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 A B S T R A C T

We characterize optimal normalization policy in a framework in which agents’ expectations 
can deviate from the rational expectations benchmark and the central bank faces cost-push 
shocks. When interest rate fluctuations are costless, our findings indicate that the interest rate is 
the primary tool for managing inflationary pressures, consistently outperforming balance sheet 
adjustments, regardless of the expectations formation process. However, under de-anchored 
expectations, an increasing role for balance sheet management arises when interest rate 
fluctuations become costly. Finally, our analysis reveals that expectations significantly influence 
the optimal interest rate trajectory, whereas their impact on the optimal balance sheet path is 
comparatively minimal.

1. Introduction

In response to historically low interest rates following the global financial crisis, central banks in advanced economies expanded 
their balance sheets to historically high levels. The exit from the effective lower bound (ELB) and the return to conventional policy 
tools that followed the recent inflation surge have raised concerns about whether large balance sheets should be maintained. As 
shown in models with rational expectations (RE), the balance sheet entails higher costs and is less effective as a policy instrument 
in normal times (see Sims and Wu, 2021). At the same time, the effectiveness of standard policy tools, such as the policy rate, 
can deteriorate when expectations deviate from RE. This paper therefore examines whether an increased role for balance sheet 
adjustments to achieve stabilization is justified when agents’ expectations are de-anchored, using a small-scale model.

We use the four-equation New Keynesian model of Sims et al. (2023) and characterize the optimal normalization policy, the latter 
involving the setting of both the short-term policy rate and the central bank balance sheet. We extend the model to incorporate a 
resource cost for central bank bond holdings as in Kabaca et al. (2023). In our model, agents may hold de-anchored expectations, 
defined as the misperception of the long-run mean of macroeconomic variables, which are influenced by short-term forecast errors, 
following the framework of Eusepi et al. (2020).

We emphasize the following main takeaways. First, we underscore the primary role of the short-term policy rate in addressing 
inflationary pressures after a cost-push shock, which we find to be more effective than the balance sheet in curbing inflation, 
independent of the private sector’s expectations. Second, in scenarios where both policy instruments are set optimally following a 
cost-push shock, expectations influence the optimal interest rate path considerably, necessitating greater monetary policy tightening 
when agents hold de-anchored expectations. In contrast, expectations play a limited role in shaping the optimal balance sheet 
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trajectory. Third, when variations in the short-term rate become costly, central bank balance sheet management takes on a greater 
role under de-anchored expectations, helping to dampen the necessary short-term rate hikes after a cost-push shock. Finally, when 
credit shocks arise, it is the central bank balance sheet, and not the short-term policy rate, the better-suited tool for stabilization, 
regardless of the expectations formation mechanism. Thus, the primacy of the short-term policy rate depends on the nature of the 
shock.

We derive optimal normalization policy under rational and de-anchored expectations relying on a model-consistent welfare 
criterion, in the spirit of Rotemberg and Woodford (1997). Similar to Molnár and Santoro (2014), we show analytically that the 
policy rate should react more aggressively to inflation, after a cost-push shock, when expectations are de-anchored than when 
they are rational.1 Importantly, we demonstrate that the optimal interest rate rule under RE is a limiting case of that under de-
anchored expectations. Similarly, we derive the optimal path for the central bank balance sheet. We highlight that the balance 
sheet is a less effective tool for responding to cost-push shocks due to the conflicting supply and demand channels of balance sheet 
policy.2 Moreover, its optimal path is only weakly affected by the expectations formation mechanism. Finally, we show that the 
inflation-output gap trade-off becomes more severe under de-anchored expectations.

The post-pandemic surge in inflation, driven to a significant extent by cost-push (or supply-side) shocks, led central banks of 
advanced economies to initiate a rate hiking cycle while still operating with a significantly expanded balance sheet. We simulate the 
model to generate an environment that reflects these conditions. This allows us to explore the dynamics and to quantify the welfare 
costs of each policy instrument using a welfare-relevant measure. Additionally, we allow for the cost-push shock to be persistent 
as opposed to our analytical results where 𝑖.𝑖.𝑑. shocks are considered for tractability. We show that the welfare costs from setting 
only the short-term rate optimally after an adverse cost-push shock are limited in comparison to the welfare costs of balance sheet 
adjustments, regardless of the expectations formation mechanism. We further extend our quantitative analysis beyond our analytical 
results along two dimensions, namely, by penalizing short-term interest rate variations, first, and second, by considering a scenario 
in which the economy is hit by credit and cost-push shocks simultaneously.

Under de-anchored expectations, the balance sheet plays a more prominent role when variations in the short-term policy rate are 
costly. Optimal policy in this case prescribes a milder interest rate hike than when variations are not costly, following a cost-push 
shock. To offset this milder response, the central bank must shrink its balance sheet more. Under RE instead, costly variations in 
the short-term rate lead to negligible changes in the optimal policy paths and the resulting allocations.

Finally, our results highlight that in the presence of large credit shocks, central banks may need to moderate the pace of 
quantitative tightening (QT) to mitigate the negative effects on financial stability. When responding optimally to a combination 
of cost-push and credit shocks, the central bank tends to rely on the policy rate for inflation control and the balance sheet for 
maintaining financial stability. This finding holds regardless of the expectations formation mechanism, indicating that the preference 
for the short-term rate as a stabilization tool depends on the nature of the shock, being more effective for cost-push shocks, while 
the balance sheet is better suited to address credit disturbances.

1.1. Related literature

The recent policy normalization of the major central banks has led to a growing literature on optimal monetary policy 
normalization. Benigno and Benigno (2022) show that QT should start before the liftoff of the policy rate. Focusing on the portfolio 
balance channel, Cantore and Meichtry (2023) show instead that rate hikes should start prior to QT. Using a model with a banking 
sector, Karadi and Nakov (2021) argue that the optimal balance sheet normalization should be gradual due to the slowing down 
of the banking sector recapitalization. Our paper is distinct from the above contributions in that it considers optimal normalization 
policy under de-anchored expectations.

The literature on optimal monetary policy under bounded rationality is vast (see Gaspar et al., 2006; Dennis and Ravenna, 
2008; Gaspar et al., 2010; Molnár and Santoro, 2014; Eusepi and Preston, 2018; Mele et al., 2020; Hommes et al., 2023; Gáti, 
2023). Molnár and Santoro (2014) and Gaspar et al. (2010) show that an intertemporal trade-off arises under optimal policy when 
agents learn adaptively. This coincides with a more aggressive optimal interest rate trajectory, as in Gáti (2023) and Molnár and 
Santoro (2014), compared to the RE benchmark.3 Accounting for long-run interest rate expectations, Eusepi et al. (2020) show 
instead that aggressive policy responses can be suboptimal due to the induced volatility in long-term interest rates.

Sims and Wu (2020) explore the substitutability between conventional monetary policy and QE at the effective lower bound 
(ELB) and find that, when the policy rate is fixed, QE can indeed serve as an effective substitute to achieve price stability, albeit 
with different implications for the output gap compared with conventional policy.

The paper is organized as follows. Section 2 describes the extension of the model by Sims et al. (2023) to account for costs 
associated with central bank asset holdings. Section 3 presents analytical results from the design of optimal monetary policy under 
RE and de-anchored expectations. Section 4 presents our simulations from optimal policy. Section 5 concludes.

1 Gáti (2023) and Gaspar et al. (2006) also show numerically that the policy rate should react more aggressively to inflation when expectations become 
de-anchored or when agents have adaptive expectations.

2 The role of the supply versus the demand channel of balance sheet policies is discussed in Sims et al. (2023). See also Boehl et al. (2022) for a quantitative 
analysis for the US.

3 Using an estimated New Keynesian model with endogenous forecast switching, Fischer (2022) finds that the optimal response to changes in inflation is 
significantly higher when expectations are endogenously anchored compared to RE.
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2. Model

The model is based on Sims et al. (2023), which adds a role for asset purchases by the central bank in a standard three-equation 
New Keynesian model. The non-reduced framework consists of two types of households, the patient (referred to as the parent) and 
the impatient (the child), financial intermediaries modeled as in Gertler and Karadi (2011), and a standard production side of the 
economy split into three sectors (final output, retail output, and wholesale output). To this baseline model, we add a cost of QE/QT, 
as a proxy for the unmodeled distortions and political costs of maintaining a positive central bank balance sheet as in Karadi and 
Nakov (2021) and Kabaca et al. (2023). In its log-linearized form, the model boils down to four equations.4 The IS equation and 
the New Keynesian Phillips curve are specified as follows:

𝑥𝑡 = Ẽ𝑡𝑥𝑡+1 −
1 − 𝑧
𝜎

(

𝑟𝑠𝑡 − Ẽ𝑡𝜋𝑡+1 − 𝑟𝑓𝑡
)

−
(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)

(

Ẽ𝑡𝑞𝑒𝑡+1 − 𝑞𝑒𝑡
)

− 𝑧𝑏̄𝐹𝐼 (Ẽ𝑡𝜃𝑡+1 − 𝜃𝑡
)

(1)

𝜋𝑡 = 𝛽Ẽ𝑡𝜋𝑡+1 + 𝛾𝜁𝑥𝑡 −
𝛾𝜎

1 − 𝑧

(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)

𝑞𝑒𝑡 −
𝛾𝜎𝑧
1 − 𝑧

𝑏̄𝐹𝐼𝜃𝑡 + 𝑐𝑝𝑡 (2)

The variable 𝜋𝑡 denotes inflation, while 𝑥𝑡 = 𝑦𝑡 − 𝑦∗𝑡  is the output gap, with 𝑦∗𝑡  being potential output.5 The short-term nominal 
interest rate is denoted 𝑟𝑠𝑡 . The real value of the central bank bond portfolio is captured by 𝑞𝑒𝑡.6 The term Ẽ𝑡 captures the fact 
that private agents might have non-rational expectations, which we discuss in detail below. The parameter 𝜎 is the inverse of the 
intertemporal elasticity of substitution, 𝛽 is the subjective discount factor, 𝛾 is the elasticity of inflation with respect to real marginal 
costs and 𝜁 is the elasticity of real marginal costs with respect to the output gap. The parameter 𝑧 ∈ [0, 1) represents the share of 
impatient households in the total population, while 𝑏̄𝑐𝑏 and 𝑏̄𝐹𝐼  are the steady state long-term bond holdings of the central bank 
and financial intermediaries, respectively, as a share of the total outstanding long-term bonds. The cost of QE/QT is captured by 𝜏, 
and 𝑄𝐸

𝑌  is the steady state ratio of central bank bond holdings to GDP.
In the model, the child finances her consumption by issuing long-term bonds that the central bank and financial intermediaries 

can buy. Subsequently, the child receives full bailout from the parent to service her debt. This creates two effects: on the demand 
side, a rise in the central bank’s bond portfolio, 𝑞𝑒𝑡, boosts the consumption of the child, and thereby aggregate consumption. This 
increases the output gap, 𝑥𝑡, and inflation. On the supply side, balance sheet policy exerts instead a negative impact on inflation. 
This arises from the full bailout that the parent provides to the child. The more the child borrows, the stronger the negative wealth 
effect incurred by the parent who in response supplies more labor. As a result, real wages and, hence, real marginal costs decrease, 
creating a downward pressure on inflation as opposed to the demand channel.

