for the private sector. This increases the central bank’s ability to benefit
from surprise inflation, which raises average inflation. So, differences in the
variability of real shocks generate the positive correlation between inflation
and its variance. Finally, Demetriades (1988) simply postulates a feedback
rule for monetary policy that implies asymmetric stabilization policy and
formulates conditions under which a positive relation holds.

There are a few other papers that examine alternative objective func-
tions in monetary policy, including Chadha and Schellekens (1998). In their
model, the central bank minimizes a loss function that only depends on infla-
tion, subject to the restriction that inflation follows an autoregressive process
with endogenous policy and stochastic supply shocks. Their findings suggest
that deviations in the loss function from symmetry and certainty equivalence
produce results that resemble those of a quadratic with an adjusted inflation
target. The major disadvantage of their approach, however, is that it does
not explicitly incorporate the central bank’s preferences for output or the
role of inflation expectations. Like Chadha and Schellekens (1998), this pa-
per abandons symmetry and certainty equivalence. But it adopts a slightly
richer model and shows that the alternative objective function does give rise
to qualitatively new results.

There are three other papers have come to my attention. Cukierman
(1999) adopts an objective function that is quadratic in inflation and has
an additional linear output term when output is above the natural rate. He
shows that this asymmetry in the output objective gives rise to an inflationary
bias when there is uncertainty about the future state of the economy. Ger-
lach (1999) also considers an asymmetry in output. His objective function is

quadratic in inflation and output, with an additional linear exponential term



in output that reflects ‘recession aversion’. His paper could be considered
as an attempt to examine a specific functional form that is consistent with
the general specification proposed in the present paper. Nobay and Peel
(1998) focus on an asymmetry in inflation. They use a linear exponential
specification that reflects ‘inflation aversion’ and show that this gives rise to
a deflationary bias. However, this asymmetry implies a negative relation be-
tween the mean and variance of inflation, which is inconsistent with empirical
evidence.

The remainder of the paper is organized as follows. Section 2 presents
the model and motivates the specification of the objective function. Subse-
quently, section 3 analyzes the case of perfect information, which provides a
useful and simple benchmark. Next, asymmetric information about supply
shocks is introduced in section 4. Section 5 discusses some interesting exten-
sions and other implications of the model. Empirical evidence is evaluated

in section 6. Section 7 concludes.

2 The Model

Monetary policy is determined by the interaction between the central bank
and the private sector. The latter acts first, by forming its expectations 7€
about the level of inflation 7. It is assumed that the public has rational
expectations so that 7¢ = E [r|Q2], where {2 denotes the market’s information

set. The economy is described by the aggregate supply relation
y=y+0(m—7°)+e, (1)

where y denotes the level of real output, y equals the natural rate of output,
e is a white noise supply shock with variance o2, and 6 is the extent to which
surprise inflation stimulates output (6 > 0). The central bank observes the
supply shock ¢ and inflation expectations ¢, and subsequently sets the level

of inflation 7 to maximize its objective

W= —galr -+ f 5 -v), )

*

where 7* is the inflation target, y* is the output target and « determines

the relative importance of the inflation objective (a« > 0). The output
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objective f(.) reflects risk aversion and prudence. More precisely, I as-
sume that f”(.) < 0 and f”(.) > 0. Furthermore, let lim, . ' (z) = 7,
lim, . f” (x) = 0 and normalize f (0) = 0, where the argument of f(.) is
the deviation of output from its target, y — y*.! For notational simplicity, it
is assumed that the natural rate of output equals the target level: y = y*.
A flexible parameterization that satisfies the assumptions on the output ob-
jective is the linear-exponential specification f(z) = —e™#* + v + 1, where
B > 0. It is depicted in figure 1 for g = —y = 1/2.
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Figure 1: The central bank’s objective function f(y — y*).

Clearly, the model fits into the familiar framework of discretionary mon-
etary policy games first discussed by Kydland and Prescott (1977) and for-
mally analyzed by Barro and Gordon (1983). Previous contributions, how-

ever, have adopted central bank objective functions that are either linearly

Tn contrast to the previous assumptions on f (.), these conditions are not essential; all

qualitative conclusions hold without them.



increasing or negatively quadratic in output. Both specifications have im-
portant shortcomings.

The linear case, f(y —y) = B (y — y), is characterized by monotonicity
and risk neutrality. Discretionary monetary policy always gives rise to an
inflationary bias, but there is no role for stabilization policy in response to
supply shocks. In addition, inflation expectations 7€, and thereby reputation,
do not matter for the level of inflation.

The quadratic case, f(y — y*) = —% (y — y*)Q, displays risk aversion
but also certainty equivalence. Supply shocks and reputation are relevant;
inflation is decreasing in the supply shock € and increasing in inflation expec-
tations 7°. It is typically assumed that the target rate exceeds the natural
rate of output (y* > ). The justification for this assumption usually consists
of an appeal to market failures, e.g. due to distortionary taxes or powerful
unions. As a result, local nonsatiation obtains at y = 7, and there is an
inflationary bias associated with discretionary policy.

