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Abstract

This paper sets out to investigate the role of additive uncer-
tainty under plausible non-standard central bank loss functions
over future inflation. Building on a substantial body of evidence
in the economic psychology literature, this paper postulates (i)
period-by-period loss functions that are non-convex, i.e. display-
ing diminishing or non-increasing sensitivity to losses, and (ii)
non-linear weighing of probabilities, hence departing from the
expected utility paradigm. The main conclusion of the study is
that if the additive uncertainty is caused by a non-Normal dis-
tributed additive shock, for instance if the probability distribu-
tion of the shock is skewed, then with these departures from the
quadratic function the principle of certainty equivalence does not
hold anymore. Thus, it appears that with additive uncertainty of
the non-Normal type the assumption of a quadratic loss function
for the central banker may not be as innocuous as it is commonly
regarded.

Keywords: Monetary policy, non-quadratic loss functions,
economic psychology, certainty equivalence

JEL codes: E52, E58
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Non-technical summary

The role of uncertainty in monetary policy-making has attracted considerable interest in the
literature in recent years. It has long been known that uncertainty (namely, over the true
“value” of the interest rate elasticity of output and inflation) is not neutral for the policy-maker
and generally leads to caution and policy gradualism (Brainard, 1967). There is, however,
much less consensus on the role of additive uncertainty, which denotes the uncertainty over
the true “state of the economy”, despite the obvious importance of this matter for policy-
makers, who are confronted with this type of uncertainty practically every day.
On the one hand, the view is prevailing in the academia that additive uncertainty should not
matter, a principle known as “certainty equivalence” (Theil, 1958). Recently, Svensson and
Woodford (2000) have provided a general proof that with a quadratic objective function for
the central banker, the optimal policy is unaffected by uncertainty about the state of the
economy (Svensson and Woodford characterise this situation as the orthogonality of
estimation and policy). Moreover, the principle of certainty equivalence does not seem to be a
mere artefact of the use of a quadratic loss function. Chadha and Schellekens (1999) have
shown that the certainty equivalence principle holds for a general class of convex loss
functions, and the coefficients of the optimal policy rule are not affected by additive
uncertainty even if the preferences of the central banker are asymmetric.
On the other hand, policy-makers generally do not seem to think that additive uncertainty is
irrelevant (see for example Blinder, 1998). A casual look at central banks’ external
communication tends to lend support to this assessment. Thus, there seems to be an important
discrepancy of views between policy-makers and the academia over this key aspect of
monetary policy-making.
Against this background, this paper sets out to analyze the interaction, if any, between non-
standard and yet analytically tractable and behaviorally plausible central bank loss functions
and uncertainty modelled as a non-Normal distributed additive shock to the inflation process.
This paper, in particular, relaxes two commonly maintained assumptions on the central bank
loss function:
@) A curvature of the loss function different from, and more general than, the quadratic
is considered.
(ii) The effect of a non-linear weighing of probabilities by the central bank is analyzed.
In devising plausible and tractable non-quadratic central bank loss functions, this paper builds
on the substantial body of evidence made available by the literature on economic psychology

under uncertainty, especially by the strand linked to the names of Daniel Kahneman and
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Amos Tversky (see Kahneman and Tversky, 2000, for a review and assessment of this
literature).

Ultimately, the objective of the analysis is to establish whether the principle of certainty
equivalence carries through to the non-standard loss functions examined here, and hence
whether the assumption of a quadratic loss function evaluated according to the expected
utility criterion is indeed innocuous or not.

The main result of the paper is that the interaction of a non-Normal additive disturbance to
inflation and the set of non-quadratic preferences postulated in the economic psychology
literature leads to situations where the principle of certainty equivalence does not hold. Thus,
additive uncertainty seems to matter. Only if the disturbance is Normal distributed is the usual
result of certainty equivalence still valid. If one observes that non-Normal distributed shocks
are an essential element which monetary policy-makers have to deal with, the overall policy
message of this paper is that additive uncertainty matters, and that the assumption of a

quadratic loss function may not be as innocuous as it is often regarded.
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1 Introduction

The role of uncertainty in monetary policy-making has attracted consid-
erable interest in the literature in recent years (see, e.g., the review by
Batini, Martin and Salmon, 1999). It has long been known that multi-
plicative uncertainty (namely, over the true ”value” of the interest rate
elasticity of output and inflation) is not neutral for the policy-maker and
generally leads to caution and policy gradualism (Brainard, 1967).

There is, however, much less consensus on the role of additive uncer-
tainty, which denotes the uncertainty over the true ”state of the econ-
omy”, despite the obvious importance of this matter for policy-makers,
who are confronted with this type of uncertainty practically every day.!
On the one hand, the view is prevailing in the academia that additive
uncertainty should not matter, a principle known as ”certainty equiv-
alence” (Theil, 1958).2 Recently, Svensson and Woodford (2000) have
provided a general proof that with a quadratic objective function for the
central banker, the optimal policy is unaffected by uncertainty about
the state of the economy (Svensson and Woodford characterise this sit-
uation as the orthogonality of estimation and policy). Moreover, the
principle of certainty equivalence does not seem to be a mere artefact
of the use of a quadratic loss function. Chadha and Schellekens (1999)
— henceforth CS — have shown that the certainty equivalence principle
holds for a general class of convex loss functions, and the coefficients
of the optimal policy rule are not affected by additive uncertainty even
if the preferences of the central banker are asymmetric? On the other
hand, policy-makers generally do not seem to think that additive un-
certainty is irrelevant (see for example Blinder, 1998). A casual look
at central banks’ external communication tends to lend support to this
assessment. For instance, in the Sveriges Riiksbank’s Inflation Report
(quoted in Blix and Sellin, 2000), it was reported that:

"The element of uncertainty in the inflation assessment can ac-

cordingly influence monetary policy’s construction. A high degree of

! Data measurement problems, uncertainty over the economy’s natural rate of em-
ployment (or the natural rate of interest) at any point in time, shocks to the inflation
rate and/or to the output gap which occur after a certain monetary policy deci-
sion but before its impulse has fully worked through the economy, are all prominent
examples of additive uncertainty.

2Formally, let = be a control variable and y a state variable, with y = f(x) +e, e
being a zero mean additive disturbance and f a deterministic function. If certainty
equivalence holds, the optimal value of z (for instance, the value which minimizes y)
is independent of any moment of the probability distribution of e.

3Orphanides and Wieland (2000) also analysed the properties of inflation zone
targeting using a nonlinear central bank loss function. Orphanides and Wieland,
however, did not deal with the issue of additive uncertainty, at least not directly.
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uncertainty can be a reason for giving policy a more cautious turn”

[emphasis ours],

and in the Bank of England’s Inflation Report (again quoted from
Blix and Sellin):

”in the light of the central projection and the risks surrounding it,
the Bank continues to see the need for a moderate tightening of policy”.

[emphasis ours]

Finally, this statement can be retrieved from the European Central
Bank’s website:

The European Central Bank (ECB) confirms its position of 'wait and
see” with regard to its monetary policy stance. In an environment of
increased uncertainty over the global economy and its impact on the
euro area, the Governing Council is carefully assessing whether and to
what extent upward risks to price stability will continue to decline.”

[emphasis ours]

In all cases, central banks seem to refer to additive uncertainty (i.e.,
uncertainty over the state of the economy, not over the effect of the
monetary policy levers) as an important element in the determination
of policy. Thus, there seems to be an important discrepancy of views
between policy-makers and the academia over this key aspect of mone-
tary policy-making. This divergence, in turn, should lead one to won-
der whether simple and plausible monetary policy models alternative to
those traditionally used in the academic literature on optimal monetary
policy can be worked out to give account of the seemingly important
role of additive uncertainty in actual policy-making.

