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Motivation

 Can a central bank tighten monetary policy 
and the real interest rate fall under monetary 
dominance?

 Textbook New Keynesian (NK) models are about general 
equilibrium, but a model still needs a story to tell

 Common view of the transmission of monetary policy is 
through a real interest rate channel: 

(1) Monetary policy rule

(2) Fisher equation

(3) IS curve

(4) Phillips curve

 This mechanism assumes monetary dominance
 Some sort of Taylor Principle, e.g., 𝜈𝜈 > 1

 It is a textbook result that 𝑖𝑖𝑡𝑡 may fall, but the rest remains valid:
 ↑ 𝜀𝜀𝑡𝑡𝑚𝑚  ⇒

- if 𝜈𝜈 is high enough, the endogenous component may 
numerically exceed the exogenous one with the 
opposite sign, but still ↑ 𝑟𝑟𝑡𝑡

endogenous
(systematic)

exogenous

Both results are consistent with the existence of the real interest rate channel
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Motivation
 Can a central bank tighten monetary policy, and 

the real interest rate fall under monetary 
dominance?

 Rupert and Šustek (2019)
 Added endogenous capital to the NK model
 Allowed monetary shock to be persistent (𝜌𝜌𝑚𝑚 > 0)
 Found: real interest rates may move in any direction after 

a contractionary monetary shock (I call the capital puzzle)

 In the canonical model, that would not happen because it was 
like a model with infinite capital adjustment costs

 They argue that the real interest rate channel is observational, 
not structural
 subject to policy choices (𝜌𝜌𝑚𝑚 ), thus, not immune to the 

Lucas critique Is it really the case that the 
channel is not structural?

Mr. Wicksell
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Preview of results
 The real interest rate channel is structural:

 The flow continues onward with shrinking and oscillating amplitude until convergence to the in-period equilibrium, as 
induced by monetary dominance.

 The identification problem can be mitigated by smoothing interest rates in the policy rule
 What central banks, arguably, all do

 The sign of 𝑟𝑟𝑡𝑡
𝐺𝐺𝐺𝐺𝐺𝐺 = 𝑟𝑟𝑡𝑡 −  𝑟𝑟𝑡𝑡∗ (RIRG) can be misleading after a strong shock (e.g., pandemic, financial crisis, or trade war)

 As 𝑟𝑟𝑡𝑡
𝐺𝐺𝐺𝐺𝐺𝐺 depends on state variables, after a shock, 𝑟𝑟𝑡𝑡 and 𝑟𝑟𝑡𝑡∗ do not reflect the same states.

 Comparing apples to oranges (as warned by Woodford (2003))

 Alternative: calculate state-invariant gap, 𝑟𝑟𝑡𝑡
𝐺𝐺𝐺𝐺𝐺𝐺,𝑐𝑐𝑐𝑐 , sign-consistent and a better predictor of future 𝜋𝜋𝑡𝑡 in the United 

States from 1965 to 2019

endogenous response of the policy rule
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The literature in 5 strands

 The (real) interest rate channel:
 Wicksell (1898, 1907), Woodford (2003), Neiss and Nelson (2003), Laubach and Williams (2003)

 Suspicion about the real interest rate channel is not new:
 Kimball (1995): “Neo-Monetarist” model (RBC + sticky prices + monetary aggregates rule)

- A monetary expansion would raise real interest rate under “plausible parameters”
- The "implausible" scenario would occur if either adjustment costs were "too high" or convergence back to the long-run equilibrium 

after a monetary shock was "too fast"

 Rupert and Sustek’s odd choice of ingredient:
 Brault and Kahn (2022) : Contemporary medium-scale models use investment adjustment costs.

 Interest-rate smoothing is business as usual:
 Empirics: Clarida et al. (1999), Coibion and Grodnichenko (2012), Smets and Wouters (2007).
 Theory: Goodfriend (1987), Sack and Wieland (2000) and Woodford (2003)
 Survey: Amaral et al. (2025)

 But not all agree (data-dependency vs. inertia and forward guidance):
 Rudebusch (2006) and Carrillo et al. (2018)
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Outline

 The (reverse) mechanics of New-Keynesian models

 Interest-rate smoothing

 Revisiting the real interest rate gap (RIRG)

 Can Smets and Wouters (2007) do it?

