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This Paper

1. Evidence of information frictions in leading MP instruments

2. Identification robust to information frictions

. Fed Information Effect/Signalling Channel of MP
[Melosi (2014), Tang (2015), Nakamura and Steinsson (2017)]

. Consistent with models of imperfect information
[Mankiw and Reis (2002), Woodford (2001), Sims (2003)]

l

Following a Contractionary Monetary Policy Shock
economic activity and prices contract: no puzzles

3. Bayesian Local Projections (BLP)

. Robust to model misspecification
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The Identification Problem

. Interest rate hike to informationally constrained agents

1. MP shock
=⇒ lower output and inflation

2. Endogenous reaction to demand shocks
=⇒ higher output and inflation

. Sluggish adjustment to new information

. Market surprises confound MP shocks with current and past macro
shocks!
=⇒ price and output puzzles
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Market-Based Monetary Surprises

. Interest rates futures for agents’ expectations

p
(h)
t = Et (it+h) + ζ

(h)
t

[Rudebusch (1998), Kuttner (2001), Sack (2004), Gürkaynak, Sack, Swanson (2005)]
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The HF Identification

1. Economy is an AR(1) process

xt = ρxt−1 + ξt νt ∼ N (0, σν)
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The HF Identification

2. Agents and central bank observe private noisy signals

si,
¯
t = xt + νi,

¯
t νi,

¯
t ∼ N (0, σn,ν)

scb,
¯
t = xt + νcb,

¯
t νcb,

¯
t ∼ N (0, σcb,ν)

and form expectations
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The HF Identification

3. Agents trade futures on the realization of the policy rate at various
maturities

p(it), p(it+1), . . . p(it+n)
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The HF Identification

4. The CB sets the policy rate

it = φ0 + φ′xFcb,
¯
txt + ut + wt|t−1
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The HF Identification

5. Agents observe the policy rate, revise their expectations, and trade

pt̄(it+1)− p
¯
t(it+1) ∝ Ft̄xt − F

¯
txt
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The HF Identification

expectation revision

Ft̄xt − F
¯
txt︸ ︷︷ ︸

Exp. Revision at t

= κx(Ft−1xt − Ft−1xt)︸ ︷︷ ︸
Exp. Revision at t−1

+ κξξt︸ ︷︷ ︸
Shocks

+κν
[
νcb,

¯
t − (1−K1)ρνcb,t−1

]
︸ ︷︷ ︸

CB’s Aggregate Noise

+ κz
{
zt − ρ(K1 −Kcb)zt−1 + (1−K1)(1−Kcb)ρ2zt−2

}
︸ ︷︷ ︸

MP Shocks
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Testing for Information Frictions #1: Greenbook Forecasts

. Dependent Variable: FF4t

30-min surprises in 4th fed funds futures at all FOMC announcements

(1) (2) (3) (4) (5) (6) (7)

Inflation 2.538

(0.03)∗∗∗

Output 2.752

(0.02)∗∗∗

h = −1 2.024

(0.07)∗∗

h = 0 2.636

(0.02)∗∗∗

h = 1 2.436

(0.03)∗∗∗

h = 2 1.045

(0.40)

All n & h 1.578

(0.05)∗∗∗

R2 .036 .054 .027 .045 .040 .000 .058
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Testing for Information Frictions #2: State Variables
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Testing for Information Frictions #2: State Variables
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Testing for Information Frictions #3: Autocorrelation
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Testing for Information Frictions #3: Autocorrelation
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Testing for Information Frictions #3: Autocorrelation
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The Identification in this Paper

intuition : Monetary policy shocks:

. surprise private agents, unforecastable

. are orthogonal to Central Bank’s projections

1. High-frequency market-based movements as proxies for private agents’
revision of expectations

2. Project high-frequency surprises onto

. CB forecasts and forecast revisions of output and inflation

. Past market-based surprise (slow information absorption)

3. Use the orthogonal proxy (MPIt) as external instruments
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Monetary Policy Instrument
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Monetary Policy Instrument

1. At FOMC frequency : Signaling Channel

FF4m = α0 +
3∑

j=−1

θjF
cb
t xq+j +

2∑
j=−1

ϑj

[
F cbt xq+j − F cbt−1xq+j

]
+MPIm
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Monetary Policy Instrument

2. Monthly aggregation

MPIt =
∑
m∈t

MPIm
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Monetary Policy Instrument

