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Abstract

We analyze how trust affects the transmission of negative demand and supply

shocks using a behavioral macroeconomic model. We define trust to have two

dimensions: trust in the central bank's inflation target and trust in the central

bank's capacity to stabilize the business cycle. We find, first, that when large

negative shocks occur, the subsequent trajectories taken by output gap and

inflation typically coalesce around a good and a bad trajectory. Second, these

good and bad trajectories are correlated with movements in trust. In the bad

trajectories, trust collapses, and in the good trajectories, it is not affected. This

feature is stronger when a negative supply shock occurs than in the case of a

negative demand shock. Third, initial conditions, in particular the initial state

of inflation and output expectations, matter. Unfavorable initial expectations

drive the economy into a bad trajectory, and favorable initial expectations pro-

duce good trajectories. Fourth, we analyze the sensitivity of our results with

respect to the size of the shocks. Fifth, we derive implications of our results for

our capacity of making forecasts about the effects of large demand and supply

shocks.
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1 | INTRODUCTION

The importance of trust in economic life is pervasive.
Trust in the quality of institutions, trust in the executive
and judiciary, and trust in a stable environment governed
by the rule of law, they all affect the behavior of eco-
nomic agents and make them more willing to engage in
contractual arrangements, to plan, and to invest. There is
now a large literature documenting how trust matters for
economic development and growth.1

Trust also plays a role in standard macroeconomic
models. These now typically incorporate a central bank
that announces an inflation target. The credibility of this

inflation target and reputation of the central bank usually
play an important role in the effectiveness of monetary
policies and in the transmission of shocks (Barro &
Gordon, 1983; Bursian & Fürth, 2015; Bursian & Faia,
2018; Christelis et al., 2020). As a way of illustrating how
trust may affect the effectiveness of monetary policies,
consider the Eurobarometer survey shown in Figure 1.
According to this survey, the European Central Bank
(ECB) enjoyed a relatively high public trust record prior
to 2008. This high level of trust was associated with a rate
of inflation close to the 2% target rate (see Figure 2). As
will be shown in this paper, trust in the central bank's
ability to maintain price stability matters for the way
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monetary policies and exogenous shocks are transmitted
into the economy. This is the first dimension of trust we
will consider.

Trust in the central bank has a second dimension.
This is related to the capacity of the central bank to mini-
mize the intensity of business cycle fluctuations. Or put
differently, it has to do with the capacity to maintain
macroeconomic stability. From Figure 1 we also observe
that after the global financial crisis and the deep eco-
nomic recession that followed it (see Figure 2), public
trust in the ECB significantly declined in the Eurozone.
Note also from Figure 2 that the inflation rate during the
same period became more variable despite its low level.
This suggests that trust in the central bank can also be
undermined when it is perceived to fail in maintaining
macroeconomic stability (see more studies such as
Wälti, 2012; Ehrmann et al. 2013; Roth et al. 2014). One
of the major objectives of this paper is to investigate how
the nature of the shocks (supply and demand) and the
size of these shocks affects the trust in the central bank
in its two dimensions.

We will use a behavioral macroeconomic model (see
De Grauwe, 2012; De Grauwe & Ji, 2019) to analyze trust.
This is a model which assumes that agents have cognitive
limitations. They do not know the underlying structure

of the model nor do they know the distribution of the
shocks that affect the economy. It will be seen that in
such models with imperfect information trust is of great
importance to understand how shocks are transmitted
and how monetary policies affect the economy.

The behavioral macroeconomic model we will use
generates an endogenous dynamics of trust and business
cycle. The fundamental reason of the emergence of such
a dynamics is the fact that individuals have cognitive lim-
itations preventing them from having rational expecta-
tions, that is, preventing them from understanding the
complexity of the underlying model. This lack of under-
standing provides the basis of a mechanism in which
individuals find it rational to use simple rules of behavior,
check ex post how well these rules have worked, and are
willing to experiment with other rules when they observe
that these work better. It also turns out that the shifting
in the rules of behavior at the individual level generates a
collective process of herding based on the fact that suc-
cessful rules will be adopted by others. It is this collective
process that is at the core driving the business cycle
movements and influencing the trust in the central bank.

In this paper, we will analyze how demand and sup-
ply shocks are propagated. We will focus on large shocks
(to be defined appropriately). It will be shown that when
the size of the shocks is large enough, the transmission
path after the shock will tend to coalesce around two
possible trajectories, a good one and a bad one, as if
there are two attractors around which the transmission
dynamics is organized. It will be shown that the good
trajectory coincides with a state of trust, whereas the
bad trajectory distrust prevails. This feature will also
allow us to focus on the importance of initial conditions
(such as initial state of trust) in guiding the economy
towards the good or the bad trajectories. In other words,
we will show that history matters.

The rest of the paper is structured as follows. Section 2
presents the behavioral macroeconomic model. Section 3
presents the impulse responses of large demand and sup-
ply shocks and shows how the trajectories taken by these
impulse responses are associated with trust. Section 4
analyzes the power of initial conditions in predicting the
subsequent trajectories of output gap, inflation, and
interest rate. Section 5 performs a robustness analysis
allowing us to trace the transition from small to large
shocks. This section also contains a Monte Carlo simu-
lation aimed at checking the robustness of our results
by allowing a wide selection of parameters. Section 6
discusses policy issues, in particular it focuses on the
policy implications arising from the fact that the distri-
bution of the impulse responses is non-Gaussian, it dis-
cusses the power of output stabilization and how it
affects trust in response to supply shocks, and it provides

FIGURE 1 Trust in ECB 2000–2021 (%). Source:
Eurobarometer. Note: Trust is defined as the percentage of EU

citizens declaring that they have trust in the ECB. ECB, European

Central Bank.

FIGURE 2 Eurozone inflation (%) and growth rate (%) annual

data, 2000–2021. Source: Eurostat.
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for a short historical analysis of large shocks during the
1970s and during the pandemic. Section 7 concludes.

2 | THE MODEL

2.1 | Basic equations

The basic behavioral model consists of an aggregate
demand equation, an aggregate supply equation, and a
Taylor rule as described by De Grauwe (2012) and De
Grauwe and Ji (2019, 2020). The aggregate demand and
supply equations can be derived from expected utility max-
imization of consumers and expected profit maximization
of firms (Hommes, 2019; De Grauwe & Ji, 2019). In De
Grauwe and Ji (2019), we provide a microfoundation.

The aggregate demand equation obtained from this
microfoundation can be expressed in the following way:

yt ¼ a1~Etytþ1þ 1�a1ð Þyt�1þa2 rt� ~Etπtþ1
� �þ vt ð1Þ

where yt is the output gap in period t, rt is the nominal
interest rate, πt is the rate of inflation and two forward
looking components, ~Etπtþ1 and ~Etytþ1. The tilde above
E refers to the fact that expectations are not formed ratio-
nally. How exactly these expectations are formed will be
specified in Section 2.2.

The aggregate supply equation is represented in
Equation (2). This New Keynesian Philips curve includes
a forward looking component, ~Etπtþ1, and a lagged infla-
tion variable. Inflation πt is sensitive to the output gap yt.
The parameter b2 measures the extent to which inflation
adjusts to changes in the output gap.

πt ¼ b1~Etπtþ1þ 1�b1ð Þπt�1þb2ytþηt ð2Þ

The Taylor rule describes the central bank's behavior
in setting the interest rate. This behavior can be described
as follows:

rt ¼ 1� c3ð Þ c1 πt�π�ð Þþ c2yt½ �þ c3rt�1þut ð3Þ

where rt is the interest rate in period t, πt is the inflation
rate, π� is the target rate of inflation, and yt is the
output gap.

This Taylor rule (Taylor, 1993) tells us that the cen-
tral bank increases (reduces) the interest rate when cur-
rently observed inflation exceeds (falls short of) the
target and when the currently observed output gap is
positive (negative). We assume that the central bank
wants to smoothen interest rate changes (see Levin
et al., 1999; Woodford, 1999, 2003).

There are error terms in each of Equations (1)–(3),
which describe the nature of the different shocks that can
hit the economy. They include demand shocks, vt, supply
shocks, ηt, and interest rate shocks, ut. These shocks are
assumed to be normally distributed with mean zero and
a constant standard deviation.