Compared to the quadratic case, my specification maintains risk aver-
sion, but abandons certainty equivalence. In addition, the assumptions allow
for either a bliss point in output (7 < 0) like the quadratic case, or strict
monotonicity (7 > 0) like the linear case.? However, the crucial assumptions,
f7() <0and f”(.) > 0, give rise to a fundamental asymmetry in the ob-
jective function. In particular, the absolute change in the marginal effect for
a positive deviation of output is smaller than for a negative deviation, for
any level of output. Thus, output losses have a larger impact on the central
bank’s optimal inflation decision than output gains.

The central bank’s objective function (2) could be interpreted as a social
welfare function or as a positive description of competing political interests
that affect the central bank’s behavior (see also Cukierman (1992), p. 43-45).
The political approach to the objective function focuses on the influence of
advocates of price stability versus those concerned about the level of output.
The coefficient « reflects the relative political power of the former, or the
degree of central bank independence. For such a political objective function,

it seems natural to assume that output losses carry more weight than output

2The algebraic results reduce to those for the conventional linear and quadratic objec-
tive functions for f'(.) >0, f” (.) = f" () =0 and [ (.) = 0, respectively.



gains, justifying f” (.) > 0.

Alternatively, when the central bank is completely isolated from political
influence, the central bank’s objective would be to maximize social welfare.
For this social welfare approach, the coefficient o captures the welfare cost
of inflation deviations relative to output deviations from target. In appendix
A1, T provide a motivation for f”(.) > 0 by deriving the partial social
welfare function for output from an elementary microfounded model. It is
based on utility-maximizing consumers who supply labor, the only factor of
production. There is a linear production technology and perfect competition
prevails. The socially optimal level of output (y* = ) is produced when all
workers supply the individually optimal amount of labor. Higher levels of
output can be achieved by working more hours. For lower output levels, the
realistic feature is incorporated that decreases in output are obtained partly
through a reduction in working hours, and partly by laying off workers. It is
shown that the social welfare function exhibits prudence (f” (.) > 0), even

if certainty equivalence prevails at the individual level.
The optimal policy for the central bank is to maximize (2) subject to (1)
and given ¢ and 7¢. Hence, the first order condition gives

a(rn—7)=0f0(r—7°) +e). (3)

The second order condition for a maximum is satisfied by concavity of f (.).
A property that follows directly from (3) is the relevance of inflation expec-
tations. In particular,
om =01 (y—19)
ore  a—0"f"(y - y)

> 0. (4)

This shows that the model captures reputation effects. It also means that
the outcomes for static and dynamic games could differ, depending on the
information structure. In the presence of uncertainty about the central bank’s
type, there is an opportunity to engage in reputation-building. However, for
the purpose of this paper it suffices to restrict ourselves to the static model.

Regarding the public’s information set €2, two cases will be analyzed: (i)
perfect information in section 3; and (ii) asymmetric information about the

supply shock in section 4.



3 Perfect Information

First, let us consider the case of perfect information. Although this may not
be a realistic assumption, it provides a useful benchmark. More formally, it is
assumed that the market’s information set equals Qp = {e, 7*, y*, 7,02, 0, a, f (.)}.
In the presence of perfect information, rational expectations imply 7¢ = .

Using (3), the optimal level of inflation under perfect information equals

7Tp:7T*+ZfI(8). (5)

An important characteristic is that inflation is decreasing and convex in the
supply shock €. The convexity crucially depends on f” (¢) > 0. Intuitively,
output losses have a larger impact on central bank objectives than output
gains, so the temptation to create inflation decreases in the real disturbance
e. Since the marginal disutility of negative supply shocks increases dispropor-
tionately when real shocks become more negative, the central bank’s incentive
to inflate rises correspondingly. The outcomes for the linear and quadratic
objective functions follow as special cases of (5).?

It is straightforward to see that there is a positive relationship between
average inflation and the variance of inflation from (5). Suppose the economy
is hit by negative shocks with mean ¢;, < 0 and variance o2. Then the mean
of inflation will be high, because mp is decreasing in ¢, and the variance of
inflation will be high, due to convexity of 7p. When the economy experiences
positive shocks with mean e > 0 and the same variance o2, then both the
average level and variance of inflation will be low.

However, there is an additional mechanism that follows from convexity
of mp but that does not rely on differences in the mean of supply shocks.
Instead, it focuses on variation in the variance of supply shocks. In particular,

convexity of mp implies that the expected value of inflation is increasing in

the variance of supply shocks, o2. Furthermore, the variance of inflation is
increasing in o2 by monotonicity of mp. Therefore, there exists a positive

relationship between the average level and the variance of inflation. This

3For the linear function f(y — ) = B(y — ), 7p = 7% + %. For the quadratic case in
. * *\2 * * —
which f(y —y*) = =38y —y") " mp =" + D (y* —7) - De.



correspondence is noncausal; it merely reflects the common dependence on
the variance of supply shocks.

