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Summary

I Goal: Explain changes in Treasury betas
Figure 1: US Nominal Bond Beta, Bond Volatility, and Policy Dates

Nominal bond beta and standard deviation of nominal bond returns from daily
bond and stock returns over past three months as in Campbell, Sunderam,
and Viceira (2013). We model time-varying second moments as an unobserved
trend AR(1) component plus white measurement noise. We show trend second
moments estimated using the Kalman filter. 95% confidence intervals, which
do not take into account parameter uncertainty, are shown in dashed. Gray
vertical lines depict Hamilton (2009) oil price shocks.

I New Keynesian model with regime shifts

I Add some bells and whistles
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Outline of the discussion

1 Discuss the bells and whistles

2 Look at parameter changes in the three regimes

3 Focus on one parameter: The persistence of monetary policy

4 Role of zero lower bound
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A reduced-form NK model
IS curve + optimal price setting + CB reaction function + CB inflation target

The assumption that consumers and firms make decisions based on Et� expectations

implies that monetary policy shocks do not a↵ect macroeconomic aggregates contempora-

neously, but only with a lag. This identification assumption is common in the structural

VAR literature (Christiano, Eichenbaum, and Evans, 1999) and it is helpful for our empir-

ical strategy in that we can estimate the monetary policy Taylor rule by OLS.

The dynamics of the output gap, inflation, and Fed Funds rate can then be summarized

by the linearized system of equations:

xt = ⇢x�xt�1 + ⇢x+Et�xt+1 �  (Et�it � Et�⇡t+1) + uIS
t , (12)

⇡t = ⇢⇡⇡t�1 + (1 � ⇢⇡)Et�⇡t+1 + �xt + uPC
t , (13)

it = ⇢i(it�1 � ⇡⇤
t�1) + (1 � ⇢i) [�xxt + �⇡ (⇡t � ⇡⇤

t )] + ⇡⇤
t + uMP

t , (14)

⇡⇤
t = ⇡⇤

t�1 + u⇤
t . (15)

Equation (12) is the IS curve (10) with the expectational timing assumption (11). Equation

(13) is a standard New Keynesian equation that determines inflation from the price-setting

behavior of firms. It has parameters ⇢⇡, determining the relative weight on past inflation

and expected future inflation, and �, governing the sensitivity of inflation to the output

gap.

Equation (14) is a central bank reaction function along the lines of Clarida, Gali, and

Gertler (1999), Taylor (1993), and Woodford (2001). It determines the short-term nom-

inal interest rate with parameters ⇢i, controlling the influence of past interest rates on

current interest rates, �x, governing the reaction of the interest rate to the output gap, and

�⇡, governing the response of the interest rate to inflation relative to its target level ⇡⇤
t .

14

plus heteroskedastic errors:

Et−1[utu′t ] = Σu × (1− bxt−1)

Assets are priced by the Euler equation

−α(st + ct) = (it − Etπt+1)− αEt(st+1 + ct+1) + α2

2 σ2
t

st + ct = xt + θxt−1 − vt

New bells and whistles:
I habit term xt−1 in the IS equation
I conditional variance changes over time as a function of output gap xt−1
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Role of heteroskedasticity
Crucial for asset prices: Need time-varying risk aversion and/or time-varying risk to
generate time-varying risk premia

Campbell-Cochrane: time-varying risk via habit formation

Here: different mechanisms ⇒ time varying risk

Assumption: Et−1[utu′t ] = Σu × (1− bxt−1)

Implications:
I Risk premia vary over time
I Risk premia depend only on output gap xt

I All asset returns (equities, bonds, ...) are forecastable by the output gap xt

I Moreover, the output gap xt is the best forecasting variable, it should drive out
all other variables (p − d , Cochrane-Piazzesi forward factor,...)