Against this background, this paper sets out to analyze the inter-
action, if any, between non-standard and yet analytically tractable and
behaviorally plausible central bank loss functions and additive uncer-
tainty modelled as a non-Normal distributed additive shock to the infla-
tion process. Throughout the paper, the assumption will be maintained
that the policy-maker has no multiplicative uncertainty, namely he has
a perfect knowledge of the effect of the monetary policy instrument on
the target variable(s). This paper relaxes two commonly maintained
assumptions on the central bank loss function. First, a curvature dif-
ferent from, and more general than, the quadratic is considered. Sec-
ond, the effect of a non-linear weighing of probabilities by the central
bank is analyzed. Ultimately, the objective of the analysis is to estab-
lish whether the principle of certainty equivalence carries through to
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the non-standard loss functions examined here, and hence whether the
assumption of a quadratic loss function evaluated according to the ex-
pected utility criterion — which permeates the bulk of the literature on
optimal monetary policy — is indeed innocuous or not. That no assump-
tion on the probability distribution of the additive shock is maintained is
worth stressing, as it distinguishes the analysis in this paper from that
in CS.* Indeed, the type of uncertainty central bankers are routinely
confronted with is certainly not always Normal distributed. Goodhart
(2001), for instance, stressed that skewed risks represent a challenge for
monetary policy-makers and that the profession should come up with an
analytical framework to study how such skewed risks may be meaning-
fully incorporated in the policy assessment. Overall, this paper seems
to be a first step in that direction.

In devising plausible and tractable non-quadratic central bank loss
functions, this paper builds on the substantial body of evidence made
available by the literature on economic psychology under uncertainty,
especially by the strand linked to the names of Daniel Kahneman and
Amos Tversky (see Kahneman and Tversky, 2000, for a review and as-
sessment of this literature). With no evidence available thus far on the
"typical central banker”’s psychology, the working assumption of this
paper is that the patterns and tendencies that the Kahneman-Tversky
literature has identified in a number of experimental studies are also
valid for those agents in charge of monetary policy.” Among the key el-
ements identified in this literature, diminishing sensitivity to losses (i.e.,
non-convex loss functions) and non-linear weighing of probabilities (i.e.,
departures from the expected utility paradigm) seem to be plausible and
interesting also as a characterization of central bank preferences.

In sum, the paper finds that the interaction of a non-Normal additive
disturbance to inflation and the set of non-quadratic preferences postu-
lated here leads to situations where the principle of certainty equivalence
does not hold. Thus, additive uncertainty seems to matter. Instead, if
the disturbance is Normal distributed (as assumed in CS), the usual re-

4CS maintain the assumption of a Normal distributed additive shock to inflation
throughout their paper.

5Tt should be stressed that throughout the paper the emphasis will always be
on the central bank’s positive (i.e., descriptive) preferences. The analysis abstains
from the determination of the normative preferences, for example those that would
maximise society’s welfare (see, e.g., Svensson, 2001). Of course, if it were possible for
society to write down explicitly the central banker’s loss function, this would lead us a
long way towards the identification of the ”true” central bank preferences. However,
even in this (rather unrealistic) case the ”ex post” preferences will not correspond to
the ”ex ante” preferences (those which matter for monetary policy-making), for the
latter also involve the central banker’s attitude towards risk.
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sult of certainty equivalence continues to be valid. If one observes that
non-Normal distributed shocks are an essential element which monetary
policy-makers have to deal with, the overall policy message of this pa-
per is that additive uncertainty matters, and that the assumption of a
quadratic loss function may not be as innocuous as it is often regarded.

The paper is organized as follows. In Section 2 the usual setting is
outlined of a monetary policy-maker aiming at minimizing a loss func-
tion defined in terms of the inflation rate, with the structure of the
economy acting as a constraint on behaviour. The effect of considering
non-quadratic central bank loss functions on the role of additive uncer-
tainty is analyzed in Section 3. Finally, Section 4 concludes.

2 A simple optimal control model for discretionary
monetary policy

This section lays down a standard optimal control problem for discre-
tionary monetary policy.’ The structure of the economy includes an
IS curve, whereby the monetary authority can influence the output gap
by steering the nominal interest rate, and a backward-looking Phillips
curve, linking current inflation to past inflation and to past output gap
(see, e.g., Clarida, Gali and Gertler, 1999, and Mankiw, 2001a).”

The IS curve is specified as follows:

Ty = a1x—1 — a9l — ™) + Uy, (1)

where the output gap z is affected by the real interest rate (i — ),
and u is a disturbance term, unknown to the central bank at time ¢,
with F,u; = 0. Parameters in this equation are 0 < a; < 1 and ay > 0,
known to the central bank.

The Phillips curve is:

Tip1 = D17y + boy + vy, (2)

where v is an additive disturbance, for instance capturing a cost-
push shock unknown to the policy-maker at time ¢, with v, = 0,
and 0 < by < 1 and by, > 0 are parameters, of which the central bank

6Throughout the paper, the assumption is always maintained that the central
bank cannot credibly commit to follow a policy rule; monetary policy is thus carried
out in a discretionary manner.

"The choice of a backward-looking specification of the Phillips curve is motivated
by the fact that it squares better with the available empirical evidence (see in partic-
ular Mankiw, 2001a, and Rudebusch, 2001). The line of argumentation in the paper,
however, would not be substantially changed with a forward-looking Phillips curve,
as long as inflationary expectations at time ¢ are exogenous for the central bank (to
avoid the simultaneity problems discussed by Svensson and Woodford, 2000).
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has again full knowledge.®,’ No further assumption on the probability
distribution of v is added at this stage. For simplicity, a zero drift is
assumed; this, together with the assumption that b; < 1, implies that
the steady state level of inflation is zero.

For notational simplicity, it is convenient to consolidate the IS and
the Phillips curves to obtain a reduced form for inflation as follows:

M1 = C1T¢ + Coy—1 — €30 + €441, (3)

where ¢; = by + boag, co = boay, c3 = boag, and €411 = bouy + 441 is a
zero mean (but possibly non-Normal and non-symmetrically distributed)
random disturbance (comprising output gap and cost-push shocks).

Simplifying it further:

Ti41 = 2t — €30 + Eq1, (4)

with z; = ¢ym; — coxy—1, known to the central bank at time ¢ and ex-
ogenous to i, representing the ”state of the economy” or equivalently the
”inflationary pressures” at time ¢. In general, policy rules are specified
as feedback rules i; = f(z;), whereby the central bank sets its monetary
policy instrument in reaction to changes in the state of the economy.

For simplicity of notation, let us consider the variable i; defined as
follows:

it = Cgit — Zt (5)

Ifi, = 0, i, = i—; and Fym; 1 = 0. Therefore, i, is the deviation of the
monetary policy instrument from the value which offsets at time ¢ + 1
the expected impact of the inflationary pressures observed at timet (i.e.,
zt). There follows that the inflation process may also be expressed as:

Tit1 = E¢41 — U, (6)

with &1 independent of ir. Intuitively, the inflation process is equal
to the difference between the realization of the additive shock at time
t+1 and the deviation of the monetary policy instrument from the value
for which Eym;1 = 0. Thus, the value —iNt may also be interpreted as
the inflation target of the central bank at time ¢. In the continuation
of this paper, we will often refer to i, when speaking about monetary
policy, without any loss of generality as the monetary policy instrument

may be derived straightforwardly as i; = “j—;f

8That the monetary policy instrument 4 affects inflation with a longer lag than it
affects output is consistent with the bulk of the available empirical evidence.

9More complex Phillips curve equations may be conceived (see, e.g, the non-
linear specification in Clark et al, 2001), but such complications should prima facie
be immaterial for the purpose of the present analysis.
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The task of monetary policy is to select a value of 4, which mini-
mizes an intertemporal loss function defined in terms of inflation levels
(assuming for simplicity — and without loss of generality — that the in-
flation objective of the central bank is zero).!° The principle of certainty
equivalence — the main focus of the present analysis — stipulates that the
probability distribution of € should not matter in the determination of
i (or, iy).

The standard approach to deal with monetary policy problems is to
specify the objective function of the central banker, with the structure
of the economy that acts as a constraint on behaviour. Given a period-
by-period loss function L(7), the central bank is normally assumed to
minimize a time separable intertemporal loss function expressed as the
expected value of a discounted sum L (where 0 < v < 1 is the discount
factor):

EL=EY 7' Lmyy), (7)

J=1

under the constraint 7,1 = €41 —i;. Tt is clear from the way the prob-
lem is formulated that the central bank’s task may be reduced straight-
forwardly to the minimization of E;L(m;11). In fact, the problem is
specified recursively and the monetary policy instrument at time ¢ only
affects inflation one period ahead.