2.2 | Expectations formation

We analyze how the forecast of output gap ~Etytþ1 and
inflation ~Etπtþ1 are formed in the model. The rational
expectations hypothesis requires agents to understand
the complexities of the underlying model and to know
the frequency distributions of the shocks that will hit the
economy. We take it that agents have cognitive limita-
tions that prevent them from understanding and proces-
sing this kind of information. These cognitive limitations
have been confirmed by laboratory experiments and
survey data (see Branch, 2004; Hommes, 2011, 2021;
Assenza et al., 2014; Pfajfar & Zakelj, 2014).

2.2.1 | Forecasting the output gap

We assume two types of rules agents follow to forecast
the output gap. A first rule is called a “fundamentalist”
one. Agents use the steady state value of the output gap
(which is normalized at 0) to forecast the future output
gap. A second forecasting rule is a “naïve” extrapolative
one. Following this rule, agents extrapolate the previous
observed output gap into forecasting the future. The fun-
damentalist and extrapolator rules for output gap are
specified as follows:

~E
f
t ytþ1 ¼ 0 ð4Þ

~E
e
t ytþ1 ¼ yt�1 ð5Þ

This kind of simple heuristic has often been used in
the behavioral macroeconomics and finance literature
where agents are assumed to use fundamentalist and
chartist rules (see Brock & Hommes, 1997; Branch and&
Evans, 2006; Brazier et al., 2008).

The market forecast can be obtained as a weighted
average of these two forecasts, that is

~Etytþ1 ¼ αf ,t~E
f
t ytþ1þαe,t~E

e
t ytþ1 ð6Þ

αf ,tþαe,t ¼ 1 ð7Þ

DE GRAUWE and JI 3
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where αf ,t and αe,tare the probabilities that agents use the
fundamentalist and the naïve rules, respectively.

We specify a switching mechanism of how agents
adopt specific rule. Using discrete choice theory (see
Anderson et al., 1992; Brock & Hommes, 1997) to work
out the probability of choosing a particular rule (see De
Grauwe & Ji, 2019) for more detail, we obtain

αf ,t ¼
exp γUf ,t

� �

exp γUf ,t
� �þ exp γUe,tð Þ ð8Þ

αe,t ¼ exp γUe,tð Þ
exp γUf ,t

� �þ exp γUe,tð Þ ð9Þ

where Uf ,t and Ue,t are the past forecast performance
(utility) of using the fundamentalist and the naïve rules
(measured as minus the root mean squared errors of past
forecasts. The parameter γ measures the “intensity of
choice.” It can also be interpreted as expressing a willing-
ness to learn from past performance. When γ= 0, this
willingness is zero; it increases with the size of γ.

2.2.2 | Forecasting inflation

Agents also forecast inflation using a similar heuristic,
with one rule that could be called a fundamentalist rule
and the other a naïve extrapolative rule (see Brazier
et al. [2008] for a similar setup). In an institutional
setup, the central bank announces an explicit inflation
target. The fundamentalist rule will be called an “infla-
tion targeting” rule described in Equation (10); that is,
agents who have confidence in the credibility of the
central bank use the announced inflation target to fore-
cast inflation.

~E
f
tπtþ1 ¼ π� ð10Þ

where the inflation target is π�. Agents who do not trust
the announced inflation target use the naïve rule, which
consists in extrapolating inflation from the past into the
future. The “naive” rule is defined by

~E
e
tπtþ1 ¼ πt�1 ð11Þ

The market forecast is a weighted average of these
two forecasts, that is,

~Etπtþ1 ¼ βf ,t~E
f
tπtþ1þβe,t~E

e
tπtþ1 ð12Þ

βf ,tþβe,t ¼ 1 ð13Þ

where βf ,t and βe,t are the probabilities that agents use
the fundamentalist and the extrapolative rules, respec-
tively. The same selection mechanism is used as in the
case of output forecasting to determine the probabilities
of agents trusting the inflation target and those who do
not trust it and revert to extrapolation of past inflation.
This inflation forecasting heuristics can be interpreted as
a procedure of agents to find out how credible the central
bank's inflation targeting is. If, on the one hand, this is
credible, using the announced inflation target will pro-
duce good forecasts, and as a result, the probability, βf ,t,
that agents will rely on the inflation target will be high.
If, on the other hand, the inflation target does not pro-
duce good forecasts (compared to a simple extrapolation
rule), the probability that agents will use it will be small.
Using the switching mechanism similar to the one speci-
fied in Equations (8) and (9), we can compute the proba-
bility of choosing a particular rule.

βf ,t ¼
exp γU 0

f ,t

� �

exp γU 0
f ,t

� �
þ exp γU 0

e,t

� � ð14Þ

βe,t ¼
exp γU 0

e,t

� �

exp γU 0
f ,t

� �
þ exp γU 0

e,t

� � ð15Þ

The probability, βf ,t, that agents will rely on the infla-
tion target to make inflation forecasts can also be inter-
preted as the fraction of agents who trust the central
bank's inflation target.

2.3 | Defining trust

The output and inflation expectation formation discussed
in Section 2.2 allows us to give a precise definition of
trust. As mentioned earlier, we assume it has two dimen-
sions. Let us start with the first dimension which is the
trust that the central bank can keep inflation close to
the announced target. We will define this trust as the
market's expectation of inflation, ~Etπtþ1, in Equation (12).
As we normalize the inflation target, π�, to be equal to
0, a deviation of ~Etπtþ1 from 0 (positive or negative)
amounts to a lack of trust. This can be seen as follows.
The higher this deviation is, the more agents believe that
the central bank will be unable to keep inflation close to
the target; in other words, the lower is their trust in the
central bank's capacity (willingness) to keep inflation
close to the target.

4 DE GRAUWE and JI
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Using Equations (10) and (11) and setting π� ¼ 0,
Equation (12) can be rewritten as follows:

~Etπtþ1 ¼ βe,tπt�1

This shows that deviation of the market's expectations
of inflation from 0 will tend to increase when the fraction
of agents using the extrapolative rule βe,t is high, or put
differently, when the fraction of agents using fundamen-
talist rule, βf ,t, is low. Thus, trust will be low when βf ,t is
low; that is, few agents use the inflation target as their
forecasting rule. In the limit when βe,t ¼ 1 andβf ,t¼0, trust
will be at its lowest level. We will come back to this inter-
pretation when we present the results of the model.

The second dimension is trust in the capacity of the
central bank to maintain macroeconomic stability. We
will measure this by ~Etytþ1 in Equation (6). Because the
steady state output gap is 0, ~Etytþ1 measures the market's
expected deviation of the output gap from the steady
state. The larger is this deviation (positive or negative),
the lower is the trust agents have in the capacity of the
central bank to stabilize output (the business cycle)
around its steady state value. Using Equations (4) and
(5), Equation (6) can be written as

~Etytþ1 ¼ αe,tyt�1

Thus, the deviation of the market's expectations of
the output gap from 0 will tend to increase when the frac-
tion of agents using the extrapolative rule is high or put
differently when the fraction of agents using the funda-
mentalist rule, αf ,t, is low. This is because fewer agents
believe that the output gap will converge to the steady
state and trust in the capacity of the central bank to stabi-
lize output will be correspondingly low.

2.4 | Calibration

As our model has strong nonlinear features, we use
numerical methods to analyze the dynamics created by
the model. In order to do so, we have to calibrate the
model, that is, to select numerical values for the parame-
ters of the model. The model was calibrated in such a
way that the time units can be considered to be quarters.
In Table 1, we show these numerical values with the ref-
erences from the literature. Note that these numerical
values for the parameters are very similar to the ones esti-
mated by Kukacka et al. (2022) based on the US data (see
also Grazzini et al., 2017). The three shocks (demand,
supply, and interest rate shocks) are independently and

identically distributed (i.i.d.) with standard deviations of
0.5%. These shocks produce standard deviations of the
output gap and inflation that mimic the standard devia-
tions found in the empirical data using quarterly observa-
tions for the United States and the Eurozone. The way
we did this is described in more detail in De Grauwe and
Ji (2020). It should also be mentioned that the parameter
values in Table 1 ensure local stability of the steady state.
Finally, we will perform a Monte Carlo experiment vary-
ing the numerical values of different parameters to check
the robustness of our results.