I Data: ρ(x , p − d) = 0.18, model: ρ(x , p − d) = 0.47
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Does volatility depend on the output gap?
Simple check

xt = c + φxt−1 + εt

Plot ε2
t against xt−1:

Given the importance of the assumption Et−1[utu′t ] = Σu × (1− bxt−1),
I would like see more direct evidence that variances vary with the output gap
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Regimes
The paper identifies three regimes

Table 5: Parameter Choices

Panel A: Calibration Parameters

Time-Invariant Parameters
Log-Linearization Constant ⇢ 0.99
Leverage � 2.43
Preference Parameter ↵ 30
Backward-Looking Comp. PC ⇢⇡ 0.80
Slope PC � 0.30
Forward-Looking Comp. IS ⇢x+ 0.62
Backward-Looking Comp. IS ⇢x� 0.45

Monetary Policy Rule 60.Q1-79.Q2 79.Q3-96.Q4 97.Q1-11.Q4
MP Coe�cient Output �x 0.42 -0.07 0.44
MP Coe�cient Infl. �⇡ 0.69 1.44 1.92
Backward-Looking Comp. MP ⇢i 0.56 0.43 0.89

Std. Shocks
Std. IS �̄IS 0.45 0.43 0.26
Std. PC shock �̄PC 1.08 0.80 0.93
Std. MP shock �̄MP 1.04 2.03 0.26
Std. infl. target shock �̄⇤ 0.37 0.70 0.53

Panel B: Implied Parameters

Time-Invariant Implied Parameters
SDF Lag Output Gap ✓ 0.72
SDF Lag with Varying Risk Premia ✓⇤ 0.61
Slope IS  0.02

Time-Varying Implied Parameters
Heteroskedasticity Parameter b 7.18 8.27 7.89
Volatility SDF � 0.32 0.30 0.31

Seven parameters are allowed to change!
⇒ difficult to follow all the moving parts (at least for me)
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Regimes
Objectives: explain changes in Treasury betas ⇒ need to understand why stock and
bond markets move in opposite directions post 1997

Figure 5: Impulse Response Functions
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We show impulses for the output gap, inflation, the nominal and real Federal
Funds rates, the 5 year nominal yield, and the log dividend price ratio following
one standard deviation shocks in period 1. We show impulse responses for the
sub periods 1960.Q1-1979.Q2 (blue solid line), 1979.Q3-1996.Q4 (green dashed
line), and 1997.Q1-2011.Q4 (red dash-dot line). Note that standard deviations
of shocks vary across sub periods. The output gap and the dividend price
ratios are in percent deviations from the steady state. All other variables are
in annualized percent units.
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Asset prices across regimes
Asset returns depends on many factors:

I Bonds: expected inflation
I Equities: dividends (here equal to output gap xt)
I Short term interest rate and expected interest rates
I Risk premium (here function of output gap xt)

Moreover, the model is a reduced-from NK model with parameters that depend on
other “deep” parameters

Alternative approach: Take a structural NK model and change one parameter at a
time
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Closer look at the persistence of monetary policy
All parameters contribute to changing asset prices, but CPV identify changes in the
persistence of monetary policy as the most important one:

Table 5: Parameter Choices

Panel A: Calibration Parameters

Time-Invariant Parameters
Log-Linearization Constant ⇢ 0.99
Leverage � 2.43
Preference Parameter ↵ 30
Backward-Looking Comp. PC ⇢⇡ 0.80
Slope PC � 0.30
Forward-Looking Comp. IS ⇢x+ 0.62
Backward-Looking Comp. IS ⇢x� 0.45

Monetary Policy Rule 60.Q1-79.Q2 79.Q3-96.Q4 97.Q1-11.Q4
MP Coe�cient Output �x 0.42 -0.07 0.44
MP Coe�cient Infl. �⇡ 0.69 1.44 1.92
Backward-Looking Comp. MP ⇢i 0.56 0.43 0.89

Std. Shocks
Std. IS �̄IS 0.45 0.43 0.26
Std. PC shock �̄PC 1.08 0.80 0.93
Std. MP shock �̄MP 1.04 2.03 0.26
Std. infl. target shock �̄⇤ 0.37 0.70 0.53

Panel B: Implied Parameters

Time-Invariant Implied Parameters
SDF Lag Output Gap ✓ 0.72
SDF Lag with Varying Risk Premia ✓⇤ 0.61
Slope IS  0.02

Time-Varying Implied Parameters
Heteroskedasticity Parameter b 7.18 8.27 7.89
Volatility SDF � 0.32 0.30 0.31