Under quadratic preferences, we have:

EiL(m41) = Etﬂ-tz—H = Ei(er41 — Z'Nt)27 (8)
and thus, after solving the first order condition:
iy =0, (9)

given that Fye;.1 = 0. Of course, this result may be derived also by force
of the statistical law that the arithmetic mean (zero, in this case) is the
measure of central tendency minimizing the average of the squared devia-
tions from it. Hence, i; = 2 = %, irrespective of the probability

distribution of &; this is the standard result of certainty equivalence. In
general, a value of i; different from zero depending on (some moments

10Asin CS, we do not consider the possibility that the monetary authority may also
care about the output gap. While this is certainly a restrictive and rather unrealistic
assumption, it greatly simplifies the algebra. Moreover, the inclusion of the output
gap may under certain conditions determine a departure from certainty equivalence
(see in particular Smets, 1998). Thus, given that the focus of the present analysis
is to ascertain whether additive uncertainty on inflation matters per se under non-
quadratic central bank loss functions, we leave this complication aside in order to
balance the odds in favour of certainty equivalence as much as possible.
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of) the probability distribution of ;1 would signal a departure from
certainty equivalence.

Having laid down the framework and the notation for the central
bank’s optimal control problem, in the ensuing section we move to ana-
lyze the effect of imposing non-quadratic loss functions onto the optimal
choice of the monetary policy instrument i,.

3 Non-standard central bank loss functions

In this section two assumptions underlying the standard central bank
intertemporal loss function normally considered in the literature are re-
laxed with a view to studying the effect of these departures on the role
of additive uncertainty. First, we consider the possibility that the loss
function may have a non-quadratic functional form, possibly being non-
convex over its dominion. Second, we analyze the effect of a non-linear
weighing of probabilities by the central banker, thus departing from the
expected utility paradigm. For each departure from the standard setting,
some behavioral justification will be provided.

In general, in order to devise reasonable alternatives to the quadratic
as a central bank loss function, it should be first pondered about the be-
havioral assumptions underlying the quadratic function. A key element
of the quadratic function is that ”large” shocks are penalized propor-
tionally more heavily than "small” shocks.!! However, it appears prima
facie useful to analyze functional forms that do not penalize large shocks
as much as the quadratic function does (or, equivalently, do not attribute
so little weight to small shocks). For example, Goodhart (2001) criti-
cizes the assumption that large shocks should be penalized proportion-
ally more than small shocks and reports that "I could never see why a
2% deviation from desired outcome was 4x as bad as a 1% deviation,
rather than just twice as bad”. Moreover, Rabin (2000) and Rabin and
Thaler (2001) have shown (albeit in a context unrelated to monetary
policy) that with a convex (e.g., quadratic) loss function and even a
small aversion to small shocks, the aversion to moderate or large shocks
may easily reach astronomical (behaviourally absurd) levels. Indeed, an
important strand of the economic psychology literature, mainly popu-
larized by Daniel Kahneman and Amos Tversky, building on basic psy-
chological intuition and on a substantial body of experimental evidence,
points to the fact that agents generally show a tendency to a mildly
decreasing (instead of increasing as implied by the quadratic function)

1A standard argument in favour of the quadratic loss function is that for ”small”
shocks it approximates relatively well any differentiable loss function as a second
order Taylor expansion. However, in our analysis we assume that ”large” shocks do
exist, albeit maybe with low probability.
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sensitivity to shocks (computed against a "reference point”) as the size
of the shock rises (see Kahneman and Tversky, 2000, Rabin, 1998, and
Thaler, 2000, for a review of this literature). If the results of this liter-
ature are to be taken seriously, this would suggest loss functions with a
curvature different from the quadratic, and in particular functions that
are non-convex.'?

Another key element of this literature is the observed widespread
tendency for agents to weigh probabilities in a non-linear manner, hence
departing from the expected utility paradigm (see, e.g., Starmer, 2000).
A non-linear weighing of probabilies by central banks is very realistic.
Cecchetti (2000), for instance, reports that ”|...] we would expect policy-
makers to take action when the mean and variance of forecast distribu-
tions are likely to stay the same, while the probability of some extreme
bad event increases. [...| even if the variance is unchanged, an increase in
the possibility of a severe economic downturn is likely to prompt action.”
While this is somewhat at odds with Goodhart (2001), who claims that
”[...] main characteristic of risks which policy should not try to pre-empt
is that they are low-probability events with a high pay-off”, a non-linear
weighing of probabilities is suggested in both cases. Non-linear weighing
of probabilities — such as a disproportionate weight attached to changes
in probabilities around zero, a phenomenon known as the ”certainty ef-
fect” — is sometimes associated with anticipatory feelings and anxiety
(see, for instance, Caplin and Leahy, 2001). While central bankers may
be cooler than normal human beings, it is a fair assumption that at
times they can certainly become anxious and mis-calculate (or willingly
distort) probabilities according to their emotional state.

In sum, central bankers are, above all, humans; the possibility should
be at least considered that they display the same attitudes towards risk
that have been documented for other types of agents in the economic
psychology literature.!* Hence the main focus of this section of the
paper is evaluating the effect of incorporating these attitudes (decreasing
sensitivity and non-linear weighing of probabilities) in the central bank’s
loss function on the optimal setting of the monetary policy instrument
and, in particular, on whether certainty equivalence continues to hold.

Turning first to the issue of the curvature of the period-by-period loss
function, a relatively general and simple functional form to be consid-
ered in this analysis can be the following (see Kahneman and Tversky,

12The Kahneman-Tversky literature favours loss functions that have a ”kink” on
the reference value, and a diffferent curvature above and below this value.

13 Another key trait identified by the Kahneman-Tversky literature is the asym-
metric treatment of gains and losses. This feature, however, should not matter for
our central banker, who can only lose (and not gain) from a shock to inflation.
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1992):'
B

(10)

If B = 2, this is the standard quadratic loss function. In the Kahneman-
Tversky literature (see in particular Tversky and Kahneman, 1992)
0 < B < 1 (although 3 is normally estimated to be very close to one'?);
thus, the loss function is not convex and has a ”kink” at zero (clearly
the "reference value” in our setting). A loss function specified as in (10)
is able to encompass a large number of functional forms and behavioral
assumptions. The parameter (3, in particular, drives the curvature of the
loss function. Values 8 < 1 identify non-convex loss functions, namely
functions where the value of the loss grows less than proportionally with
the size of the shock (as in the function postulated in Tversky and Kah-
neman, 1992).

According to Kahneman and Tversky, diminishing sensitivity is a
general trait and a basic element of human perception. In the case of
monetary policy-making, some special circumstances have to be taken
into consideration. If our central banker behaves in a Kahneman-Tversky
manner (i.e., § < 1), he will be more upset by a 1% marginal change
in inflation from 2% to 3% than by a change from, say, 15% to 16% (a
quadratic central banker will be more upset by the latter). However, the
presence of thresholds and "target zones” for inflation (see Orphanides
and Wieland, 2000), as it is common in some way or another in many
countries, is likely to impart severe non-linearities to the central bank
loss function, because overcoming the threshold(s) may be particularly
costly. Thus, a central banker may be more concerned by a marginal
move of inflation from 2% to 3% than from 1% to 2% if the target zone
has an upper bound at, say, 2.5%. Nevertheless, within and outside
the target zone the general principle of diminishing sensitivity should
prevail.

These considerations lead us to think that a realistic central bank loss
function, at least in those countries where the inflation target is specified
in terms of a "target zone” of symmetric width 7, is the following:

L(me1) = [m

B8
L(m) = a(7t+1) + ’ﬂ-t-i—l‘ ) (11)

where a(m, ;) = a > 0 if )7‘('75_,’_1‘ > 7, and zero otherwise. Thus,
there is a fixed cost a to be incurred if inflation goes outside the target
zone. Chart 1 depicts this loss function for three key values of 3, namely
B = 2 (quadratic), 0 < 8 < 1 (diminishing sensitivity) and 5 = 0

4 The same loss function is considered in Vickers (1998).
5For example, Tversky and Kahneman (1992) provided the estimate 3 = 0.88.
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(perfectionism). The case f = 2 is studied in Orphanides and Porter
(2000). This loss function implies that larger deviations of inflation from
the target have an increasingly greater weight, especially when outside
the target zone. For the considerations outlined above, we do not regard
this loss function as very plausible. Instead, we argue that psychological
insight and evidence, together with the standard institutional setting of
monetary policy, determines quite naturally a loss function as in (11)
with 0 < 8 < 1 (diminishing sensitivity), with [ is plausibly somewhat
greater than, but close to, zero.

