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2. Identification robust to information frictions

> Fed Information Effect/Signalling Channel of MP
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> Consistent with models of imperfect information
[Mankiw and Reis (2002), Woodford (2001), Sims (2003)]
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1

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
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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 = Ee (ie4n) + ¢

[Rudebusch (1998), Kuttner (2001), Sack (2004), Giirkaynak, Sack, Swanson (2005)]
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> Interest rates futures for agents’ expectations
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1. Economy is an AR(1) process
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3. Agents trade futures on the realization of the policy rate at various
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TESTING FOR INFORMATION FRICTIONS #1: GREENBOOK FORECASTS

> Dependent Variable: FF4;
30-min surprises in 4*" fed funds futures at all FOMC announcements

(1) (2) (3) (4) (5) (8) 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)
Alln & h 1.578
(0.05)***

R? .036 .054 .027 .045 .040 .000 .058

@ BANK OF ENGLAND
[>] 9/23



>]

TESTING FOR INFORMATION FRICTIONS #1: GREENBOOK FORECASTS

> Dependent Variable: FF4,

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

(1) (2) (3) (4) (5) (6) )
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)
Alln & h 1.578

(0.05)***

R2 .036 .054 027 .045 .040 .000 .058

@ BANK OF ENGLAND

9/23



>]

TESTING FOR INFORMATION FRICTIONS #1: GREENBOOK FORECASTS

> Dependent Variable: FF4,

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

(1) (2) (3) (4) (5) (6) )
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)
Alln & h 1.578

(0.05)***

R2 .036 .054 027 .045 .040 .000 .058

@ BANK OF ENGLAND

9/23



TESTING FOR INFORMATION FRICTIONS #1: GREENBOOK FORECASTS

> Dependent Variable: FF4,
30-min surprises in 4*" fed funds futures at all FOMC announcements

(1) (2) (3) (4) (5) (6) )
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)
Alln & h 1.578

(0.05)***

R2 .036 .054 027 .045 .040 .000 .058

@ BANK OF ENGLAND
[>] 9/23



>]

TESTING FOR INFORMATION FRICTIONS #2: STATE VARIABLES

TABLE 3: PREDICTABILITY OF MONETARY POLICY INSTRUMENTS
FF4, FF4] FPAGK MPN,
fie-1 -0.012°* -0.007"* -0.011** -0.087***
(0.006) (0.003) (0.004) (0.021)
f2,e-1 0.001 0.000 0.004 -0.009
(0.003) (0.002) (0.002) (0.010)
fai-1 0.002 0.003 -0.001 0.000
(0.005) (0.004) (0.004) (0.012)
faje-1 0.015" 0.008"* 0.008" 0.060°"*
(0.007) (0.004) (0.004) (0.023)
fs,t-1 0.002 -0.005 -0.000 0.002
(0.007) (0.004) (0.004) (0.026)
fo,t-1 -0.011% -0.009%** -0.006** -0.003
(0.005) (0.003) (0.003) (0.011)
fre-1 -0.010° -0.009°* -0.005 -0.041**
(0.006) (0.004) (0.004) (0.016)
fs,t-1 -0.001 -0.002 0.000 -0.028%*
(0.003) (0.002) (0.003) (0.012)
fo,t-1 -0.002 -0.001 -0.004 -0.036*
(0.004) (0.003) (0.003) (0.021)
fr0,e-1 -0.004 -0.001 0.000 0.030"*
(0.005) (0.003) (0.003) (0.012)
constant -0.014%** -0.006** 20011 0.010
(0.004) (0.003) (0.003) (0.011)
R? 0.075 0.097 0.145 0.182
F 2.297 2.363 3511 3.446
P 0.011 0.009 0.000 0.000
N 239 239 268 216
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TESTING FOR INFORMATION FRICTIONS #3: AUTOCORRELATION