The economy is subject to shocks to the natural rate, 𝑟𝑓𝑡 , to price cost-push shocks, 𝑐𝑝𝑡, and to credit shocks, 𝜃𝑡. These shock 
processes are exogenous AR(1) processes, with persistence 𝜌𝑗 and standard deviation 𝑠𝑗 for 𝑗 = {𝑓, 𝑐𝑝, 𝜃}: 

𝑟𝑓𝑡 = 𝜌𝑓 𝑟
𝑓
𝑡−1 + 𝑠𝑓 𝜀𝑓,𝑡, 𝜀𝑓,𝑡 ∼ 𝑁(0, 1) (3)

𝑐𝑝𝑡 = 𝜌𝑐𝑝𝑐𝑝𝑡−1 + 𝑠𝑐𝑝𝜀𝑐𝑝,𝑡, 𝜀𝑐𝑝,𝑡 ∼ 𝑁(0, 1) (4)

𝜃𝑡 = 𝜌𝜃𝜃𝑡−1 + 𝑠𝜃𝜀𝜃,𝑡, 𝜀𝜃,𝑡 ∼ 𝑁(0, 1) (5)

Our analysis focuses primarily on a fully optimal normalization policy in which both monetary policy instruments, namely 
the short-term policy rate and central bank asset holdings, are set optimally. We also compare the main scenario in which both 
instruments are used optimally with suboptimal scenarios in which only one of the two instruments is set optimally.7 This allows 
us to explore the efficacy of each instrument in isolation to achieve the central bank’s objectives. We distinguish two suboptimal 
scenarios. In the first, we look at the optimal interest rate policy only, where we assume that the central bank bond portfolio follows 
a stationary AR(1) process, as specified in Eq.  (7). In the second, we examine the optimal path of QT under a predetermined interest 
rate policy given by a Taylor rule, as specified in Eq.  (6), also taking into account the zero lower bound (ZLB): 

𝑟𝑠𝑡 = max
[

0 ;𝜙𝜋𝜋𝑡 + 𝜙𝑥𝑥𝑡 + 𝑠𝑟𝜀𝑟,𝑡
]

, 𝜀𝑟,𝑡 ∼ 𝑁(0, 1) (6)

4 Further details on the model and the introduction of the QE/QT cost in the baseline model can be found in the online Appendix A.
5 Note that, unlike in the standard New Keynesian model, in Sims et al. (2023), the equilibrium level of potential output is consistent with price flexibility 

and no credit shocks, as both frictions distort the competitive equilibrium.
6 Although we are interested in normalization policy and hence in QT, we use the notation of Sims et al. (2023) whose focus instead is on QE. Given our 

focus on QT, we assume that a central bank has positive asset holdings at the steady state. In her speech on March 27, 2023, at an event organized by Columbia 
University and SGH Macro Advisors, Isabel Schnabel stated that "the size of our balance sheet will not return to the levels seen before the global financial crisis" and 
concluded by stating "Ultimately, our obligation to act in line with the principle of an open market economy implies that, in the steady state, the size of our balance 
sheet should only be as large as necessary to ensure sufficient liquidity provision and effectively steer short-term interest rates towards levels that are consistent with price 
stability over the medium term". Given the modeling of the central bank balance sheet in Sims et al. (2023), we treat as plausible the assumption of positive 
central bank asset holdings at the steady state.

7 We do so by looking at the welfare costs of using one monetary policy tool optimally relative to using both in Section 4. We also report simulations when 
the interest rate only is set optimally in Section 4, while the case of the balance sheet only is reported in the online Appendix C.3.
3 
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𝑞𝑒𝑡 = 𝜌𝑞𝑞𝑒𝑡−1 + 𝑠𝑞𝜀𝑞,𝑡, 𝜀𝑞,𝑡 ∼ 𝑁(0, 1) (7)

with 𝜌𝑞 the persistence of the QE/QT process, and 𝑠𝑟 and 𝑠𝑞 the standard deviations of the monetary policy shocks. The parameters 
𝜙𝜋 and 𝜙𝑥 govern the reaction of the short-term nominal rate to changes in inflation and the output gap.
Expectations  In this model, some or all private agents can have non-rational expectations. The economy is populated by two 
types of agents, namely those with RE (or anchored agents) and those with de-anchored expectations. Agents with RE know the 
actual law of motion of the economy.8 Anchored agents have expectations that are well-aligned with the central bank’s stated 
targets. Importantly, they understand the communication (e.g., forward guidance) of the central bank. This allows the policymaker 
to commit to a specific policy strategy, which these agents will understand and factor into their expectations. Anchored agents 
forecast the evolution of the economy using the minimum state variable solution of the model. Their expectations thus have the 
following law of motion: 

Ẽ𝑎
𝑡
(

𝑧𝑡+1
)

=
(

𝐚 + 𝐛𝑦𝑡 + 𝐜𝑤𝑡
)

(8)

where 𝑧𝑡 = [𝜋𝑡, 𝑥𝑡, 𝑞𝑒𝑡, 𝜃𝑡]′ gathers the expectational variables, the vector 𝐚 represents the constant terms including the central bank’s 
inflation target, the matrix 𝐛 maps the impact of contemporaneous variables, 𝑦𝑡 = [𝑞𝑒𝑡, 𝑟

𝑓
𝑡 , 𝑐𝑝𝑡, 𝜃𝑡]

′, and the matrix 𝐜 accounts for the 
impact of each shock, 𝑤𝑡 = [𝜀𝑓,𝑡, 𝜀𝑐𝑝,𝑡, 𝜀𝜃,𝑡, 𝜀𝑟,𝑡, 𝜀𝑞,𝑡]′, on expectations.9

The remaining share of agents has de-anchored expectations and forecast the long-run mean of endogenous variables through 
simple constant gain learning, as in Eusepi et al. (2020) and Molnár and Santoro (2014). The beliefs of de-anchored agents follow: 

E𝑑
𝑡 𝑧𝑡+1 ≡ 𝜔𝑧

𝑡 = 𝜔𝑧
𝑡−1 + 𝑔̄

(

𝑧𝑡−1 − 𝜔𝑧
𝑡−1

)

(9)

in which 𝑔̄ is the constant-gain learning parameter, which governs the extent to which expectations are affected by short-term 
forecast errors. These agents misperceive the unobserved long-run mean (or drift) 𝜔𝑧

𝑡  of variables 𝑧𝑡 = [𝜋𝑡, 𝑥𝑡, 𝑞𝑒𝑡, 𝜃𝑡]′, and revise 
their expectations based on previous short-term forecast errors (𝑧𝑡−1 − 𝜔𝑧

𝑡−1
)

. They are therefore backward-looking, and do not 
necessarily believe that the central bank can credibly commit to reaching its announced target. As Eusepi and Preston (2018) point 
out, under constant gain learning, the learning process does not converge point-wise to rational expectations as the estimated drift is 
constantly revised with new information.10 For values of parameter 𝑔̄ sufficiently close to zero, stability conditions yield eigenvalues 
lying inside the unit circle for the law of motion of beliefs.11

Aggregate expectations are therefore the sum of anchored and de-anchored agents’ expectations, weighted by their relative shares 
𝑛𝑎,𝑧 and 𝑛𝑑,𝑧, respectively: 

Ẽ𝑧𝑡+1 = 𝑛𝑎,𝑧 Ẽ𝑎 (𝑧𝑡+1
)

+ 𝑛𝑑,𝑧 Ẽ𝑑 (𝑧𝑡+1
)

= 𝑛𝑎,𝑧
[

𝐚 + 𝐛𝑦𝑡 + 𝐜𝑤𝑡

]

+ 𝑛𝑑,𝑧
[

𝜔𝑧
𝑡−1 + 𝑔̄

(

𝑧𝑡−1 − 𝜔𝑧
𝑡−1

)

] (10)

with 𝑛𝑎,𝑧 + 𝑛𝑑,𝑧 = 1.12 In our main results in Section 3 and Section 4, we focus on the two extreme cases in which either all agents 
have rational expectations (i.e. 𝑛𝑎,𝑧 = 1 and 𝑛𝑑,𝑧 = 0), or they all have de-anchored expectations (i.e. 𝑛𝑎,𝑧 = 0 and 𝑛𝑑,𝑧 = 1). In online 
Appendix C.4, we allow the fractions to vary, such that the economy is populated by both rational and de-anchored agents.13

Our modeling of the expectations formation is in line with the Euler-equation approach, as in Bullard and Mitra (2002), Ferrero 
(2007) and Orphanides and Williams (2007, 2008). This approach asserts decision rules in which only one-period-ahead expectations 
matter for agents’ decisions. We acknowledge that this poses some limitations, the main related to the standard characterization of 
the transmission mechanism of monetary policy embedded in the New Keynesian framework. The model stipulates that not only the 
current interest rate but also the entire future sequence of expected one-period rates affects agents’ decisions today. The anticipated 
utility approach (Kreps, 1998; Sargent, 1999; Preston, 2005; Woodford, 2013) instead accounts for this feature as it is consistent 
with solving infinite-horizon intertemporal decision problems that depend on long-term beliefs about policy. Hence, in this case, 
commitment to a given policy rate path, for instance, affects agents’ expectations today even though they might be boundedly 

8 In a scenario where a fraction of agents have RE, while others do not, agents with RE thus understand that there is a share of agents with de-anchored 
expectations. Moreover, they know the share of agents with de-anchored expectations with certainty.