In any case, it is important to stress that the analysis in this paper
is not limited to the case 0 < [ < 1, even if there are quite strong
behavioural grounds to support it, and a full range of possibilies is con-
sidered. At one extreme, § = 0 indicates that the central bank cares
about any shock, independent of the size of the shock.'® Alternatively,
B > 1 indicates that losses rise more than proportionally with the size
of the shock, i.e. the loss function is convex (and it is also differentiable
in the whole domain, having no "kink” at zero). As /3 — oo, the central
bank becomes much more concerned with large shocks; in the limit, it
only cares about the largest possible shock. This type of central banker
can be labelled as "minimax”.

In this setting, abstaining from considerations related to the target
zone for simplicity and analytical tractability, the central bank’s problem
may be expressed as the minimization of:

BiL(mi1) = Ey | — | (12)

It is immediate to realize that, in general, the measure of central
tendency i, that minimizes expression (12) will differ from the expected
value of ;41 (i.e., zero), as it is the case under quadratic preferences (for
it is well known in probability theory that Z~t = Fierp1 = 0 minimizes
(12) only if § = 2). In general, E;L(m;;1) will be minimised by the
measure of statistical central tendency of order 3.

Let us consider, for instance, the case 3 = 1.17 The central bank’s
loss function collapses to the absolute value of the deviations of inflation

from its target (zero):

EtL(’ﬂ't+1) = Et ‘€t+1 — 7;‘ (13)

16 This is the " perfectionist” central banker referred to above and in Vickers (1998).
1"Goodhart (2001) describing his own experience at the Bank of England’s MPC
reports that 7T believe that I could, more or less, interpret my loss function when
I was at the MPC (symmetrically linear in the deviation from target at the six to
eight quarter horizon)” [emphasis ours]. This would imply that for Goodhart 8 = 1.
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Under this specification, the optimal value for i is given by iy = Megiq,
where M represents the median value of the probability distribution of
€. Hence: 1
Q=2 =M (14)
€3 C3

In general, M;e; 1 will be different from zero, and the optimal policy
will deviate from that identified under the quadratic loss function (i; =
j—;, or iy = 0). In particular, if the probability distribution of €441 is
positively skewed, the median will be negative (i.e., smaller than the
mean) and the optimal policy will imply a smaller value of i; than it
would have been the case under the quadratic loss function (the opposite,
i.e. a higher value of i;, will hold true if the probability distribution of
141 1s negatively skewed). Only if the probability distribution of g4 is
symmetric is the standard result recovered (i; = i—;) More generally, the
value 7, — interpreted as a measure of central tendency minimizing the
loss function in (12) for an arbitrary value of 5 — will certainly depend
on the probability distribution of e;,1, i.e. the principle of certainty
equivalence will not hold (unless § = 2). In particular, if 5 = 0, the
interest rate is set to be equal to the mode of £,,1.'® The opposite case
is § — oo (i.e., only the largest shock matters), which leads to By =
€741, where g7, is the value of ¢ for which |g;11] is largest. Clearly,
this corresponds to a "robust control” or ”minimax” solution to optimal
monetary policy.

If, however, £;,1 is Normally distributed, then all measures of central
tendency collapse to the mean (at least for any finite 3), thus to zero.
In this case, the principle of certainty equivalence holds and nothing is
lost by using the quadratic function.'”

A second extension which appears to be both interesting and plausi-
ble (as discussed above) is a non-linear weighing of probabilities. Now,

instead of minimizing E;L(741), the central bank will aim at minimizing
E’L(m11), with E? defined as follows:

BfL(me1) = [ L(mes1)8(P(mi1))dmosa, (15)

where P is either the cumulative probability distribution of 71,
or the probability density, and ¢ is a weighing function which satis-
fies 0 < 6(P(myy1)) < 1. It should be noted that §(P) is a function of

18The emphasis of many central banks on the mode of the probability distribution
of future inflation (see, for instance, the fan chart in the Bank of England quar-
terly Inflation Report) might suggest that a low (near-zero) § lies behind. However,
the emphasis on the mode might also simply reflect a presentational advantage (see
Wallis, 1999).

9This appears to reconcile our results with those of CS, who assumed a Normal
distributed additive shock to inflation at time ¢ + 1.
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P and not of 7,1, with the consequence that if P(m 1) = P(—m41),
then 6(P(m41)) = 6(P(—mi41)). In plain words, the ¢ transformation
preserves symmetry (reflection property).

If the ¢ function is the identity function and P is the probability
density, the standard expected utility formulation is recovered. Other-
wise, the 6 function may be any non-linear transformation of either the
cumulative probability distribution or of the probability density. The
expression in (15) can be thought of as the mathematical expectation
of L(miy1) computed according to the transformed ”probability law”
§(P).2 In the Kahneman-Tversky literature, P is normally the cumula-
tive probability distribution (this property is often referred to as "rank
dependence”) and the function ¢(-) is normally found to give more weight
to ”small” probabilities and less weight to ”large” probabilities compared
with the linear case (see Kahmeman and Tversky, 2000). For instance,
in Kahneman and Tversky (1992) the following function is postulated:

Pu}
[Po+ (1= P

6(P) = : (16)

w > 0, which encompasses the linear weighing of expected utility
models as a special case when w = 1.2! If 0 < w < 1, this weighing
function is first concave and then convex, crossing the linear weighing
in a point which is also determined by the value of w. This function is
only an example, as many other weighing functions have been proposed
in the literature.??

In order to deal with one complication at a time and to isolate the
effect of a non-linear weighing of probabilities in itself, we assume that
the period loss function is quadratic, i.e. L(my1) = m7,. Our central
banker is thus called to minimize:

Bintyy = B e — ) (7)
which developing the quadratic term in parentheses leads to:

Efﬂ'?ﬂ = Ef(ffgﬂ — 206041 + 17) (18)

20The caveat has to be borne in mind that the weighted probabilities do not nec-
essarily add up to one over the domain of the variable. In particular, the weighted
probabilities are normally sub-additive (i.e., [6(P(m41))dmyr < 1). Thus, the
weighted probabilities cannot be interpreted strictu sensu as a probability distribu-
tion, although we adopt this simplification in loose terms for illustrative purposes.

21Tn Kahneman and Tversky (1992) the parameter w is estimated to be close to .6
for gains and to .7 for losses.

22 Another popular weighing function is the one proposed by Prelec (1998), §(P) =
exp[—(—InP)]*, 0 < a < 1.
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The first order condition is thus:
OE!m?,,

L — 94, — 2F%¢,,1 = 0, (19)
(%t

whereby:
ir = Edei iy (20)

Recalling that i; = “j—;t, it follows:

. Z 1
iy ==+ —Eler, (21)
C3 C3

which corresponds to the canonical solution i; = i—; only if Ef €141 =
0. If the probability distribution of g, is symmetric, then Efs;,; =
Eiery1 = 0, due to the property of symmetry preservation of the §(P)
function, and the usual solution i, = (thereby the irrelevance of ad-
ditive uncertainty) is recovered.?® In general, however, the non-linear
weighing will not be neutral, i.e. Efs; ., # Eie;11 = 0, hence the prob-
ability distribution of ;1 will not be irrelevant, in other words, the
principle of certainty equivalence will not hold. In particular, the inter-
play between a non-linear weighing of probabilities and a skewed prob-
ability distribution of e;,; determines a departure from the certainty
equivalence principle.*

As a simple numerical example to illustrate the kind of situation
that the analysis in this section refers to, consider a central banker who

observes z; = 2, ¢3 = 5 (expressed in percentage points). Assume further
that the probability distribution of ;; is the following:

€t+1 Prob
-2 4
-1 3
1 1
5 2

Of course, the assumption is satisfied that Fe;; = 0. Whilst this
probability distribution is purely hypothetical, it is nevertheless repre-
sentative at least of the type of uncertainty that central banks often

230f course, a Normal distribution is symmetric and certainty equivalence, as in
CS, is also recovered.