3. At monthly frequency : Slow Absorption of Information

MPIt = φ0 +
12∑
j=1

φjMPIt−j +MPIt
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Monetary Policy Instrument

3. At monthly frequency : Slow Absorption of Information

MPIt = φ0 +
12∑
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Testing Environment & Identifying Assumptions

. Testing Environment

1. Standard Monthly Monetary VARs (US) [Coibion (2012), Ramey (2016),

Gertler and Karadi (2015), Caldara and Herbst (2017)]

2. Three instruments for MP

. Narrative [Romer and Romer (2004)]

. Average Market-Surprise (HFI) [Gertler and Karadi (2015)]

. MPIt

. Identifying Assumptions

1. E[utz
′
t] = ρ : Relevance

2. E[ξtz
′
t] = 0 : Exogeneity

[Stock (2008), Mertens (2015), Stock and Watson (2018)]
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Puzzles #1: Identification

. yt = [ln(IPt), UNRATEt, ln(CPIt), ln(CRBPIt), 1Y Rt]′;
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MP Shocks vs CB Information in HF Surprises
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Transmission & Model Dependence
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Estimation of the IRFs

var-irfs

yt+1 = Byt + ut+1

IRFV ARh = BhA−1
0

. optimal and consistent only if
the VAR captures the DGP

lp-irfs

yt+h = B̃(h)yt + vt+h

IRFLPh = B̃(h)A−1
0

. robust to misspecification but
high estimation uncertainty

. Selecting between the two methods: empirical problem choosing between
bias and estimation variance...
(Schorfheide, 2005)

l
standard tradeoff in Bayesian estimation!
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BLP: Intuition

. Macro-variables approximately linear and described by a VAR(p)
: Regularize LP with NIW priors centred around VAR (pre-sample)

var-irfs

IRFV ARh = BhA−1
0

lp-irfs

IRFLPh = B̃(h)A−1
0

l

B̃(h) ←→ B(VAR,h) = Bh

blp prior

Σ(h)
v |γ(h) ∼ IW

(
Ψ

(h)
0 , d0

)
β(h)|Σ(h)

v , γ(h) ∼ N
(
β

(h)
0 ,Σ(h)

v ⊗ Ω
(h)
0 (λ(h))

)
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BLP, VAR & LP

. Discipline LP with VAR prior on pre-sample

blp posterior mean

B
(h)
BLP ∝

(
X ′X +

[
Ω

(h)
0 (λ(h))

]−1
)−1(

(X ′X)B
(h)
LP +

[
Ω

(h)
0 (λ(h))

]−1

BhV AR

)

. λ(h) optimally spans between VAR and LP
(Giannone, Lenza, and Primiceri, 2015)

1. λ(h) → 0 =⇒ B
(h)
BLP → Bh

V AR

2. λ(h) →∞ =⇒ B
(h)
BLP = B

(h)
LP
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BLP, VAR & LP
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Optimal Shrinkage
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Puzzles #2: Specifications

Industrial Production
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What are the Effects of Monetary Policy?

. New identification strategy that is coherent with imperfect &
asymmetric information

l
Neither price nor output puzzles

. a novel flexible econometric method that optimally bridges
between VARs with LPs

l
Results are robust

to common model misspecifications & samples

a
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Additional Material
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The Transmission of Monetary Policy Shocks

[.] 23/23



Empirical Setup

. Benchmark sample is 1979 to 2014

. Identification uses the full length of the orthogonal surprise, 1990 to 2009
(instrument)

. Expectations from 1993 (Consensus Economics Forecasts)

. Variables in (log) levels

. 12 lags (+ robustness)

. IRFs normalization: shock induces a 100bp increase in the 1year rate
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Interest Rate Channel
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Large(r) Information Set:

Industrial Production
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Large(r) Information Set: Real Activity
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Large(r) Information Set: Real Activity
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Large(r) Information Set: Real Activity
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Large(r) Information Set: Real Activity

Industrial Production
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Large(r) Information Set: Real Activity

Industrial Production
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Large(r) Information Set: Real Activity

Industrial Production
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Large(r) Information Set: Real Activity