9 Note that central bank asset holdings, 𝑞𝑒𝑡, appear in vector 𝑦𝑡 as long as 𝑞𝑒𝑡 is assumed to follow an AR(1) process. When we consider the fully optimal 
normalization policy where both 𝑟𝑠𝑡  and 𝑞𝑒𝑡 are set optimally, the vector 𝑦𝑡 boils down to 𝑦𝑡 = [𝑟𝑓𝑡 , 𝑐𝑝𝑡 , 𝜃𝑡]

′. In the case where both agents with rational and 
agents with de-anchored expectations are included, the vector of contemporaneous variable becomes 𝑦𝑡 = [𝜋𝑡 , 𝑥𝑡 , 𝑞𝑒𝑡 , 𝑟

𝑓
𝑡 , 𝑐𝑝𝑡 , 𝜃𝑡 ,𝝎𝑧

𝑡 ]
′ and thus contains 𝝎𝑧

𝑡 , which 
relates to the beliefs of de-anchored agents about variables 𝑧𝑡 = [𝜋𝑡 , 𝑥𝑡 , 𝑞𝑒𝑡 , 𝜃𝑡]′. The existence of de-anchored expectations also leads to the inclusion of additional 
endogenous variables {𝜋𝑡 , 𝑥𝑡}.
10 In the literature on optimal monetary policy with boundedly rational agents, Molnár and Santoro (2014) and Gaspar et al. (2010) derive optimal policy also 

assuming constant gain learning while Gáti (2023), Eusepi and Preston (2018) assume that agents’ learning process converges point-wise to rational expectations.
11 As shown Evans and Honkapohja (2001) the condition of stability of inflation expectations under constant gain learning in a simple three equation 

New-Keynesian model is determined by the eigenvalue:

1 − 𝑔̄
1 − 𝜙−1

𝜋

1 − 𝛽

We consider parameterizations of the constant gain learning parameter that guarantee stability of agents’ beliefs.
12 In this paper, we calibrate these fractions at a fixed level, uniformly applied across all variables.
13 In this case, the shares of each type of expectations formation are uniform across the two types of agents, the parent and the child.
4 
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Table 1
Calibrated parameters.
 Parameter Value or target Description  
 𝛽 0.995 Discount Factor  
 𝑧 0.33 Consumption share of the child  
 𝜎 1 Inverse elasticity of substitution  
 𝑏̄𝑐𝑏 0.3 Steady state share of central bank’s LT bond holdings  
 𝑏̄𝐹𝐼 0.7 Steady state share of fin. intermediary’s LT bond holdings 
 𝛾 0.086 Elasticity of inflation with regard to marginal cost  
 𝜁 2.49 Elasticity of marginal cost with regard to the output gap  
 𝜏 0.01 Resource cost of QE  
 𝑄𝐸

4 𝑌
0.1 Steady state ratio of QE to annualized output  

 𝜙𝜋 1.5 Inflation reaction coefficient in the Taylor rule  
 𝜙𝑥 0 Output gap reaction coefficient in the Taylor rule  
 𝜌𝑞 0.8 Persistence of the QE/QT process  
 𝑔̄ 0.02 Learning gain of de-anchored agents  
 𝜌𝑓 0.8 Persistence of natural rate shocks  
 𝜌𝑐𝑝 0.8 Persistence of cost push shocks  
 𝜌𝜃 0.8 Persistence of credit shocks  

rational. However, as regards the central bank’s balance sheet decisions, as we show in Section 3 and Section 4, expectations play a 
limited role. As regards, the short-term rate though we show that expectations do matter and affect the aggressiveness with which 
the central bank reacts to inflation.14

Baseline calibration  For our optimal policy exercises, we mainly parameterize the model following Sims et al. (2023). The 
subjective discount factor, 𝛽, and intertemporal elasticity of substitution, 1∕𝜎, follow standard values from the existing literature. The 
consumption share of the child in total consumption 𝑧 is set to one-third.15 The steady state bond holdings for the central bank and 
financial intermediaries, 𝑏̄𝑐𝑏 = 0.3 and 𝑏̄𝐹𝐼 = 0.7, are derived from the calibrations of other steady state parameters. The parameters 
𝛾 and 𝜁 are based on structural parameters of the non-linear model, including the Calvo pricing parameter, as described in Sims 
et al. (2023).16 The resource cost of QE/QT follows Kabaca et al. (2023). We set the gain, 𝑔̄, equal to the value estimated in Eusepi 
et al. (2020), in the period after 1999. When the short-term interest rate is not set optimally, we assume that it follows a Taylor rule 
as in (6) with 𝜙𝜋 = 1.5 and 𝜙𝑥 = 0. We set all standard deviation of shocks equal to 0.01, while first-order autocorrelations of all 
shocks are set to 0.8. The calibration of the parameters is summarized in Table  1. 

3. Optimal normalization policy

In this section, we characterize the optimal normalization policy, namely the optimal setting of the short-term policy rate and the 
central bank asset holdings, first under rational expectations, in Section 3.1, and then under de-anchored expectations, in Section 3.2. 
In both cases, we assume that the central bank has full information about the way the private sector forms expectations, be it rational 
or de-anchored, and about the actual law of motion of the economy. The central bank maximizes the economy’s welfare subject to 
the structural equations characterizing its dynamics. Our focus is on the design of optimal policy away from the ZLB. We derive the 
welfare loss function based on a second-order approximation of the utility functions of the two types of households, the parent and 
the child. Aggregate welfare is summarized as: 

𝑊𝑡 = 𝑉𝑡 + 𝑉𝑏,𝑡 (11)

where now 𝑉𝑡 and 𝑉𝑏,𝑡 represent second-order approximations of the utility of the parent and the child, respectively. Our derivation 
of the welfare loss function is summarized in the following proposition.

Proposition 1.  The sum of the second-order approximations of the parent and child utilities is given by:

𝑊𝑡 = 𝑊 − 𝑈𝐶𝑌

{

(1 − 𝑧)
(𝐶
2

)

𝑐2𝑡 + 𝑧
(

𝐶𝑏
2

)

𝑐2𝑏,𝑡 +
𝑌 𝜖𝜙

2(1 − 𝜙𝛽)(1 − 𝜙)
𝜋2
𝑡

14 Eusepi et al. (2020) show that under the anticipated utility approach, the interest rate should respond less aggressively than under optimal discretion with 
RE to inflation fluctuations when long-term interest rate expectations matter. Instead, they show that when the central bank can control the output gap a more 
aggressive response to inflation is optimal. In a recent contribution Gáti (2023) using the anticipated utility approach and assuming time-varying de-anchoring 
of inflation expectations finds that optimal policy moves the interest rate aggressively when expectations de-anchor, a result in line with the Euler-equation 
approach (see Ferrero, 2007; Orphanides and Williams, 2005). In fact, Gáti (2023) shows that her conclusions remain unchanged under Euler-equation learning.
15 Sims et al. (2023) described this parameter as calibrated in such a way that it approximately reflects the proportion of durable consumption and private 

investment in the overall private non-government domestic spending.
16 In particular, 𝛾 = (1−𝜙)(1−𝜙𝛽)

𝜙
 in which 𝜙 ∈ (0, 1] is the probability of non-price adjustment. Additionally, 𝜁 = 𝜒(1−𝑧)+𝜎

1−𝑧
 in which 𝜒 is the inverse Frisch labor 

supply elasticity for the parent.
5 
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+ 1
2
(𝜐̃𝑝𝑡 )

2 + 𝜏 𝑄𝑏𝑐𝑏

𝑌
𝑞𝑒𝑡 + 𝜏𝑄𝑏𝑐𝑏𝑄𝑏𝑐𝑏

2𝑌
𝑞𝑒2𝑡

}

+ 𝑡.𝑖.𝑝. + 𝑂
(

‖𝜉3‖
)

Proof.  In online Appendix B.1.  ■

A couple of important observations stand out from Proposition 1. First, fluctuations in the consumption of each type are costly. 
Second, the central bank’s balance sheet, as measured by 𝑞𝑒𝑡, enters the loss function. Fluctuations in it therefore matter as they are 
costly.17 There is also an indirect channel which is related to the way changes in central bank’s bond holdings affect the consumption 
of each group. If, for instance, the central bank decides to unwind its balance sheet, the consumption of the child, 𝑐𝑏,𝑡, will shrink 
because the central bank will buy less of its bonds and hence the child will borrow less to finance its consumption ceteris paribus.18 
On the other hand, given that the parent provides full bailout to the child, lower borrowing implies lower bailout which in turn 
boosts parent ’s consumption. The decision of the central bank about its balance sheet, 𝑞𝑒𝑡, determines this trade-off. Observing the 
loss function, it is clear that the consumption shares captured by 𝑧 and 1 − 𝑧 play a key role in determining whose consumption 
fluctuations weigh more in that decision. Moreover, the steady state asset holdings (i.e., the size of the balance sheet) of the central 
bank play a key role in the design of optimal monetary policy.