24 A very good example of this is in Goodhart (2001): ”You should not run a
systematically mildly inflationary policy because there is a non-zero risk of a 1929
(or a Japanese) collapse in asset prices”. This is clearly a recommendation for non-
certainty equivalence behaviour based on a non-linear weighing of probabilities (the
small probability of a 1929 collapse in asset prices is neglected).
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have to deal with in practice. This probability distribution features
high-probability and small-size downside risks (-2 and -1, respectively
with probabilities .4 and .3), a low-probability, small-size upside risk
(+1, with probability .1) and a low-probability, large-size upside risk
(+5, with probability .2). For instance, the event ”+5" might be as-
sociated with ”extreme” circumstances such as, say, the collapse of an
exchange rate peg. If our central bank has a quadratic loss function
and weighs probabilities linearly, it will pick 7, = Eierir = 0% (and
I = Z‘—tgm = 4%). However, central bankers with a different 5 will pick
other values of 4;. For instance, Goodhart (2001) — for whom § =1 —
will select iy = 2 + éMt5t+1 = 4% — 2% = 2% (the median value of £,
is, in fact, -1). A "minimax” type of central banker (5 — oo) will select
i =2+ ész‘ﬂ (where €7, , is the value of ¢ for which |e,14] is largest);
hence i; = 4% + 10% = 14%. Finally, a central banker for who 8 = 0
2t

will pick i; = z*+ é mod(e;y1) — where mod(gy1) is the mode of g4,

in this case -2 — and then 7, = 4% — 4% = 0%. To sum up:

Central banker type Optimal policy

Quadratic (G = 2) it = 4%
Linear (8 =1) it =2%
Minimax (8 — oo) i = 14%
f—0 i = 0%

A similar reasoning (and a similar discrepancy of policy outcomes)
would follow by imposing non-linear methods of weighing probabilities.
Assume, for instance, that our central banker weighs probabilities follow-
ing the weighing function in Tversky and Kahnman (1992), as recalled
above in (16), with w = % The modified ”probability distribution”
(again bearing in mind the caveat that it does not necessarily add up to

one) is the following:

€¢r1  Prob
-2 .32
-1 .29
1 .20
5 .25

There follows that E’e;,; = 0.52 # 0. Hence, even under the quadratic
loss function i; = 1.04%, and i, = 5.04% # 4%. Another possibility is
that the high-payoff, low probability event {5, .2} is completely neglected
by the central banker (Goodhart, 2001, mentions this explicitly, as al-
ready noted), while all other probabilities are weighted linearly. In that
case, it is immmediate to find that E’s,.; = —1, and thus i = —2%,
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it = 2% # 4%. Of course, many other realistic nonlinear weighing sys-
tems might be conceived.

Clearly, the large variation in the policy outcomes is the result of the
particular set up of the example, but it is certainly not far-fetched — as
already argued above — to think of a real-world probability distribution
of future inflation resembling, at least qualitatively, to our hypothetical
distribution. When the probability distribution of future inflation is very
concentrated around the target and/or approximately Normal, however,
the importance of the specification of the central bank loss function for
actual policy outcomes becomes quite limited. One real world example
might be drawn using the probability distribution for future inflation
underlying the Bank of England’s fan chart. The Bank of England, in
particular, releases some moments of the distribution of the inflation
forecast two years ahead, which is supposed to drive the MPC’s policy
decisions. For instance, in the November 2001 Inflation Report it is in-
dicated that the mean of the probability distribution of RPIX inflation
(based on the assumption of unchanged short-term interest rates) is 2.52,
the median 2.56, and the mode 2.36. Thus, a policy based on a loss func-
tion with 3 = 0 would significantly depart from certainty equivalence (as
the mode significantly deviates from the mean), while § = 1 (i.e., tar-
geting the median) would essentially replicate the certainty equivalence
outcome. It is also interesting to note that the probability of inflation
being outside the ”loose target zone” of 1% above or below the infla-
tion target of 2.5%% is estimated to be asymmetric (the probability of
being above 3.5% is 0.13, while the probability of being below 1.5% is
0.09). One might surmise that the high-payoff upward risk is related to
a possible sharp depreciation of the sterling, a classic high payoff / low
probability event which is likely to be weighted non-linearly by the cen-
tral banker, as we have argued above (and as it is claimed in Goodhart,
2001).

More in general, the probability distributions underlying the Bank
of England’s fan chart are an interesting tool from the point of view of
the analysis of this paper. With the complete probability distribution
of future inflation available, it would certainly be possible to minimize
even a non-differentiable loss function as the one proposed in (11) using
numerical techniques. At the same time, the probability distribution un-
derlying the fan chart is generally quite concentrated around 2.5% and
approximately Normal, which makes the selection and analysis of the
central bank loss function not very relevant from a practical perspective.
However, it should be also noted that, first, the probability distribution

25See Vickers (1998) on the role of the 1% deviation from 2.5% in the Bank of
England’s mandate.
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of future inflation may not be so well-behaved in all countries, especially
in those where inflation is on average still high, and, second, there may
be ”spurious” technical reasons which explain why the probability dis-
tribution is approximately Normal (for instance, because it is in part
derived from econometric methods based on the assumption of Normal-
ity), while the MPC members’ ”true” subjective probability distribution
of future inflation may be non-Normal. It is worth stressing here that,
if certainty equivalence does not hold, estimation and policy cannot be
separated, and the econometric technique used for forecasting should be
optimally tailored to the user’s loss function (see Granger, 1999). It
is only in the particular case that certainty equivalence holds and the
loss function is quadratic that forecasting methods based on standard
inference are optimal. Thus, if the central banker has a non-quadratic
loss function, he should invest in a forecasting technique tailored to his
loss function, rather than relying on a (for his preferences) sub-optimal
forecasting model based on standard inference.

In synthesis, this paper has found that (i) a non-quadratic curvature
of the loss function can determine a departure from the principle of cer-
tainty equivalence unless the probability distribution of ;.1 is Normal,
and (ii) a non-linear weighing of probabilities (alone) will bring about
the same result if the probability distribution of ;1 is not symmetric.
Therefore, additive uncertainty matters. It should be added that none of
these departures from the principle of certainty equivalence suggests the
optimality of policy gradualism: the optimal response to z; (the ”state
of the economy” at time t) is independent of the probability distribution

of 44, for g—Z = ig in all the considered cases.

4 Conclusions

This paper has investigated the robustness of the principle of certainty
equivalence, i.e. the irrelevance of the uncertainty over additive shocks,
to simple and behaviorally plausible departures of the central bank’s
loss function from the standard time separable expected quadratic loss.
The analysis essentially follows up a paper by Chadha and Schellekens
(1999). Compared to that study, this paper relaxes a key assumption,
namely that the additive shock to inflation is Normal distributed. This
seems to be quite an important innovation because non-Normal proba-
bility distributions of future inflation (e.g., skewed risks as stressed by
Goodhart, 2001) are arguably the ”daily bread” of central bankers.
The analysis in this paper has considered a main departure from the
expected time separable quadratic loss, which is a main analytical tool
of the literature on optimal monetary policy. Building on a substantial
body of literature on economic psychology mainly linked to the names

22 ECB + Working Paper No [29 « March 2002



of Daniel Kahneman and Amos Tversky, this paper has considered the
possibility that the central bank loss function displays diminishing sen-
sitivity to losses (namely, be non-convex over its argument) and that
the central bank weighs probabilities in a non-linear manner (thus de-
parting from the expected utility paradigm). This analysis appears to
be interesting and to make sense, because these tendencies are firmly
grounded in the economic psychology literature and have been tested
and confirmed in a large number of experimental studies (Kahneman
and Tversky, 2000). Therefore, it appears prima facie reasonable to
assume that central bankers — who are humans after all — may also dis-
play such attitudes. From this analysis it is found that this form of
non-quadratic loss functions generally brings about a departure from
the principle of certainty equivalence, unless the probability distribution
of the additive shocks to inflation is Normal (as far as the property
of diminishing sensitivity is concerned, and in general if the curvature
of the function is not of the quadratic type) or symmetric (as far as
a non-linear weighing of probabilities is concerned). Overall, thus, the
assumption of a quadratic loss function does not seem to be innocuous
when considering the effect of non-Normal distributed additive shocks
to inflation onto the determination of the optimal policy.

In sum, this paper has shown that with additive uncertainty of a
non-Normal type, the assumption of quadratic loss functions may not
be completely innocuous. Thus, this paper tends to limit the generality
of the conclusions of Chadha and Schellekens, who favored the idea that
the assumption of a quadratic loss function is not so restrictive as far
as the role of additive uncertainty is concerned.?® This result should
caution against an a-critical reliance on simple policy rules, such as the
Taylor rule, in which certainty equivalence holds and the uncertainty on
the state of the economy does not play any role in the optimal setting
of monetary policy instruments.

