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Abstract 
 
When inflation picks up, central banks are most concerned that the de-anchoring of inflation 
expectations and the ignition of wage-price spirals will trigger inflation dynamic instability. 
However, such scenarios do not materialize in the standard New Keynesian theoretical framework 
for monetary policy. Using a simulative model, we show that they can materialize upon 
introducing in particularly strong doses boundedly-rational expectations that de-anchor 
endogenously, as they are updated according to the actual inflation process, with indexed wages, 
and persistent inflation shocks. In these cases, a more hawkish central-bank stance on inflation 
expands the stability region of the system, which however remains bounded. On the other hand, 
the critical combinations of factors that trigger instability can be regarded as extreme in empirical 
terms, while in "normal times" the system is resilient to shocks and expectation de-anchoring even 
with more dovish monetary policy. 
JEL-Codes: E170, E300, E500. 
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1. Introduction 

 

 Since the outbreak of post-pandemic global inflation in the course of 2021, alleged 

risks of jumping onto an explosive inflationary path figure prominently in the concerns 

of all major central bankers as a compelling motivation for them to shift to a restrictive 

stance. The experience of the 1970s is often invoked. Such risks are attributed to the 

interplay between the persistence of inflation shocks, de-anchored inflation expectations 

and wage indexation (wage-price spiral) (Bailey 2022, Powell 2022, ECB 2022). History 

teaches that inflationary processes can indeed spiral out of control. When this happens, 

inflationary expectations and indexation are often among the culprits (Alvarez et al. 

2022, Ari et al. 2023).  

 There are also dissenting voices: one example is Rudd (2021), who questions both the 

theoretical and empirical soundness of the overarching importance attributed to 

expectations in inflationary processes. Regarding the leading macroeconomic 

framework for monetary policy of the New Keynesian (NK) type, it is somewhat 

paradoxical that one can hardly find a theoretical characterisation of de-anchored 

inflation expectations capable by themselves of generating dynamically unstable 

inflation processes, i.e. processes that deviate from the official target over time. In the 

standard NK model, all agents are assumed to hold the "one-period-ahead" rational 

expectation of inflation. By definition, these are a kind of de-anchored expectations, as 

they anticipate the actual inflation path and are contingent on macroeconomic news 

relevant to the inflation process (Gürkaynak et al. 2010, ECB 2021, see Section 2 below). 

Nevertheless, it has been demonstrated that inflation does converge to the target, 

provided that the central bank abides by the principles of inflation targeting, such as 

those epitomized by the Taylor rule (e.g., Bullard and Mitra 2002, Galì 2008). 

 Following Galì and Gertler (1999) and Blanchard et al. (2015), it has become common 

to partition agents and their expectations into those who are forward-looking and those 

who are backward-looking. The former may keep their long-run expectations anchored 

to the central bank's target, or they may seek to anticipate the short-run "one period 

ahead" inflation. The latter may track a particular series of past realizations of inflation. 

However, even these variations in the basic framework are not in themselves sufficient 

to undermine the dynamic stability of inflation (see Section 2 below). 

 Overall, the NK model economy is an economy that is well shielded against the 

threats of inflationary instability, unless inflation is driven by exogenous processes that 

are unstable in themlseves, which is generally ruled out, or the central bank fails grossly 

on the prescriptions of inflation targeting.  Of course, central banks can misbehave and 

make wrong decisions, but it seems equally (if not more) relevant to investigate whether 

there are other (less rational?) mechanisms of expectation formation such that the 
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general concern about risks of inflation dynamic instability is justified, orthodox 

monetary policy notwithstanding. 

 To this end, we start from the above-mentioned hypothetical partition between long-

run forward-looking expectations, which remain anchored to the inflation target, and 

short-run backward-looking expectations, but, following an idea of Gobbi et al. (2019), 

we introduce an endogenous expectation formation process in which the fractions of 

agents with anchored or de-anchored expectations are not predetermined, but change 

according to the observed realizations of inflation. The attitude of our agents towards 

the central bank's commitment to keep inflation on target follows the maxim "deeds not 

words". More formally, our agents update their probabilistic belief about the 

achievement of the inflation target according to the evidence of the inflation process 

itself, using a logit-like function. As a result, the larger the deviation of inflation from 

the target, the larger the proportion of agents that de-anchor their expectation, and the 

stronger the impulse to the inflation process.  

 We obtain a complex nonlinear system governed by four key parameters: the 

reactivity of the de-anchoring mechanism, the share of indexed wages, the inflation 

coefficient in the central bank's policy rule, and the magnitude of the initial shock. We 

analyse the system dynamics using simulations based on parameter values taken from 

the empirical literature, which allow us to identify the stability and instability regions 

of the system.  

 Our main finding is that the region of stability is bounded. The inflation process can 

indeed become dynamically unstable for particularly severe combinations of inflation 

shocks and their persistence, the endogenous de-anchoring of expectations and the 

share of wage indexation. The policy message is that when these conditions materialise, 

an appropriately recalibrated monetary policy, namely a stronger anti-inflationary 

stance, can keep the system within the stability region, up to a point. However, we also 

argue that the critical combinations of factors that trigger instability can empirically be 

regarded as extreme, or that the stability region is safely large, even with weaker anti-

inflationary stance.  