3.1. The case of rational expectations

To get analytical results that are more tractable, we derive here the optimal normalization policy under discretion. Later in our 
numerical exercises, we also display the case of commitment. Minimizing the welfare loss subject to the model structural equations 
leads to the following targeting criteria:19

𝑐𝑡 = −𝛾𝜁 (1 − 𝑧)
𝜆𝜋
𝜆𝐶

𝜋𝑡 (12)

𝑞𝑒𝑡 = − 𝜏𝑄𝐸
2𝜆𝑞𝑒𝑌 𝛹

−
𝜆𝜋

𝜆𝑞𝑒𝛹

[

(

𝛾𝜁 −
𝛾𝜎

1 − 𝑧

)

(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)]

𝜋𝑡 −
𝜆𝐶𝑏

𝑏̄𝑐𝑏𝑏̄𝐹𝐼

𝜆𝑞𝑒𝛹
𝜃𝑡 (13)

where 𝛹 = 1 + (𝑏̄𝑐𝑏)2
𝜆𝐶𝑏
𝜆𝑞𝑒

 and 𝜁 = 𝜒(1−𝑧)+𝜎
1−𝑧 . The term 𝜆𝜋 = 𝑌 𝜖𝜙

2(1−𝜙𝛽)(1−𝜙)  is the weight on inflation stabilization in the welfare loss 
function defined in Proposition  1 and 𝜆𝐶 , 𝜆𝐶𝑏

, 𝜆𝑞𝑒 > 0 are the corresponding weights on the parent ’s and the child’s consumption 
and on the size of the central bank balance sheet, respectively. The first targeting criterion in Eq.  (12) states that in the face of 
inflationary pressures from a cost-push shock the central bank must respond by lowering the consumption of the parent. Given their 
stronger exposure to inflation relative to the child and their higher consumption share, 1−𝑧, it is natural for the central bank to trade 
their off consumption when trying to lower inflation. Given the full bailout they offer to the child assumed in Sims et al. (2023), 
the consumption of the latter depends primarily on the central bank balance sheet. In fact, as shown in Sims et al. (2023) and in 
our online Appendix A.7 the consumption of the child boils down to: 

𝑐𝑏,𝑡 = 𝑏̄𝐹𝐼𝜃𝑡 + 𝑏̄𝑐𝑏𝑞𝑒𝑡 (14)

Following inflationary pressures due to a cost-push shock, the central bank must shrink its balance sheet, 𝑞𝑒𝑡, if it wants to 
curb inflation further, as captured by the optimality criterion in Eq.  (13).20 However, trading off the consumption of the child is 
heavier for the central bank, than that of the parent, due to the demand and the supply channels of central bank balance sheet 
policy working in opposite directions. The demand channel is captured by 𝛾𝜁 which is the coefficient on the slackness term in the 
Phillips curve in (2). The term 𝛾𝜎

1−𝑧  represents the supply channel as it captures the direct negative impact of balance sheet policy 
on inflation, captured again in the Phillips curve Eq. (2).21 While the two channels operate in opposite directions, as indicated by 
the term 𝛾𝜁 − 𝛾𝜎

1−𝑧 , the demand channel dominates because 𝛾𝜁 > 𝛾𝜎
1−𝑧 . However, the supply channel of balance sheet policy tends 

to weaken the demand channel. As a result, controlling inflation through balance sheet policy requires larger policy interventions. 
Trading off the consumption of the child to control inflation becomes thus more costly, given also that fluctuations in central bank’s 

17 In our setup, central bank’s asset holdings are non-zero at the steady state. Given that they are costly, the steady state is distorted. Hence, optimal monetary 
policy is designed under a distorted steady state, in the spirit of Benigno and Woodford (2005).
18 Recall that in the original model, the total stock of long-term bonds issued by the child are held by the financial intermediaries and the central bank.
19 Complete derivations are provided in the online Appendix B.2.
20 The constant term in (13) arises because central bank balance sheet adjustments have been assumed to be costly distorting thereby the steady state. This 

also rationalizes the negative sign next to the constant term which has the interpretation that, for any given level of inflation, it is optimal for the central bank 
to hold less long-term bonds.
21 In the model, the demand channel of central bank balance sheet policy operates through the effect of output on inflation. Unwinding the central bank 

balance sheet leads to a decline in economic activity and, through the Phillips curve, to disinflation. The supply channel of balance sheet policy instead results 
in a negative relationship between central bank asset holdings and inflation. This operates as follows. A decline in central bank long-term bond holdings implies 
that the child will borrow less. Given the assumption of a full bailout by the parent, the latter experiences a positive income effect stemming from a lower 
bailout due to lower borrowing by the child. The positive income effect leads to a decline in labor supply by the parent and thereby to a rise in real wages and 
marginal costs of firms. Hence, the supply channel suggests that shrinking the balance sheet is inflationary.
6 
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balance sheet entail welfare costs. Trading off the consumption of the parent, as in (12), instead operates against the supply channel 
of balance sheet policy.22

Plugging the above optimality conditions in the Phillips curve (2), and assuming zero shock persistence for tractability (𝜌𝜃 , 𝜌𝑐𝑝 =
0), we obtain the equilibrium inflation under optimal discretionary policy: 

𝜋𝑡 = − 𝜏𝑄𝐸
2𝜆𝑞𝑒𝑌 𝛹𝜍 (1 − 𝛽)

𝜛 +
[

(

𝛾𝜁 −
𝛾𝜎

1 − 𝑧

)

𝑧 − 𝑏̄𝑐𝑏
𝜆𝐶𝑏

𝜛

𝜆𝑞𝑒𝛹

]

𝑏̄𝐹𝐼

𝜍
𝜃𝑡 +

1
𝜍
𝑐𝑝𝑡 (15)

where 𝛹 , 𝜍, and 𝜛 are all non-linear functions of structural parameters, specified in online Appendix B.2. Using (15) in (13) we 
obtain the equilibrium balance sheet under optimal discretionary policy, which we also derive in detail in the online Appendix B.2:

𝑞𝑒𝑡 = 𝜔𝑞𝑒 − 𝜔𝑞𝑒
𝜃 𝜃𝑡 − 𝜔𝑞𝑒

𝑐𝑝𝑐𝑝𝑡 (16)

where:

𝜔𝑞𝑒 = 𝜏𝑄𝐸
2𝜆𝑞𝑒𝑌 𝛹

[

𝜆𝜋
𝜆𝑞𝑒𝛹

𝜛2

𝜍 (1 − 𝛽)
− 1

]

(17)

𝜔𝑞𝑒
𝜃 =

𝜆𝜋
𝜆𝑞𝑒𝛹

𝜛
[

(

𝛾𝜁 −
𝛾𝜎

1 − 𝑧

)

𝑧 − 𝑏̄𝑐𝑏
𝜆𝐶𝑏

𝜛

𝜆𝑞𝑒𝛹

]

𝑏̄𝐹𝐼

𝜍
+ 𝑏̄𝑐𝑏

𝜆𝐶𝑏

𝜆𝑞𝑒𝛹
𝑏̄𝐹𝐼 (18)

𝜔𝑞𝑒
𝑐𝑝 =

𝜆𝜋
𝜆𝑞𝑒𝛹

𝜛
𝜍

(19)

Combining the resource constraint of the economy with the optimal criterion (12) and (13) and the equilibrium inflation (15), we 
obtain an analogous expression for the output gap:23

𝑥𝑡 = 𝜔𝑥 − 𝜔𝑥
𝜃𝜃𝑡 − 𝜔𝑥

𝑐𝑝𝑐𝑝𝑡 (20)

where:

𝜔𝑥 = − (1 − 𝑧)2 𝛾𝜁
𝜆𝜋
𝜆𝐶

𝜔𝜋 +
(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)

𝜔𝑞𝑒

𝜔𝑥
𝜃 =

[

(1 − 𝑧)2 𝛾𝜁
𝜆𝜋
𝜆𝐶

𝜔𝜋
𝜃 +

(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)

𝜔𝑞𝑒
𝜃

]

𝑧𝑏̄𝐹𝐼

𝜔𝑥
𝑐𝑝 = (1 − 𝑧)2 𝛾𝜁

𝜆𝜋
𝜆𝐶

𝜔𝜋
𝑐𝑝 +

(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)

𝜔𝑞𝑒
𝑐𝑝

where 𝜔𝜋 , 𝜔𝜋
𝜃  and 𝜔𝜋

𝑐𝑝 are the constant term and the coefficients on the credit, 𝜃𝑡, and the cost-push shock, 𝑐𝑝𝑡, respectively, in the 
expression for the equilibrium inflation in (15). Combining the resource constraint and the optimality condition (12) with the IS 
Eq. (1) and solving for the policy rate, we can derive an interest rate rule that delivers the optimal paths for inflation and the output 
gap consistent with that described by the optimality condition (22) discussed below. Moreover, this interest rate rule is consistent 
with the optimality condition (13) describing the optimal path of the central bank balance sheet. The optimal interest rate rule 
considering the case of zero shock persistence (𝜌𝜃 , 𝜌𝑐𝑝 = 0) reads then as follows: 

𝑟𝑠𝑡 = 𝑟𝑓𝑡 + 𝛾𝜎𝜁
𝜆𝜋
𝜆𝐶

(1 − 𝑧)𝜋𝑡 (21)

The optimal interest rate rule above states that the central bank must increase the short-term rate, 𝑟𝑠𝑡 , upon inflationary pressures. 
Plugging the equilibrium inflation, Eq. (15), one can get the equilibrium interest rate under optimal discretionary policy. Finally, 
using the resource constraint of the economy, the optimal criteria (12) and (13) and the expression for child’s consumption (14), 
we arrive at the usual inflation-output gap trade-off, which for simplicity we can express in the absence of credit shocks (i.e. 𝜃𝑡 = 0) 
as follows: 

𝑥𝑡 = −
(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)

𝜏𝑄𝐸
2𝜆𝑞𝑒𝑌 𝛹

− 𝜆𝜋

[

(1 − 𝑧)2𝛾𝜁
𝜆𝐶

+
𝛾𝜁 − 𝛾𝜎

1−𝑧
𝜆𝑞𝑒𝛹

(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)2
]

𝜋𝑡 (22)

The above trade-off criterion reflects a well-established result from the standard three-equation New Keynesian model: after 
a cost-push shock that raises inflation, the central bank must trigger a decline in the output gap to stabilize prices. The size of 
the trade-off in Eq.  (22), however, contains richer information than its counterpart in the three equation New Keynesian model. 
Non-zero central bank bond holdings at the steady state (𝑏̄𝑐𝑏, 𝑄𝐸 ≠ 0) together with the presence of borrowers (𝑧 ≠ 0) make the 
inflation-output gap trade-off heavier. This is captured by the second term in the bracket of the coefficient on inflation in (22). At 
the same time, the induced decline in the output gap is alleviated by the supply channel of the central bank balance sheet policy. As 
the supply channel strengthens (i.e. higher 𝛾𝜎

1−𝑧 ) the inflation-output gap trade-off is alleviated, partly mitigating the induced output 
gap losses.