Alternatively, a positive relation between the mean and variance of in-
flation follows from the common dependence on the coefficients o and/or 6.
For example, an increase in a will reduce both E [7p] and Var [7p].

A quantitative approximation of the relationship between the expected

2

2, a or @ is derived in

value and variance of inflation due to variation in o

appendix A.2.

4 Asymmetric Information

Now, let us consider the case of asymmetric information. In particular, as-
sume that the public is not able to observe the supply shock £ when the
inflation expectations 7¢ are formed. This could be a consequence of the
timing of events, for instance when the market embeds its expectations 7¢
in nominal contracts well before the central bank acts. Alternatively, the
information asymmetry could result from the deliberate withholding of in-
formation about economic data by the central bank. Formally, it is assumed
that Q = Qp\ {e}.

In the presence of asymmetric information about the supply shock, perfect
foresight no longer prevails and 7¢ may deviate from 7. The first order
condition (3) reveals that there is no closed form solution for the level of
inflation 74 under asymmetric information. Fortunately, it is still possible
to derive major results analytically.

An important consequence of asymmetric information is that inflation
expectations 7¢ are independent of the realization of the supply shock e.

Implicit differentiation of (3) yields

dra _ 0f” (ya —7)
de a— 62 fr (ya —7)

Differentiating (1) and substituting for dm/de,

< 0.

dy A «Q

de a—0%f"(ya—17)
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Clearly, 0 < dya/de < 1; monetary policy stabilizes output as the supply
shock is partially offset by an inflation surprise. In addition, dys/de — 1 as
€ = o0 and d2y,4 04282f/” (yA o g>
de? - 2y v > 0.
o =017 (ya— 1)

So, ya4 — ¥ is increasing and convex in the supply shock ¢, and y4 — y — o0

as € — o0o. Furthermore,

d27TA _ a26’f”’ (yA _ g)
= a0 (ya - p)

5 > 0.

Hence, 74 is decreasing and convex in ¢, and it follows from (3) that inf 74 =
T+ gfy. As a consequence, y4 converges to an asymptote with slope one and
intercept y + 0 (7T* + %7 — 7r6) as € — 00. Assuming rational expectations,
7 = Blra] > 714 (0) > 7 + £+ by convexity of 74. Using (1), this also
implies that y4 (0) < g. So, output is below the natural rate when the
supply shock equals zero. However, on average output equals the natural
rate since rational expectations and (1) imply E [y4] = 7.

The shapes of the inflation and output responses are illustrated in figures
2 and 3.4

The corresponding outcomes under perfect information are included as
well. Clearly, there is a negative, convex relation between inflation m and
real disturbances €. The relation is negative because the central bank adjusts
inflation in an attempt to stabilize output. Since output losses carry more
weight than output gains, the central bank’s response to shocks is asymmet-
ric. It increases the level of inflation more in response to disfavorable shocks,
giving rise to the convex shape. Furthermore, figure 2 reveals that the in-
flation outcome in the case of perfect information shows stronger curvature.
This is due to the anticipation of supply shocks under rational expectations.
Intuitively, positive shocks decrease inflation expectations under perfect in-

formation, which gives rise to lower inflation than in the case of asymmetric

4The specification is f(r) = —e™#¥ + v + 1 and it is assumed that ¢ has a normal
distribution. The parameters are a =0 =1, 8 = —y=1/2, 02 =1, 7* = 1 and § = 100.
Different values give similar shapes. Stochastic simulations gave the corresponding level

of m¢ = 1.029 (quite close to 1.032, the analytical approximation in (10)).
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Figure 2: Inflation under perfect and asymmetric information.

information. For negative shocks, however, perfect information raises in-
flation expectations and thereby produces higher inflation than asymmetric

information.®

Figure 3 shows how output y is affected by supply shocks.
In the case of perfect information, output stabilization is ineffective because
people anticipate the central bank’s policy. With asymmetric information,
lower levels of ¢ induce greater stabilization efforts, thereby giving rise to
the convex shape. The reduction in output for positive real disturbances is
the sacrifice the central bank needs to make to enable output stimulation
for negative shocks, because rational expectations force output to equal its

natural rate on average.

SStrictly speaking, this is only true for ¢ < &, where & is defined by 7p (8) = 74 (8).
Note that (3) and rational expectations imply that w4 (8) = 7 = E [ma] > 74 (0). Hence,

€ is unique and satisfies £ < 0.
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Figure 3: Output under perfect and asymmetric information

Following the same argument as in the case of perfect information, mono-
tonicity and convexity of w4 give rise to a positive relationship between the
average level and variance of inflation when there is variation in the mean
or variance of supply shocks. Observe that the two key properties of 74 do
not depend on the level of 7¢. Hence, the positive relation between infla-
tion and its variation holds regardless of the way inflation expectations are
formed, whether there are rational expectations, adaptive expectations or
some rule-of-thumb.