 Forecasting inflation with the real interest rate gaps

 The US monetary policy history under the lens of RIRGs

 Conclusion
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The (reverse) mechanics of New-Keynesian models

A state-space representation of the conventional state-variant real interest rate gap
• {𝐴𝐴,𝐵𝐵,𝐶𝐶,𝐷𝐷} are matrices of coefficients
• {𝑠𝑠𝑡𝑡} is a matrix with a given sequence of actual and expected states
• 𝜖𝜖𝑡𝑡 is a  vector of exogenous shocks
• 𝜉𝜉𝑡𝑡 is a vector of persistent exogenous shocks, where each follows an AR(1) process

sign depends on elasticity 
of state variables

That’s where the capital puzzle is born!
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The (reverse) mechanics of New-Keynesian models

A state-space representation of Woodford (2003)’s state-consistent real interest rate gap
• {𝐴𝐴,𝐵𝐵,𝐶𝐶,𝐷𝐷} are matrices of coefficients
• {𝑠𝑠𝑡𝑡} is a matrix with a given sequence of actual and expected states
• 𝜖𝜖𝑡𝑡 is a  vector of exogenous shocks
• 𝜉𝜉𝑡𝑡 is a vector of persistent exogenous shocks, where each follows an AR(1) process

sign depends on elasticity 
of state variables
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Interest-rate smoothing

 Interest-rate smoothing can 
deliver IRFs with the sign 
consistent with the real interest 
rate channel within the 
empirically relevant parameter 
range

 This finding largely minimizes 
the identification problem from 
an empirical perspective and 
provides new insight into its 
mechanics
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Interest-rate smoothing

 Interest-rate smoothing can 
deliver IRFs with the sign 
consistent with the real interest 
rate channel outside of the 
empirically relevant parameter 
range if there is a little bit of 
adjustment costs

 This finding also largely 
minimizes the identification 
problem from an empirical 
perspective and provides new 
insight into its mechanics
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Interest-rate smoothing

 The mechanics of smoothing
 Solving by the undetermined coefficients method
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Interest-rate smoothing

 The mechanics of smoothing

No capital puzzle!
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Revisiting the real interest rate gap (RIRG)

 From the definition of 𝑟̂𝑟𝑡𝑡
𝐺𝐺𝐺𝐺𝐺𝐺, I define the state-invariant 𝑟̂𝑟𝑡𝑡

𝐺𝐺𝐺𝐺𝐺𝐺,𝑐𝑐𝑐𝑐  
 The gap as if endogenous state variables (capital) were kept fixed:
 Not the same as capital does not exist! Capital affects levels and elasticities, but not dynamics!
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Revisiting the real interest rate gap (RIRG)

 I build the counterfactual model in which the state variable is always fixed ex-ante: 

+/- sign of (row variable) at the contractionary monetary shock 
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Revisiting the real interest rate gap (RIRG)

A state-space representation of the state-invariant real interest rate gap
• {𝐴𝐴,𝐵𝐵,𝐶𝐶,𝐷𝐷} are matrices of coefficients
• {𝑠𝑠𝑡𝑡} is a matrix with a given sequence of actual and expected states
• 𝜖𝜖𝑡𝑡 is a  vector of exogenous shocks
• 𝜉𝜉𝑡𝑡 is a vector of persistent exogenous shocks, where each follows an AR(1) process
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Can Smets and Wouters (2007) do it?

 Sweeping the parameters with very low adjustment costs (estimated US 𝜅𝜅𝑖𝑖= 5.4882)
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Forecasting inflation with the real interest rate gaps
 Simulating SW (2007) calibrated at the estimated posterior mode with all shocks turned on (250,000 periods; 50,000 burn-in)

With realistic adjustment costs,
all gap measures are sign-consistent and predict similarly well

With negligible adjustment costs,
state-variant gap predicts better, but only other gaps are sign-consistent

Combining all measures improve inflation forecasting
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Forecasting inflation with the real interest rate gaps
 Simulating SW (2007) calibrated at the estimated posterior mode with historical data from 1966Q1 to 2004Q4