TABLE 2: SERIAL CORRELATION IN INSTRUMENTS FOR MONETARY PoOLICY

FF4, FFa] FF4GK MPN,
instrument; | 0.065 -0.164*** 0.380*** 0.014
(0.090) (0.057) (0.137) (0.091)
instrument; 2 -0.025 -0.048 -0.164** 0.227**
(0.119) (0.066) (0.073) (0.087)
instrument, 3 0.145 -0.066 0.308"* 0.381%"*
(0.130) (0.073) (0.150) (0.102)
instrument;—4 0.179* -0.007 -0.035 0.075
(0.105) (0.068) (0.094) (0.102)
constant -0.016** -0.011%* 0011 0.011
(0.005) (0.004) (0.003) (0.015)
R 0.026 0.001 0.168 0172
F 1.459 2.279 2.965 7.590
p 0.217 0.063 0.021 0.000
N 167 167 166 152
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(0.090) (0.057) (0.137) (0.091)
instrument; 2 -0.025 -0.048 -0.164** 0.227*
(0.119) (0.066) (0.073) (0.087)
instrument; 3 0.145 -0.066 0.308** 0.381***
(0.130) (0.073) (0.150) (0.102)
instrument; 4 0.179* -0.007 -0.035 0.075
(0.105) (0.068) (0.094) (0.102)
constant -0.016*** -0.011*** -0.011*** 0.011
(0.005) (0.004) (0.003) (0.015)
R 0.026 0.001 0.168 0.172
F 1.459 2.279 2.965 7.590
P 0.217 0.063 0.021 0.000
N 167 167 166 152
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THE IDENTIFICATION IN THIS PAPER

INTUITION » Monetary policy shocks:
> surprise private agents, unforecastable

> are orthogonal to Central Bank’s projections

@ BANK OF ENGLAND
] 12/23



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

@ BANK OF ENGLAND
[>] 12/23



THE IDENTIFICATION IN THIS PAPER
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> are orthogonal to Central Bank’s projections
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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)
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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 (MPI,) as external instruments
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MONETARY POLICY INSTRUMENT
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MONETARY POLICY INSTRUMENT
1. At FOMC frequency » Signaling Channel

3 2
FFAm =ao+ ) 0;Fzqq;+ Y 9, [Ffbfﬂqﬂ - Ftcf1$q+j] + MPIp,
j=—1 j=1
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MONETARY POLICY INSTRUMENT

2. Monthly aggregation
MPI; = > MPIy
met
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MONETARY POLICY INSTRUMENT

3. At monthly frequency » Slow Absorption of Information

12
MPI; = ¢o+ »_ ¢;MPI,_j + MPI,
j=1
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MONETARY POLICY INSTRUMENT

3. At monthly frequency » Slow Absorption of Information

12
MPI; = ¢o+ Yy ¢;MPI,_j + MPI,
j=1

0.2 T T T T T
@
E o
©
(=3
o
j=J
©
=
@
2-0.2
@
a

———— Mar ket - Based Surprise
Monetary Policy Instrunent
-0.4 1 1 1 1 1 1 1 1

!
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009
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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)]
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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)]
> MPI;
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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)]
> MPI;

> Identifying Assumptions

1. Eluzi] = p - Relevance

2. E[é21] =0 - Exogeneity

[Stock (2008), Mertens (2015), Stock and Watson (2018)]
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PuzzrLESs #1: IDENTIFICATION

>y = In(IP;), UNRATE;, In(CPI;), 0 ///2°7 ), 1Y Ry)'s

I'ndustrial Production Unenpl oyment Rate CPl Al 1Y T- Bond
0.5
1.5 0.2
iy
- 8 ot
LAl i || 1T
L s 0
0.5 Tyl
o el
E 0
°
a.
8

hori zon
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PuzzrLESs #1: IDENTIFICATION

>]

>y = In(IP;), UNRATE;, In(CPI;), 0 ///2°7 ), 1Y Ry)'s

% poi nt's,

I'ndustrial Production

15
Yy
" '\._,\ ~
0.5 el
-~
0

@ BANK OF ENGLAND

Unenpl oyment Rate

CPl Al

1Y T-Bond

hori zon



PuzzrLESs #1: IDENTIFICATION

>y = In(IP;), UNRATE;, In(CPI;), 0 ///2°7 ), 1Y Ry)'s

CPl Al 1Y T-Bond

I'ndustrial Production Unenpl oyment Rate
0.5

UL

ol ———

% poi nt's,
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PuzzrLESs #1: IDENTIFICATION

>y = In(IP;), UNRATE;, In(CPI;), 0 ///2°7 ), 1Y Ry)'s

I'ndustrial Production
2

% poi nt's,

6 12 18 24

Unenpl oyment Rate

0.2

CPl Al

s B

4]
=

1Y T-Bond

0 6 12 18 24

6 12
hori zon

>yt = In(IP;), UNRATE;, In(CPI;), (12200, 110 1Y Ry

I'ndustrial Production
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PuzzrLESs #1: IDENTIFICATION