Approximate expressions for the expected value and variance of inflation
and their relation are derived in appendix A.2. It appears that in the case
of asymmetric information, the expected level of inflation is lower than with

perfect information.® Figure 2 indicates that this is driven by the relatively

6Using (10) and (7) gives E [ra] < E [7p].
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low levels of inflation under asymmetric information when the economy is
hit by negative supply shocks. So, the information asymmetry is actually

beneficial and reduces average inflation.

5 Extensions

The model presented above can easily be extended to more realistic set-
tings. For example, the central bank is probably not able to forecast shocks
perfectly. Introducing central bank forecast errors to the asymmetric infor-
mation case gives rise to some interesting additional results. In particular,
better forecasting by the central bank gives rise to lower inflation for a given
level of inflation expectations; again, this is due to the convexity of inflation
in response to supply shocks. Under rational expectations, the reduction in
inflation will be reinforced by a positive reputation effect. This could explain
why central banks tend to invest in a large staff of economists to produce
superior forecasts. Furthermore, the model suggests that this benefit would
be reduced if the central bank forecasts are shared with the private sector
and incorporated into inflation expectations. Thus, it would be better to
keep those forecasts secret. This could provide a reason why many central
banks do not publish their economic forecasts.”

The beneficial effect of more accurate central bank forecasts also could
provide an explanation for the gradualism that is characteristic of monetary
policy. Moving small steps, one at a time, allows the central bank to obtain
more accurate forecasts and fine-tune its policy further.

Another implication of the model is that for a symmetric, unimodal dis-
tribution of the supply shocks ¢, inflation will have a distribution that is
positively skewed. This has an important implication for the design of mon-
etary policy targets. Central banks that adopt a symmetric inflation target
centered around the median or mode of inflation are more likely to over-
shoot than to undershoot their target. This could have a negative impact

on the credibility of the target and thereby the reputation of the central

"For instance, the Federal Reserve forecasts used by the FOMC are published in the
“Green Book”, but it is only released after five years.
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bank. Instead, an asymmetric interval with more room on the upside would
overcome this problem. Using the median instead of the mode as a focal
point has the advantage that inflation will be right on target in the absence
of supply shocks and unanticipated demand shocks, requiring no further ex-
planations by the central bank. If a symmetric inflation target is centered
around the expected value of inflation, then the central bank is more likely
to undershoot its target. This may create the impression that monetary pol-
icy is excessively restrictive. An asymmetric target would not help in this
case, because inflation will be below the focal point, E [7], most of the time.
Therefore, the optimal inflation target would be similar to a confidence inter-
val for inflation, with the median as focal point and an asymmetric interval
biased towards higher levels of inflation.

Finally, instead of an asymmetry in the output objective, one could con-

sider the central bank objective function
* 1 %\ 2
W=g(m—m)=350y-y)

where ¢’ (0) = 0 and ¢” (.) < 0. This is analyzed in appendix A.3. When the
central bank is more concerned about positive changes in inflation (¢ (.) <
0), inflation is decreasing and concave in the supply shock . But, when the
central bank worries more about negative changes in inflation (¢"” (.) > 0),
inflation is decreasing and convex. In contrast to the asymmetry in the
output objective, however, it is not clear which asymmetry (if any) is relevant
for inflation based on political or social welfare considerations. So, the choice

of an asymmetry in the inflation objective function seems more controversial.

6 Empirical Evidence

The model is able to provide an explanation for the positive association
between inflation and its variability, both across countries and over time.
In particular, it is consistent with the extensive empirical evidence on the
positive relationship between the average level and standard deviation of
inflation across countries (e.g. Okun (1971), Gale (1981), Logue and Sweeney
(1981)). However, it provides an alternative mechanism for this relation, a

common dependence on the variability of supply shocks. Furthermore, it
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still captures the role of central bank independence, which is emphasized by
Cukierman (1992).% Alesina and Summers (1993) suggest that central bank
independence indeed plays an important role in the cross-country relation
between the mean and variance of inflation. Gerlach (1999) provides some
interesting evidence in favor of supply shocks. He shows that average inflation
is higher for countries that have experienced greater variability of supply
shocks.

In contrast to previous theoretical explanations, which are based on cen-
tral bank independence, wage indexation, or political instability, the mecha-
nism proposed in this paper seems to provide a more plausible explanation
in a time-series context. The model predicts a positive relation based on
time-variation in average real disturbances or their variability. Empirical ev-
idence on the relationship over time is presented by Fischer (1981) and Taylor
(1981). Fischer (1981) shows that there is a positive relationship between the
mean and variance of CPI inflation in the U.S.) using annual data over five-
year periods from 1806 to 1979, and quarterly data over three-year periods
from 1947:1 to 1980:1I; Taylor (1981) compares the 1960s to the 1970s for
several countries and finds a positive relationship between average inflation
and the standard deviation of inflation for each country.