 In section 2, we present the baseline model, consisting of the NK three-equation 

model, which we use to substantiate the above paradox.  In Section 3 we elaborate our 

alternative model of inflation expectation formation, and in Section 4 we also introduce 

a share of indexed wages that keep pace with inflation but also feed back on it. Section 

5 presents a series of simulations in which we explore the parameter space, both globally 

and pairwise, in order to identify the regions of stability/instability of the system. 

Section 6 offers some concluding remarks on the implications of our results for monetary 

policy. 
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2. Inflation and expectations in the standard New Keynesian 

model 

 

  We conduct our analysis using the reduced form of the standard NK "three-equation" 

model, which is reproduced in the Appendix. The well-known three equations consist of 

the IS curve, which determines the market-clearing level of output, the Phillips curve 

(PC), which determines the level of inflation associated with the level of output, and the 

central bank's Taylor-type reaction function, which determines the policy rate.   

 The reduced form is rarely found in the relevant literature, although 

methodologically it is the most efficient and consistent way to examine the properties of 

a model, and in particular the partition between exogenous and endogenous variables 

and the relationships between the former and the latter.  

 The endogenous variables are the inflation rate πt, the output yt and the policy 

interest rate it, all expressed as log-deviations (^) from the respective target (steady-

state) values (π*, y*, i*), which for simplicity are assumed to be constant. The exogenous 

variables, in addition to the targets of the endogenous, are an expectation term of 

inflation held at time t πe
t, and an inflation shock uπt (e.g. an energy cost shock, see 

Appendix) in excess of the value of the inflation target. This is the only shock that we 

consider. The dynamic characteristics of these variables will be discussed later. The 

model is therefore: 

(1) (a) π̂ t = a1(πe
t − π*) + a2uπt   

  (b) ŷ t = b1(πe
t − π*) + b2uπt 

  (c) tî =  c1(πe
t − π*) + c2uπt  

 The coefficients an , bn , cn  (n = 1, 2) are combinations of the parameters of the three 

source equations in Appendix. In their standard specification the signs of the coefficients 

are the following: 

  0< a1 < 1, 0 < a2 < 1, b1 < 0 , b2 < 0, c1 > 0, c2 > 0. 

 The transmission of an inflation shock uπt > 0 to the three endogenous variables goes 

through an increase in the inflation gap (a2), which triggers an increase in the policy 

rate (c2), which feeds back onto the output gap (b2). In particular, b2 < 0 is key to the 

stabilisation of inflation and it necessarily depends on the response of monetary policy 

to excess inflation, i.e. φπ > 0. Note that  φπ = 0 would determine b2 = 0, i.e. inflation 

shocks would have no effect on aggregate demand and output, as well as a2 = 1, i.e. 

inflation shocks would have a permanent effect on the inflation gap.  

 Let us now focus on the role of inflation expectations, i.e. the way in which the 

variable πe
t is determined. An important but often neglected distinction is that between 

long-run and short-run expectations (e.g. Hooper et al. 2019, Rudd 2021). The concept 

of long-run expectations concerns the (rational) anticipation of whether or not the 

system will settle down to its steady state, i.e. whether or not inflation will return to its 
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target. Indeed, this seems to be the main task of central banks, according to their 

repeated statements (Rudd 2021, Lane 2022, Gopinath 2022, Carvalho et al. 2023).  

 As long as expectations remain anchored, πe
t = π* all t, system (1) shows that the 

inflation path is dictated by that of the shocks. A common characterization of shock 

processes in macro-models is by means of a first-order autoregressive process: 

  uπt = θuπt-1 + επt 

where εt is a white-noise i.i.d. process and 0 < θ < 1. Substituting this process into the 

system (1), it is easily seen that the parameter value 0 < a2 < 1 (φπ > 0) guarantees 

convergence to the inflation target. It is only if θ > 1, i.e. the shock is dynamically 

unstable in itself, that inflation would never converge to the target no matter how 

monetary policy is engineered. 

 One of the fundamental specifications of the NK model, with the PC based on the 

optimal pricing model by Calvo (1983), instead displays the short-run "one-period-

ahead", (rational) expected value of inflation as of time t, πe
t = Etπt+1. This specification 

introduces an additional dynamic component to system (1). 

 As demonstrated by several authors (e.g. Bullard and Mitra 2002, Galì 2008), as long 

as the endogenous variables and their expected values can be treated as free variables, 

and the solution of first-order difference equations can be applied, the parameter value 

0 < a1 < 1 is also a necessary and sufficient condition for dynamic stability. This 

condition is satisfied for   

(2) 
( )( )1 1

1
y

π
− β + φ η

φ > −
κη

  

 Two points should be emphasized. First, as also established by Woodford (2003, pp. 

253-254), dynamic stability is a property depending on the (φπ, φy) relationship with the 

structural parameters of the economy. The (φπ, φy) relationship (2) can be read as a 

stability constraint along which the central banks can choose its preferred combination 

of the two parameters. As can be seen, the so-called Taylor Principle φπ > 1 (raise the 

interest rate by more than the inflation gap to obtain a higher real interest rate) is 

sufficient but not necessary. A possible solution may well be φπ < 1, which we may dub 

"weak" inflation targeting. 

Second, expectations modelled in this way are by construction de-anchored from the 

inflation target. Applying the rational expectations hypothesis to the inflation-gap 

equation (1)(a), so that the expectation term is the statistical expected value of the data 

generation process, the result is: 

(3) 1 1 2 2 1E = E Et t t t t tˆ ˆa a u+ + π +π π +   

 If the shock follows a random walk, then uπt is the best predictor of uπt+1. If the shock 

process has some predictable pattern this ought to be embodied in the expectation. In 

any case, the short-run rational expectations would appear to be de-anchored as they 

follow the common empirical definition of being contingent on macroeconomic news, 
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provided that such news is to some extent relevant to the inflation process (Gürkaynak 

et al. 2010, ECB 2021).  