All gap measures are sign-consistent but the state-invariant predicts better

Combining multiple gaps improve inflation forecasting
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Forecasting inflation with the real interest rate gaps
 Simulating SW (2007) calibrated at the estimated posterior mode with historical data in subsamples

Combining multiple gaps improve inflation forecasting

All gap measures are sign-consistent but the state-invariant predicts better
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Forecasting inflation with the real interest rate gaps
 Simulating SW (2007) calibrated at the estimated posterior mode with historical data from 1966Q1 to 2004Q4
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Forecasting inflation with the real interest rate gaps
 Simulating SW (2007) calibrated at the estimated posterior mode with historical data from 1966Q1 to 2004Q4
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Forecasting inflation with the real interest rate gaps
 Simulating SW (2024) calibrated at the estimated posterior mode with historical data from 1965Q1 to 2019Q4

Combining multiple gaps improve inflation forecasting

All gap measures are sign-consistent but the state-invariant predicts better

• When combining different RIRGs, the sign of the state-variant turns positive

• Only the state-invariant is significant
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The US monetary policy history under the lens of RIRGs
 It is possible to discern the rough trends of recent US monetary policy history by tracking the evolution of estimated RIRGs.
 Smets and Wouters (2024) provides a narrative similar to the one constructed using a broader range of sources.
 All RIRGs exhibit similar trends, but the state-invariant gap appears to provide stronger signals during turning points.

 Great Inflation (1960s – 1970s): 
RIRGs reveals a consistently loose 
monetary policy stance, especially in 
the second half of the 1970s, 
contributing to high and volatile 
inflation.

 Volcker Disinflation (1979 – ~1985): 
The abrupt tightening under Chairman 
Paul Volcker is reflected in the sudden 
reverse of the RIRGs, marking a 
decisive shift in monetary policy.
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The US monetary policy history under the lens of RIRGs

 Great Moderation (~1985 – 2007): 
RIRGs show a prolonged period of 
moderate looseness, coinciding with 
stable inflation and growth rates, and a 
clearer loosing contribution from 
monetary policy in the 2000s.

 Post-GFC (2008–2019):
RIRGs capture the involuntary 
tightening caused by the effective 
lower bound on policy rates and the 
preponderance of negative natural 
interest rates, highlighting the 
challenges faced by the Fed.

 It is possible to discern the rough trends of recent US monetary policy history by tracking the evolution of estimated RIRGs.
 Smets and Wouters (2024) provides a narrative similar to the one constructed using a broader range of sources.
 All RIRGs exhibit similar trends, but the state-invariant gap appears to provide stronger signals during turning points.
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The US monetary policy history under the lens of RIRGs

 COVID-19 Pandemic (2020–2023): 
The RIRGs document the intense and 
involuntary contraction of monetary 
policy stance following the pandemic 
shock, as investment collapsed and the 
effective lower bound of the policy 
rate was binding.

 It is possible to discern the rough trends of recent US monetary policy history by tracking the evolution of estimated RIRGs.
 Smets and Wouters (2024) provides a narrative similar to the one constructed using a broader range of sources.
 All RIRGs exhibit similar trends, but the state-invariant gap appears to provide stronger signals during turning points.
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Conclusion
 Key Findings:

 The real interest rate channel is structural in New Keynesian models
 The capital puzzle arises from a high capital elasticity to shocks (the phenomenon is broader than capital)
 The identification problem can be mitigated by interest-rate smoothing
 The state-invariant RIRG is sign-consistent with the monetary policy stance

- And was a better predictor of inflation in the United States from 1965 to 2019

 Implications:
 The capital puzzle highlights the need to reconsider how the stance of monetary policy is measured and 

communicated, particularly during periods of significant economic disruption
 Reconciling short- and long-run estimates of r-star becomes crucial in such contexts
 The state-invariant RIRG may be used by central banks for gauging the monetary policy stance and predicting 

inflation
 The relationship between inflation and real interest rates is more robust than with nominal interest rates
 Acceptable to identify VAR models with the same sign restriction on the real interest rate's response to a monetary 

shock, more so in the presence of interest-rate smoothing



Thank you!
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