Moreover, the model predicts that monetary policy makers respond to
supply shocks in a nonlinear fashion: Negative supply shocks have a much
stronger effect on inflation than positive supply shocks. To see whether this
is consistent with the facts, consider the empirical results presented in table

1.2 Regression (1) basically estimates an extended Phillips relation; it shows

8In fact, the positive relationship between the level and variability of inflation also
holds for the quadratic objective function, W = —1a (7 — )% — 18y — y*)?, provided
the target level y* exceeds the natural rate g, because both the mean and variance of
inflation depend negatively on «. But, the explanation in this paper has the advantage
that it applies more generally. In contrast to the other ones, it depends neither on market

failures that cause y* > g, nor on asymmetries in information, nor on rational expectations.
9The regressions in table 1 pass the usual diagnostic tests. In particular, the LM

test statistic for heteroskedasticity equals 0.448 [0.503], 0.064 [0.800], 0.018 [0.892] and
0.309 [0.578], respectively, with p-values in brackets. Regarding autocorrelation, Durbin’s
h equals 0.996 [0.319] and 0.910 [0.363] for regressions (1) and (2), but could not be
computed for regression (3); for this regression, Durbin’s h alternative equals 1.160 [0.246];

the Durbin-Watson statistic equals 1.943 for regression (4).
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Table 1: Nonlinear effect of supply shocks on inflation

Dependent variable:

Core inflation (1) (2) (3) (4)
Constant 1.294  0.694 -0.309  0.268
(0.560) (0.454) (1.289) (0.759)
Lagged core inflation 0.719 0.710 0.940
(0.107) (0.097) (0.187)
Expected inflation 1.134
(0.140)
Lagged capacity utilization 0.200 0.214 0.167 0.161
(0.070) (0.069) (0.059) (0.044)
Lagged (price) supply shock 0.663
(0.280)
Lagged positive supply shock 1.233 1.474 0.902
(0.156) (0.349) (0.240)
Lagged negative supply shock -0.305  -0.382  -0.397
(0.245)  (0.400) (0.302)
Nixon and Volcker dummies no no yes yes
p-value HO: linear effect - ;0.001  0.005 0.006
R? 0.748  0.786  0.810  0.891
s.e.e. 1.38 1.27 1.20 0.91
p-value HO: no autocorrelation (LM) 0.697  0.701  0.404  0.643
p-value HO: no heterskedasticity (LM) 0.006  0.032  0.174  0.177

Standard errors in parentheses; Newey-West standard errors for (1) and (2). Core
inflation equals CPI inflation excluding food and energy. Lagged capacity utiliza-
tion is the seasonally adjusted capacity utilization of total industry in December of
the preceding year. Expected inflation is the twelve month ahead median expected
CPI inflation from the Livingston survey in December of the preceding year. The
(price) supply shock equals CPI inflation minus core inflation. Positive (negative)
shocks are those that are higher (lower) than the average supply shock. The Nixon
dummies are 0.5 for 1972-1973, -0.3 for 1974 and -0.7 for 1975; Volcker dummies
include indicator variables for 1980, 1981, 1982 and post 1982. Sample: annual

U.S. data, 1968-2005.
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how core inflation depends positively on its lagged value, lagged capacity
utilization and a lagged measure of (price) supply shocks, inflation minus
core inflation. The dependent variable is core inflation to control for the
effect of contemporaneous supply shocks on inflation that are beyond the
control of the central bank.!® For the conventional quadratic central bank
objective function, the price supply shock has a positive, linear effect on
inflation. However, the objective function presented in this paper suggests
a nonlinear effect; it is positive for positive price supply shocks, but closer
to zero for negative shocks. Regression (2) shows that such a nonlinear
response is indeed present using annual U.S. data from 1968 to 2005. The
null hypothesis that the effect of positive and negative shocks is identical can
be rejected with a p-value of 0.0001. Including dummy variables in equation
(3) to capture Nixon price controls and the Volcker disinflation era, the result
remains highly significant. Using survey based inflation expectations instead
of lagged inflation in regression (4) also gives a strong rejection of a linear
effect of supply shocks.

The findings in table 1 are clearly inconsistent with the conventional
model. Assuming that central bankers are prudent in output could account

for it. 1!