Table 8: Marginal E↵ects of Parameters

Total Derivative Partial Derivative
Nominal Bond Beta 60.Q1-79.Q2 79.Q3-96.Q4 97.Q1-11.Q4 60.Q1-79.Q2 79.Q3-96.Q4 97.Q1-11.Q4
MP Coe�cient Output �x -3.92 -1.50 -1.37
MP Coe�cient Inflation �⇡ 5.01 1.80 1.86
MP Persistence ⇢i -1.85 -1.91 -20.90
IS Shock Std. �̄IS -0.56 -0.11 -0.09 -0.01 -0.01 -0.01
PC Shock Std. �̄PC 3.43 3.87 5.25 0.22 0.58 -0.05
MP Shock Std. �̄MP -0.28 -0.33 -0.06 0.01 0.02 0.00
Infl. Target Shock Std. �̄⇤ -2.59 -3.42 -5.09 -0.08 -0.15 -0.24

Std. Nominal Bond Returns 60.Q1-79.Q2 79.Q3-96.Q4 97.Q1-11.Q4 60.Q1-79.Q2 79.Q3-96.Q4 97.Q1-11.Q4
MP Coe�cient Output �x -16.06 -11.72 14.20
MP Coe�cient Inflation �⇡ 20.94 14.35 -19.04
MP Persistence ⇢i -6.98 -14.48 215.46
IS Shock Std. �̄IS -1.99 -0.28 1.81 0.22 0.42 0.89
PC Shock Std. �̄PC 14.49 32.35 -52.90 1.24 5.55 0.05
MP Shock Std. �̄MP -0.83 -2.30 0.78 0.35 0.42 0.10
Infl. Target Shock Std. �̄⇤ -7.76 -22.68 56.14 2.11 0.71 4.80

Std. Equity Returns 60.Q1-79.Q2 79.Q3-96.Q4 97.Q1-11.Q4 60.Q1-79.Q2 79.Q3-96.Q4 97.Q1-11.Q4
MP Coe�cient Output �x -1.59 -1.29 -1.12
MP Coe�cient Inflation �⇡ 0.77 0.75 0.66
MP Persistence ⇢i -0.20 -0.32 -1.70
IS Shock Std. �̄IS 0.23 0.05 0.00 0.24 0.07 0.01
PC Shock Std. �̄PC 17.41 11.87 14.89 17.24 11.63 14.78
MP Shock Std. �̄MP -0.08 -0.16 -0.06 0.08 0.18 0.06
Infl. Target Shock Std. �̄⇤ 1.27 5.74 3.11 1.26 5.63 3.09

Derivatives with respect to monetary policy rule parameters and log standard deviations of shocks (semi-
elasticities). Partial derivatives hold constant the loadings of bond and stock returns. Nominal bond beta partial
derivatives also hold equity volatility constant.
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Closer look at the persistence of monetary policy
Anecdotal evidence: uncertainty about state of the economy is rationale for slow
policy adjustment and this realization led Greenspan to adopt a more persistent
monetary policy after the mid 1990s

Given the importance of the persistence of MP for asset prices in the model, let’s
look at this parameter in more detail:

it = c0 + cx xt + cππt + c i it−1 + εt

Rolling regression with 12 years of data
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Closer look at the persistence of monetary policy
Backward regression using data from t0 to 2011Q4:
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Closer look at the persistence of monetary policy
Bai-Perron break test (c i only)

it = c0 + cx xt + cππt + c i it−1 + εt

MP reaction function appears to be unstable but breaks to do not coincide with
regimes identified in the paper
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Zero lower bound

Open question: How does the zero lower bound affect the model?

I The model does not capture the ZLB (probably for good reason)

I Example: CB reaction function

it = c0 + cx xt + cππt + c i it−1 + εt

I Interesting question: How does ZLB affect asset prices, risk premia, and asset
betas?
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Summary

I The paper tackles an important question

I In finance, regime changes/parameter instability is often ignored

I Moreover, most of the literature models bonds and equity separately

I Important assumption: volatilities depend on out put gap

I The number of changing parameters makes it difficult to follow all the moving
parts

I Do parameter changes coincide with the regimes assumed in the model?
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