22 The sensitivity of the inflation’s response to central bank balance sheet shocks arising from a conflict between demand and supply channels, is also 
emphasized in larger structural models as Boehl et al. (2022) and Sims and Wu (2021). This is also examined in Sims et al. (2023) through the lens of a 
small-scale framework.
23 In the online Appendix A.6 we show that the log-linearized resource constraint reads as: 𝑦 = (1 − 𝑧)𝑐 + 𝑧𝑐 +

(

𝜏𝑄𝐸
)

𝑞𝑒 .
𝑡 𝑡 𝑏,𝑡 𝑌 𝑡
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3.2. The case of de-anchored expectations

Before discussing the results of optimal policy under de-anchored expectations, it is useful to note that when expectations are 
de-anchored, as described in (9), iterating backwards allows us to write the expectations for a generic variable 𝑧 as: 

E𝑑
𝑡 𝑧𝑡+1 ≡ 𝜔𝑧

𝑡 = 𝑔̄
∞
∑

𝑠=0
(1 − 𝑔̄)𝑠 𝑧𝑡−𝑠−1 (23)

We apply thus this expression in the forward looking variables of the model. We assume that the central bank has model-consistent 
expectations, knowing the way the households form expectations and the actual law of motion of the economy. Minimizing the 
welfare loss under de-anchored expectations leads to the following targeting criteria:24

𝜋𝑡 = −
𝜆𝐶

𝜆𝜋𝛾𝜁 (1 − 𝑧)
𝑐𝑡 +

𝛽𝜆𝐶 𝑔̄
𝜆𝜋𝛾𝜁 (1 − 𝑧)

E𝑡

∞
∑

𝑠=0
𝛽𝑠+1 (1 − 𝑔̄)𝑠 𝑐𝑡+𝑠+1 (24)

𝑞𝑒𝑡 = − 𝜏𝑄𝐸
2𝜆𝑞𝑒𝑌 𝛹

−
𝜆𝜋

𝜆𝑞𝑒𝛹

(

𝛾𝜁 −
𝛾𝜎

1 − 𝑧

)

(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)

𝜋𝑡 −
𝜆𝐶𝑏

𝑏̄𝑐𝑏𝑏̄𝐹𝐼

𝜆𝑞𝑒𝛹
𝜃𝑡

+
𝜆𝐶

𝜆𝑞𝑒𝛹𝛾𝜁 (1 − 𝑧)

(

𝛾𝜁 −
𝛾𝜎

1 − 𝑧

)

(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)

𝛽𝑔̄E𝑡

∞
∑

𝑠=0
𝛽𝑠+1 (1 − 𝑔̄)𝑠 𝑐𝑡+𝑠+1 (25)

where the expectations operator refers to the expectations of the central bank. The criterion in (24) shows the trade-off between 
inflation and the consumption of the parent. As in the literature, this trade-off contains an intratemporal element, which is 
current consumption, and an intertemporal one captured by the sum of the expected discounted consumption of the parent.25 The 
intertemporal trade-off arises because of the expectations formation mechanism. Clearly, when expectations are de-anchored, the 
central bank must consider their backward looking nature when deciding upon its policy. That is, policy decisions have a delayed 
impact on the economy due to slow adjustment in agents’ expectations. In the absence of learning (i.e., 𝑔̄ = 0), the trade-off reverts 
to the optimal trade-off under optimal discretion with rational expectations given in (12).

The second criterion in (25) describes the optimal setting of the central bank balance sheet when expectations are de-anchored. 
Comparing this with its counterpart under rational expectations in (13), the optimality condition (25) states that the central bank 
balance sheet should react to contemporaneous inflation and to a credit shock exactly the same way as it does under rational 
expectations. The coefficient on contemporaneous inflation is not affected by the expectation formation mechanism: it includes the 
interaction between the supply and demand channels, which limits the effectiveness of the balance sheet in responding to inflationary 
pressures. However, under de-anchored expectations, the central bank balance sheet also depends on the expected discounted sum 
of the future consumption of the parent. Hence, expectations matter when deciding upon the balance sheet policy in this case. But 
how important are they? A closer look at the coefficient on the expected discounted sum of future parent ’s consumption reveals 
that, first, it is a function of the term capturing the interaction between the demand and the supply channel of balance sheet 
policy (i.e. 𝛾𝜁 − 𝛾𝜎

1−𝑧 ), second it is subject to heavy discounting and lastly depends on the gain parameter, 𝑔̄. All three factors tend 
to mitigate the impact of expectations on the optimal balance sheet setting. Given that the demand and the supply channels of 
balance sheet policy work in opposite directions, a strong supply channel captured by a higher 𝛾𝜎

1−𝑧  tends to limit the impact of 
expectations on optimal balance sheet decisions. Similarly, heavy discounting reinforces this attenuation. Finally, the low values of 
the gain parameter, 𝑔̄, advocated in the literature (see Carvalho et al., 2023; Eusepi et al., 2020) further contribute to dampening 
the importance of expectations on the optimal balance sheet decisions. Our quantitative analysis below corroborates this showing 
that the expectations formation mechanism plays a limited role in the optimal balance sheet path. In this case as well, when there 
is no learning (i.e. 𝑔̄ = 0) we are back to the optimality condition for the central bank balance sheet with rational expectations, as 
summarized in (13).

Combining the intertemporal trade-off in (24) with the Phillips curve and exploiting the backward looking behavior in 
expectations as described in (23) we can express equilibrium inflation under optimal policy with de-anchored expectations as 
follows:26,27

𝜋𝑡 =
𝜔𝜋 (1 − 𝛽)

𝜚
+ 𝜔𝜋

𝜃

∞
∑

𝑠=0

(

𝛽𝑔̄𝜄
𝜍𝜚

)𝑠
𝜃𝑡−𝑠 + 𝜔𝜋

𝑐𝑝

∞
∑

𝑠=0

(

𝛽𝑔̄𝜄
𝜍𝜚

)𝑠
𝑐𝑝𝑡−𝑠 (26)

24 Complete derivations are provided in online Appendix B.3.
25 In the literature (see Gaspar et al., 2010; Gáti, 2023; Molnár and Santoro, 2014, among others) the intra- and intertemporal trade-off includes the output 

gap. These models, however assume one representative household.
26 A complete derivation is provided in the online Appendix B.3. As with rational expectations, we restrict our focus to the case of zero shock persistence 

(𝜌𝜃 , 𝜌𝑐𝑝 = 0) for tractability.
27 In our derivations we have also used the fact that:

E𝑡

∞
∑

𝑠=0
𝛽𝑠+1(1 − 𝑔̄)𝑠𝑐𝑡+𝑠+1 = −𝛽𝑔̄

𝜆𝜋𝛾𝜁 (1 − 𝑧)
𝜆𝐶

[

𝑃𝑡𝜋𝑡 +
∞
∑

𝑠=0

(

(1 − 𝑔̄)𝑠 +
𝑠

∏

𝑗=0

(

1 + 𝛽𝑗+2 𝑔̄
)

𝛽𝑗+1 (1 − 𝑔̄)𝑗+1
)

𝜋𝑡−𝑠−1

]

where 𝑃 =
∏∞ (

1 + 𝛽𝑠+2 𝑔̄
)

𝛽𝑠+1 1 − 𝑔̄ 𝑠+1 as we also show in Appendix B.3.
𝑠=0 ( )
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where

𝜚 = 1 + 𝛿
(𝛽𝑔̄)2

𝜍
𝜆𝜋𝛾𝜁 (1 − 𝑧)

𝜆𝐶
𝑃

𝛿 =

[

𝛾𝜁 (1 − 𝑧) +
(

𝛾𝜁 −
𝛾𝜎

1 − 𝑧

)2
(

𝑧𝑏̄𝑐𝑏 + 𝜏𝑄𝐸
𝑌

)2 𝜆𝐶
𝜆𝑞𝑒𝛹𝛾𝜁 (1 − 𝑧)

]

and

𝜄 =
∞
∑

𝑠=0

[

(1 − 𝑔̄)𝑠 − 𝛿𝛽𝑔̄
𝜆𝜋𝛾𝜁 (1 − 𝑧)

𝜆𝐶

(

(1 − 𝑔̄)𝑠 +
𝑠

∏

𝑗=0

(

1 + 𝛽𝑗+2𝑔̄
)

𝛽𝑗+1 (1 − 𝑔̄)𝑗+1
)]

Expression (26) shows that equilibrium inflation under de-anchored expectations depends not only on current, but also on past credit 
and cost-push shocks. This contrasts starkly with the equilibrium inflation under RE in (15) which depends only on contemporaneous 
shocks. De-anchored expectations thus introduce persistence in the model that the central bank needs to take into account. When 
there is no learning (i.e., 𝑔̄ = 0) we have 𝛿 = 0 and 𝜌̃ = 1, the equilibrium inflation coincides with that under optimal discretion with 
RE in (15) and past shock realizations no longer play a role. Plugging the equilibrium inflation (26) in (25), we obtain the equilibrium 
of central bank asset holdings. Proceeding analogously to the case with RE, we then derive the corresponding equilibrium output 
gap.28

We now examine how de-anchored expectations influence the optimal interest rate setting. By substituting the solutions for the 
equilibrium inflation and central bank asset purchases in the IS Eq. (1) and solving for the short-term rate, we obtain the optimal 
interest rate rule under de-anchored expectations:

𝑟𝑠𝑡 = 𝑟𝑓𝑡 + 𝛾𝜎𝜁
𝜆𝜋
𝜆𝐶

(1 − 𝑧)
(

1 + (𝛽𝑔̄)2𝑃
)

𝜋𝑡

+ 𝜎𝑔̄
∞
∑

𝑠=0

[

(1 − 𝑔̄)𝑠 − 𝛽2𝑔̄
𝜆𝜋𝛾𝜁 (1 − 𝑧)

𝜆𝐶

(

(1 − 𝑔̄)𝑠 +
𝑠

∏

𝑗=0

(

1 + 𝛽𝑗+2𝑔̄
)

𝛽𝑗+1 (1 − 𝑔̄)𝑗+1
)]

𝜋𝑡−𝑠−1 (27)

Comparing the optimal interest rate rule above with its counterpart under RE in (21), two observations stand out. First, the 
reaction to contemporaneous inflation is stronger when expectations are de-anchored. Specifically, the reaction to contemporaneous 
inflation obtained under rational expectations (i.e. 𝛾𝜎𝜁 𝜆𝜋

𝜆𝐶
(1 − 𝑧)) is now multiplied by 1+(𝛽𝑔̄)2𝑃  which is positive given 𝑃 > 0. As a 

result, for a given adverse cost-push shock that raises inflation, the central bank must raise the short-term rate more than under RE. 
Second, de-anchored expectations make the interest rate rule history dependent, as the sum of past inflation realizations now enters 
the rule. The historical component amplifies the policy response, as the central bank must now take into account the slow adjustment 
of expectations and their persistent impact on inflation dynamics. Note that when there is no learning (i.e. 𝑔̄ = 0) the optimal interest 
rate rule above collapses to that under RE in (21). The more aggressive interest rate response to inflation is determined by the way 
de-anchored expectations affect the inflation-output gap trade-off. In fact, the sluggish adjustment of expectations deteriorates the 
transmission of monetary policy. Consequently, the central bank has to tolerate larger output losses to achieve a given path for 
inflation. This mechanism is formalized in Proposition  2.