 Nonetheless, iteration and substitution of (3) into (1)-(a) yields 

(4) 1 2 1E ( E )n n
t t t n t t n tn

ˆ ˆa a a u u+ π + ππ = π + +  

which shows that the condition 0 < a1 < 1 ensures that, as n → ∞, the expectation term 

vanishes and the inflation process is driven only by the (possibly anticipated) sequence 

of the shocks, similar to the case with anchored expectations. Therefore, the conditions 

of dynamic stability built into the system (1) also imply that de-anchored expectations 

are not per se a cause for concern.  

 On the other hand, this property of the system underpins the assumption that long-

run expectations remain rationally anchored, while at the same time they  are conducive 

to the dynamic stability of inflation. This mutual consistency can be dubbed as a "good 

long-run equilibrium".  

 We may therefore conclude that the standard NK model for monetary policy seems to 

represent an economy quite resilient to the de-anchoring of inflation expectations. Are 

there ways whereby expectations are formed such that worries that inflation dynamic 

stability is impaired are justified? In the subsequent part of the paper we shall seek to 

answer this question. 

 

3. Modelling the de-anchoring of expectations 

 

 The distinction between long-run and short-run expectations cuts across the 

distinction between forward-looking and backward-looking expectations introduced by 

Galì and Gertler (1999) (which is equivalent to the distinction between fully rational 

and boundedly rational expectations). The long-run and short-run types of expectations 

mentioned above are both forward-looking and fully rational (provided that the stability 

conditions of the system are satisfied). In the well-established formulation of the PC 

proposed by Blanchard et al. (2015) (see also Hooper et al. 2019), the expectation term 

is a weighted average between a measure of a long-run and a short-run component. The 

former also provides the anchor for the inflation target, while the latter does not and 

introduces a backward-looking component, namely the average inflation over the 

previous four quarters.   

 Let us call λ the weight of long-term expectations anchored to the target, so that  1 − 

λ is the weight of short-term de-anchored expectations, and define  

   
4

1

1
( 4)

4
t n

n

ˆ ˆt −
=

π − ≡ π  

Therefore,  

(5) πe
t+1 − π* = (1 − λ) ( 4)ˆ tπ −  
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so that the inflation-gap equation (1)(a)  becomes2 

(6) π̂ t = a1(1 − λ) ( 4)ˆ tπ −  + a2uπt  

 Note that this formulation changes the dynamic structure of the system. Since the 

inflation gap becomes an autoregressive process, the weight of de-anchored expectations 

comes to play a critical role in the stability condition (see also Hooper 2019). However, 

as long as a1 < 1, λ < 1, and a1(1 − λ) < 1, such de-anchored expectations certainly 

contribute to the further amplification of the inflation process, but they are not by 

themselves a cause of dynamic instability. 

 As to the fraction of anchored expectations λ,  Blanchard et al. (2015) estimated a 

value of around 0.5 for the US in the high-inflation period 1975-85 and showed that it 

rose steadily over the following twenty years, before stabilising at around 0.7. This 

result is confirmed by further estimates (Hooper et al. 2019). The evidence of the time-

varying share of anchored (de-anchored) expectations has led us to propose a 

reformulation of the expectation formation hypothesis (5) where λ is itself endogenous 

to the inflation process. 

 Following an idea put forward by Gobbi et al. (2019), we interpret λt as a measure of 

the agents' confidence in the central bank's ability (willingness) to drive the inflation-

gap process towards zero. The simple and plausible motto of agents might be "deeds not 

words". In this view, λt ∈ [0, 1] can be interpreted as the probabilistic belief that agents 

hold at time t about whether or not the current inflation gap is transitory and 

converging to zero. They then inductively revise their belief according to the ongoing 

evolution of the inflation gap3. The fall of  λt below 1 denotes the de-anchoring of 

expectations, as it is triggered by, and presents itself as "sensitive" to, current 

information on the state of the economy. The larger and more persistent the inflation 

gap, the lower λt, and the stronger the path-dependence of inflation in equation (6).  

 Before developing our model of endogenous λt, we want to anticipate two features 

highlighted by equation (6). First, as λt approaches zero, and the shock peters out, the 

actual path of inflation becomes increasingly dominated by the component of the de-

anchored expectations.4 This mechanism therefore seems to be able to explain central 

banks' engagement to curb inflation "credibly", which here means quickly enough to 

prevent a substantial fall in λt.
5 On the other hand, if  the condition a1 < 1 holds, then 

 
2 Of course equation (5) should be substituted also in equations (1)(b) and (1)(c) 
3 This hypothesis mimics a Bayesian behaviour. Theoretically, we may rely on a broad notion 

of rationality such that expectations are formed consistently with available knowledge of the 

generation process of the relevant variable (Evans and Honkapohja 2001, Kurz 1994, 2011, 

Garcìa-Schmidt and Woodford 2019). Models in the same vein have gained attention during the 

past decade of low inflation – low output "liquidity traps" (e.g. Arifovic et al. 2017, García-

Schmidt and Woodford 2019, Evans and McCough 2018). 
4 The interplay and transmission from short-run to long-run expectations is also examined by 

Carvalho et al. (2023).  
5 The critical role of  the "relative speed" of the policy rate vis-à-vis expected inflation can also 

be found in Woodford (2003, ch. 2). 
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even in case λ were to fall to zero, fully de-anchored expectations would amplify the 

inflation process, and make it more persistent, but  they would not yet be sufficient to 

generate its permanent deviation from target. 