3 | THE RESULTS OF THE MODEL

In this section, we present impulse responses of demand
and supply shocks. One important feature of impulse
responses in a (nonlinear) behavioral model is that these
responses are sensitive to initial conditions. Thus, the
transmission of, say, a supply shock will be influenced by
the values of output, inflation, interest rate, and the
expectations of these variables at the moment the shock
occurs. In particular, the initial state of trust (measured
by the initial inflation and output expectations) will be
shown to matter a great deal for the subsequent trajecto-
ries of the endogenous variables of the model after a

TABLE 1 Parameter values of the calibrated model.

a1 = 0.5 Coefficient of expected output in output equation
(Smets & Wouters, 2003)

a2 = �0.2 Interest elasticity of output demand (Smets &
Wouters, 2003).

b1 = 0.5 Coefficient of expected inflation in inflation
equation (Smets & Wouters, 2003)

b2 = 0.05 Coefficient of output in inflation equation

π* = 0 Inflation target level

c1 = 1.5 Coefficient of inflation in Taylor equation
(Blattner & Margaritov, 2010)

c2 = 0.5 Coefficient of output in Taylor equation assuming
a dual Mandate Central Bank (Blattner and
Margaritov [2010])

c3 = 0.5 Interest smoothing parameter in Taylor equation
(Blattner and Margaritov [2010])

γ = 2 Intensity of choice parameter, see Kukacka et al.
(2022)

σv = 0.5 Standard deviation shocks output

ση = 0.5 Standard deviation shocks inflation

σu = 0.5 Standard deviation shocks Taylor

ρ = 0.5 Memory parameter (see Appendix for an analysis
of the memory parameter)
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supply and demand shock. All this will be made clear in
this section.

The way we computed the impulse responses to a par-
ticular shock was the following. We first run a base simu-
lation using a particular realization of all the stochastic
variables (the error terms in the demand, supply, and
Taylor rule equations). We then rerun the model with
exactly the same realizations of these stochastic variables
except for the fact that at period t = 100, a shock is
introduced in the demand or in the supply equation. We
then compute the differences between the output gap in
the series with the shock and the series obtained in the
base simulation. We also expressed these differences as
“multipliers”; that is, we divided them by the size of the
shock. This yielded one particular impulse response for
a given set of realizations of the stochastic variables. We
repeated this 1000 times, each time with another realiza-
tion of the stochastic variables in the model. This then
yielded 1000 different impulse responses to the same
shock, but with different initial conditions of the endog-
enous variables of the model.

This procedure also implies that at the moment the
shock occurs, the system is out of equilibrium. Thus,
each of the 1000 impulse responses will have, as a start-
ing point, a different disequilibrium. Put differently, the
initial states of trust (measured by the initial inflation
and output expectations) each reflect different initial
disequilibria. We will show that this has important
implications for the subsequent trajectories the impulse
responses take.

3.1 | Impulse response to supply shocks

We first discuss the impulse responses to a negative sup-
ply shock. We will consider a large shock which we
define as a 10 standard deviation shock. This is a truly
large shock, but it corresponds to the size of the shock
observed in early 2020 when GDP dropped by 10% to 20%
in many countries as a result of the worldwide shutdown
of production. The shock produced by the financial crisis
of 2007–2008 was of a similar order of magnitude. In
Section 5, we produce a sensitivity analysis with respect
to the size of the shocks. There, we establish that shocks
with standard deviations of 3 or more broadly reproduce
the results reported in this section.

We present the 1000 impulse responses to a negative
supply shock in Figure 3. A first thing to note is the large
differences in the trajectories of the endogenous variables
after the supply shock. Over time, these impulse
responses tend to converge, but it takes a long time for
convergence to be reached. We observe the existence of
two trajectories. The first one, a “good” trajectory (green),

implies a relatively small decline of the output gap and a
relatively quick return to the steady state value; the sec-
ond trajectory, a “bad” one (black), follows a very deep
decline in output and a slower recovery. A similar good
and bad trajectory is detected in the impulse responses of
inflation with a good trajectory of rapid declines in infla-
tion and a bad trajectory characterized by a slower decline
in inflation. These two trajectories seem to be related to
the interest rate trajectory where we observe a bifurcation
immediately after the shock into a (good) trajectory of
quickly declining interest rate and a (bad) trajectory where
the interest rate continues on an increasing path to start a
decline only after four periods. We also note a wider varia-
tion of the individual impulse responses in the good trajec-
tories as compared to the bad trajectories.

It should be stressed that the two colors we give to
the trajectories are not determined ex post in an arbitrary
way. They are determined ex-ante, by the nature of the
initial inflation expectations. In particular, we color
the trajectories green when the initial inflation expecta-
tions, which is our measure of trust, are below the central
banks' inflation target, and black when they are above
that target. A negative supply shock directly increases
inflation pressure. Hence, it tends to increase the trust in
central bank when the initial inflation expectation is
below target, whereas it tends to reduce the trust in cen-
tral bank when the initial inflation expectation is already
above zero.

We show the frequency distribution of the initial
inflation expectations in Figure 4 (where we have nor-
malized the inflation target at 0). Thus, approximately
half of the initial inflation expectations are “benign”
(below the inflation target). All these benign initial condi-
tions determine a subsequent good trajectory; the “bad”
initial conditions (above the inflation target) determine a
subsequent bad trajectory. We discuss the importance of
initial conditions more rigorously using econometric
analysis in Section 4.

The existence of two distinct trajectories can also be
illustrated by presenting the distribution of the responses
of the output gap in period 12 after the shock. This is
obtained by taking a cross-section of the impulse
responses of the output gap from Figure 3 at a particular
period. Here we select period 112 (which corresponds to
12 quarters after the shock). We then plot the frequency
distribution of the 1000 impulse responses. We show the
results in Figure 5.

We observe a clearly bimodal distribution with peaks
around �1.1 and �0.1 in the case of the output gap. We
do the same for inflation and interest rates. For inflation,
the peaks are around �0.05 and 0.5. This bimodal struc-
ture is associated with a bimodal structure of the interest
rate with one peak at �0.3 and another at 0.6. We will

6 DE GRAUWE and JI
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come back to give an interpretation for the existence of
bimodal structure of the distribution of the impulse
responses. We will then also discuss the importance of
initial conditions.

How are these trajectories connected to our measures
of trust? We answer this question in two ways. We first
show the impulse responses of our indicators of trust, that
is, inflation and output expectations in Figure 6. We find
that in the bad trajectories (black) trust in the capacity of
the central bank to stabilize output declines much more
than in the good trajectories. Something similar happens
with trust in the central bank's capacity to keep inflation
close to the target: in the good trajectories, this trust is less
affected than in the bad trajectories. Thus, we find that
bad trajectories are associated with a more intense drop in
trust in the central bank than good trajectories.

The second way we analyze trust is to focus on αf ,t
and βf ,t. As will be remembered, these are the fractions of
agents that use the fundamentalist rules. We argued that
when these are low, this is a sign that agents do not trust
the central bank's capacity to stabilize output around the
steady state and to keep inflation close to its target. In
Figure 7, we present αf ,t and βf ,t before and after the sup-
ply shock in period 100. Because we run the model 1000
times, we obtain 1000 trajectories for these two variables.

FIGURE 4 Frequency distribution of initial inflation

expectations.

FIGURE 3 Impulse responses to a large negative supply shock (10 SD).
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FIGURE 5 Frequency distribution of impulse responses (12 periods after shock).

FIGURE 6 Impulse responses of trust indicators.
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We have split these trajectories into two: one correspond-
ing to the bad trajectories and one from the good trajecto-
ries obtained in Figure 3. They are presented side by side
for both αf ,t and βf ,t . We call the first one output credibil-
ity, as it measures the fraction of agents who expect out-
put to go back to equilibrium. We call the second one
inflation credibility as it measures the fraction of agents
who use the inflation target as their forecasting rule.

Let us concentrate first on the inflation credibility. We
observe something remarkable, very soon after the supply
shock inflation credibility drops to zero in all the bad tra-
jectories. Thus, when the economy is in a bad trajectory,
this coincides with a collapse of credibility of the central
bank. No single agent trusts the central bank anymore: the
fraction of agents that use the inflation target as their fore-
casting rule drops to zero, and they all use the extrapola-
tive rule to make inflation forecasts. This feature is absent
in the good trajectories. In fact, we observe the opposite:
immediately after the shock inflation credibility shoots
up. This is because of the fact that the initial conditions of

the good trajectories are characterized by inflation expecta-
tions below the target. The supply shock tends to raise
inflation and brings it closer to the target (at least for a
while), thereby improving credibility.

The results with output credibility are shown in the
bottom half of Figure 7. When the economy is pushed
into a bad trajectory output credibility drops to 0; that is,
no agents trust that the central bank can bring output
back to equilibrium. In the good trajectory, we also
observe some deterioration of output credibility, but this
is much less extreme and much shorter.