Industrial Production

 0  6 12 18 24

%
 
p
o
i
n
t
s

-2.5

-2

-1.5

-1

-0.5

0
Business Inventories

 0  6 12 18 24

-2

-1.5

-1

-0.5

0
Capacity Utilization

 0  6 12 18 24

-1

-0.5

0

0.5

Unemployment Rate

 0  6 12 18 24

0

0.2

0.4

Average Weekly Hours Mfg

 0  6 12 18 24

-0.2

-0.1

0

CPI All

 0  6 12 18 24

-1

-0.5

0
PCE Deflator

 0  6 12 18 24
-0.4

-0.2

0

0.2

Average Earnings

 0  6 12 18 24
-0.06

-0.04

-0.02

0

Consumption Durable

 0  6 12 18 24

-2

0

2

4

Consumption Nondurable

 0  6 12 18 24
-0.5

0

0.5

1

1.5
Housing Starts

 0  6 12 18 24
-10

-5

0

5

Building Permits

 0  6 12 18 24

-5

0

5

Real Personal Income

 0  6 12 18 24

-1

-0.5

0

Business Loans

 0  6 12 18 24

-3

-2

-1

0

1
Consumer Loans

 0  6 12 18 24

-2

0

2
OECD Exports

 0  6 12 18 24

-8

-6

-4

-2

0

OECD Imports

 0  6 12 18 24

-8

-6

-4

-2

0
M2 Money Stock

 0  6 12 18 24

-1

-0.5

0
1Y T-Bond

 0  6 12 18 24

0

0.5

1
Term Spread 10Y-1Y

 0  6 12 18 24

-0.6

-0.4

-0.2

0

0.2

S&P 500

 0  6 12 18 24

-10

-5

0
House Price Index

 0  6 12 18 24

-4

-3

-2

-1

0

BIS Real EER

 0  6 12 18 24

0

2

4

GZ Excess Bond Premium

 0  6 12 18 24
-0.2

0

0.2

0.4

BAA-AAA Spread

 0  6 12 18 24

0

0.1

0.2

0.3
Mortgage Spread

horizon
 0  6 12 18 24

-0.2

-0.1

0

0.1

0.2

Industrial Production

 0  6 12 18 24

%
 
p
o
i
n
t
s

-2.5

-2

-1.5

-1

-0.5

0
Business Inventories

 0  6 12 18 24

-2

-1.5

-1

-0.5

0
Capacity Utilization

 0  6 12 18 24

-1

-0.5

0

0.5

Unemployment Rate

 0  6 12 18 24

0

0.2

0.4

Average Weekly Hours Mfg

 0  6 12 18 24

-0.2

-0.1

0

CPI All

 0  6 12 18 24

-1

-0.5

0
PCE Deflator

 0  6 12 18 24
-0.4

-0.2

0

0.2

Average Earnings

 0  6 12 18 24
-0.06

-0.04

-0.02

0

Consumption Durable

 0  6 12 18 24

-2

0

2

4

Consumption Nondurable

 0  6 12 18 24
-0.5

0

0.5

1

1.5
Housing Starts

 0  6 12 18 24
-10

-5

0

5

Building Permits

 0  6 12 18 24

-5

0

5

Real Personal Income

 0  6 12 18 24

-1

-0.5

0

Business Loans

 0  6 12 18 24

-3

-2

-1

0

1
Consumer Loans

 0  6 12 18 24

-2

0

2
OECD Exports

 0  6 12 18 24

-8

-6

-4

-2

0

OECD Imports

 0  6 12 18 24

-8

-6

-4

-2

0
M2 Money Stock

 0  6 12 18 24

-1

-0.5

0
1Y T-Bond

 0  6 12 18 24

0

0.5

1
Term Spread 10Y-1Y

 0  6 12 18 24

-0.6

-0.4

-0.2

0

0.2

S&P 500

 0  6 12 18 24

-10

-5

0
House Price Index

 0  6 12 18 24

-4

-3

-2

-1

0

BIS Real EER

 0  6 12 18 24

0

2

4

GZ Excess Bond Premium

 0  6 12 18 24
-0.2

0

0.2

0.4

BAA-AAA Spread

 0  6 12 18 24

0

0.1

0.2

0.3
Mortgage Spread

horizon
 0  6 12 18 24

-0.2

-0.1

0

0.1

0.2

[.] 23/23



Large(r) Information Set: Prices
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Large(r) Information Set: Prices
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Large(r) Information Set: Credit

Industrial Production
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Large(r) Information Set: Credit