 

3.1. The de-anchoring function  

 For the reasons explained previously, key to our model of λt is its relationship with 

the current state of the economy, i.e.: 

(7) λt = f(zt)  

where zt is an information set of variables observed up t. We restrict this set to the 

lagged inflation gap as in equation (5), i.e.: zt ≡  ( 4)ˆ tπ − . 

 We want this function to have the following properties: 

  (i)   f(0) = 1 

 (ii)  limz→+/−∞ f(zt) = 0 

(iii)  fz(0) = 0  

 The first condition states that with zero inflation gap expectations are fully anchored 

to the inflation target. The second states that as the inflation gap grows unboundedly, 

λt tends to 0 (de-anchoring is maximal).  The third condition ensures that λt is bounded 

at 1 when the inflation gap is zero.  

 A suitable formalisation is provided by logistic maps such as (8) below, which have 

wide applications in inference problems like that of the agents in our model, that is to 

say transform observed variables into probabilistic assessments of the occurrence of an 

event (here the event is the convergence of current inflation to the inflation target)6:  

(8)  
2

( )
( 1)

t

t

z

t z

BCe
f z A

Ce

−σ

−σ= +
+

 

The three required conditions are determined by the following parameter values: 

   A = 0, B = 4, C =1  

so that we obtain: 

(9) 
2

4

( 1)

t

t

z

t z

e

e

−σ

−σλ =
+

 

which we shall call "de-anchoring function" (DA function). 

 The parameter σ regulates the curvature of the DA function, i.e. the reactivity of λt 

in response to any observed zt ≠ 0.7 Figure 1 portrays the function for increasing values 

of σ. Thus, high σ may be appropriate when confidence in the central bank is volatile, 

possibly as a consequence of lack of past reputation, whereas high reputation may be 

reflected in low σ. Note, however, that starting with low σ does not prevent λt from 

falling if inflation gaps are sufficiently large and persistent. 

 
6 The most popular application to binary exclusive events as is our case is the so-called logit 

model, where zt is a linear combination of observed variables 
7 It plays a role analogous to the gradient of recursive revisions of estimated parameters in 

econometric learning models of the data generation process (Evans and Honkapoja 2001). 
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Figure 1. The DA function with different values of σ 

 

  

3.2. Simulations 

 The endogenization of λt by way of the DA function creates a truly endogenous 

mechanism of expectation formation which interacts dynamically with the evolution of 

inflation. For the reader's convenience we report here our complete system: 

(10) (a) π̂ t = a1(1 − λt)zt+ a2uπt   

   (b) ŷ t = b1(1 − λt)zt + b2uπt 

   (c)  tî =  c1(1 − λt)zt + c2uπt 

   (d) 
2

4

( 1)

t

t

z

t z

e

e

−σ

−σλ =
+

 

   (e)  zt =  ( 4)ˆ tπ −  

   (f)   2
1 2 0tu t tπ = θ − θ + ε , t = 0, 1, … 

 To explore the properties of such a system it is necessary to resort to numerical 

simulations, and here we are going to present the most informative results. 

 The calibration of the parameters an , bn , cn  (n = 1, 2) by means of consensus empirical 

values is presented in the Appendix. In the absence of direct evidence om the parameter 

σ we have resorted to the indirect evidence provided by estimates of λ. To replicate the 

value of λt = 0.5 at the peak of the inflation process, which is the historically low value 

of λ associated with historically high inflation estimated by Blanchard et al. (2015), we 

have found the value σ = 0.16.  As mentioned above, the empirical consensus is that the 

anchoring of expectations in advanced countries has been incresing over time (σ has 

been decreasing). The constant monitoring of expectations at various time horizons by 

the central banks in the course of the recent upsurge of inflation has shown a substantial 

anchorage (De Guindos, 2023; Lane, 2024). We have therefore set the baseline value of 

σ = 0.1. 

0
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 For our simulation we have chosen an "unfriendly" shock that mimics the hump-

shaped time profile of the energy prices we have been observing since 2021. To this end, 

we have elaborated a "time-quadratic" process like the following8: 

(11) 2
1 2 0tu t tπ = θ − θ + ε , t = 0, 1, …. 

where ε0 is a random initial shock, and the quadratic map traces the subsequent 

evolution (Figure 2). The two parameters θ1 and θ2 regulate the peak and the length of 

the process respectively. For the purely illustrative purpose of the simulation, we have 

chosen ε0 = 5%,  θ1 = 2, θ2 = 0.3 so that the shock peaks at 8.3% (above the inflation 

target) in three quarters, and peters out in nine quarters.  

 
Figure 2. Dynamic path of the time-quadratic shock 

 

  Panel (a) of Figure 3 shows the dynamic paths of  inflation, expected inflation, output 

and policy rate as percent gaps from the respective targets under flexible inflation 

targeting (φπ = 1.5, φy = 0.5).  