The question that arises now is why the bifurcations
occur. This is the question we want to analyze here. From
Figure 7, we observe the following. When the supply shock
is large, the bad trajectory is characterized by the fact that
immediately after the shock we obtain a limit solution;
that is, the inflation and output credibilities (αf ,t and βf ,t)
drop to zero. This means that the mean reverting pro-
cesses in the expectations formations are switched off
and only the extrapolating dynamics is left over. This

FIGURE 7 Trust: inflation credibility and output credibility with large supply shock.
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creates a destabilizing dynamics that keeps the output
gap low and the inflation high. For example, when
inflation credibility is zero, there are no agents anymore
who expect the inflation to return to the target set by
the central bank. As a result, the inflation dynamics is
driven by extrapolative behavior. The same holds for
the output gap.

There is also the role played by initial expectations. In
Section 4, we analyze this role more rigorously. Antici-
pating on this analysis, we can describe the role of initial
expectations as follows. In order to get stuck into this bad
trajectory, the initial expectations must be “bad,” that is,
high inflation expectations (relative to the target). These
bad initial conditions make it possible for the large nega-
tive supply shock (which raises inflation further away
from target) to push the system towards the limits of zero
inflation and output credibility. This is reinforced by the
fact that the central bank is pushed into a dilemma situa-
tion. In order to contain inflation, it has to raise the inter-
est rate, thereby reducing output leading to a loss of trust
that central bank can stabilize output. In contrast, when
the initial conditions are favorable (low inflation expecta-
tions), the same negative supply shock does not push
inflation and output credibilities against their limits. In
fact, initially, these are pushed away from their limits as
inflation credibility initially improves. Mean reverting
processes continue to do their work of softening the
impact of the supply shock and one ends up in a good
trajectory. Thus, favorable initial inflation expectations
work as a buffer preventing large shocks from hitting the
boundaries and preventing a collapse of trust.

Another way to interpret these results is as follows.
Large shocks that arise under unfavorable initial condi-
tions lead to a loss of trust, both a loss of trust in the cen-
tral bank's capacity to keep inflation on target and to
stabilize output. In fact, as Figure 7 shows one can con-
clude that a large shock can lead to a complete break-
down of trust. This intense loss of trust amplifies the
negative effects of the supply shock. Thus, trust is the key
in smoothly returning the economy to equilibrium. Trust
allows mean reverting dynamics to do its work to bring
the economy back to equilibrium. Conversely, the
absence of trust makes the economy less resilient to
absorb large exogenous shocks. When trust is absent, the
economy is adrift lacking an anchor that is needed to sta-
bilize the economy after a shock.

3.2 | Impulse responses to demand
shocks

We now turn to the impulse responses to a large negative
demand shock. We show the results in Figures 8. Com-
paring this with Figure 3, we find the following results.

The large demand shock leads to a similar but less pro-
nounced bifurcation of the output trajectories into a good
(green) and a bad one (black). In the good trajectory, out-
put returns relatively quickly to the steady state; in the
bad trajectory, the recovery after the shock is slower. This
seems to be related to a similar bifurcation of the interest
rate trajectories.

It should be stressed again that the two colors we give
to the trajectories are determined ex-ante by the nature
of the initial output expectations. In particular, we color
the trajectories green when the initial output expecta-
tions, which is the other measure of trust, are above the
central banks' output target, and black when they are
below that target. The reason we use initial output expec-
tation instead of inflation expectation is related to the fact
that a negative demand shock leads to recessionary pres-
sures. Hence, when the initial output expectation is
below zero, the negative demand shock reduces the trust
in the central bank to maintain macroeconomic stability;
when the initial output expectation is above zero, the
same negative demand shock will initially tend to
increase the trust in the capacity of the central bank
to maintain macroeconomic stability.

One difference with the supply shock is that the out-
put gap tends to return to the steady state much quicker
after the demand shock than after the supply shock. This
is related to the fact that in contrast to a supply shock, a
demand shock does not put the central bank in
a dilemma situation. Both output and inflation reduc-
tions therefore give an unequivocal signal to the central
bank that the interest rate should decline. This contrasts
with a supply shock that produces and increase in infla-
tion and a decline in output (stagflation). This creates a
mixed signal for the central bank: the increase in infla-
tion signals a required interest increase, and the decline
in output a required interest rate decline.

We also show the distribution of the responses of the
output gap, inflation, and interest rate in period 4 after
the demand shock (Figure 9). We chose four quarters
because after the demand shock the output gap is much
quicker to return to its long-term equilibrium than after
the supply shock. One way to put this difference is that
the short term is much shorter after a demand shock
than after a supply shock.

We observe a bimodal distribution of the impulse
responses of output and interest rate four quarters after
the shock. This is less evident for inflation responses. In
addition, the bimodal structure is less pronounced than
after the supply shocks. Again, the interpretation is that
the demand shock does not push the central bank in a
dilemma situation, allowing it to pursue an unequivocal
policy of interest rate reduction.

What happens with our measures of trust after the
demand shock? We show the answer in Figures 10 and
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11. Figure 10 presents the impulse responses of our mea-
sures of trust, that is, output and inflation expectations.
We observe, as in the case of a supply shock, that trust is
deteriorating more in the bad trajectories than in the
good ones, although the difference is less pronounced.
This is especially so with the impulse responses of infla-
tion credibility where we see that the good and bad tra-
jectories largely overlap.

The second way to look at trust is again to focus on
αf ,t and βf ,t . We show the plots of these fractions in
Figure 11 where we separate these fractions according to
whether they correspond to good or bad trajectories. We
observe that following the negative shock in demand
trust in the central bank's capacity to meet its inflation
target is very little affected in the bad trajectory and not
at all in the good trajectory. Bad and good trajectories in
this demand shock scenario are associated mainly with
negative developments in the central bank's capacity to
stabilize the output gap. We observe that in the bad tra-
jectories, there is a strong decline in the fraction of agents
αf ,t forecasting a return of the output gap to its equilib-
rium value. We observe the contrary in the good trajecto-
ries: the αf ,t actually increase. This suggests that after the

negative demand shock agents believe that the central
bank's capacity to stabilize output increases. This may
seem surprising but it is not. The good trajectories follow
initial conditions where agents expect a positive deviation
of output from the equilibrium. This implies that initially
they had limited trust in the central bank's capacity to
stabilize output. The negative demand shock turns this
around. As output moves towards its equilibrium value,
trust in the central bank's capacity to stabilize output
increases.

We conclude that after a negative demand shock, the
central bank does not suffer much from a loss of trust in
its capacity to control inflation. This is related to the fact
that after the demand shock, the central bank is not
pushed into a dilemma situation that prevents it from
pursuing a clear interest rate policy aimed at boosting the
economy and bringing the inflation rate closer to its tar-
get. The loss of trust concerns the future output. When
initial conditions are unfavorable, that is, when there is
initially a lot of pessimism (an expectation of future out-
put decline), the demand shock will push this pessimism
to its extremes, thereby intensifying the pessimism fur-
ther because everybody extrapolates this pessimism into

FIGURE 8 Impulse responses to a large demand shock (10 SD).
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FIGURE 10 Impulse responses of output and inflation credibilities.

FIGURE 9 Frequency distribution of impulse responses (four periods after shock).
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the future. When initial conditions are favorable
(i.e., positive outlook about the future output), this defla-
tionary mechanism is dampened.

4 | THE POWER OF INITIAL
EXPECTATIONS

How do the initial conditions affect the output and infla-
tion trajectories following the demand and the supply
shocks? In previous sections, we have highlighted the
importance of initial expectations. Here using the data
that we collect from our simulations, we analyze this
question more formally. First, we illustrate the relation-
ship between initial expectations and the output gap and
inflation with the help of a few figures. Second, we will
use an econometric analysis to establish the power of ini-
tial expectations to predict in which cluster the output
gap will be pushed 12 periods after the supply shock and
4 periods after the demand shock.

We start with the supply shock. In Figure 12, we pre-
sent the initial inflation expectations prevailing just
before the shock, on the horizontal axes, and the output
gap and inflation 12 periods after the supply shock on the
vertical axes. We find that after a large supply shock,
the initial expectations of inflation appear to be a very
good predictor of the subsequent trajectories of the out-
put gap and inflation. More specifically, when initially
inflationary expectations exceeded the central bank's
inflation target (normalized at 0), the output gap multi-
plier after 12 periods settles around �1.1. In other words,
the subsequent output trajectory is almost always the bad
one. In contrast, when initially the inflation expectations
are below the central bank's inflation target, the output
gap multiplier after 12 periods settles close to �0.3 (but
with a relatively large variance). Thus, in this case, the
subsequent trajectory is always a good one.