Industrial Production
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Large(r) Information Set: Credit

Industrial Production
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Large(r) Information Set: Other Assets

Industrial Production

 0  6 12 18 24

%
 
p
o
i
n
t
s

-2.5

-2

-1.5

-1

-0.5

0
Business Inventories

 0  6 12 18 24

-2

-1.5

-1

-0.5

0
Capacity Utilization

 0  6 12 18 24

-1

-0.5

0

0.5

Unemployment Rate

 0  6 12 18 24

0

0.2

0.4

Average Weekly Hours Mfg

 0  6 12 18 24

-0.2

-0.1

0

CPI All

 0  6 12 18 24

-1

-0.5

0
PCE Deflator

 0  6 12 18 24
-0.4

-0.2

0

0.2

Average Earnings

 0  6 12 18 24
-0.06

-0.04

-0.02

0

Consumption Durable

 0  6 12 18 24

-2

0

2

4

Consumption Nondurable

 0  6 12 18 24
-0.5

0

0.5

1

1.5
Housing Starts

 0  6 12 18 24
-10

-5

0

5

Building Permits

 0  6 12 18 24

-5

0

5

Real Personal Income

 0  6 12 18 24

-1

-0.5

0

Business Loans

 0  6 12 18 24

-3

-2

-1

0

1
Consumer Loans

 0  6 12 18 24

-2

0

2
OECD Exports

 0  6 12 18 24

-8

-6

-4

-2

0

OECD Imports

 0  6 12 18 24

-8

-6

-4

-2

0
M2 Money Stock

 0  6 12 18 24

-1

-0.5

0
1Y T-Bond

 0  6 12 18 24

0

0.5

1
Term Spread 10Y-1Y

 0  6 12 18 24

-0.6

-0.4

-0.2

0

0.2

S&P 500

 0  6 12 18 24

-10

-5

0
House Price Index

 0  6 12 18 24

-4

-3

-2

-1

0

BIS Real EER

 0  6 12 18 24

0

2

4

GZ Excess Bond Premium

 0  6 12 18 24
-0.2

0

0.2

0.4

BAA-AAA Spread

 0  6 12 18 24

0

0.1

0.2

0.3
Mortgage Spread

horizon
 0  6 12 18 24

-0.2

-0.1

0

0.1

0.2

Industrial Production

 0  6 12 18 24

%
 
p
o
i
n
t
s

-2.5

-2

-1.5

-1

-0.5

0
Business Inventories

 0  6 12 18 24

-2

-1.5

-1

-0.5

0
Capacity Utilization

 0  6 12 18 24

-1

-0.5

0

0.5

Unemployment Rate

 0  6 12 18 24

0

0.2

0.4

Average Weekly Hours Mfg

 0  6 12 18 24

-0.2

-0.1

0

CPI All

 0  6 12 18 24

-1

-0.5

0
PCE Deflator

 0  6 12 18 24
-0.4

-0.2

0

0.2

Average Earnings

 0  6 12 18 24
-0.06

-0.04

-0.02

0

Consumption Durable

 0  6 12 18 24

-2

0

2

4

Consumption Nondurable

 0  6 12 18 24
-0.5

0

0.5

1

1.5
Housing Starts

 0  6 12 18 24
-10

-5

0

5

Building Permits

 0  6 12 18 24

-5

0

5

Real Personal Income

 0  6 12 18 24

-1

-0.5

0

Business Loans

 0  6 12 18 24

-3

-2

-1

0

1
Consumer Loans

 0  6 12 18 24

-2

0

2
OECD Exports

 0  6 12 18 24

-8

-6

-4

-2

0

OECD Imports

 0  6 12 18 24

-8

-6

-4

-2

0
M2 Money Stock

 0  6 12 18 24

-1

-0.5

0
1Y T-Bond

 0  6 12 18 24

0

0.5

1
Term Spread 10Y-1Y

 0  6 12 18 24

-0.6

-0.4

-0.2

0

0.2

S&P 500

 0  6 12 18 24

-10

-5

0
House Price Index

 0  6 12 18 24

-4

-3

-2

-1

0

BIS Real EER

 0  6 12 18 24

0

2

4

GZ Excess Bond Premium

 0  6 12 18 24
-0.2

0

0.2

0.4

BAA-AAA Spread

 0  6 12 18 24

0

0.1

0.2

0.3
Mortgage Spread

horizon
 0  6 12 18 24

-0.2

-0.1

0

0.1

0.2

[.] 23/23



Large(r) Information Set: Other Assets
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Large(r) Information Set: Other Assets
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Large(r) Information Set: International Trade
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Large(r) Information Set: International Trade