  
Figure 3. Simulation of system (10) under flexible inflation targeting 

(ε0 = 5%, σ = 0.1) 

   (a) Inflation (p), expected inflation, output and            (b) Share of anchored expectations 

              policy rate (gaps in % points) 

      

 

 
8 Think of it as the quadratic interpolation of the time series of an energy price index. 
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  The first observation is that the dynamic path of the inflation gap (and of the other 

variables as well) is dictated by the hump-shaped path of the shock.  As anticipated in 

Section 2, this is a general property of this class of models. However, a sizeable 

amplification of the inflation process is generated by the de-anchored component of 

expectations, which adds further 1.3 points to reach the peak value of π̂ t = 8.4%. 

Nevertheless, the system remains dynamically stable. In fact, panel (b) shows that λt 

falls to 0.86 after five quarters when zt = 8.3%, but then it recovers as monetary policy 

brings the inflation process under control. 

 What role does monetary policy play? As explained in Section 2, the TR-based 

monetary policy is key to achieving dynamic stability in the long run, but it should also 

be stressed that nothing else should be expected on the front of "the fight against 

inflation".  Let us consider the central bank moving from flexible to pure inflation 

targeting, obtained by setting φy = 0. Figure 4  shows the consequent differences in the 

paths of the inflation, output and policy-rate gaps.  

First of all, enhancing the anti-inflation attitude of the central bank does not change the 

dynamic profile of inflation. If the path of the shock is hump-shaped, so will be the path 

of the inflation process:  inflation will return to its target when the shock has dissipated, 

regardless of the monetary policy stance. The only difference monetary policy can make 

concerns the trade-off between smaller (larger) inflation gaps and larger (smaller) 

output gaps along the dynamic path. As can be seen, pure inflation targeting reduces 

the quarterly average inflation gap by 0.1% while increasing the negative output gap by 

0.3%. This is achieved by tightening the policy rate by an additional 1% on average. 

Indeed, this is nothing other than the inflation-output variability trade-off embedded in 

the Taylor Rule. 

 
Figure 4. Simulation of system (10) under pure inflation targeting. Differences of % gaps of 

inflation (p) output and policy rate from flexible inflation targeting (Figure 3) 

 

 

 

   This simulation, athough it designs an unfriendly environment, confirms what was 

said above analytically: as long as the TR-based monetary policy ensures that the 
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condition a1 < 1 holds, inflation remains dynamically stable despite  the endogenous de-

anchoring of expectations and their spiralling with the inflation process. 

  

4. The wage-price spiral 

 

 We now wish to introduce the other common source of concern about the dynamic 

(in)stability of inflation, namely the wage-price spiral that can be triggered when 

nominal wages are indexed.  

 

4.1. Indexed wages  

 For the purposes of the simulation, indexation means that nominal wages are linked 

to the rate of change in prices in order to keep the real wage unchanged. Therefore, in 

steady state, nominal wages increase at the rate of the target inflation, and the following 

should be interpreted as marginal increases proportional to inflation gaps. 9 

 The most common schemes date back to Taylor's staggered wage contracts (Taylor, 

1980), or to extensions of the Calvo firm pricing scheme to wage setting (Galì 2008, 

2013). A common result is that only a fraction of nominal wage contracts, say γ, is 

renewed in line with inflation at each date. For symmetry with the expectation 

formation mechanism, renewed nominal wages are increased (above trend) by the 

average inflation gap of the last four quarters.  

 Wage increases are an additional source of cost push. The effect on the PC goes 

through the usual change in the marginal costs (see Appendix). If for simplicity we 

assume that the unit nominal cost of energy and of labour wm have the same weight in 

the marginal cost function, we can treat 

(12)  m ( 4)t
ˆŵ t= γπ −   

as an additional shock to equation (10)-(a) 

 Introducing both the de-anchored expectations and the wage indexation transforms 

the inflation-gap equation into the following autoregressive process 

(13) π̂ t = (a1(1 − λt) + a2γ) ( 4)ˆ tπ −  + a2uπt 

 As long as the shock process uπt is reversible, crucial for dynamic stability is only the 

condition that the autoregressive coefficient is lower than 1. Now this condition can no 

longer be taken for granted, but it can be thought of as a "frontier" between λt and γ: 

(14) 1 2

1 1

1
t

a a

a a

−
λ ≥ − + γ   

 
9 Our definition is consistent with the one adopted in empirical analyses such as Alvarez et al. 

(2022). Theoretically, Lorenzoni and Werning (2023) embed wage-price formation mechanisms 

in a distributional conflict over the actual real wage paid by firms and earned by workers, and 

hence they classify wage-price spirals depending on whether they aim at modifying the actual 

real wage. From this point of view, we are implicitly assuming a wage indexation mechanism 

the leaves the ruling real wage unchanged, and hence is distributionally neutral. 
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 There are four notable implications. First, what matters for stability is neither the 

share of de-anchoring nor that of indexed wages per se but their relative size. Second, 

the higher the share of indexed wages, the higher the anchoring of expectations should 

be; alternatively, lower anchoring requires also lower indexation. Third, as long as the 

stability condition is met, it remains true that the system can return to the zero-gap 

equilibrium. Fourth, in this new setup, the monetary policy stance is important for  

dynamic stability since it affects the condition (14). In fact, the parameters a1, a2 (the 

impact of expectations and the shock on inflation, respectively) depend on the inflation 

coefficient φπ in the TR in such a way that a higher coefficient relaxes the stability 

frontier. Less anchoring of expectations is necessary for any given wage indexation, or 

higher wage indexation is allowed for any given anchoring of expectations. 