The initial expectations of inflation have an equally
strong predictive power for subsequent inflation. Favor-
able initial inflation expectations (negative numbers) lead

FIGURE 11 Inflation and output credibility with large negative demand shock.
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to the trajectory of low inflation 12 periods later. With
unfavorable inflation expectations, the economy is forced
onto the high inflation trajectory.

What is the underlying mechanism that explains the
strong power of the initial inflation expectations to pre-
dict the subsequent trajectory of the output gap and infla-
tion when the supply shock is large? To answer this
question, we have to analyze the reactions of the central
bank to the supply shock. To do so, it is useful to turn to
Figure 3 again.

We note the following. There is a quick bifurcation in
the interest rate path after the shock. One path goes up;
the other goes down. The upward interest rate path corre-
sponds to the high expected inflation initial condition.
This unfavorable initial condition has the effect of keep-
ing the inflation rate at a high level after the supply
shock. As a result, the central bank that attaches a rela-
tively high weight on inflation in the Taylor rule is
obliged to raise the interest rate. This in turn pushes the
output gap further down. The economy is pushed into a
bad trajectory because the unfavorable inflation expecta-
tions that existed prior to the shock force the central

bank to tighten up after the shock, thereby enhancing
the downturn in output.

In contrast, when the inflationary expectations are
initially favorable (below the inflation target), the upward
movement of the inflation immediately after the shock
remains subdued. As a result, the central bank observing
a relatively favorable inflation outcome reacts by reduc-
ing the interest rate to deal with the negative effect of the
supply shock on output. This mitigates the negative out-
put effect of the supply shock and pushes the economy
onto the good trajectory with a quick return of the output
gap to its equilibrium level. Here again the initial favor-
able inflation expectations tend to reduce the inflation
effect of the supply shock “freeing the hands” of the cen-
tral bank to fight the decline in output by a reduction of
the interest rate.

We now represent the power of initial output expecta-
tion to forecast output and inflation after a negative
demand shock. We show this in Figure 13. On the hori-
zontal axis, we set out the initial output expectation; on
the vertical axis output, respectively, inflation four
periods after the demand shock. In contrast with the

FIGURE 12 Initial inflation expectations, and output gap and inflation 12 periods after shock.

FIGURE 13 Initial inflation and output expectations, and output gap four periods after demand shock.
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supply shock, we now find that it is the initial output
expectation that has the strongest predictive power. More
precisely, when initially agents are optimistic about
future output, the output gap four periods later clusters
around 0%. In other words, initial optimism about the
future business cycle forces the economy along the good
trajectory after the demand shock. In contrast, when out-
put forecasts are negative, the output gap four periods
later settles around �0.5. Thus, pessimism about the
future business cycle pushes the economy along the bad
trajectory after the negative demand shock.

Next, we show the power of initial expectations based
on an econometric analysis. To identify the bimodal dis-
tribution as suggested earlier, we use Finite Mixture
Models (FMM) to estimate both the parameters for the
separate distributions and the probabilities of component
membership (see McLachlan & Peel, 2000). In each spe-
cific shock, we first fit the data using a finite model
assuming two distributions as suggested by our theoreti-
cal analysis and then we fit the data using a similar
model assuming one distribution. Both the Akaike infor-
mation criterion (AIC) and the Bayesian information cri-
terion (BIC) favor the two-class model; that is, the output
gap generated in our simulation has a bimodal distribu-
tion. We proceed with the two-class model in analyzing
how expectations and other initial conditions are associ-
ated with future output gap. The estimates results are
shown in Tables 2 and 3.

In Table 2, we find that in the case of a large supply
shock, there is a bad cluster with a mean of �1.07 and a
good cluster with a mean of �0.32. It is estimated that
about 51% of the observations is in the bad cluster
whereas about 49% is in the good cluster. Initial inflation
expectation is found to be a very powerful predictor of
the future output gap. This significant and positive coeffi-
cient of 134.27 means that an increase in the initial infla-
tion expectation leads to an increase in the probability of
being in a bad cluster. By contrast, none of the other ini-
tial conditions exhibit any significant and sizable effect.
The coefficient of 134.27 also informs us that, for exam-
ple, a 0.05 increase in the initial inflation expectation
from the steady state zero will lead to a bad cluster with
the probability of 14.

In the case of a large demand shock, there is a bad
cluster with a mean of �0.45 and a good cluster with a
mean of 0.01. It is estimated that about 52% of the
observations is in the bad cluster whereas about 48% is
in the good cluster. We find that initial inflation expec-
tation does not have a predictive power. Instead, the
output expectation is a very powerful predictor of the
future output: the higher the initial output expectations,
the lower the probability of being in a bad cluster. The
coefficient is �68.99, indicating that, for example, a 0.05
increase in the initial inflation expectation from the
steady state zero will lead to a bad cluster with the
probability of close to 15.

TABLE 2 Impact of initial

conditions on the probability of being in

a bad cluster (finite mixture Probit

model).

Supply shock 10 Demand shock 10

Output gap expectation �0.09 �68.99***

(0.94) (13.68)

Inflation expectation 134.27*** 0.14

(32.25) (1.03)

Initial output gap �0.53 �0.52

(1.13) (0.76)

Initial inflation 0.07 0.81

(1.14) (1.14)

Initial interest rate 0.48 0.56

(0.63) (0.50)

Good cluster (mean) �0.32***
(0.01)

0.01***
(0.00)

Bad cluster (mean) �1.07***
(0.00)

�0.45***
(0.00)

Probability of bad cluster 0.51 0.52

Probability of good luster 0.49 0.48

Observations 1000 1000

***p < 0.01.
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Table 3 presents the predictive power of the initial
conditions conditional on being in the good, respectively
the bad cluster. We find significance of the initial output
and initial output expectation in the case of a demand
shock. Similarly, we find significance of initial inflation
and inflation forecasts in the case of a supply shock.
Thus, initial conditions continue to matter once the econ-
omy is traveling along one of these two trajectories.

We have performed similar econometric exercises to
analyze the distributions of the impulse response of infla-
tion and interest rate after a large supply shock and a
large demand shock. The results we obtain are very simi-
lar to those obtained for the output gap, that is, the exis-
tence of two separate clusters, a good and bad one; the
power of initial expected inflation to forecast in which
cluster the impulse responses of inflation and interest
rate will be after a supply shock; and the power of the ini-
tial expected output to forecast in which cluster the
impulse responses of inflation and interest rate will be
after a demand shock.

5 | ROBUSTNESS ANALYSIS

In this section, we apply some robustness tests to find out
how sensitive our results are to the parameter choices we
made in the previous sections. We first perform a Monte
Carlo study introducing random changes in the parame-
ters of the model. Second, we study the question of the
sensitivity of our results to the size of the socks.

5.1 | Monte Carlo study

The results discussed up to now use the point estimates
of the parameters of the model as given in Table 1. It will
be interesting to know how sensitive these results are to
the choice of these numerical values. To do so, we per-
form a Monte Carlo experiment in which all the struc-
tural parameters (i.e., a1, a2, b1, b2, γ, and ρ) in Table 1
vary within a certain range. We set this range as + and
�50% of the point estimates and assume a uniform distri-
bution (For example: a1 varies uniformly between 0.25
and 0.75). We then computed 1000 impulse responses fol-
lowing a negative supply shock, where for each impulse
response we choose the parameter values randomly
within that range. We show the impulse responses
obtained from this exercise in Figure 14.

We observe the same bifurcations of the impulse
responses into good and bad trajectories. This can be
observed from both the results in the time domain and
the frequency domain. Similarly, trust appears to be dis-
appearing suddenly in the bad trajectory in the same way
as we documented earlier. We have performed similar
Monte Carlo experiments showing that our results are
equally robust after a demand shock. These robust results
justify that we may continue to use the parameters in
Table 1 in our other analyses.

In the Appendix, we focus on the memory parameter
to check for the sensitivity of our results with respect to
variations in this parameter. The results appear to be
robust.

5.2 | Sensitivity to the size of the shocks

In this section, we establish the size of the shocks that
will trigger a bifurcation in the trajectories. We do this
with a sensitivity analysis in which we allow the size of
the shocks to vary. We start with a one standard devia-
tion shock, and we gradually increase its size. We first
present the results graphically. Second, we perform an
econometric analysis to find out how large the shocks
have to be to create a significant bifurcation in the
impulse responses.