7 Conclusion

This paper introduces an alternative objective function for monetary policy
that exhibits prudence. It provides an alternative explanation for the positive
relation between inflation and its variation across countries, that is based on
supply shocks. It predicts that greater variability of supply shocks gives
rise to higher inflation. Furthermore, the model predicts that supply shocks

have a nonlinear effect on inflation, and that over time, high (low) inflation

10Using inflation as the dependent variable gives similar results and does not affect the

main finding of a nonlinear effect of supply shocks.
Of course, there may also be other explanations for it. Note that the asymmetric

inflation response to supply shocks in this paper is fundamentally different from the effect
of skewness of relative price shocks on inflation which is analyzed by Ball and Mankiw
(1995); empirically, the skewness effect is contemporaneous, whereas the asymmetric policy

effect in this paper appears with a substantial lag.
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tends to be more variable (stable). Empirical evidence is presented that is
consistent with these results. In addition, the model is able to capture the
difference in the behavior of inflation in the 1970s and the 1990s. In that
sense, there is no ‘new economy’, contrary to claims in the popular press.
The ‘new era’ of low and stable inflation merely reflects the optimal response

to shocks by prudent central bankers.
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A Appendix

A.1 Microfoundations for the Central Bank’s Objec-

tive Function

Let us consider the case in which the central bank is free from political
influence and maximizes social welfare, and provide a justification for the
use of an objective function for monetary policy that exhibits prudence in
output (f”(.) > 0). The microfoundations for the partial social welfare
function for output can be obtained from the following rudimentary model.

For analytical convenience, suppose that there is a continuum of individ-
uals i € [0, N|. Individual i consumes ¢;, supplies labor /;, and enjoys utility
u (c;, 1), where du (c,1) /Oc > 0, O*u(c,l) JOc* < 0, P*u(c,l) /O > 0, and
Ou(c,1) /Ol < 0, O*u(c,1) /OI* < 0; for simplicity it is assumed that u (c, ()
is additively separable. Each individual ¢ is subject to the budget constraint
¢; = wl;, the time constraint [; < [,,,,, and the nonnegativity constraints
¢; > 0 and [; > 0, where w is the real wage. Normalize N = 1, [,,, = 1 and
1 (0,0) = 0. Assume there is a constant-returns-to-scale production technol-
ogy for aggregate output: y = Afol lidi (so, 0 <y < A). Perfect competition
and profit maximization imply w = A. Hence, the equilibrium condition,
Yy = fol c;di, is always satisfied. Substituting the budget constraint, the util-
ity function reduces to v (I;) = u (Al;, [;), where v (0) = 0, v” (I) < 0 and the
optimal labor supply [* satisfies v’ (I*) = 0.1 Thus, optimal output equals
y* = Al*.

Suppose the labor market is organized as follows. A person is either
employed or unemployed. Individuals i € [0, E] are employed and have a
labor supply of I; = I, > 0. For the unemployed (if any) ¢ € (F,1], labor
supply equals [; = 0. For y = y*, everyone is employed (F = 1) and supplies
the optimal amount of labor (I, = [*). For y > y*, every person works more
than optimal to generate the increase in production (£ =1 and [, > [*). For
y < y*, the decline in output is obtained by a reduction in both the number
of workers (E < 1) and the number of hours worked by those who remain

employed (I, < [*). In particular, a fraction p of the relative reduction in

121t is presumed that there is an interior solution with 0 < I* < 1 (and 0 < y* < A).
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the work force L. = FEl, is realized by laying off workers, and a fraction 1 —p
by cutting the hours per worker, where 0 < p < 1. More precisely, £ = pL
and [, = (1 — p)L, where & = dz/x denotes the relative change in z. As a
consequence, 0F /0L = p/l. and 0l./0L = (1 —p)/E.

Assume the purely utilitarian social welfare function W = fol u (e, ;) di,
which reduces to W = Ewv (l.). Social welfare W depends implicitly on the
level of aggregate production y = AFl.. Clearly, W is maximized at the
optimal level of output y*. However, suppose that the level of aggregate out-
put y deviates from y*, e.g. due to business cycles or macroeconomic policy.
Then, the marginal effect on social welfare 0W /0y and other properties of
the partial social welfare function can be easily determined.

First, consider the case in which y > y*. Using 0E/JL = 0 and 0l./0L =
L,

ow 1,
— =—v(l.) <0
0y y>y* A
since [, > [*. Furthermore,
oPW 1,
5 = 721) (le) < O,
dy - A
and o |
— 7,0/// (le) ,
Oy® y>y* A3

which is positive if v (I.) > 0.
Next, consider the case in which y < y*. Using OE/JL = p/l. and
Ole/OL = (1 —p)/E,

ow
dy

U(le)p / 1_]7
L A+v(le) >0

A

y<y*

since v’ (I.) > 0 for I, < I*. In addition,

:{v’(le)le—v(le)p+ l 1—p}1—p
y<y*

2W RS '
(1) A0y

Oy?

because v (l.) /l. > v' (l.) by concavity and v (0) = 0. Furthermore,

PW
oy?

- {2 -] s - a -t 3k
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which is positive for v (I.) > 0.

In the special case in which p = 0, i.e. nobody is laid off, the proper-
ties of v (l) translate into similar properties for W. So, v” (I) < 0 implies
O?W/dy? < 0, and v (1) > 0 implies &*W/0y> > 0. However, even if cer-
tainty equivalence prevails at the individual level (v"(l.) = 0 for all I.), then
the social welfare function still features prudence for 0 < p < 1. For ex-
ample, for the quadratic utility function v (1) = —I? + 2I*l, 6’3W/8y3\y<y* =
(2 —p) (1 —p)p/A3E?], > 0. This third derivative is larger for bigger nega-
tive deviations from optimal output. But for positive deviations it is zero in
this special case.!?