 

4.2. Simulation 

 Let us follow the most common NK assumption that the fraction γ of contracts 

renewed at each date t is  γ = 0.25 as in Galì (2013). On a quarterly basis, this value 

means that the average duration of contracts is one year, an order of magnitude 

consistent with the evidence. For the parameter values used for simulations and γ = 

0.25, the stability threshold for λt is 0.18: see Figure 5 

 
Figure 5. Stability frontier  

  

 

 However, as noted above, the stability region can be extended by tightening the TR, 

i.e. by assigning a higher value to φπ. The dotted line in Figure 5 illustrates this point 

after an increase of φπ from 1.5 to 2.5.  

 Figure 6 repeats the simulation of Figure 3 with the standard TR and the addition of 

indexed wages. It shows that the system remains dynamically stable. The effect of the 

wage-price spiral is a further amplification of the inflation-gap process, with a higher 

peak (11.8% vs. 8.4%) and higher average gap per quarter (8.9% vs. 6%) (the same for 

the other variables). As a result, the de-anchoring of expectations is also greater (λt = 
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0.72 vs. 0.85 at the peak value of zt = 11.8%) but it remains well above the stability 

threshold. 

  
Figure 6. Simulation of system (10) with wage indexation (γ = 0.25) 

  (a) Inflation (p), expected inflation, output and      (b) Share of anchored expectations 

             policy rate (gaps in % points) 

   

 

 In Section 2 we showed that in the economic system represented by the standard NK 

model "one-period-ahead" rational expetations of inflation do not jeopardize the 

stabilization of inflation shocks in the long run, unless the shocks themselves are 

explosive. Here we have found that a particularly severe combination of shock 

persistence, strong reactivity of expectations to current inflation and wage indexation, 

such that condition (14) is violated, can indeed generate dynamic instability of inflation. 

To provide a more robust assessment of this finding, we now present the results of 

exploring the parameter space of our system (10)+(12). 

 

5. Exploring the parameter space 

 

 The key parameters that regulate our system's dynamics are four: the reactivity of 

the DA function to inflation gaps σ, the degree of wage indexation γ, the inflation 

coefficient in the TR φπ, and the initial inflation shock ε0.  Each parameter has been 

assigned the baseline value already employed above: 

   σ = 0.1, γ = 0.25, φπ = 1.5, ε0 = 5% 

 For each parameter we have also set a range of values containing the baseline one: 

   σ ∈ [0, 0.45], γ ∈ [0, 0.45], φπ ∈ [0, 2.5], ε0 ∈ [0, 10%] 

In the first place, given the baseline values of σ, γ, φπ, to what extent can the system 

absorb shocks? The answer we draw from our simulations is that the extent is limited. 

However, the maximum initial shock ε0 that the system can absorb is, empirically, large, 

i.e. in the neighbourhood of 9% above the target. 
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 We then took the parameters in pairs and simulated the dynamics of the system for 

all combinations of values of the parameter pairs, with the other parameters left 

unchanged at their initial values. In the pairwise graphs that follow, the baseline values 

are indicated by a dot. The final state of each pairwise simulation was classified as 

"stability" or "instability" depending on whether or not condition (14) was satisfied after 

20 runs. Final stability states are coded in yellow, final instability states are coded in 

blue.10 

 

5.1. The role of the reactivity of inflation expectations 

 The first critical parameter for stability to be examined is the reactivity of the DA 

function σ. In fact, it regulates the endogenous de-anchoring of expectations λt, and if 

the latter falls rapidly during the inflation process (high σ) it may violate the threshold 

established by condition (14) for the given share of indexed wages γ.  

 
Figure 7. The role of the reactivity of the DA function  

             (a) Pairing with entity of shocks        (b) Pairing with wage indexation 

      

 

 Figure 7(a) shows how stability is affected by different combinations of σ and initial 

inflation shocks ε0 . The stability region contains the baseline values of the two 

parameters, and in fact the simulation reported in Figure 6 shows convergence to the 

inflation target. The boundary of the stability region draws an inverse relationship 

between the two parameters: as is intuitive, the system is resilient to larger shocks to 

the extent that the reactivity of expectations to ongoing inflation is lower. The flatter 

part of the boundary indicates that σ becomes almost immaterial for stability for values 

below 0.1. We may say that central banks that enjoy good (past) reputation, and hence 

low reactivity of agents' expecations to current deviations of inflation from the target,  

are safely located far from the boundary.   On the other hand, the steeper part of the 

 
10 The simulations have been run for discrete steps of 0.001 for the parameters σ and γ and of 

0.01 for the parameters ε0  and φπ.  
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boundary warns that the stability region shrinks rapidly as  σ increases, i.e. smaller 

and smaller shocks can be accommodated.  

  A second important mechanism for the dynamic stability of our system is the 

interaction between σ and the degree of wage indexation γ, reported in Figure 7(b). In 

fact this exercise indirectly maps how the (λt, γ) stability condition (14) shifts in the 

parameter space. The baseline values σ = 0.1, γ = 0.25 lie in the stability region, as 

confirmed by the simulation reported in Figure 6. 

 The convex boundary of the stability region is consistent with equation (14): higher σ 

entails lower λt and hence lower γ is necessary for stability. The shape of the stability 

region indicates that the boundary is reached faster as σ increases for a given value of 

γ, than the other way round. In other words, high reactivity of expectations to current 

inflation poses a greater threat to stability than a high wage indexation when 

expectations are well anchored. On the other hand, the almost horizontal part of the 

boundary on the lower right-hand side of the map indicates that the system can absorb 

much greater reactivity of expectations when wage indexation is very low.  