TABLE 3 Impact of initial conditions on output gap in good/

bad cluster (finite mixture model).

Supply
shock 10

Demand
shock 10

Good cluster

Output gap expectation �0.08*** 0.01

(0.03) (0.01)

Inflation expectation �0.03* �0.01

(0.02) (0.00)

Initial output gap 0.01 �0.05***

(0.02) (0.00)

Initial inflation 0.03 0.02**

(0.03) (0.01)

Initial interest rate 0.01 0.00

(0.01) (0.00)

Bad cluster

Output gap expectation 0.03*** 0.00

(0.01) (0.00)

Inflation expectation 0.00 �0.01**

(0.01) (0.01)

Initial output gap �0.00 0.02***

(0.01) (0.00)

Initial inflation �0.02*** �0.01

(0.01) (0.01)

Initial interest rate �0.01* 0.00

(0.00) (0.00)

*p < 0.1.**p < 0.5.***p < 0.01.
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We show the graphical results in Figure 15. Concen-
trating first on the impulse responses, (a) we find that
as the size of the supply shock is increased, the bifurca-
tion in the trajectories start to become visible with a
shock of 3 standard deviations. This is also made clear
from the (b) column in Figure 15. This shows the fre-
quency distribution of the output response after

12 periods. We observe that from a supply shock equal
to 3, the distribution starts to become bimodal, indicat-
ing that the impulse responses tend to bifurcate. Finally,
the evidence in column (c) confirms this. With a supply
shock of 3, we achieve some measure of predictability
of the subsequent output responses by the initial infla-
tionary expectations.

FIGURE 14 Large negative supply shock – Monte Carlo experiment.
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Next, we perform an econometric analysis similar to
the one performed in Section 4. We show the results for
the supply shock in Table 4 and for the demand shock in
Table 5. We find that for all sizes of the shock, two

different clusters (good and bad) exist with significantly
different means. For example, in the case of a 1 standard
deviation supply shock, we find a good cluster with mean
�0.49 and a bad cluster with mean �1.3. These means

FIGURE 15 Increasing the size of the supply shock.

18 DE GRAUWE and JI

 1099131x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/for.3065 by T

est, W
iley O

nline L
ibrary on [31/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



are statistically significantly different. However, in this
case of low supply shock, the initial inflation expectations
have little predictive power. The coefficient of the initial
inflation expectation is only about 2.40. Although statisti-
cally significant, it is too low to provide for much predic-
tive power of the initial inflation expectations. The
predictive power of this variable becomes sizable when

the supply shock exceeds 3 standard deviations. The same
conclusion holds for demand shocks, that is, the exis-
tence of two clusters, a good and bad one, and the low
predictive power of initial expected output gap when the
shock is smaller than 3 standard deviations (Table 5).

How can one interpret the low predictive power of
initial conditions (initial inflation expectations) when the

TABLE 4 Impact of initial conditions on the probability of being in a bad cluster after a negative supply shock (finite mixture model).

Initial conditions Supply shock 1 SD Supply shock 3 SD Supply shock 5 SD Supply shock 10 SD

Output gap expectation 0.04 0.61 �3.77 �0.09

(0.42) (1.10) (2.65) (0.94)

Inflation expectation 2.40** 26.51** 150.06** 134.27***

(0.94) (11.57) (73.10) (32.25)

Output gap �0.08 0.39 1.89 �0.53

(0.39) (0.78) (1.73) (1.13)

Inflation 2.90*** 4.52*** 0.64 0.07

(0.63) (1.26) (2.24) (1.14)

Interest rate 0.21 �0.79 2.33 0.48

(0.30) (0.63) (1.72) (0.63)

Good cluster (mean) �0.49***
(0.02)

�0.40***
(0.02)

�0.39***
(0.16)

�0.32***
(0.01)

Bad cluster (mean) �1.30 ***
(0.05)

�1.09***
(0.02)

�1.06***
(0.01)

�1.07***
(0.00)

Observations 1000 1000 1000 1000

Note: Standard errors in parentheses. SD, standard deviation.

*p < 0.1, **p < 0.5, and ***p < 0.01.

TABLE 5 Impact of initial conditions on the probability of being in a bad cluster after a negative demand shock (finite mixture model).

Initial conditions Demand shock 1 Demand shock 3 Demand shock 5 Demand shock 10

Output gap expectation �1.96*** �11.93*** �81.50*** �68.99***

(0.57) (1.80) (25.02) (13.68)

Inflation expectation �0.06 �0.24 �2.44 0.14

(0.60) (0.82) (1.72) (1.03)

Output gap �4.37*** �3.48*** �4.77*** �0.52

(0.66) (0.65) (1.75) (0.76)

Inflation 0.59 0.00 3.65* 0.81

(0.63) (0.76) (1.89) (1.14)

Interest rate 0.81** 0.63 0.00 0.56

(0.33) (0.45) (0.86) (0.50)

Good cluster (mean) �0.28***
(0.01)

�0.19***
(0.01)

�0.11***
(0.01)

0.01***
(0.00)

Bad cluster (mean) �0.60 ***
(0.01)

�0.52***
(0.00)

�0.49***
(0.00)

�0.45***
(0.00)

Observations 1000 1000 1000 1000

Note: Standard errors in parentheses.
*p < 0.1, **p < 0.05, and ***p < 0.01.
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supply shock is small? Here is the answer. A supply
shock equal to 1 standard deviation of the stochastic
shocks hitting the economy is of the similar order of mag-
nitude as the existing stochastic shocks. As a result, the
initial inflation expectations create departures from
the equilibrium that have the similar order of magnitude
as the supply shock. These initial departures from equi-
librium can steer the economy in a different direction
than the supply shock does. It can also be that the initial
conditions and the supply shock reinforce each other.
Because the forces of the initial conditions (the noise)
and of the supply shock (the signal) are of a similar mag-
nitude, it becomes near impossible to separate them out
by computing impulse responses. All this produces a low
predictability of the initial inflation expectations on the
output trajectory after the shock. This problem of unpre-
dictability does not occur when the supply shock is large
relative to the size of the stochastic shocks, or put differ-
ently, when the signal to noise ratio is large. We obtain
similar results for demand shocks.

6 | POLICY ISSUES

In this section, we discuss several policy issues. First, we
analyze the implications of the non-Gaussian nature of the
impulse responses for policy analysis and for policy-
makers. Second, we focus on the power of stabilization.
We ask the question of how the central bank can affect the
transmission of large shocks by more or less output stabili-
zation. Third, we present a short case study studying the
recent history of large shocks and how our model can shed
some light on the choices made by policymakers.

6.1 | On the nature of uncertainty

The frequency distributions of impulse responses that we
analyzed in the previous sections show strong departures

from Gaussian distribution. As a result, the mean
response and the standard deviations of these responses
are not informative about the true underlying distribu-
tion. We illustrate this problem as follows. We use the
impulse responses of output and inflation from Figure 3
and compute the mean and the two standard deviations
below and above the mean. We show the results in
Figure 16. Comparing these with Figure 3, it is clear that
the mean and the standard deviations are not only unin-
formative but also misleading about the true underlying
distribution because Figure 16 gives the impression of the
existence of a central tendency, the mean, that is repre-
sentative of the impulse responses. In fact, there are
almost no observations close to the mean as the impulse
responses are clustered away from the mean. In addition,
the representation in Figure 16 gives the wrong impres-
sion that, as one moves away from the mean, observa-
tions become less likely. In fact, the opposite is true.

This leads to the following problem. A standard
assumption made in mainstream DSGE models is that
agents know the distribution of the shocks, typically
assumed to be Gaussian. The impulse responses derived
from such an analysis typically have a representation as
in Figure 16. This only makes sense if the distribution of
these responses is Gaussian. If they are not, as is the case
in our model, these representations are generally
misleading.

The main business of macroeconomists is to produce
conditional forecasts, that is, producing mean effects of
some shock and a band of uncertainty around the mean.
This could be a policy shock, a demand and supply
shock, and many others. In a non-Gaussian world, these
conditional forecasts cannot be trusted. This leads to the
idea that when making conditional forecasts, one has to
think in terms of scenarios. There are good scenarios and
bad scenarios. In our model, the probability of each of
these scenarios is 50%. We can, however, make more pre-
cise forecasts if we know the initial conditions when the
shock occurred as we showed in Section 4.