Also, notice that the model implies an asymmetric marginal effect on
welfare for deviations from y*, assuming v (1) is symmetric about [*. Formally,
symmetry amounts to —v' (I* +¢) = o' (I* —¢) for |e|] < min{l*,1—[*}.
Take e =1* — [, > 0, so that [, = [* — . Then

ow p(v(l*—s) , ) 1,
— | (=) |+ V(" —¢)
dy <y A *—¢ A
1 1 ow
> W (IF—e)=—=V"+e)=|— )
A ( ) A ( ) ay oy

Hence, a negative deviation from the optimal level y* produces a marginal
effect on welfare that is bigger in magnitude than for a positive deviation.
Since OW /0y — 0 as y — y this implies a social welfare function that is
asymmetric: W (y*) > W (y* +¢) > W (y* — ¢) for € > 0. In words, a posi-
tive deviation from the bliss point y* is not as bad as a negative deviation.!*

A.2 Quantitative Relation Between Mean and Vari-

ance of Inflation

In this section, quantitative approximations of the relationship between the

mean and variance of inflation are derived under perfect and asymmetric

13For the linear-exponential parameterization f (z) = —e™%% 4+ yx + 1, the behavior of
" (z) = %P7 is quite similar, especially when § < 1.

14The specification f (r) = —e % + v + 1 with v = —3 < 0 (so that there is a bliss
point at x = 0), also displays these asymmetries. (See also figure 1). The asymmetry

vanishes as § — 0.
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information.

A.2.1 Perfect Information

Taking a second-order Taylor approximation of (5) around ¢ = 0,

Lo

0 0
Tp %F*‘f—a]y (O)‘f—af// (0)€+ QOéfm (O) 52, (6)
so that the expected value of inflation equals
* 0 / 10 "n 2
Elre] 7+ f (0) + 5o " (0) o2 7)

Clearly, an increase in the variance of supply shocks o2 increases expected
inflation; this follows directly from the convexity of mp. The variance of
inflation equals

Var [np] = E [(71'13 -E [7’(}3])2:| ~E 5o

(2]3// (0) £+ lgf/// (O) (62 _ J§)> ]

using (6) and (7). Assuming that e ~ N (0,0%) so that E[¢*] = 0 and
E [¢*] = 302, this reduces to
0 16°
Var [rp] = — [ (0)) 02 + 5 — [/ (0)]" . (8)
« 2a
Suppose the variation in inflation and its variance (over time or across coun-

tries) is due to

e variation in o2: Solving (7) for 02 and substituting into (8) yields

0 [f" (0))
o f/l/ (0)

Var [rp] ~ 2 [E [rp] — 7 — z f <0)] 42 [E ] == L (0)1 B

«

e variation in « or 6: Solving (7) for /a and substituting into (8) yields

Var [7p] & ([f” (O)]2 ol + ; L (O)]Q 03) lf’ ((])?; [—7;2]];'7;;) a?] | ‘
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e variation in f(.). In general, it is not possible to derive an analytical
expression. However, for the case in which f (z) = —%e‘ﬁm + vz + %

one can solve (7) for 3 and substitute it into (8) to get!'”

V[~ 22 Blae] - 7 = £ (14 9) 42 |Blrel <7 = L 14)

Hence, in each case, the variance of inflation is positive and convex in av-
erage inflation. Notice that the relationship is increasing in all cases because
E[ﬂ'p] >7Tp(0).

A.2.2 Asymmetric Information

In the case of asymmetric information, using (3) and assuming that & ~
N (0,0?) yields

., 0 _
Elra = ‘I'EE[f/(yA—y)]-
Taking a second-order Taylor approximation of w4 (¢) around € = 0 using
ya (0) = g,
2] " 0 160 3 pm 0
fz() e+ = af () 352‘ (9)
a— 6 f" (O) 2« {Oé _ (92f// (0)}

¢
WA%W*—F*f/(O)—F
(67

So, the expected value of inflation equals

10 a? )

v 3f/// (0) o
2« {a o 92f” (0)}

(10)

e

Bl ~ 4 (0)+

Comparing this to (7), it appears that E [r4] < E[rp]. As before, ex-

pected inflation increases with the variance of supply shocks 2. Again, it
hinges on " (0) > 0. In contrast to the case of perfect information, however,
there are now two effects at work: For given inflation expectations, expected
inflation increases with the variance of supply shocks due to convexity of

74 (€). In addition, this raises 7¢, thereby increasing the level of inflation

5Note that variation in v only affects average inflation, and so it does not yield any
association between the mean and variance.
16Simulations for f(z) = —e™#% 4+ vz + 1 and a normal distribution indicate that this

approximation is quite accurate.
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for any supply shock . The magnitude of this level effect can be found by
implicit differentiation of (3) and it equals

Oma _ —0°f"(y—g) or° 160 —6*f"(y—y) a’

002 o — 02 f" (y — 7) Oo2 - 2aa — 0% f" (y —7) {04 _92f//(0)r’

f/l/ (0) .

