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Summary of the Paper

I Decline of the natural real interest rate (Laubach and
Williams, 2016, Del Negro et al, 2017, ...)

=⇒ ZLB episodes are likely to be more frequent
(Reifschneider and Williams, 2000)

I NK ‘Standard Model’ has two steady states: targeted
equilibrium (TE), deflation equilibrium (DE) (Benhabib,
Schmitt-Grohé and Uribe, 2001a,b)
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Summary of the paper

This paper:
I Stochastic two regime NK model (Arouba, Schorfheide, 2016)

1© ... with time-varying natural rate of interest...

2© ... and endogenous regime switching

The mechanism:

I Agent uses weighted-average of the forecasts for TE and DE

I Weights are determined by recent RMSE for inflation and the
output gap (8 quarters)

I Large shocks can push the economy at the ZLB

I Agent places higher probability on the deflation equilibrium –
self-fulfilling

I Even outside ZLB the agent can assign a nontrivial probability
to the deflation equilibrium
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Summary of the paper

This paper:

I Nice, neat, thoughtful paper!

I Great tool to assess (the limits) our understanding of the last
few years at the ZLB through the lenses of a simple NK model

This discussion:

I Is it a good description of the US economy?

I Is a standard NK model the right framework?
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Deflationary equilibrium

I Targeted equilibrium: inflation on the target, nominal
interest rates are positive

I Deflation equilibrium: nominal interest rates are zero and
inflation rates are (usually) negative

the substitution it = 0.5 i∗t + 0.5
√

(i∗t )
2 in the global equilibrium condition (1). Details are

contained in the appendix.

2.1 Long-run endpoints

The Fisher relationship it = rt+Et πt+1 is embedded in the non-stochastic version of equation

(1). Consequently, when gπ > 1, the model has two long-run endpoints (steady states) as

shown originally by Benhabib, Schmitt-Grohé, and Uribe (2001a,b). The novelty here is

that the long-run endpoints can shift due to shifts in r∗t . Straightforward computations using

the model equations yield the following long-run endpoints that characterize the “targeted

equilibrium”and the “deflation equilibrium,”respectively.

Table 1. Long-run Endpoints

Targeted equilibrium Deflation equilibrium
πt = π∗ πt = −r∗t
yt = y∗ ≡ π∗ (1− β) /κ yt = −r∗t (1− β) /κ
i∗t = r∗t + π∗ i∗t = (r∗t + π∗) [1− gπ − gy (1− β) /κ]
it = r∗t + π∗ it = 0

In the targeted equilibrium, long-run inflation is at the central bank’s target rate π∗ and

the long-run output gap y∗ is slightly positive for typical calibrations with 0.99 < β < 1. The

long-run desired nominal interest rate i∗t conforms to the Fisher relationship.
10 The ZLB is

not binding such that it = i∗t > 0, provided that r∗t > −π∗. In the model simulations, I impose
bounds on fluctuations in r∗t that are based on the range of natural rate estimates obtained by

Laubach and Williams (2016) for the period 1988.Q1 to 2016.Q4. In the deflation equilibrium,

the long-run inflation rate, the long-run output gap, and the long-run desired nominal interest

rate are all negative when r∗t > 0.11

2.2 Local linear forecast rules

Given the linearity of the model aside from the ZLB, it is straightforward to derive the agent’s

rational decision rules for πt and yt in the vicinity of the long-run endpoints associated with

each of the two equilibria. For the targeted equilibrium, the local decision rules are unique

10Cochrane (2015) shows that Fisherian effects appear to dominate Phillips curve effects for determining the
comovement between the nominal interest rate and inflation in the standard New Keynesian model.
11Evans, Honkopoja, and Mitra (2016) develop a New Keynesian models that imposes a lower bound on the

inflation rate that is more negative than −r∗ (which is assumed to be constant in their model). They show that
this additional constraint gives rise to a third steady state in which the ZLB binds but the Fisher relationship
does not hold.

8
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Deflationary equilibriumFigure 8: Model Simulations: Comparing Three Model Versions

All three model versions employ the same sequence of stochastic shocks. Around period 1725 in the switching
model, the weight on the targeted forecast rules starts dropping toward zero, causing the deflation equilibrium
to become temporarily self-fulfilling. The episode results in brief deflation followed by below-target inflation, a
highly negative output gap, and a negative desired nominal interest rate, reminiscent of the U.S. Great Recession
and its aftermath.

42
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Missing disinflation?

1970 1980 1990 2000 2010

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

US Inflation

CPI
PCE
CPI Core
PCE Core
NBER BC Indicator

� : 7/20



Missing disinflation? Figure 4: U.S. Data

The U.S. real federal funds rate has remained mostly below the Laubach-Williams estimate of r∗t since early
2009. The nominal federal funds rate was approximately zero from 2008.Q4 through 2015.Q4. A Taylor-type
rule of the form (9) using the parameter values in Table 2, with Et r∗t given by Laubach-Williams estimate,
πt given by the 4-quarter PCE inflation rate, and yt given by the CBO output gap predicts that the desired
nominal funds rate was negative starting in 2009.Q1 and remains negative through the end of the data sample
in 2016.Q4. The 4-quarter PCE inflation rate was briefly negative in 2009 and has remained below the Fed’s 2%
inflation target since 2012.Q2. Expected inflation, as measured by the 5-year breakeven inflation rate derived
from inflation-indexed Treasury securities, dropped sharply during the Great Recession and remains below its
pre-recession level. The Great Recession was very severe, pushing the CBO output gap down to −6.3% at the
business cycle trough in 2009.Q2. The output gap remains negative at −0.9% in 2016.Q4, more than seven years
after the Great Recession ended. The various endpoints plotted in the figure are computed using the expressions
in Table 1, with r∗t given by the Laubach-Williams estimate. As r

∗
t approaches zero or becomes negative, the

“deflation”equilibrium is characterized by zero or low inflation, allowing this equilibrium to provide a better fit
of recent U.S. inflation data.