FIGURE 16 Mean impulse responses output and inflation after large supply shock.
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In this connection, it is useful to introduce notion of
ambiguity. There is strong ambiguity about the effects
of shocks because the same shock can lead us into differ-
ent universes of adjustment. In other words, without the
knowledge of initial conditions, the distribution of
the impulse responses is ambiguous. This ambiguity is at
the core of the recent failures of central banks to forecasts
inflation after the supply shock. They could not easily
know in real time which scenario the economy would
end up in. They assumed it could be a good scenario.
Under a good scenario, there was no need to raise inter-
est rates aggressively. With the benefit of hindsight, one
can now say that they made a wrong bet.

6.2 | Output stabilization and large
supply shocks

We study how the intensity with which the central bank
stabilizes the output gap affects the transmission of large
shocks. The intensity of output stabilization is measured
by the c2 parameter in the Taylor rule equations. We
have set c2 routinely equal to 0.5 in the previously
reported results. Here we ask the question of how a stron-
ger stabilization effort affects the transmission of a large
supply shock. The results are shown in Figure 17. We dis-
tinguish two output stabilization intensities, a strong one
(c2 = 2) and a normal one (c2 = 0.5). (Note that the
results reported in the “normal stabilization” column are
the same reported supra). The results lend themselves to
the following interpretation.

First, by increasing the intensity of output stabilization,
the central bank ensures that the bad trajectory becomes
significantly less bad. This can be seen from the impulse
responses of output. Under normal stabilization, there is a
deep negative trajectory. This downward movement of the
bad trajectory is significantly reduced under strong stabili-
zation. The good trajectory is pretty much unchanged
when stabilization is strong. Another way to see this is pro-
vided by the histograms of the output gap. Under strong
stabilization, we observe that the peaks of the bimodal dis-
tribution are closer to each other, and that this is achieved
by a movement of the “bad peak” to the right and closer to
the “good peak.” Thus, stronger stabilization achieves a
less severe downturn in the bad trajectory.

All this comes at a price, though. When output stabili-
zation is strong, we observe that the bad and the good
inflation trajectories produce an inflation trajectory that
is more protracted. In other words, stronger output stabi-
lization leads to inflation that lasts longer after a supply
shock.

We have seen in previous sections that large shocks
endanger the trust of economic agents in the central

bank. We also found that a breakdown of trust is more
likely when large supply shocks hit the economy, and
less so when large demand shocks occur. How can the
central bank affect trust after large supply shocks?

We answer this question by analyzing how the degree
of output stabilization (measured by the Taylor parame-
ter, c2) affects trust. We focus on a large negative supply
shock and compare the case of “normal” output stabiliza-
tion and “strong” output stabilization. As in the previous
section, in the first case, we set c2 = 0.5, in the second
case, we set c2 = 2. We show the results in Figure 18.
Instead of showing all the 1000 trajectories of the infla-
tion and output credibility indicators (as we did in Fig-
ures 7, 11, and 14), we take the mean of these
trajectories. We also concentrate on the bad trajectories
(black) because, as we have shown, it is in these bad tra-
jectories that credibility is most affected. In addition,
while the mean of the good and bad trajectories together
is not very meaningful because of the bimodal distribu-
tion (see Section 6.1 where we elaborated on this), the
mean of the bad trajectories is a meaningful representa-
tion of what happens in these bad trajectories. We
observe from Figure 18 that when the central bank
increases its ambition to stabilize output (c2 increases
from 0.5 to 2), inflation and output credibilities decline
significantly after the supply shock. We see this from the
fact that after the supply shock inflation and output cred-
ibilities drop to 0, they remain stuck at zero longer when
output stabilization is strong. Thus, when large negative
supply shocks occur, a central bank that aggressively pur-
sues output stabilization will suffer a loss of trust longer
than a central bank that pursues output stabilization
more cautiously.

6.3 | Supply shocks: some historical
perspective

Our results have some relevance to understand the expe-
rience of the 1970s with the supply shocks and the recent
covid supply shock. Preceding the supply shocks of the
1970s, there had been a buildup of inflation and infla-
tionary expectations. See Figure 19 showing the US
inflationary experiences during 1975–1990 and Figure 20
during 2014–21. We observe from Figure 19 that prior to
the oil shock of 1979, which doubled the oil prices, infla-
tion and inflation expectations were very high, the latter
exceeding 5%. Our model predicts that with these initial
conditions, the recovery would take a long time. This is
also what happened. We observe from the same figure
that the output gap started a long decline that reached
�8% in 1982. The recovery also took a long time. The
output gap reached 0% only in 1988. Thus, the decline in
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economic activity after the 1979 oil shock was long and
protracted and lasted almost 10 years. This is also what
happened for many countries with a prior history of sig-
nificant inflation, after the second oil shock of 1979.

According to the World Bank (2021), the world GDP
growth rate took 5 years to return to its pre-1979 level of
4.2%. This growth rate was only reached in 1984 again.
The trajectory of this protracted recovery also followed

FIGURE 17 Transmission of large supply shock under strong and normal stabilization.
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the prediction of our model: given the inflationary envi-
ronment, the supply shock of 1979 “forced” many central
banks, in particular the US Federal Reserve under Paul
Volcker, to raise the interest rates, thereby intensifying
the economic downturn. See also Bernanke et al. (1997)
who find that the negative output effects of the supply
shock (oil shock) of the 1970s were the result of the
restrictive monetary policies that the supply shock
triggered.

The Covid supply shock of 2020 was preceded by a
period of low inflation and low inflationary expectations
in most industrialized countries. In Figure 20, we show
the US experience. Our model predicts that this should
make a quick recovery possible, mainly because the cen-
tral banks did not worry about the inflationary conse-
quences and therefore could actually follow expansionary
monetary policies. It appears today that a relatively quick
recovery occurred in the United States. Something

FIGURE 18 Trust under strong and normal stabilization (large supply shock).

FIGURE 19 US inflation expectation, inflation, and output

gap (%): quarterly data 1975–1989.

FIGURE 20 US inflation expectation, inflation, and output

gap (%): quarterly data 2014–2021. Source: Federal Reserve Bank of

St Louis.
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similar happened in the Eurozone. We show this in
Figure 21 which presents the real growth rates of GDP in
the Eurozone together with inflation and inflationary
expectations. We observe like in the United States that
inflation and inflationary expectations were very low
prior to the Covid-shock and that the recovery in 2021
was spectacular. It is also useful to look at Figure 1
(in Section 1) showing a measure of trust in the ECB.
This is the percentage of EU citizens that respond they
have confidence in the European Central Bank. We
observe that from 2014 on, there was a steady increase in
trust in the ECB. As a result, when the pandemic shock
occurred, the hands of the ECB were freed to pursue a
highly stimulatory monetary policy. This, together with
expansionary fiscal policies, made it possible for the eco-
nomic recovery to be very fast until in 2022 a new shock,
the Ukraine war occurred, which led to a negative supply
shock.

The previous discussion implies that history matters.
A history of high inflation and expectations of inflation
condition the impact of a supply shock and is likely to
produce bad outcomes of this shock. In contrast, a history
of price stability makes it possible for the economy to fol-
low a more benign trajectory after the same supply
shock.6

7 | CONCLUSION

In this paper, we have analyzed the importance of trust
in the transmission of demand and supply shocks in the
economy. We have focused on two dimensions of trust.
The first one relates to the credibility of the inflation tar-
get announced by the central bank. The second one is

trust in the capacity of the central bank to stabilize the
business cycle (output gap).

In order to analyze the importance of trust, we used a
behavioral macroeconomic model that is characterized
by the fact that individuals lack the cognitive ability to
understand the underlying model and to know the distri-
bution of the shocks that hit the economy. In such a
world, it is rational for these individuals to use simple
forecasting rules (heuristics) and to subject these rules to
a regular fitness test. As a result, these agents frequently
switch to the best performing rule. This allows us to give
a quantitative content to our two measures of trust.

Our main results can be summarized as follows.
Focusing on negative supply shocks we find, first, that
when the negative supply shock is sufficiently large
(3 standard deviations or more), there exist two trajecto-
ries of output. The first one, a “good” trajectory, implies a
relatively small decline of the output gap and a relatively
quick return to the steady state value; the second trajec-
tory, a “bad” one, follows a deep decline in output and a
slower recovery. A similar bifurcation between good and
bad trajectories is detected in the impulse responses of
inflation generating a good trajectory of rapid declines in
inflation and a bad trajectory characterized by a slower
decline in inflation.