Proposition 2.  De-anchored expectations result in a heavier inflation-output gap trade-off.

Proof.  In online Appendix B.4.  ■

The analysis of optimal policy thus shows that the central bank has to adjust its policy rate more aggressively following cost-push 
shocks when expectations are de-anchored, compared to rational expectations, leading to a heavier inflation-output gap trade-off. 
At the same time, its optimal decision on the balance sheet is only marginally affected by the way expectations are formed. In the 
following section, we provide a quantitative evaluation of the analytical findings presented above.

4. Optimal policy simulations

In this section, we turn to quantitative simulations. This section extends the analytical findings presented in Section 3 in several 
relevant ways. In our simulations, we consider persistent cost-push shocks, whereas in our analytical results above we considered 
𝑖.𝑖.𝑑. shocks for tractability. Second, we consider the scenario where changes in the policy rate are costly — an element not accounted 
for in the analytical framework. Finally, we also study a setting in which the economy is hit by both cost-push and credit shocks 
simultaneously, to explore whether this raises the importance of balance sheet policy. In Section 4.1, we start by studying the 
optimal policy path for the two policy instruments — the short-term policy rate and the balance sheet — under scenarios of RE and 
de-anchored expectations. To be complete, in the case of RE, we present the results under commitment and discretion, with only the 
latter described in detail in Section 3. Subsequently, in Section 4.2 we analyze optimal policy when fluctuations in the short-term 

28 To save space we do not report the resulting expressions here.
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rate are costly, while in Section 4.3 we focus on optimal policy when the economy is subject to both cost-push and negative credit 
shocks.

Details on simulations  To replicate an environment with a high balance sheet that gradually returns to the steady state (defined 
as 10% of annualized output), we introduce a persistent positive QE shock.29 Specifically, we assume that central bank asset holdings 
follow an AR(1) process initially, as specified in Eq.  (7), and hence we shock this process. This allows us to generate an environment 
of central bank asset holdings that lie above the steady state. We also assume that the short-term rate is above the ZLB. In period 
5, which is four quarters after the initial QE shock, we introduce a one standard deviation persistent price cost-push shock.30 We 
compute optimal policy in the different cases that we consider from that period (i.e., period 5) onward.31 Before period 5, the 
short-term rate is assumed to follow the interest rate rule specified in Eq.  (6) and the central bank asset holdings follow the AR(1) 
process that is shocked in period 1, as discussed above. We mainly focus on the case in which both instruments, the short-term rate 
and the central bank asset holdings, are set optimally from period 5 onward.32 In our results below, we show the impulse responses 
to a cost-push shock under optimal policy, starting from the period in which this shock hits, i.e. period 5, omitting the first 4 periods 
for clarity. Across all cases, the analysis takes place in a context of balance sheet normalization—that is, a transition from elevated 
central bank holdings back to their steady state level.
Computational details  We use a linear-quadratic approach to optimal policy, drawing on de Groot et al. (2021), Hebden and 
Winkler (2021) and McKay and Wolf (2023), which allows us to derive model-consistent forecast targeting criteria, both under de-
anchored and rational expectations. We provide more details in our online Appendix C.1. We leverage on the first-order conditions 
of our optimal policy formulation, in which the constraints for each variable are defined using the impulse response representation 
of the model. We subsequently solve for the set of monetary policy shocks that satisfies the optimal policy problem.33 This means 
that we find the short-term interest rate and balance sheet sequences that implement our forecast targeting criteria.

4.1. Optimal policy in response to a persistent cost-push shock

In this subsection, we analyze how the central bank can set both of its monetary policy instruments so as to minimize our model-
consistent loss function, shown in Proposition  1, in response to a persistent price cost-push shock that induces upward pressure on 
inflation.

Fig.  1 plots the response of inflation, the output gap, the consumption of the parent and the child along with the two monetary 
policy instruments: the short-term policy rate and the balance sheet. This is presented in a context in which both instruments are 
used to minimize the loss function, in comparison to a scenario where only the short-term interest rate is set optimally, and the 
balance sheet follows the AR(1) process described in (7). Colored lines with circle markers are the cases in which only the short-term 
interest rate is set in an optimal way, while lines without markers represent scenarios where both instruments are set optimally.

The dash-dotted blue lines depict the case of commitment under RE, while the dotted red lines depict the case of discretion under 
RE. In these two cases, it appears that the short-term interest rate is a more powerful tool to attain inflation stabilization, causing 
a milder recession. Moreover, the path of the policy rate when both instruments are set optimally remains slightly below the level 
when only the short-term interest rate is set optimally (lines with circle markers). Consistent with this, the implementation of an 
optimal QT — reflected in a decrease in the balance sheet — results in a moderate additional reduction in inflation, although this 
comes at the cost of a significant decline in the output gap. Under de-anchored expectations, depicted in dashed green lines, the 
effectiveness of the short-term interest rate diminishes, where now the optimal rate hike is more pronounced and persistent. Yet, 
the paths of inflation and the output gap remain broadly similar to those under RE. As shown in (27), the optimal response of the 
short-term rate to inflation rises when expectations are de-anchored. The central bank accounts in this case for the slow adjustment 
of inflation expectations that keep inflation higher than otherwise, all else equal. Thus, to counteract the pressure from expectations, 
it needs to hike more forcefully.

Specifically, the more aggressive hike incorporates not only the stronger reaction to inflation contemporaneously, but also the 
reaction to elevated lagged inflation inherited due to de-anchored expectations. In this context as well, the balance sheet remains a 
less effective tool to fight inflationary pressures as it brings only limited gains on inflation stabilization at the expense of substantially 
higher output losses. In fact, as (25) shows, the demand and supply channels of the balance sheet policy work in opposite directions, 
thereby reducing its overall efficacy. As a result, stronger cuts in the balance sheet are necessary to achieve a given decline in 

29 The argument of a positive balance sheet in the steady state has been recently emphasized in policy discussions. See, e.g. 9 November 2023, Philip R. Lane, 
Member of the Executive Board of the ECB, at the ECB Conference on Money Markets: ‘‘In particular, the appropriate level of central bank reserves can be expected 
to remain much higher and be more volatile in this new steady state compared to the relatively-low levels that prevailed before the global financial crisis (GFC).’’
30 We deviate from the assumption of i.i.d. shocks taken in Section 3, instead considering a persistent cost-push shock scenario, which aligns more closely 

with recent empirical observations during the inflation surge. This results in further differences between rational and de-anchored expectations.
31 Note that the choice of period 5 is arbitrary and that our policy prescriptions are not sensitive to it qualitatively. The implications are only quantitative.
32 In our analysis, we also compare the welfare implications of using both instruments versus one of the two only. In the case where only the short-term 

rate is set optimally, the central bank asset holdings are assumed to continue following the AR(1) rule throughout the entire horizon. When only the central 
bank asset holdings are set optimally (optimal QT), the short-term rate is assumed to continue following the interest rate rule assumed in the initialization of 
our simulations, as specified above. In this case, the path of the central bank asset holdings is decided optimally from period 5 onward. Before period 5, they 
simply follow the AR(1) process that is shocked in period 1.
33 Our computations benefit from the extensive work outlined in the COPPs toolkit developed by de Groot et al. (2021), which provided valuable insights for 

solving our optimal policy problems. The toolkit can be accessed here: https://github.com/COPPsToolkit/COPPs.
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Fig. 1. Optimal monetary policy, in response to a cost-push shock.
Notes: Optimizing the balance sheet and the short-term interest rate, in response to a one standard deviation persistent (𝜌𝑐𝑝 = 0.8) cost-push shock. The dash-dotted 
blue lines depict optimal policy under commitment with fully RE, while the red dotted lines show the case of discretion with fully RE. The green dashed lines 
are optimal policy under fully de-anchored expectations. The circle-marked lines are the cases where only the short-term rate is set optimally (Only IR). The 
lines without markers are the cases in which both instruments are set optimally (QT and IR). To implement a transition from a high balance sheet level to 
a lower (i.e. steady state) level, we first apply a positive QE shock. Then, four periods after this initial shock, we introduce a cost-push shock. We show the 
impulse responses under optimal policy from this period onwards, when the cost-push shock hits. (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.)

inflation. However, this comes at the expense of a deeper contraction in economic activity. Specifically, from (14), the consumption 
of the child declines considerably adding to the induced contraction.34 These conclusions hold both under RE and de-anchored 
expectations, given that the expectations formation mechanism has a negligible effect on the optimal balance sheet path, as discussed 
in the previous section.