38
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How low is the real natural interest rate?
William (2017)
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How low is the real natural interest rate?
Laubach and Williams, 2016

Why is r∗ < 0?

“With core inflation remaining surprisingly stable in the face of sharp
declines of real GDP below the trend [...], the model assigned some of
the unexpected output declines to the output gap, but also a large share
to declines in potential output and its trend growth rate. [...]

While the output gap began to narrow gradually beginning in mid-2009,

[...] the IS curve, would have predicted a much faster return of the

output gap to zero if the estimate of r∗ had remained at its pre-recession

value near 2 percent. [...] The (one-sided) estimate of r∗ therefore fell

rapidly to 0.5 percent in mid-2009, and then continued to decline to

around zero by the end of 2010, cutting the implied real rate gap to

about -0.5 percent. ”
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Did inflation expectations shift?
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Did inflation expectations shift?
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Did inflation expectations shift?
Universal consensus term structure of expectations – Crump et al (2017)

Figure 2: Nominal and Real Expected Path of Short-Term Interest Rates

These figures show the evolution of the secondary market 3-month Treasury bill available from the H.15
release of the Federal Reserve Board, underlying inflation as measured by πt discussed in Section 3, and
the ex-ante real short-term interest rate, measured as the difference between the secondary market 3-month
Treasury bill rate and one-month ahead expected inflation Et[πt+1], as discussed in Section 3. The grey lines
represent the term-structure of forecasts for the corresponding series at that point in time out ten years.
The sample period is March 1983–September 2016.
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Bimodal or divergent expectations?

Figure 5: Model Simulation: Endogenous Regime Switching

When the exogenous real interest gap rt − Etr
∗
t is negative for a sustained period, the resulting downward

pressure on πt and yt serves to reduce the recent RMSFE of the deflation forecast rules and increase the recent
RMSFE of the targeted forecast rules. The shift in relative forecast performance can induce the agent to place
a substantially higher weight on the deflation forecast rules, causing the deflation equilibrium to occasionally
become self-fulfilling. Qualitatively similar results are obtained if the agent employs Bayes law (18) to compute
the likelihood that a string of recent quarterly inflation observations comes from one equilibrium or the other.

28

I Sudden shifts of expectations?

I Implication of the model – representative agent has a bimodal
forecast distribution

I Is there any evidence of this? Look at aggregate uncertainty
in SPF inflation forecast (bins).

I Maybe disagreement in population?
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Disagreement about the steady state?
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How would the model fit the data?
Arouba et al (2016)
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Figure 4: Ergodic Distribution and Data
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Notes: In each panel we report the joint probability density function (kernel density estimate) of annualized
net interest rate and inflation, represented by the contours. Black stars show the data used in estimation.
Green stars show the rest of the data.

this delivers the negative correlation.12

The focus of this paper is not normative, but it is worth mentioning that the deflationary

regime is not necessarily “bad” in terms of welfare. Average consumption across the two

regimes are identical and the volatility of consumption is 24% higher in the deflationary

regime. The distance between actual and desired inflation (0%) is larger in the deflationary

regime relative to the targeted-inflation regime, which means the adjustment costs will be

larger. These observations would imply a lower welfare for the deflationary regime. However,

12We show impulse responses for the U.S. economy in Appendix G.
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this delivers the negative correlation.12

The focus of this paper is not normative, but it is worth mentioning that the deflationary

regime is not necessarily “bad” in terms of welfare. Average consumption across the two

regimes are identical and the volatility of consumption is 24% higher in the deflationary

regime. The distance between actual and desired inflation (0%) is larger in the deflationary

regime relative to the targeted-inflation regime, which means the adjustment costs will be

larger. These observations would imply a lower welfare for the deflationary regime. However,

12We show impulse responses for the U.S. economy in Appendix G.
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What was different in the Great Recession?

Conditional projections (Bańbura et al, 2015):

I Think of data as Y’s and Z’s

I The object of interest is the density of future Y’s conditional
on past Y’s and Z’s as well as on future Z’s

I E.g. given past recessions, what inflation would we have
forecast in 2008Q1 if we had known the subsequent
paths of GDP?

I If the actual data different from the forecast =⇒ the actual
data are ‘unusual’ (what modellers may want to focus on)
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Spot the differences?!
Conditional Forecast - US 2008 Recession
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Other comments

1© MSV solution – is this the right one? DE is locally
indeterminate! Sunspots...

2© Agent ignores the global structure of the economy

3© Is a mixed expectation equilibrium an equilibrium?!
Transitional dynamics

4© Agent only assesses last two years

5© Agent and the CB entertain the same expectations

6© No role for the CB in coordinating and managing expectations

7© Path of r∗ is assumed

8© Not fully consisted with Laubach, Williams model for r∗
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Conclusions

I The U.S. seem to have remained in the targeted-inflation
regime throughout the sample period (Arouba et al 2014)

I Maybe a good model for Japan?

Open Questions:

I Is the standard NK model the right framework?

I How should we model the expectation formation?

I How to model the macro-financial interaction?

I Are the decline of the natural interest rate and the Great
Recession just separate albeit interacting phenomena?
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