 All in all, these exercises confirm that neither the de-anchoring of expectations nor 

the degree of wage indexation alone pose a major threat to inflation dynamics; rather, 

the threat comes from the combination of the two in particularly strong doses.   

 

5.2. The role of monetary policy 

 Let us now turn to an assessment of the stabilization capacity of monetary policy. 

The latter has been codified according to the inflation coefficient φπ in the TR, vis-à-vis 

the other critical parameters that regulate the system's dynamics. 

  
Figure 8. The role of monetary policy 

          (a) Pairing with entity of the shocks           (b) Pairing with the reactivity of the DA function

         
 

  

• 
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(c) Pairing with wage indexation  

 

 

 The first result that we present in Figure 8(a) is the mapping of φπ against the entity 

of the shocks ε0. In line with our previous remarks, the baseline values of the two 

parameters (φπ = 1.5, ε0 = 5%) fall well within the stability region, and, as said above, to 

the extent that all the other parameters remain at their baseline values the system can 

absorb inflation shocks up to about 9% above the target. Larger shocks would require 

higher values of φπ, i.e. a tighter reaction to inflation, as dictated by the upward-sloping 

boundary of the stability region.  

  On the other hand it should be noted that, in relation to lower values of φπ , smaller 

shocks can be absorbed, but the stability region does not vanish. Recall what was said 

in section 2: in the standard model the Taylor Principle  φπ > 1 is sufficient but not 

necessary for dynamic stability. This holds true in our model, too, for values of φπ < 1 

that we may classify as "weak" inflation targeting.  

 The second important pairing to be examined is between φπ and the reactivity of the 

DA function σ (Figure 8(b)). In fact, high σ determines a larger fall in the share of 

anchored expectations λt, but it was shown that higher values of φπ reduce the threshold 

value of λt thereby enhancing the system's stability. This property is confirmed by the 

map between φπ and σ. The boundary of the stability region shows that with φπ = 1.5 

monetary policy can stabilize the initial shock of 5% to the extent that σ < 0.2.  Higher 

values of σ would require steep increases of φπ , but the same point made above about 

"weak" inflation targeting (φπ < 1) still applies if σ  is sufficiently low.11 

 Finally, the same previous mechanisms can be examined from the side of the degree 

of wage indexation γ, in that γ could be too high with respect the given value of σ = 0.1 

and the consequent fall of λt during the inflation process. Thus, the next map shows how 

φπ should track γ in order to maintain dynamic stability (Figure 8(c)). The picture is 

quite different from the previous one. The stability region is much larger and barely 

 
11 This feature may offer an explanation of the puzzle due to the evidence of weak response to 

the 2021 upsurge of inflation (too little or no positive real interest rates) put forward by some 

critics of the Fed and the ECB (e.g. Orphanides 2023, Reis 2023) vis-à-vis the substantial 

stability of long-term inflation expectations.    

• 
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affected by γ. With the standard value of φπ = 1.5, or even much lower, monetary policy 

can withstand values of γ much larger than 0.25. This result may suggest that of the 

two mainconcerns of central banks, the de-anchoring of inflation expectations should 

prevail over the wage-prices spiral.12 

 

6. Concluding remarks 

  

 The post-pandemic resurgence of inflation has revived central banks' concerns about 

scenarios in which the de-anchoring of inflation expectations and the ignition of wage-

price spirals trigger inflation dynamic instability, i.e. the inability to bring inflation 

back to target. We moved from the paradox that the most developed and used theoretical 

framework for monetary policy, at least in its standard specifications, can hardly 

replicate such scenarios. This framework represents an economy with remarkable built-

in stabilization mechanisms, provided that the central bank adheres to the principles of 

inflation targeting and that shocks are not dynamically explosive on their own.  

 We showed that one way of providing a theoretical underpinning for the risks of 

inflation dynamic instability, and hence better policy guidance, is to reformulate the 

expectation formation mechanism in an economy where there is also a share of indexed 

wages. Our agents' attitude towards the central bank's willingness and/or ability to keep 

inflation on target follows the maxim "deeds not words". They revise their beliefs about 

the convergence of inflation to the target inductively, according to the evidence as it 

emerges. The more inflation deviates from the target, the larger the proportion of agents 

who de-anchor their expectations, and the stronger the boost to the inflation process. 

The result is a complex nonlinear dynamic system that depends on four key parameters: 

the reactivity of the de-anchoring mechanism, the share of indexed wages, the inflation 

coefficient in the central bank's policy rule, and the entity of the initial shock.   

 We examined the stability/instability regions of the system through simulations over 

a range of values of each parameter. Our results can be summarized as follows. First, 

the stability of the system is bounded. That is, there do exist combinations of parameter 

values such that inflation becomes dynamically unstable. Second, critical are 

combinations of large and persistent shocks (especially of the inverted-U shape we have 

been witnessing in the aftermath of the pandemic), high reactivity of the de-anchoring 

mechanism and a large share of indexed wages. Of the two main concerns of central 

banks, the de-anchoring of inflation expectations should prevail over the wage-price 

spiral. Third, in the face of the critical combinations of factors that trigger instability, a 

 
12 A recent IMF paper by Alvarez et al. (2022) examines the role of wage-price spirals during 

inflation episodes in a wide set of advanced countries since the 1960s, finding that "only a small 

minority of such episodes were followed by sustained acceleration in wages and prices. Instead, 

inflation and nominal wage growth tended to stabilize, leaving real wage growth broadly 

unchanged" (p. 1) 
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more hawkish stance on inflation expands the system's stability region, which however 

remains limited. Fourth, we can also say that these can be regarded as extreme events 

in the light of consensus empirical evidence, at least for the central banks that enjoy 

sufficiently high reputation, reflected in sufficiently low reactivity of  inflation 

expectations.   