Industrial Production
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Large(r) Information Set: International Trade

Industrial Production

 0  6 12 18 24

%
 
p
o
i
n
t
s

-2.5

-2

-1.5

-1

-0.5

0
Business Inventories

 0  6 12 18 24

-2

-1.5

-1

-0.5

0
Capacity Utilization

 0  6 12 18 24

-1

-0.5

0

0.5

Unemployment Rate

 0  6 12 18 24

0

0.2

0.4

Average Weekly Hours Mfg

 0  6 12 18 24

-0.2

-0.1

0

CPI All

 0  6 12 18 24

-1

-0.5

0
PCE Deflator

 0  6 12 18 24
-0.4

-0.2

0

0.2

Average Earnings

 0  6 12 18 24
-0.06

-0.04

-0.02

0

Consumption Durable

 0  6 12 18 24

-2

0

2

4

Consumption Nondurable

 0  6 12 18 24
-0.5

0

0.5

1

1.5
Housing Starts

 0  6 12 18 24
-10

-5

0

5

Building Permits

 0  6 12 18 24

-5

0

5

Real Personal Income

 0  6 12 18 24

-1

-0.5

0

Business Loans

 0  6 12 18 24

-3

-2

-1

0

1
Consumer Loans

 0  6 12 18 24

-2

0

2
OECD Exports

 0  6 12 18 24

-8

-6

-4

-2

0

OECD Imports

 0  6 12 18 24

-8

-6

-4

-2

0
M2 Money Stock

 0  6 12 18 24

-1

-0.5

0
1Y T-Bond

 0  6 12 18 24

0

0.5

1
Term Spread 10Y-1Y

 0  6 12 18 24

-0.6

-0.4

-0.2

0

0.2

S&P 500

 0  6 12 18 24

-10

-5

0
House Price Index

 0  6 12 18 24

-4

-3

-2

-1

0

BIS Real EER

 0  6 12 18 24

0

2

4

GZ Excess Bond Premium

 0  6 12 18 24
-0.2

0

0.2

0.4

BAA-AAA Spread

 0  6 12 18 24

0

0.1

0.2

0.3
Mortgage Spread

horizon
 0  6 12 18 24

-0.2

-0.1

0

0.1

0.2

Industrial Production

 0  6 12 18 24

%
 
p
o
i
n
t
s

-2.5

-2

-1.5

-1

-0.5

0
Business Inventories

 0  6 12 18 24

-2

-1.5

-1

-0.5

0
Capacity Utilization

 0  6 12 18 24

-1

-0.5

0

0.5

Unemployment Rate

 0  6 12 18 24

0

0.2

0.4

Average Weekly Hours Mfg

 0  6 12 18 24

-0.2

-0.1

0

CPI All

 0  6 12 18 24

-1

-0.5

0
PCE Deflator

 0  6 12 18 24
-0.4

-0.2

0

0.2

Average Earnings

 0  6 12 18 24
-0.06

-0.04

-0.02

0

Consumption Durable

 0  6 12 18 24

-2

0

2

4

Consumption Nondurable

 0  6 12 18 24
-0.5

0

0.5

1

1.5
Housing Starts

 0  6 12 18 24
-10

-5

0

5

Building Permits

 0  6 12 18 24

-5

0

5

Real Personal Income

 0  6 12 18 24

-1

-0.5

0

Business Loans

 0  6 12 18 24

-3

-2

-1

0

1
Consumer Loans

 0  6 12 18 24

-2

0

2
OECD Exports

 0  6 12 18 24

-8

-6

-4

-2

0

OECD Imports

 0  6 12 18 24

-8

-6

-4

-2

0
M2 Money Stock

 0  6 12 18 24

-1

-0.5

0
1Y T-Bond

 0  6 12 18 24

0

0.5

1
Term Spread 10Y-1Y

 0  6 12 18 24

-0.6

-0.4

-0.2

0

0.2

S&P 500

 0  6 12 18 24

-10

-5

0
House Price Index

 0  6 12 18 24

-4

-3

-2

-1

0

BIS Real EER

 0  6 12 18 24

0

2

4

GZ Excess Bond Premium

 0  6 12 18 24
-0.2

0

0.2

0.4

BAA-AAA Spread

 0  6 12 18 24

0

0.1

0.2

0.3
Mortgage Spread

horizon
 0  6 12 18 24

-0.2

-0.1

0

0.1

0.2

[.] 23/23



Expectations:
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Expectations: Industrial Production
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Expectations: Unemployment
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Expectations: CPI
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BLP: Priors