Overall, the description of Fig.  1 allows us to emphasize the following main takeaways about the optimal normalization policy 
following cost-push shocks in the case of rational or de-anchored expectations. These findings quantify our analytical results in 
Section 3. First, the interest rate stands out as the primary instrument for macroeconomic stabilization, due to its higher efficacy in 
tempering inflationary pressures at a lower output cost. Consistent with the literature, it proves highly powerful under RE and less 
so under de-anchored expectations. Second, in both cases of expectation formation, rational and de-anchored, QT proves broadly 
ineffective, offering few additional gains in terms of inflation reduction while imposing significant costs on real activity. Furthermore, 
while the interest rate trajectory differs between the two expectation scenarios, the optimal balance sheet strategy remains largely 
unaffected by the type of expectations.
The role of expectations Fig.  2 provides further details on the mechanism through which optimal interest rate and balance sheet 
policy operates, emphasizing the role of expectations in shaping the effectiveness of the policy. It shows the dynamics of the balance 
sheet, the long-term rate and the interest rate spread, as well as inflation, the output gap and balance sheet expectations.35 When 
expectations are well-anchored, agents recognize that the policy response would prevent inflation from staying persistently elevated 
but that output will fall. In addition, agents’ beliefs track precisely the announced path by the central bank, enabling the central bank 

34 Recall that the child finances her consumption by issuing long-term bonds partly held by the central bank. Hence, unwinding the central bank balance 
sheet reduces the consumption of the child.
35 These variables are all explicitly part of the structural model outlined in Section 2.
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Fig. 2. Optimal monetary policy, the role of expectations.
Notes: The dynamics of expectations, the long-term rate and the spread when both instruments are set optimally, in response to a one standard deviation 
persistent (𝜌𝑐𝑝 = 0.8) cost-push shock. The dash-dotted blue lines depict optimal policy under commitment with fully RE. The green dashed lines are optimal 
policy under fully de-anchored expectations. The solid black line shows the baseline QT trajectory where the central bank balance sheet follows an AR(1) process. 
To implement a transition from a high balance sheet level to a lower (i.e. steady state) level, we first apply a positive QE shock. Then, four periods after this 
initial shock, we introduce a cost-push shock. We show the impulse responses under optimal policy from this period onwards, when the cost-push shock hits. 
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

to effectively manage long-term rates.36 This allows the central bank to calibrate QT to the necessary degree, tightening long-term 
rates just enough to complement the increase in the short-term rate and thus counteract the elevated inflation.

In the case of de-anchored expectations, agents’ beliefs are more sluggish. They perceive that inflation will remain elevated for 
an extended period, prompting the central bank to raise the short-term policy rate to a higher level and maintain it for longer, as 
depicted in Fig.  1. The effect of de-anchored expectations on the path of expected inflation is captured analytically by the sum of 
lagged inflation terms in the optimal interest rate rule in (27) which forms a part of the stronger rate hike in this case, as explained 
above. On the side of the balance sheet, agents do not factor in the central bank’s future QT path. This results in a significant 
rise in long-term rates due to the misalignment between the actual QT level and expectations about it. However, given the similar 
divergence in the short-term rate, in both cases (RE and de-anchored expectations), the spread between the long-term and the 
short-term interest rate does not vary markedly.

Importantly, in this case, the expectations formation of the private sector about the QT trajectory is of relatively low importance. 
The intuition for this result is that, here, smaller adjustments in the long-term rate are required when both instruments are 
set optimally, since the short-term interest rate remains the primary tool for controlling inflation, irrespective of the prevailing 
expectations formation scenario. Consequently, any variations in the long-term rate are a direct consequence of changes in QT 
expectations and the more forceful short-term rate response rather than the central bank’s balance sheet actions per se. The 
derivation of the optimal criterion in (25) revealed that the conflicting demand and supply channels of balance sheet policy 
mitigate the importance of de-anchored expectations in the decision of the central bank about its balance sheet. Their importance 
is further dampened due to discounting and a low constant gain parameter. Hence, it is the interaction between the two channels 

36 As detailed in online Appendix A, real long-term rates are a linear function of the expected changes in the size of the balance sheet E𝑡𝑟𝑏𝑡+1 − E𝑡𝜋𝑡+1 =
𝜎
[

E 𝑐 − 𝑐
]

= 𝜎
[

𝑏̄𝐹𝐼 (E 𝜃 − 𝜃
)

+ 𝑏̄𝑐𝑏
(

E 𝑞𝑒 − 𝑞𝑒
)]

.
𝑡 𝑏,𝑡+1 𝑏,𝑡 𝑡 𝑡+1 𝑡 𝑡 𝑡+1 𝑡
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Table 2
Welfare costs.
 Commitment RE Discretion RE De-anchored exp. 
 Interest rate only, parent 0.198 0.315 0.236  
 Balance sheet only, parent 0.485 0.616 0.815  
 Interest rate only, child −0.670 −0.845 −0.687  
 Balance sheet only, child 0.281 0.674 0.623  
 Interest rate only, planner 0.017 0.050 0.034  
 Balance sheet only, planner 0.275 0.395 0.379  
Notes: This table presents the welfare costs associated with using one instrument only, either the 
short-term interest rate or the balance sheet, relative to using both instruments. The values of the 
welfare cost represent the percentage increase in the steady state consumption of the parent or 
the child, or the social planner, that would make her indifferent between using both instruments 
optimally and setting only the interest rate or the only balance sheet optimally.

of transmission of balance sheet policy and the slow adjustment of expectations that makes the latter less relevant in the optimal 
decision of the central bank.
The welfare costs of using one relative to both instruments  We now turn to quantifying the welfare costs of using one instrument 
(the short-term rate or the balance sheet) relative to using both to minimize our model consistent loss function. We obtain the 
welfare costs following Ravenna and Walsh (2011) and Mavromatis (2018), as the percentage increase in steady state consumption 
that would make the parent and/or child indifferent between the optimal policy using one instrument only and the fully optimal 
policy where both instruments are set optimally.

We define 𝛼𝐼𝑅𝑝  as the welfare cost for the parent of not implementing the fully optimal policy, measured as the percentage increase 
in steady state consumption that would make her indifferent between interest rate only optimal policy and the fully optimal policy. 
Similarly, 𝛼𝑄𝑇

𝑝  is the welfare cost for the parent of not implementing the fully optimal policy, measured as the percentage increase in 
steady state consumption that would make her indifferent between balance sheet only optimal policy and the fully optimal policy. 
The terms 𝛼𝐼𝑅𝑐  and 𝛼𝑄𝑇

𝑐  denote the respective welfare costs for the child. Finally, 𝛼𝐼𝑅𝑤  and 𝛼𝑄𝑇
𝑤  represent the respective welfare costs 

for the economy as a whole, derived from the social welfare. Formally, 𝛼𝑘𝑝 , 𝛼𝑘𝑐  and 𝛼𝑘𝑤, with 𝑘 = {𝐼𝑅,𝑄𝑇 } can be obtained from: 
1

1 − 𝛽
𝑈̄
((

1 + 𝛼𝑘𝑝
)

𝐶̄, 𝐿̄
)

+ 𝑉 𝑘
𝑡 = 1

1 − 𝛽
𝑈̄
(

𝐶̄, 𝐿̄
)

+ 𝑉 𝑓𝑜
𝑡 (28)

1
1 − 𝛽𝑏

𝑈̄
((

1 + 𝛼𝑘𝑐
)

𝐶̄𝑏) + 𝑉 𝑘
𝑡,𝑏 =

1
1 − 𝛽𝑏

𝑈̄
(

𝐶̄𝑏) + 𝑉 𝑓𝑜
𝑡,𝑏 (29)

1
1 − 𝛽

𝑈̄
((

1 + 𝛼𝑘𝑤
)

𝐶̄, 𝐿̄
)

+ 1
1 − 𝛽

𝑈̄
((

1 + 𝛼𝑘𝑤
)

𝐶̄𝑏) +𝑊 𝑘
𝑡

= 1
1 − 𝛽

𝑈̄
(

𝐶̄, 𝐿̄
)

+ 1
1 − 𝛽

𝑈̄
(

𝐶̄𝑏) +𝑊 𝑓𝑜
𝑡

(30)

with 𝑉 𝑘
𝑡  and 𝑉 𝑘

𝑡,𝑏 the welfare of the parent and the child, respectively, in the case with only one instrument being set optimally, while 
𝑉 𝑓𝑜
𝑡  and 𝑉 𝑓𝑜

𝑡,𝑏  are the welfare of the parent and the child in the case that we consider as fully optimal, where both instruments are 
set optimally.37 Similarly, 𝑊 𝑘

𝑡  and 𝑊 𝑓𝑜
𝑡  is the aggregate welfare, derived in Proposition  1, evaluated when only one instrument is 

set optimally and when both instruments are set optimally, respectively.
Table  2 summarizes the welfare costs. The first row shows the welfare costs for the parent of setting only the interest rate 

optimally, relative to the fully optimal policy involving both instruments. A positive value implies that when the central bank follows 
the fully optimal policy this is preferable for the parent, compared to implementing a single instrument optimally. The second row 
focuses on the scenario in which only the balance sheet is set optimally, relative to the fully optimal policy. The subsequent rows 
summarize the respective results for the child, as well as for aggregate welfare (denoted as planner). The first column is the case 
with RE and commitment, the second corresponds to the case with RE and discretion, and the third to the case with de-anchored 
expectations.

When comparing the scenarios where both instruments are optimized with those where only the interest rate is set optimally, 
Table  2 supports the findings illustrated in Fig.  1. From the perspective of the social planner, the benefits of optimally using both 
instruments are small for the economy on aggregate. Specifically, setting only the interest rate optimally would require a rise in 
steady state consumption of 0.05% on average under discretion with RE and of 0.034% under de-anchored expectations, respectively, 
in order for the economy as a whole to be as well off as under the fully optimal policy. Focusing on the parent and the child
individually, we find that relying solely on the interest rate is suboptimal for the parent, as her consumption — which depends on 
the real short-term interest rate — declines more significantly. Conversely, the child would benefit more from using only the interest 
rate optimally, as its consumption is directly linked to the path of the balance sheet, which in this scenario follows the stable AR(1) 
process.