>y = In(IP;), UNRATE;, In(CPI;), 0 ///2°7 ), 1Y Ry)'s

1Y T-Bond

5 I'ndustrial Production Unenpl oyment Rate CPl Al

% poi nt's,

24 0 6 12 18 24 0 6 12 18 24 6 12
hori zon

6 12 18

>yt = In(IP;), UNRATE;, In(CPI;), (12200, 110 1Y Ry

Industrial Production Unenpl oynent Rate CPl Al 1Y T-Bond
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MP SHocks vs CB INFORMATION IN HF SURPRISES

1Y T-Bond

I ndustrial Production Unenpl oyment Rat e cPl A
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6 6 12
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MP SHocks vs CB INFORMATION IN HF SURPRISES

I ndustrial Production Unenpl oyment Rt e ol Al 1Y T-Bond
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MP SHocks vs CB INFORMATION IN HF SURPRISES
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MP SHocks vs CB INFORMATION IN HF SURPRISES

Industrial Production Unenpl oyment Rate cPl Al 1Y T-Bond
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TRANSMISSION & MODEL DEPENDENCE
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EsTiMATION OF THE IRFS

VAR-IRFS
Yer1 = Byr + ugt1

IRF} 4% = B" A"

> optimal and consistent only if
the VAR captures the DGP
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EsTiMATION OF THE IRFS

VAR-IRFS
Yi+1 = By + w41

IRFy 4% = B" A5t

> optimal and consistent only if
the VAR captures the DGP

@ BANK OF ENGLAND
[>]

LP-IRFS
Yt+h = E(h)yt + Vt4n
IRFEP = B AG?

> robust to misspecification but
high estimation uncertainty
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EsTiMATION OF THE IRFS

VAR-IRFS LP-IRFS
Yot1 = Bys + usa yorn = BVy: + vepn
IRF} 4% = B" A" IRF;” = BM Az"
> optimal and consistent only if > robust to misspecification but
the VAR captures the DGP high estimation uncertainty

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

4

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)
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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 LP-IRFS

IRFy 4% = B"Ay! IRFLF = BM 45!

+

B B(VAR.R) _ ph
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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 LP-IRFS
IRFy 4% = B"Ay! IRFLF = BM 45!
‘
B ., g(VARh) _ ph
BLP PRIOR

SPR® ~ 1w (8, do)

BWNEP, /M ~ N (57, © P (1))
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BLP, VAR & LP

> Discipline LP with VAR prior on pre-sample

BLP POSTERIOR MEAN

—1

1 —1
Bl x (0x+ [900)] ) (0 x0BE + [0°0)] " Blan)
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BLP, VAR & LP

> Discipline LP with VAR prior on pre-sample

BLP POSTERIOR MEAN

1\ ! —1
Bl x (0x+ [900)] ) (0 x0BE + [0°0)] " Blan)

> A" optimally spans between VAR and LP
(Giannone, Lenza, and Primiceri, 2015)

h)

LAW 50 — BY B

Lp — Bvar

2. AW 500 — BW_ —pi
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BLP, VAR & LP

Industrial Production
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OPTIMAL SHRINKAGE

hori zon
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PUZZLES #2: SPECIFICATIONS

Industrial Production
1 0.2

% points

Unenpl oynent Rate

Unenpl oynent Rate

° o 9o

° o

CPl Al

1Y T-Bond

1Y T-Bond
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WHAT ARE THE EFFECTS OF MONETARY PoLICY?

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

Neither price nor output puzzles

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

Results are robust
to common model misspecifications & samples
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ADDITIONAL MATERIAL
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THE TRANSMISSION OF MONETARY POLICY SHOCKS
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EMPIRICAL SETUP

> Benchmark sample is 1979 to 2014

v

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

v

Expectations from 1993 (Consensus Economics Forecasts)

> Variables in (log) levels

v

12 lags (4 robustness)

> IRFs normalization: shock induces a 100bp increase in the lyear rate
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INTEREST RATE CHANNEL
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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: PRICES
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LARGE(R) INFORMATION SET:  CREDIT
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LARGE(R) INFORMATION SET:  CREDIT
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LARGE(R) INFORMATION SET:  OTHER ASSETS
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NTERNATIONAL TRADE