local projections

yt+h = C(h) +B
(h)
1 yt−1 + ...+B(h)

p yt−p̃ + ε
(h)
t+h ,

ε
(h)
t+h ∼ N(0,Σ(h)

ε ) ∀ h = 1, . . . ,H ,

. Residuals are serially correlated:

ε
(h)
t+h ∼ MA(h− 1)

. Fully specified model → VARMA model...

. ... or misspecified likelihood (plus correction)
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BLP: Priors

blp prior

Σ(h)
v |γ(h) ∼ IW

(
Ψ

(h)
0 , d0

)
β(h)|Σ(h)

v , γ(h) ∼ N
(
β
(h)
0 ,Σ(h)

v ⊗ Ω
(h)
0 (λ(h))

)

Prior mean:

. β(h) ≡ vec(b(h)) = vec

([
c̃, B̃(h), . . . , B̃

(h)
p

]′)

. β
(h)
0 = β

(0,h)
T0

= vec
(
b
(0,h)
T0

)
: posterior mean of VAR(p)

coefficients iterated at h-horizon (pre-sample)
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BLP: Priors

blp prior

Σ(h)
v |γ(h) ∼ IW

(
Ψ

(h)
0 , d0

)
β(h)|Σ(h)

v , γ(h) ∼ N
(
β
(h)
0 ,Σ(h)

v ⊗ Ω
(h)
0 (λ(h))

)

Prior variance:

. Ψ
(h)
0 = diag

([
(σ

(h)
1 )2, . . . , (σ

(h)
n )2

])
; d0 = n+ 2

. Ω
(h)
0

[(np+1)×(np+1)]

=

 ε−1 0

0 Ip ⊗ diag

([
λ(h)/σ

(h)
i

]2) 

. Var[(B̃(h))ij |Σ
(h)
v ] =

(
λ(h) σ

(h)
i

σ
(h)
j

)2
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BLP: Likelihood

yt+h = c̃+ B̃(h)yt + ...+ B̃(h)
p yt−p + vt+h

vt+h ∼ N
(

0,Σ(h)
v

)
∀ h = 1, . . . ,H

vt+h ∼MA(h− 1)

. Frequentist solution: LS + HAC standard errors

. Our solution:

i. misspecified likelihood : vt+h⊥ span{yt, . . . , yt−p}

ii. correction to posterior variance : E
[
Σ

(h)
v

]
= Σ

(h)
v,HAC

Alternative: fully specified VARMA likelihood
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BLP: Posterior

blp posterior

Σ(h)
ε |γ(h), y ∼ IW

(
Ψ(h), d

)
β(h)|Σ(h)

ε , γ(h), y ∼ N
(
β̃(h),Σ(h)

ε ⊗ Ω(h)
)

Misspecified parametric model:

. Likelihood is asymptotically Gaussian and centred at the MLE

. Posterior variance-covariance is underestimated

. Inference based on an ‘artificial’ Gaussian posterior centred at
the MLE with HAC covariance matrix (Müller, 2013)
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BLP: Posterior

blp posterior

Σ
(h)
ε,HAC |γ

(h), y ∼ IW
(

Ψ
(h)
HAC , d

)
,

β(h)|Σ(h)
ε,HAC , γ

(h), y ∼ N
(
β̃(h),Σ

(h)
ε,HAC ⊗ Ω(h)

)

Misspecified parametric model:

. Likelihood is asymptotically Gaussian and centred at the MLE

. Posterior variance-covariance is underestimated

. Inference based on an ‘artificial’ Gaussian posterior centred at
the MLE with HAC covariance matrix (Müller, 2013)

Alternative method: VARMA → GLS estimator
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BLP: Hyperprior

λ(h) ∼ Γ
(
k(h), θ(h)

)
. mode = 0.4

. standard deviation = logistic function over h
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