In addition, this paper provides an analytical framework to study
the role of the higher moments of (non-Normal) probability distribu-
tion of the additive shock to inflation, for example its skewness, for
optimal policy-making. This seems to be a very interesting line of re-
search because policy-makers are continuously confronted with this type
of uncertainty.?” At the same time, this paper does not shed any light

26The difference in results between this paper and CS is entirely explained by the
fact that here the assumption of Normality of the probability distribution of the
additive shock to inflation is relaxed.

27Goodhart (2000) again reports that ”unlike uncertainty and variance, skew and
risk mapped directly into the interest rate decision”. We could not agree more with
this statement.
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on explaining the alleged positive correlation between policy gradualism
and uncertainty over the state of the economy in actual policy-making.
It seems that imposing some form of multiplicative uncertainty is nec-
essary to explain central banks’ tendency to act gradually and to react
cautiously to new information.

24 ECB + Working Paper No [29 « March 2002



References

[1] Bank of England (2001): Inflation Report, November.

2] Batini, N., Martin, B. and C. Salmon (1999): ”Monetary policy and
uncertainty”, Bank of England Quarterly Bulletin, pp. 183-189.

[3] Blinder, A. (1997): "What central bankers can learn from academia
—and vice versa”, Journal of Economic Perspectives, 11, 2, pp. 3-19.

[4] Blinder, A. (1998): Central Banking in Theory and Practice, The
Lionel Robbins Lectures.

[5] Blix, M. and P. Sellin (1998): ”Uncertainty bands for inflation fore-
casts”, Sveriges Riksbank Working Paper n. 65.

[6] Blix, M. and P. Sellin (2000): ” A Bivariate Distribution for Inflation
and Output Forecasts”, Sveriges Riksbank Working Paper n. 102.

[7] Bomfin, A. N. and G. D. Rudebusch (2000): ”Opportunistic and
Deliberate Disinflation under Imperfect Credibility”, Journal of
Money, Credit and Banking, 32, 4, pp. 707-721.

[8] Brainard, W. (1967): ” Uncertainty and the Effectiveness of Policy”,
American Economic Review, 57, pp. 411-425.

9] Caplin, A. and J. Leahy (2001): ”Psychological Expected Util-
ity Theory and Anticipatory Feelings”, Quarterly Journal of Eco-
nomics, February, pp. 55-79.

[10] Cecchetti, S. (2000): ”Making Monetary Policy: Objectives and
Rules”, Oxford Review of Economic Policy, 16, 4, pp. 43-59.

[11] Chadha, J. S. and P. Schellekens (1999): ”Utility Functions for
Central Bankers — The Not So Drastic Quadratic”, LSE Financial
Markets Group Discussion Paper No. 308 (also available as ”Mon-
etary Policy Loss Functions: Two Cheers for the Quadratic”, Bank
of England Working Paper No. 101).

[12] Clarida, R., Gali, J. and M. Gertler (1999): ”The Science of Mone-
tary Policy”, Journal of Economic Literature, 37, 4, pp. 1661-1707.

[13] Clark, P., Laxton, D. and D. Rose (2001): ”An Evaluation of Al-
ternative Monetary Policy Rules in a Model with Capacity Con-
straints”, Journal of Money, Credit and Banking 33, 1, pp. 42-64.

[14] Dennis, R. (2000): ”Steps Toward Identifying Central Bank Policy
Preferences”, Federal Reserve Bank of San Francisco, mimeo.

[15] Goodhart, C. A. E. (1999): ”Central bankers and uncertainty”,
Bank of England Quarterly Bulletin, pp. 102-114.

[16] Goodhart, C. A. E. (2001): ”"Monetary transmission lags and the
formulation of the policy decision on interest rates”, Federal Reserve
of St. Louis Economic Review, July/August, pp. 165-186.

[17] Granger, C.W.J. (1999): ”Outline of Forecast Theory Using Gener-
alised Cost Functions”, Spanish Economic Review, 1, pp. 161-173.

[18] Kahneman, D. and A. Tversky (1992): ” Advances in Prospect The-

ECB + Working Paper No 129 = March 2002 25



ory: Cumulative Representation of Uncertainty”, Journal of Risk
and Uncertainty, 5, pp. 297-323.

[19] Kahneman, D. and A. Tversky (eds.) (2000): Choices, Values, and
Frames, Cambridge University Press.

[20] Horowitz, A. R. (1987): ”Loss Functions and Public Policy”, Jour-
nal of Macroeconomics, 9, 4, pp. 489-504.

[21] Laxton, D., Rose, D. and R. Tetlow (1993): ”Monetary policy, un-
certainty, and the presumption of linearity”, Technical Report No.
63, Bank of Canada.

[22] Mankiw, N. G. (2001a): ”The Inexorable Trade-off between Infla-
tion and Unemployment”, Economic Journal, 111 (May), pp. 45-62.

23] Mankiw, N. G. (2001b): ”U.S. monetary policy during the 1990s”,
NBER Working Paper n. 8471.

[24] Orphanides, A. and V. Wieland (2000): ”Inflation Zone Targeting”,
Furopean Economic Review, 44, 7, pp. 1351-1387.

[25] Pearlman, J. R. (1992): ”Reputational and non-reputational poli-
cies under partial information”, Journal of Economic Dynamics and
Control, 16, pp. 339-357.

[26] Prelec, D. (1998): ”The Probability Weighting Function”, Econo-
metrica, 66, 3, pp. 497-527.

[27] Rabin, M. (1998): ”Psychology and Economics”, Journal of Eco-
nomic Literature, 36, 1, pp. 11-46.

(28] Rabin, M. (2000): ”Diminishing Marginal Utility of Wealth Can-
not Explain Risk Aversion” in Choice, Values and Frames, by D.
Kahneman and A. Tversky (eds.), Cambridge University Press.

[29] Rabin, M. and R. Thaler (2001): ” Anomalies: Risk Aversion”, Jour-
nal of Economic Perspectives, 15, 1, pp. 219-232.

[30] Rudebusch, G. D. (2001): ”Is the Fed Too Timid? Monetary Policy
in an Uncertain World”, The Review of Economics and Statistics,
83, 2, pp. 203-217.

[31] Ruge-Murcia, F. J. (2001): ”Inflation targeting under asymmetric
preferences”, Banco de Espana, Servicio de Estudios, Documento
de Trabajo n. 0106.

[32] Smets, F. (1998): ”Output gap uncertainty: does it matter for the
Taylor rule?”, BIS working paper No. 60.

[33] Starmer, C. (2000): ”Developments in Non-Expected Utility The-
ory: The Hunt for a Descriptive Theory of Choice under Risk”,
Journal of Economic Literature, 37, pp. 332-382.

[34] Svensson, L. (1997): ”Inflation Forecast Targeting: Implementing
and Monitoring Inflation Targets”, European Economic Review, 41,
6, pp. 1111-1146.

[35] Svensson, L. (1999): ”Inflation Targeting: Some Extensions”, Scan-

26 ECB + Working Paper No [29 « March 2002



[39]
[40]
[41]

[42]

dinavian Journal of Economics, 101, 3, pp. 337-361.

Svensson, L. (2001): ”The inflation forecast and the loss function”,
paper presented at the Goodhart Festschrift, Bank of England,
November 15-16.

Svensson, L. and M. Woodford (2000): "Indicator Variables for
Optimal Policy”, NBER Working Paper No. 7953.

Tambakis, D. N. (1999): ”Monetary Policy with a Nonlinear Phillips
Curve and Asymmetric Loss”, Studies in Nonlinear Dynamics and
FEconometrics, 3, 4, pp. 223-237.

Thaler, R. H. (2000): ”From Homo Economicus to Homo Sapiens”,
Journal of Economic Perspectives, 14, 1, pp. 133-141.

Theil, H. (1958): Economic forecasts and policy, Amsterdam: North
Holland.

Vickers, J. (1998): ”Inflation targeting in practice: the UK experi-
ence”, Bank of England Quarterly Bulletin, 38, pp. 368-375.
Wallis, K. F. (1999): ”Asymmetric density forecasts of inflation
and the Bank of England’s fan chart”, National Institute Economic
Review, 167, pp. 106-112.