This level effect is decreasing in ¢ and it goes to 0 as € — oo.

Using (9) and (10), the variance of inflation equals
92 [ f 2 1 a9 2
Lf" (0)] 205 4o at0” [f" (0)] 60;1'
o =071 (0)] 2[a=02f(0)]
(11)

Suppose the variation in inflation and its variance (over time or across coun-

Var [ra] = E [(WA —E [WA])Q] ~

tries) is due to

e variation in o2: Solving (10) for ¢ and substituting into (11) yields

Var[ma] ~ 2 {a — 6% f" (O)} % [E [Ta] — 7" — Zf, (0>]

0 2
+2 [E [Ta] — 7" — &f’ (0)] .
e variation in «, 0, or f(.): It is not possible to derive closed-form ex-

pressions. But, simulations suggest that a positive association tends to
hold.

Hence, under asymmetric information there will be a positive relationship

between the variance and the mean of inflation.

A.3 Asymmetry in the Inflation Objective

Instead of altering the functional form of the output objective, one could
modify the specification for the inflation objective. Suppose the central bank

has the objective function
* 1 *
W=g(m—)- 58—y (12)

where ¢’ (0) = 0 so that the inflation objective is maximized for 7 = 7*, and

g" (.) < 0, reflecting risk aversion. It is not a priori clear what the sign of the
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third derivative should be. If central banks are prudent in inflation in the
sense that they value decreases in inflation more than increases, g” (.) < 0.
The reason could be that central banks are afraid to lose reputation when
inflation increases. Thus, it could approximately capture the effect of such
reputation losses in a dynamic context. On the other hand, if decreases in
inflation are considered more harmful than increases, ¢” (.) > 0. It seems
this could indirectly reflect the negative effect of decreases in output that are
associated with disinflation. However, this interpretation has the awkward
implication that larger, positive output supply shocks are undesirable.!” In-
stead, one could argue that this captures the complications for monetary
policy under low inflation due to the boundary on nominal interest rates. In
that case, the application of (12) should be restricted to sufficiently low levels
of inflation. For the special case in which ¢ (.) = 0, the inflation objective
reduces to the usual quadratic function.

The economy is described by the Lucas supply function (1). For simplic-
ity, assume that y* = 7 so that there is no inflation bias for the conventional,
quadratic objective function with ¢”” (.) = 0. The first order condition for

maximization yields
g (m—7%)=p00(r—7°) +¢e). (13)

The second order condition is satisfied by concavity of ¢ (.). Again, one can
distinguish between perfect and asymmetric information about the supply

shock e.

A.3.1 Perfect Information

In the case of perfect information, 7 = ¢ so that (13) reduces to ¢’ (7 — 7*) =

(B0e. Implicit differentiation yields

d7mp _ 0 <0
de  g¢"(m—7m)

and so,
d2ﬂ_ ﬂ292 §
2P:_ 59" (m —7").
de (9" (m — 7))

1"More precisely, for a supply shock ¢ > 0 such that 7 < 7* and y > 7, OW /e < 0.
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Hence, sgn d®7p/ de? = sgng” (r — 7). So, in the case of inflation aversion,
¢" (.) < 0 and inflation is concave in the supply shock ¢; in the case of
deflation aversion, ¢’ (.) > 0 and inflation is convex. Rational expectations

ensure that yp = ¢ at all times.

A.3.2 Asymmetric Information

In the case of asymmetric information, 7€ is given. So, implicit differentiation

of (13) produces

dma £6? 1
= — - <0 14
de pO* — g" (r —7*) 0 (14)
and so,
2 2&2
e LR Y (15

= =
dss (302 — g (z — 7))

Again, sgnd® 4/ de? = sgng” (7 — 7*).
Regarding output, differentiating (1) and substituting (14) and (15) gives

dya _ 2g”(ﬁ—ﬂ*) -0
de BO° — g" (m — )
d*ya 520°

n *
d52 (602_9”@_(_71_*))39 <7T s )

This shows that 0 < dya/de < 1 and sgnd?ya/de? =sgng” (7 — 7*).

Clearly, the cases of an output asymmetry with [ (.) > 0 and an inflation
asymmetry with ¢” (.) > 0 are observationally equivalent in their qualitative
implications for the responses of inflation and output to supply shocks. Both
are consistent with the empirical regularities described in section 6. However,
the argument to motivate ¢”’ (.) > 0, the lower bound on nominal interest
rates, only seems relevant for relatively low inflation, whereas the empirical
results also apply to higher levels of inflation. This suggests that f” (.) > 0
provides a more general and plausible explanation for the results obtained in

this paper.
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