Second, trust follows similar good and bad trajecto-
ries. We find that (after a large supply shock) in all the
bad trajectories of output and inflation, the credibility of
the central bank to maintain price stability drops dramat-
ically. Agents do not trust the central bank anymore: the
fraction of agents that use the inflation target as their
forecasting rule drops to zero, and they all use the extrap-
olative rule to make inflation forecasts. At the same time,
trust in the capacity of the central bank to stabilize out-
put also drops to its minimum value. These features are
absent in the good trajectories.

Third, we find that initial conditions matter a great
deal in determining which trajectory will be chosen. In
order to get stuck into a bad trajectory, the initial condi-
tions must be bad; that is, there must be high inflation
expectations. These bad initial conditions make it possi-
ble for the large negative supply shock to push the system
towards the limits of zero credibility. As a result, the
mean reverting processes (negative feedback rule) in
the forecasting behavior of agents are switched off, and
forecasting is purely extrapolative (positive feedback
rule). This means that along this bad trajectory, the forces
that push towards a return to equilibrium are weak.

In contrast, when the initial conditions are favorable
(low inflation expectations), the same negative supply
shock does not push credibility against its limits. In that
case, mean reverting processes in the forecasting behav-
ior continue to do their work of softening the impact of

FIGURE 21 Eurozone inflation forecast, inflation, and GDP

growth(%): quarterly data 2014–2021. Source: Eurostat inflation
forecast (ECB), GDP growth, and inflation (Eurostat/OECD). Note:

We use the growth rate of GDP because a Eurozone-wide output

gap is not available. Inflation forecasts are obtained from the ECB

Survey of Professional Forecasters (SPF). Eurozone-wide forecasts

by households prior to 2020 are not available, in contrast to the

United States.
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the supply shock and one ends up in a good trajectory.
Thus, favorable initial conditions work as a buffer pre-
venting large shocks from hitting the boundaries and
preventing a collapse of trust.

Summarizing these three results, one can conclude
that large negative supply shocks that arise under unfa-
vorable initial conditions lead to a loss of trust in the cen-
tral bank's capacity to stabilize inflation and output. This
intense loss of trust amplifies the negative effects of the
supply shock. Thus, trust is the key in smoothly returning
the economy to equilibrium. Trust allows mean reverting
dynamics to do its work to bring the economy back to
equilibrium. Conversely, absence of trust makes the
economy less resilient to absorb large exogenous shocks.
When trust is absent, the economy is adrift lacking an
anchor that is needed to stabilize the economy after a
shock.

The results obtained for large negative demand
shocks are similar to the ones obtained for large supply
shocks, that is, emergence of good and bad trajectories,
correlation with trust, and importance of initial condi-
tions in determining the nature of the subsequent trajec-
tories. There is a difference though. In general, the loss of
trust in the central bank is much less pronounced when a
negative demand shock occurs. This has to do with the
fact that after a negative demand shock, the central bank
is not put into a dilemma situation (as it is after a nega-
tive supply shock). As a result, the central bank can keep
inflation closer to its target more effectively and main-
tains much of its credibility.

Finally, we analyzed two policy issues. First, we
found that in a world were impulse responses to shocks
have a non-Gaussian distribution, the standard practice
of representing these impulse responses in a mean–
variance framework is misleading. The main business of
macroeconomists is to produce conditional forecasts, that
is, producing mean effects of some shock and a band of
uncertainty around the mean. This could be a policy
shock, a demand and supply shock, and many others. In
a non-Gaussian world, these conditional forecasts cannot
be trusted. We introduced the notion of ambiguity. There
is strong ambiguity about the effects of shocks because
the same shock can lead us into different universes of
adjustment.

Second, we found that output stabilization by the cen-
tral bank matters. Negative supply shocks create important
threats to trust in the central bank and in the economy, all
the more so when central banks pursue aggressive policies
of output stabilization. Trying harder to stabilize output
after a supply shock only makes matters worse.

Our results have some relevance to understand the
experience of the 1970s with the large supply shocks and
the recent covid supply shock. Preceding the supply

shocks of the 1970s, there had been a buildup of inflation
and inflationary expectations. Our model predicts that
with these initial conditions, the recovery would take a
long time. This is also what happened for many countries
with a prior history of significant inflation.

The Covid supply shock of 2020 was preceded by a
period of low inflation and low inflationary expectations.
Our model predicts that this should make a quick recov-
ery possible, mainly because the central banks did not
worry about the inflationary consequences and therefore
could actually follow expansionary monetary policies. It
appears today that a relatively quick recovery occurred
during 2021, until unfortunately a new large shock
occurred, the Ukraine war.

Our analysis implies that history matters. A history of
high inflation and expectations of inflation condition the
impact of a supply shock and is likely to produce bad out-
comes of this shock. In contrast a history of price stability
makes it possible for the economy to follow a more
benign trajectory after the same supply shock.
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ENDNOTES
1 The literature on how trust affects economic behavior and ulti-
mately economic growth and development is substantial. It is not
the place here to present an exhaustive survey. Here are a few rep-
resentative references: Arrow (1972), Putnam (1993, 2000),
Fukuyama (1995), Knack and Keefer (1997), La Porta, et al.
(1997), Guiso et al. (2000), Glaeser et al. (2000), Acemoglu et al.
(2003), Beugelsdijk et al. (2004), Akçomak and ter Weel (2008),
Dasgupta (2010), Tabellini (2010), Algan and Cahuc (2010, 2013),
and Bjørnskov (2018).

2 Note: Uf ,t ¼�P∞
k¼0

ωk yt�k�1� ~Ef ,t�k�2yt�k�1

� �2
and Ue,t ¼�P∞
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� �2
.

3 Note: U 0
f ,t ¼�P∞

k¼0
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� �2
and U 0

e,t ¼�P∞
k¼0
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πt�k�1� ~Ee,t�k�2πt�k�1
� �2

.
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4 We obtain this probability based on the coefficient of inflation
expectation in Table 2, column 1. To obtain the marginal effect at
the steady state, we use cumulative distribution function of the
standard normal distribution, Φ (132.27*0.05) = 1.

5 We obtain this probability based on the coefficient of output gap
expectation in Table 2, column 2. To obtain the marginal effect at
the steady state, we use cumulative distribution function of the
standard normal distribution Φ(68.99*0.05)≈ 1.

6 This conclusion is also confirmed indirectly by Bobeica
et al. (2020, 2021). These authors find that the wage price spiral
tends to be more intense after a supply shock when initially high
inflation expectations prevailed in the Eurozone and the
United States.
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APPENDIX A

The importance of memory
Memory appears in the model when agents evaluate

the performance of their forecasting rule. They do this by
computing the forecast errors they made in the past. We
used a parameter, ρ, that guides the exponentially declin-
ing weights given to the past. In the simulations reported
in the previous sections, we set ρ= 0.5, which implies
that they give a 50% weight to the last observation and
50% to the preceding history. We want to know how the
results are affected when agents have different memories.
We distinguish between short memory and long memory.
In the short memory scenario, we set ρ= 0.1, which
implies a weight of 90% to the last observation and 10%
to the preceding history. In the long memory scenario,
we set ρ= 0.9, implying that the last observation gets a
weight of 10% and the preceding history 90%.

We show the results in Figure A1 where we compare
the short and long memories with “normal” memory
obtained when ρ= 0.5 (which is the assumption used in
the results reported previously). We find that a short
memory tends to create a clearer separation between
good and bad trajectories when compared to a long mem-
ory. The interpretation is that when agents have short
memories, the initial conditions get a higher weight.

Agents remember mostly what happened just prior to the
shock. Thus, when the initial conditions are bad, this will
reverberate stronger when agents do not remember the
past history well. Conversely, when memory is long,
the events farther in the past get a higher weight so that
the initial conditions do not play the same strong role in
pushing the economy into a good or bad trajectory.

The bottom charts in Figure A1 show the evolution of
the mean inflation credibility after the supply shock.
Instead of showing all the 1000 trajectories of the infla-
tion credibility indicators (as we did in Figure 7), we take
the mean of these trajectories. We also concentrate on
the bad trajectories (black) because, as we have shown, it
is in these bad trajectories that credibility is most
affected. In addition, while the mean of the good and bad
trajectories together is not very meaningful because of
the bimodal distribution (see Section 7 where we elabo-
rate on this), the mean of the bad trajectories is a mean-
ingful representation of what happens in these
trajectories. We find, not surprisingly, that credibility of
the central bank is restored quicker when agents have
short memories, whereas it takes much longer for credi-
bility to be restored when memory is long. In the latter
case, once credibility is lost, this loss tends to propagate
longer into the future. (We find similar results for output
credibility).
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FIGURE A1 The importance of memory.
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