ECB + Working Paper No 129 = March 2002 27



Central bank loss

Chart 1. Central bank loss functions with a 1%
target zone around the central target

~-§- --‘-’
L L L N e D e e e e e e e D e

* A ©

Deviation of inflation from the target

Perfectionist

....... Quadratic Diminishing sensitivity

28 ECB + Working Paper No [29 « March 2002




European Central Bank Working Paper Series
I “A global hazard index for the world foreign exchange markets” by V. Brousseau and F.
Scacciavillani, May 1999.

2 “What does the single monetary policy do? A SVAR benchmark for the European Central
Bank” by C. Monticelli and O. Tristani, May 1999.

3 “Fiscal policy effectiveness and neutrality results in a non-Ricardian world” by C. Detken,
May 1999.

4 “From the ERM to the euro: new evidence on economic and policy convergence among EU
countries” by |. Angeloni and L. Dedola, May 1999.

5 “Core inflation: a review of some conceptual issues” by M. Wynne, May 1999.
6 “The demand for M3 in the euro area” by G. Coenen and J.-L. Vega, September 1999.

7 “A cross-country comparison of market structures in European banking” by O. de Bandt
and E. P. Davis, September 1999.

8 “Inflation zone targeting” by A. Orphanides and V. Wieland, October 1999.

9 “Asymptotic confidence bands for the estimated autocovariance and autocorrelation
functions of vector autoregressive models” by G. Coenen, January 2000.

10 “On the effectiveness of sterilized foreign exchange intervention” by R. Fatum,
February 2000.

Il “Is the yield curve a useful information variable for the Eurosystem?” by J. M. Berk and
P. van Bergeijk, February 2000.

12 “Indicator variables for optimal policy” by L. E. O. Svensson and M. Woodford,
February 2000.

I3 “Monetary policy with uncertain parameters” by U. Séderstrom, February 2000.

14 “Assessing nominal income rules for monetary policy with model and data uncertainty” by
G. D. Rudebusch, February 2000.

I5 “The quest for prosperity without inflation” by A. Orphanides, March 2000.

16 “Estimating the implied distribution of the future short term interest rate using the
Longstaff-Schwartz model” by P. Hordahl, March 2000.

17 “Alternative measures of the NAIRU in the euro area: estimates and assessment” by S.
Fabiani and R. Mestre, March 2000.

18 “House prices and the macroeconomy in Europe: Results from a structural VAR analysis”
by M. lacoviello, April 2000.

ECB + Working Paper No 129 = March 2002 29



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

“The euro and international capital markets” by C. Detken and P. Hartmann, April 2000.

“Convergence of fiscal policies in the euro area” by O. De Bandt and F. P. Mongelli,
May 2000.

“Firm size and monetary policy transmission: evidence from German business survey data”
by M. Ehrmann, May 2000.

“Regulating access to international large value payment systems” by C. Holthausen and
T. Rende, June 2000.

“Escaping Nash inflation” by In-Koo Cho and T. J. Sargent, June 2000.
“What horizon for price stability” by F. Smets, July 2000.
“Caution and conservatism in the making of monetary policy” by P. Schellekens, July 2000.

“Which kind of transparency? On the need for clarity in monetary policy-making” by
B. Winkler, August 2000.

“This is what the US leading indicators lead” by M. Camacho and G. Perez-Quiros,
August 2000.

“Learning, uncertainty and central bank activism in an economy with strategic interactions”
by M. Ellison and N. Valla, August 2000.

“The sources of unemployment fluctuations: an empirical application to the ltalian case” by
S. Fabiani, A. Locarno, G. Oneto and P. Sestito, September 2000.

“A small estimated euro area model with rational expectations and nominal rigidities” by
G. Coenen and V. Wieland, September 2000.

“The disappearing tax base: Is foreign direct investment eroding corporate income taxes?”
by R. Gropp and K. Kostial, September 2000.

“Can indeterminacy explain the short-run non-neutrality of money?” by F. De Fiore,
September 2000.

“The information content of M3 for future inflation” by C. Trecroci and |. L. Vega,
October 2000.

“Capital market development, corporate governance and the credibility of exchange rate
pegs” by O. Castrén and T. Takalo, October 2000.

“Systemic risk: A survey” by O. De Bandt and P. Hartmann, November 2000.
“Measuring core inflation in the euro area” by C. Morana, November 2000.

“Business fixed investment: Evidence of a financial accelerator in Europe” by P. Vermeulen,
November 2000.

30 ECB + Working Paper No [29 « March 2002



38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

“The optimal inflation tax when taxes are costly to collect” by F. De Fiore,
November 2000.

“A money demand system for euro area M3” by C. Brand and N. Cassola,
November 2000.

“Financial structure and the interest rate channel of ECB monetary policy” by B. Mojon,
November 2000.

“Why adopt transparency! The publication of central bank forecasts” by P. M. Geraats,
January 2001.

“An area-wide model (AWM) for the euro area” by G. Fagan, J. Henry and R. Mestre,
January 2001.

“Sources of economic renewal: from the traditional firm to the knowledge firm” by
D. R. Palenzuela, February 2001.

“The supply and demand for eurosystem deposits — The first 18 months” by U. Bindseil
and F. Seitz, February 2001.

“Testing the Rank of the Hankel matrix: a statistical approach” by G. Camba-Mendez and
G. Kapetanios, February 2001.

“A two-factor model of the German term structure of interest rates” by N. Cassola and
J. B. Luis, February 2001.

“Deposit insurance and moral hazard: does the counterfactual matter?” by R. Gropp and
J. Vesala, February 2001.

“Financial market integration in Europe: on the effects of EMU on stock markets” by
M. Fratzscher, March 2001.

“Business cycle and monetary policy analysis in a structural sticky-price model of the euro
area” by M. Casares, March 2001.

“Employment and productivity growth in service and manufacturing sectors in France,
Germany and the US” by T. von Wachter, March 2001.

“The functional form of the demand for euro area MI” by L. Stracca, March 2001.

“Are the effects of monetary policy in the euro area greater in recessions than in booms?”
by G. Peersman and F. Smets, March 2001.

“An evaluation of some measures of core inflation for the euro area” by J.-L. Vega and
M. A. Wynne, April 2001.

“Assessment criteria for output gap estimates” by G. Camba-Méndez and D. R. Palenzuela,
April 2001.

ECB + Working Paper No 129 = March 2002 31



55

56

57

58

59

60

6l

62

63

64

65

66

67

68

69

70

71

72

“Modelling the demand for loans to the private sector in the euro area” by A. Calza,
G. Gartner and J. Sousa, April 2001.

“Stabilization policy in a two country model and the role of financial frictions” by E. Faia,
April 2001.

“Model-based indicators of labour market rigidity” by S. Fabiani and D. Rodriguez-
Palenzuela, April 2001.

“Business cycle asymmetries in stock returns: evidence from higher order moments and
conditional densities” by G. Perez-Quiros and A. Timmermann, April 2001.

“Uncertain potential output: implications for monetary policy” by M. Ehrmann and
F. Smets, April 2001.

“A multi-country trend indicator for euro area inflation: computation and properties” by
E. Angelini, J. Henry and R. Mestre, April 2001.

“Diffusion index-based inflation forecasts for the euro area” by E. Angelini, . Henry and
R. Mestre, April 2001.

“Spectral based methods to identify common trends and common cycles” by G. C. Mendez
and G. Kapetanios, April 2001.

“Does money lead inflation in the euro area?” by S. N. Altimari, May 2001.

“Exchange rate volatility and euro area imports” by R. Anderton and F. Skudelny,
May 2001.

“A system approach for measuring the euro area NAIRU” by S. Fabiani and R. Mestre,
May 2001.

“Can short-term foreign exchange volatility be predicted by the Global Hazard Index?” by
V. Brousseau and F. Scacciavillani, June 2001.

“The daily market for funds in Europe: Has something changed with the EMU?” by
G. P. Quiros and H. R. Mendizabal, June 2001.

“The performance of forecast-based monetary policy rules under model uncertainty” by
A. Levin, V. Wieland and J. C.W/illiams, July 2001.

“The ECB monetary policy strategy and the money market” by V. Gaspar, G. Perez-Quiros
and . Sicilia, July 2001.