 We conclude with a twofold remark. On the one hand, our findings may lend support 

to the argument that the threats of inflation running out of control posed by the de-

anchoring of expectations may be overestimated. First, such threats do not have a clear 

rationale in the mainstream macroeconomic framework for monetary policy, and they 

need better theoretical underpinnings beyond (severe) mismanagement of monetary 

policy. Moreover, our modified NK model still represents an economy that, except for 

extreme events (magnitude of shocks and/or de-anchoring of expectations), has robust 

in-built stabilization mechanisms (including "weak" inflation targeting), even in the 

presence of an endogenous de-anchoring process (plus possibly a wage-price spiral) 

capable of generating dynamic instability. On the other hand, the alternative hypothesis 

cannot be excluded that it is the underlying NK apparatus that overestimates the 

economy's inbuilt stabilization mechanisms − as it turned out to be the case with the 

Global Financial Crisis − with the consequence that better monetary policy modelling 

and advice for "hard times" would require deeper theoretical rethinking. 
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Appendix  

 

 The standard NK model for policy analysis consists of three equations determining 

at each date t, respectively, the level of inflation (Phillips Curve (A1)),  the level of output 

(IS equation (A2)), and the policy rate (Taylor Rule (A3)). The three equations are 

usually expressed  as log-rates of deviation form their SS values (or more commonly as 

"gaps").13  

(A1)  + ( )e
t t t ty y* uππ = βπ κ − +   

(A2)  ( )t ty y* i i*= −η −  

(A3)   ( ) ( )t t y ti i * * y y*π= + φ π − π + φ −   

 The inflation shock  uπt can be interpreted as an unanticipated increase in the unit 

price of any variable input (e.g. energy as well as labour), according to the following 

considerations. The NK PC is commonly derived as the log-linear combination at date t 

of the fraction of monopolistically competitive firms that reoptimize their price-quantity 

decision for any observed shock, and the complementary fraction of those who do not 

(the latter fraction is thus a measure of the "price stickiness" in the system).  

 The basis of the optimal pricing decision is the equality between marginal revenue 

and marginal cost, leading to the standard result of the supply price exceeding the 

marginal cost by a "mark up" which is a function of the elasticity of demand. Changes 

in the unit price of any variable input are thus transferred to the supply price taking 

into account the elasticity of demand and the technical coefficient of the input in the 

production function.  

 For precision, therefore, the shocks uπt  might be weighed by a parameter (as is the 

case with the output gaps), depending on the specific characteristics of the demand 

function, the production function, and on the fraction of optimising firms. Disregarding 

this quantitative detail, however, does not affect our treatment in an essential manner. 

 The reduced form of the three equations is given by the system (1) in the text, which 

is reproduced here for convenience 

  tπ̂   = a1(πe
t+1 − π*) + a2uπt   

  ŷ t = b1(πe
t+1 − π*) + b2uπt 

  tî =  c1(πe
t+1 − π*) + c2uπt 

 The coefficients an , bn , cn  (n = 1, 2) have the following expressions: 

  a1 = [β(1 + ηφy) + ηκ]A, a2 = (1 + ηφy)A 

  b1 = [η(1 − βφπ)]A, b2 = −ηφπA 

  c1 = [η(κφπ + φy) + βφπ ]A, c2 = φπA 

  A = [1 + η(κφπ + φy)]
-1 

   

 
13 For a reference treatment see Galì (2008). 
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The parameter values have been set as follows. 

 • η. Direct econometric estimates of the elasticity of expenditure to the interest-rate 

gap yield lower values between 0.2 and 0.3 (e.g. Smets and Wouters 2003;  Laubach and 

Williams, 2003; Garnier and Wilhelmsen, 2005). Hence its value has been set at η= 0.3.  

 • r*, β . According to the NK standard model, the equilibrium value of the natural 

rate is r*= 1/β − 1. The consensus value r* = 2%, dating to the original specification of 

the Taylor Rule (Taylor, 1993), yields the commonly used value of β = 0.98.  

 • κ. Calibration of the slope of the PC κ in NK models yields very low values. For 

instance, a common order of magnitude of firms not adjusting prices in the face of shocks 

is around 75% (e.g. Smets and Wouters 2003, Luk and Vines 2015); then, the Calvo 

equation with β = 0.98 yields κ = 0.09. Direct econometric estimates of the slope of the 

PC equation over the last decades typically provide higher values, in the range of 0.5. 

However, after Blanchard et al. (2015), various works have produced evidence of  

"flatter" PC, with κ falling between 0.2 and 0.3. More recent works, mostly based on 

European data, find a "steepening" of the PC in the aftermath of the Great Recession 

(e.g. Riggi and Venditti 2014, Bank of Ireland 2014, Oinonen and Paloviita 2014), with 

the estimated slope around 0.4. A mid value among these estimates has been chosen, 

i.e. κ = 0.3. 

 • φy, φπ. The Taylor Rule parameters have been set according to the usual benchmark 

of Taylor's (1993) original empirical model,  φy = 0.5, φπ = 1.5. 