LARGE(R) INFORMATION SET:
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NTERNATIONAL TRADE

LARGE(R) INFORMATION SET:
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EXPECTATIONS:
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EXPECTATIONS: INDUSTRIAL PRODUCTION
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EXPECTATIONS:  UNEMPLOYMENT

Industrial Producti¢n

Unemployment Rate

CPI All
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EXPECTATIONS: CPI
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BLP: PRIORS

LOCAL PROJECTIONS

Yorn = CM + Bih)yt—l + ...+ B;()h)yt—ﬁ + 5Ei)h )

eM ~NO,SW)  Vh=1,.. H,

> Residuals are serially correlated:
el ~ MA(h - 1)

> Fully specified model — VARMA model...
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BLP: PRIORS

LOCAL PROJECTIONS

yean = O™ + BMy 1+ .+ By 5+ 5Ei)h )

eM ~NO,SW)  Vh=1,.. H,

> Residuals are serially correlated:

h
el ~ MA(h - 1)

> Fully specified model — VARMA model...

> ... or misspecified likelihood (plus correction)
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BLP: PRIORS

BLP PRIOR
SM ") [ (\pgh), do)

h h
BOIEP, ) ~ N (7,269 @ 0 (A®))

Prior mean:

- - /
> B(h) = vec(b(h)) = vec ([67 B(h), ey B;(;h):| )

> g = (T?)’h) = vec (b(T?]’h)) > posterior mean of VAR(p)

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

BLP PRIOR
Sy ") ~ W (mgh>, do)

BMIEM, A ~ N (8, 2 & 0f) (1))

Prior variance:

> \Il(()h) = diag ([(Uﬁh))a...,(aﬁh))ﬂ) i do=mn+2

" et 0
> Q = - ny, (M)]2
[(np+1)(>)<(np+1)] 0 Ip®diag ([A( o, ]

_ N RO
> Var[(BW); =M = (A T

(R
75
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BLP: LIKELIHOOD

Yeon =+ BMy, + .+ B;(ah)yt—p + Vitn
Veen ~N(o,z§h>) Vh=1,... H

Vi4+h MA(h — 1)
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BLP: LIKELIHOOD

Yean =+ By, + .+ By + v
Voph ~ N(O,ZSP) Vh=1,.. H
Vi+h MA(h — ].)

> Frequentist solution: LS + HAC standard errors

> Qur solution:
i. misspecified likelihood = vty Lspan{ys,...,yi—p}
ii. correction to posterior variance > E [25}”} = EE}h}I AC

Alternative: fully specified VARMA likelihood
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BLP: POSTERIOR

BLP POSTERIOR

SOy ®,y ~ W (¥®,d)

(W) y2(h) ~(h) o 3(h) s3(h) & (k)
BB Ay ~ N (B, 5 @ Q
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BLP: POSTERIOR

BLP POSTERIOR

SOR®,y ~ 1w (2™, d)

ﬁ(h) |E§h>77(h)a y ~ N (B(h)a Zgh) ® Q(h))

Misspecified parametric model:

> Likelihood is asymptotically Gaussian and centred at the MLE

> Posterior variance-covariance is underestimated
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BLP: POSTERIOR
BLP POSTERIOR

h) h)
Z( HAOW(h) y~ 1w (\Pg{A(“ )

2" oy ™,y ~ N (6(’”, SO Q<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 (Miiller, 2013)
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BLP: POSTERIOR
BLP POSTERIOR

h h
ZE:,I){ACh/(h)vy ~IW (\I’g{L(”vd) 9

OIS 4™,y ~ N (B, 50} 40 0 )

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 (Miiller, 2013)

Alternative method: VARMA — GLS estimator
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BLP: HYPERPRIOR

>]

AW T (kw)’ 9<h>)

> mode = 0.4
> standard deviation = logistic function over h
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BLP: HYPERPRIOR
A® T (kw), 9(h>>

> mode = 0.4
> standard deviation = logistic function over h

35,

— mode=0.4, =012, (h=1)
— mode=0.4, ¢=0.16, (h=6)
~— mode=0.4, =0.30, (h=12)
25 — mode=0.4, 5=0.49, (h=24)
— mode=0.4, ¢=0.50, (h=36)

3.0
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