37 The welfare of the parent and the child, respectively, are derived from a second order approximation to the utility function of each group, as summarized 
in the online Appendix B in equations (B.11) and (B.13).
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Finally, when comparing the use of both instruments with using only the balance sheet, our results consistently indicate that 
the interest rate is the most effective instrument. Setting only the balance sheet optimally results in significantly higher welfare 
costs, both on aggregate and for each type of agent individually, compared to the fully optimal policy. This finding holds true for 
all scenarios.38

4.2. Penalizing changes in the short-term rate

In the previous subsection, we established that the interest rate is the best-suited tool to curb inflationary pressures caused by 
cost-push shocks and that reducing the size of the balance sheet brings negligible improvements in aggregate welfare. Importantly, 
we showed that this conclusion also holds under de-anchored expectations, albeit more aggressive hikes are necessary in response 
to cost-push shocks. In practice, this might prove too costly as central banks may need to adjust interest rates gradually or may want 
to avoid excess interest rate volatility. To assess how this affects our policy prescriptions, we append to the loss function derived in 
Proposition  1 the change in the short-term rate squared. The loss function thus receives the following form: 

𝑊𝑡 ≈ 𝑊 − 𝑈𝐶𝑌

{

(1 − 𝑧)
(𝐶
2

)

𝑐2𝑡 + 𝑧
(

𝐶𝑏
2

)

𝑐2𝑏,𝑡 +
𝑌 𝜖𝜙

2(1 − 𝜙𝛽)(1 − 𝜙)
𝜋2
𝑡

+ 1
2
(𝜐̃𝑝𝑡 )

2 + 𝜏 𝑄𝑏𝑐𝑏

𝑌
𝑞𝑒𝑡 + 𝜏𝑄𝑏𝑐𝑏𝑄𝑏𝑐𝑏

2𝑌
𝑞𝑒2𝑡 + 𝜆𝑟

(

𝑟𝑠𝑡 − 𝑟𝑠𝑡−1
)2

} (31)

with 𝜆𝑟 the weight associated with the change in the short-term rate.39 The results are displayed in Fig.  3, which plots the response 
of inflation, the output gap and the two monetary policy instruments when both are set optimally. The colored lines marked with 
diamonds plot optimal policy under RE (commitment and discretion) and de-anchored expectations when changes in the short-term 
rate are costly. For comparison, in the colored lines without markers we show the responses from Fig.  1, where an interest rate 
stabilization objective is absent in the loss function.

Penalizing changes in the short-term rate has an impact on the conduct of optimal policy under de-anchored expectations, 
depicted with the green diamond-marked lines. In this case, the central bank is more constrained in the hikes that it can implement, 
and that is why the rise in the short-term rate is now dampened and hump-shaped compared to the case where variations in the 
short-term rate are not penalized (green dashed lines without markers). To compensate for this limitation, the central bank must 
initially shrink its balance sheet further. Given the costly short-term rate fluctuations, without the balance sheet as an additional 
instrument at its disposal, inflation would have jumped even higher on impact. In contrast, under rational expectations, penalizing 
interest rate variations leads to negligible changes in the prescribed optimal policy paths of both instruments. The key conclusion 
is that, under de-anchored expectations when interest rate variations are penalized, balance sheet management can contribute to 
macroeconomic stabilization and help avoid large changes in the short-term rate. It does so through further balance sheet reduction 
that tightens long-term rates and offsets some of the inflationary pressure.

4.3. Facing multiple shocks, the effects of credit disturbances

Balance sheet policies are also frequently used as a way to stabilize stressed financial markets. When addressing inflationary 
shocks during monetary policy normalization, policymakers may concurrently face shocks affecting the financial system.40 How 
should they respond optimally to such a combination of disturbances? Does the nature of the shock and the expectations formation 
mechanism matter for the performance of each policy tool? This section answers these questions by computing optimal monetary 
policy using both instruments, under RE and de-anchored expectations. We assume that a substantial credit shock occurs one year 
after the initial cost-push shock. The credit shock resembles a severe tightening of financial intermediaries’ balance sheets, akin to 
a credit crunch. The responses to this combination of shocks are represented by the colored lines marked by triangles in Fig.  4. For 
convenience, we also display the responses obtained in the previous sections under a cost-push shock only, in colored lines without 
triangle markers.

Sims et al. (2023) show that the balance sheet is the best-suited tool to respond to credit shocks. Our optimal policy results draw 
the same conclusion. Moreover, we show that this conclusion is robust to the expectations formation mechanism. Compared to the 
case with cost-push shocks only, we find that large credit disturbances can push the central bank to slow down and even partially 
reverse its normalization effort, both under RE and de-anchored expectations. As depicted in Fig.  4, the balance sheet becomes the 
primary tool for responding to credit shocks. In contrast, when it comes to the optimal interest rate path, optimal policy does not 
prescribe significant movement to it at the time the credit shock hits.

The discussion above leads to the conclusion that the preference for the short-term rate over the balance sheet is in fact shock 
dependent. Under de-anchored expectations the optimal short-term rate path is slightly dampened relative to the case with a cost-
push shock only. Conversely, the central bank should halt balance sheet unwinding early and temporarily overshoot its steady state 
level to mitigate the credit shock. Similar patterns hold under RE. Our results indicate that the optimal balance sheet path in response 

38 In online Appendix C.3, we show that in scenarios in which the central bank balance sheet is the sole policy tool set optimally, inflation is less well 
contained at the expense of a strong decrease in output.
39 We calibrate 𝜆𝑟 = 1 as in, e.g., Caravello et al. (2024).
40 A recent example is the Federal Reserve’s intervention in the wake of the failure of Silicon Valley Bank and Signature Bank.
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Fig. 3. Optimal monetary policy, penalizing the change in interest rate.
Notes: Optimizing the balance sheet and the short-term interest rate, in response to a one standard deviation persistent (𝜌𝑐𝑝 = 0.8) cost-push shock, adding the 
change in the short-term interest rate in the loss function. The weight on the change in the short-term rate is set to 𝜆𝑟 = 1. The solid blue lines depict optimal 
policy under commitment with full RE, and the red dashed–dotted lines show the case of discretion with full RE. The green dashed lines are optimal policy under 
fully de-anchored expectations. The solid black line shows the baseline QT trajectory where QT follows an AR(1) process. The diamond-marked lines indicate 
the cases with the change in the interest rate in the loss function. To implement a transition from a high balance sheet level to a lower (i.e. steady state) level, 
we first apply a positive QE shock. Then, four periods after this initial shock, we introduce a cost-push shock. We show the impulse responses under the optimal 
policy from this period onwards when the cost-push shock hits. (For interpretation of the references to color in this figure legend, the reader is referred to the 
web version of this article.)

to credit shocks achieves inflation and output gap outcomes nearly identical to those seen without credit shocks, under both types 
of expectations.

In summary, we draw two noteworthy results. First, the primacy of the policy rate, in terms of its ability to respond to shocks, 
depends on the nature of the shock. When confronted with cost-push and credit shocks while setting both policy instruments 
optimally, the central bank’s approach is to tailor each tool to respond to a specific shock: the short-term policy rate is best suited 
to control inflationary pressures arising from a cost-push shock, while the balance sheet is the appropriate tool to address a credit 
shock. Second, this conclusion holds regardless of the expectations formation mechanism.

5. Conclusion

This paper is motivated by recent rate hikes implemented by major central banks, partly in response to supply shocks, and by the 
ongoing unwinding of large central bank balance sheets. We study optimal normalization policy in a framework in which agents’ 
expectations can deviate from rational expectations, and the central bank is faced with cost-push shocks. Using an extended version 
of the four equation New Keynesian model of Sims et al. (2023) that incorporates a resource cost for central bank bond holdings, 
we examine whether balance sheet adjustments should play a more prominent role when expectations are de-anchored.

Our first contribution is to show analytically that the interest rate remains the most effective tool for managing inflationary 
pressures arising from cost-push shocks, regardless of the expectations formation process. While de-anchored expectations necessitate 
a more forceful policy response, the interest rate continues to outperform balance sheet adjustments. Moreover, expectations have 
only a limited influence on the optimal path of balance sheet normalization in response to such supply shocks.

Optimal policy simulations further reinforce these findings. We show that the balance sheet is less effective than the interest rate 
in controlling inflationary pressures and leads to larger welfare losses. We also examine scenarios in which balance sheet adjustments 
become more important. Although the balance sheet plays only a secondary role in addressing cost-push shocks, it gains relevance 
when interest rate adjustments are constrained and de-anchored expectations would otherwise necessitate strong rate increases. 
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Fig. 4. Optimal monetary policy, in response to a cosh-push and a credit shock.
Notes: Optimizing the balance sheet and the short-term interest rate, in response to a one standard deviation persistent (𝜌𝑐𝑝 = 0.8) cost-push shock, and a five 
standard deviation persistent (𝜌𝜃 = 0.8) credit shock. The solid blue lines depict optimal policy under commitment with fully RE, while the red dashed–dotted 
lines show the case of discretion with fully RE. The vertical dashed line represents the period when the credit shock hits. The colored lines without markers are 
optimal policy when facing a cost-push only, while the colored lines with markers are when facing a cost-push and a credit shock. The solid black line shows 
the baseline QT trajectory where QT follows an AR(1) process. To implement a transition from a high balance sheet level to a lower (i.e. steady state) level, we 
first apply a positive QE shock. Then, four periods after this initial shock, we introduce a cost-push shock. We add a credit shock eight periods after the initial 
QE shock. We show the impulse responses under optimal policy from period 5 onwards, when the cost-push shock hits. (For interpretation of the references to 
color in this figure legend, the reader is referred to the web version of this article.)

Importantly, we find that the balance sheet is more effective in responding to credit disturbances, regardless of how expectations 
are formed. This suggests that the optimal choice between policy tools depends on the nature of the shock: the interest rate is better 
suited for managing inflationary supply shocks, while the balance sheet is more effective in addressing credit shocks.

We acknowledge, however, that our conclusions are drawn from a rather simplified framework and, as such, a richer model 
featuring additional transmission channels is deemed necessary. A notable limitation is that the model does not capture potential 
endogenous market functioning issues that could be triggered by abrupt policy shifts. At the same time, this paper represents a first 
attempt to incorporate state-of-the-art techniques to analyze optimal normalization policy, involving both the short-term interest 
rate and the balance sheet, in a model with bounded rationality.

Appendix A. Supplementary data

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.jmoneco.2025.103786.

Data availability

No data was used for the research described in the article.
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