“Central Bank forecasts of liquidity factors: Quality, publication and the control of the
overnight rate” by U. Bindseil, July 2001.

“Asset market linkages in crisis periods” by P. Hartmann, S. Straetmans and C. G. de Vries,
July 2001.

“Bank concentration and retail interest rates” by S. Corvoisier and R. Gropp, July 2001.

32 ECB + Working Paper No [29 « March 2002



73

74

75

76

77

78

79

80

8l

82

83

84

85

86

87

88

“Interbank lending and monetary policy transmission — evidence for Germany” by
M. Ehrmann and A. Worms, July 2001.

“Interbank market integration under asymmetric information” by X. Freixas and
C. Holthausen, August 2001.

“Value at risk models in finance” by S. Manganelli and R. F. Engle, August 2001.

“Rating agency actions and the pricing of debt and equity of European banks: What can we
infer about private sector monitoring of bank soundness?” by R. Gropp and A. ]. Richards,
August 2001.

“Cyclically adjusted budget balances: An alternative approach” by C. Bouthevillain, P. Cour-
Thimann, G. van den Dool, P. Hernandez de Cos, G. Langenus, M. Mohr, S. Momigliano

and M. Tujula, September 2001.

“Investment and monetary policy in the euro area” by B. Mojon, F. Smets and
P. Vermeulen, September 2001.

“Does liquidity matter? Properties of a synthetic divisia monetary aggregate in the euro
area” by L. Stracca, October 2001.

“The microstructure of the euro money market” by P. Hartmann, M. Manna and
A. Manzanares, October 2001.

“What can changes in structural factors tell us about unemployment in Europe?” by
J. Morgan and A. Mourougane, October 2001.

“Economic forecasting: some lessons from recent research” by D. Hendry and
M. Clements, October 2001.

“Chi-squared tests of interval and density forecasts, and the Bank of England's fan charts”
by K. F. Wallis, November 2001.

“Data uncertainty and the role of money as an information variable for monetary policy” by
G. Coenen, A. Levin and V. Wieland, November 2001.

“Determinants of the euro real effective exchange rate: a BEER/PEER approach” by
F. Maeso-Fernandez, C. Osbat and B. Schnatz, November 2001.

“Rational expectations and near rational alternatives: how best to form expecations” by
M. Beeby, S. G. Hall and S. B. Henry, November 2001.

“Credit rationing, output gap and business cycles” by F. Boissay, November 2001.

“Why is it so difficult to beat the random walk forecast of exchange rates?” by L. Kilian and
M. P. Taylor, November 2001.

ECB + Working Paper No 129 = March 2002 33



89

90

9l

92

93

94

95

96

97

98

99

“Monetary policy and fears of financial instability” by V. Brousseau and C. Detken,
November 2001.

“Public pensions and growth” by S. Lambrecht, P. Michel and J.-P. Vidal, November 2001.

“The monetary transmission mechanism in the euro area: more evidence from VAR
analysis” by G. Peersman and F. Smets, December 2001.

“A VAR description of the effects of monetary policy in the individual countries of the euro
area” by B. Mojon and G. Peersman, December 2001.

“The monetary transmission mechanism at the euro-area level: issues and results using
structural macroeconomic models” by P. McAdam and J. Morgan, December 2001.

“Monetary policy transmission in the euro area: what do aggregate and national structural
models tell us?” by P. van Els, A. Locarno, J. Morgan and J.-P. Villetelle, December 2001.

“Some stylised facts on the euro area business cycle” by A.-M. Agresti and B. Mojon,
December 2001.

“The reaction of bank lending to monetary policy measures in Germany” by A. Worms,
December 2001.

“Asymmetries in bank lending behaviour. Austria during the 1990s” by S. Kaufmann,
December 2001.

“The credit channel in the Netherlands: evidence from bank balance sheets” by L. De Haan,
December 2001.

“Is there a bank lending channel of monetary policy in Spain?” by I. Hernando and
J. Martinez-Pagés, December 2001.

100 “Transmission of monetary policy shocks in Finland: evidence from bank level data on

101

loans” by J. Topi and J. Vilmunen, December 2001.

“Monetary policy and bank lending in France: are there asymmetries?” by C. Loupias,
F. Savignac and P. Sevestre, December 2001.

102 “The bank lending channel of monetary policy: identification and estimation using

103

Portuguese micro bank data” by L. Farinha and C. Robalo Marques, December 2001.

“Bank-specific characteristics and monetary policy transmission: the case of Italy” by
L. Gambacorta, December 2001.

104 “Is there a bank lending channel of monetary policy in Greece? Evidence from bank level

105

data” by S. N. Brissimis, N. C. Kamberoglou and G. T. Simigiannis, December 2001.

“Financial systems and the role of banks in monetary policy transmission in the euro area”
by M. Ehrmann, L. Gambacorta, ]. Martinez-Pagés, P. Sevestre and A. Worms,
December 2001.

34 ECB + Working Paper No [29 « March 2002



106 “Investment, the cost of capital, and monetary policy in the nineties in France: a panel data
investigation” by |.-B. Chatelain and A. Tiomo, December 2001.

107 “The interest rate and credit channel in Belgium: an investigation with micro-level firm
data” by P. Butzen, C. Fuss and P. Vermeulen, December 2001.

108 “Credit channel and investment behaviour in Austria: a micro-econometric approach” by
M. Valderrama, December 2001.

109 “Monetary transmission in Germany: new perspectives on financial constraints and
investment spending” by U. von Kalckreuth, December 2001.

110 “Does monetary policy have asymmetric effects? A look at the investment decisions of
Italian firms” by E. Gaiotti and A. Generale, December 2001.

Il “Monetary transmission: empirical evidence from Luxembourg firm level data” by
P. Liinnemann and T. Matha, December 2001.

112 “Firm investment and monetary transmission in the euro area” by J.-B. Chatelain,
A. Generale, |. Hernando, U. von Kalckreuth and P. Vermeulen, December 2001.

I'13 “Financial frictions and the monetary transmission mechanism: theory, evidence and policy
implications” by C. Bean, J. Larsen and K. Nikolov, January 2002.

|14 “Monetary transmission in the euro area: where do we stand?” by I. Angeloni, A. Kashyap,
B. Mojon, D. Terlizzese, January 2002.

I'15 “Monetary policy rules, macroeconomic stability and inflation: a view from the trenches”
by A. Orphanides, December 2001.

116 “Rent indices for housing in West Germany 1985 to 1998” by ]. Hoffmann and C. Kurz,,
January 2002.

117 “Hedonic house prices without characteristics: the case of new multiunit housing” by
O. Bover and P. Velilla, January 2002.

118 “Durable goods, price indexes and quality change: an application to automobile prices in
Italy, 1988-1998” by G. M. Tomat, January 2002.

119 “Monetary policy and the stock market in the euro area” by N. Cassola and C. Morana,
January 2002.

120 “Learning stability in economics with heterogenous agents” by S. Honkapohja and K. Mitra,
January 2002.

121 “Natural rate doubts” by A. Beyer and R. E. A. Farmer, February 2002.

122 “New technologies and productivity growth in the euro area” by F. Vijselaar and R. Albers,
February 2002.

ECB + Working Paper No 129 = March 2002 35



123 “Analysing and combining multiple credit assessments of financial institutions” by E. Tabakis
and A. Vinci, February 2002.

124 “Monetary policy, expectations and commitment” by G. W. Evans and S. Honkapohja,
February 2002.

125 “Duration, volume and volatility impact of trades” by S. Manganelli, February 2002.

126 “Optimal contracts in a dynamic costly state verification model” by C. Monnet and
E. Quintin, February 2002.

127 “Performance of monetary policy with internal central bank forecasting” by S. Honkapohja
and K. Mitra, February 2002.

128 “Openness, imperfect exchange rate pass-through and monetary policy” by F. Smets and
R. Wouters, February 2002.

129 “Non-standard central bank loss functions, skewed risks, and certainty equivalence” by
A. al-Nowaihi and L. Stracca, March 2002.

36 ECB + Working Paper No [29 « March 2002



	Non-standard central bank loss functions, skewed risks, and certainty equivalence
	Contents
	Abstract
	Non-technical summary
	1 Introduction
	2 A simple optimal control model for discretionary monetary policy
	3 Non-standard central bank loss functions
	4 Conclusions
	References
	Chart
	European Central Bank Working Paper Series

