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Motivation

"With nominal short-term interest rates at or close to their effective lower bound in
many countries, the broader question of how expectations are formed has taken on
heightened importance.”

Janet Yellen (2016)

e Inflation expectations — become backward looking at the ZLB (Ehrmann, 2015;
Carvalho et al., 2019)

e Forward guidance is widely employed at the ZLB
@ QE also works through implicit FG, signalling channel
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Problems with Forward Guidance

What is forward guidance?

| consider calendar-based forward guidance: an announcement of setting the short term
interest rate to a (low) level for a predetermined horizon.
e Forward Guidance Puzzle:
e Standard DSGE models tend to overestimate the impact of FG (Del Negro et al.,
2012)
o DSGE models can produce reversals for too long FG (Carlstrom et al., 2015)
@ Central bank credibility:

e Time inconsistency (Eggertsson, 2006), QE as commitment (Bhattarai et al., 2015)
o Central bank communication (Andrade et al., 2019; Eusepi and Preston, 2011)
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Contributions

Main Contributions

@ Explore how forward guidance works in an adaptive learning environment.

@ Introduction of endogenous belief switching, that solves and nests the forward
guidance puzzle.

@ Show how it enables to model endogenous central bank credibility.
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@ Is a regime switching DSGE.

@ Builds on constant gain adaptive

learning.
@ Beliefs switch following the Ad :
Switching Kilman Filter. earning
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Adaptive Learning

Adaptive expectations

@ are revised, respond to observed data and learn from forecast errors,
@ can be modelled as forecasting model,

@ can be backward and/or forward looking.
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DSGE Solution Under Adaptive Learning

A DSGE solution:
Ao H/tlj T+ A [ } + A2E¢ [ye+1] + Ber = const. (1)
t_

A DSGE solution given uniqueness:

|:yt:| = u+ T |:yt 1:| +R€t, (2)
We Wt—1

Replace expectations with Perceived Law of Motion (PLM):

Etlyer1] = yf = ae1 + B4 [yt tl} = 12 (3)

The solution becomes the Actual Law of Motion (ALM):

ALM
[yt} = M(¢t|t—1a Rt\t—l) + T(¢t|t—17 Rt|t—1) H/tt_j + Rt|t—1€t- (4)

Wt
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Constant Gain Adaptive Learning - Evolution of Beliefs

Updating linear regression coefficients:
cl)t\t = ¢t|t—1 + TRtTtlzt(YtALM - th) (5)
Updating mean squared error matrix:

Rt|t = Rt|t—1 + T(tht/ - Rt|t—1) (6)
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Backward Looking Adaptive Expectations

Backward solution

Backward looking adaptive beliefs

t— oo time

Source: Author's illustration.
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Forward Guidance Under Backward Looking Adaptive Expectations:

Extended Path Simulation

Forward guidance:

. 3 periods of low
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Source: Author's illustration. (Fair and Taylor, 1983)
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Backward looking beliefs perceive it as a pure unanticipated shock, learn it

and form expectations ...

Forward guidance:

3 periods of low
interest rate, then
following a TR

Short term policy rate (% dev from SS)

Source: Author's illustration. (Fair and Taylor, 1983)
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As next period arrives, forward guidance is again seen as a monetary policy

shock. The surprise is learnt, making beliefs more persistent.

Forward guidance:

3 periods of low
interest rate, then
following a TR

Short term policy rate (% dev from SS)

Source: Author's illustration. (Fair and Taylor, 1983)
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Every consecutive forward guidance period is a smaller monetary policy

shock, solving the forward guidance puzzle.

Forward guidance:

3 periods of low
interest rate, then
following a TR

Short term policy rate (% dev from SS)

Source: Author's illustration. (Fair and Taylor, 1983)
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Real GDP growth

(slower learning)

Int. Rate (annualised)

Inflation (quarterly)
0.06(
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Forward Guidance in the SW07 Model with AL

(faster learning)
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Notes: Forward guidance of setting the interest rate at -0.05 (annualised, quarterly rate) for 1-6 horizon, then following the model’s Taylor rule. The
blue color represents one horizon, yellow two, red three, green four, light blue five and dark green six periods of low interest rates. The model was
solved using the AL tools of the Macromodel Data Base. The model is initiated in the RE SS as in Slobodyan/Wouters (2012). A larger 7 means
more adaptive expectations and more learning “away” from the RE dynamics. Similarly a lower 7 translates to slower learning, less adaptive
expectation, agents stick more their RE dynamic beliefs. (Source: Author'’s calculations)
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Forward Looking Adaptive Expectations

L
re = pre—1+ (1 = p)(Orme + Oxxt) + ef + Z ef_ﬁG’l (7)

=1

Forward looking beliefs:

Backward solution m
Forward looking adlaptive expectations ) | | | | . .
T T T T T T I I

t—00 t t+1 t42 b t+j t+o0

time

Source: Author's illustration.
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Forward Looking Adaptive Expectations

Inflation (quarterly)
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Notes: Forward guidance of setting the interest rate at -0.05 (annualised, quarterly rate) for 1-6 horizon, then following the model’s Taylor rule. The
blue color represents one horizon, yellow two, red three, green four, light blue five and dark green six periods of low interest rates. (Source: Author's
calculations)
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Endogenous Belief Switching

@ Is a regime switching DSGE.

@ Builds on constant gain adaptive
learning. Endogenous Belief Switching

@ Beliefs switch following the e
Switching Kilman Filter.
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Endogenous Belief Switching: In SS agents know both forward and

backward beliefs, and attach a priori probability to them ...

Pr(S; =1t-1)

Forward
Looking
Beliefs

Pr(S; = 2lt-1)

Backward
Looking
Beliefs
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perceived and expectations are formed.

Pr(S; =1Jt-1)
Forward | Shocks percieved 1.t
Looking [———— = Yt
Beliefs ef, el L, efFOT
Pr(S, = 2l 1)
Backward

Looking
Beliefs

Shock percieved 2f
Yt

ef
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Actual Law of Motion becomes the (a priori) weighted average of the two

beliefs. Learning takes place.

Pr(S; =1jt-1)
Forward | Shocks percieved 1£ Adaptive Learning :
Looking Yt Updating Forward
Beliefs Ef, EF'FGJ, " EfU’G,L Looking Beliefs

Actual Law of Motion
of the Economy

Pr(S; =2jt-1)

Backward | Shock percieved 2f e po—

Lookii — :

B‘;‘l)ief;lsg € 5 i Updating Backward
Looking Beliefs
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Switching Kalman Filtering of the past: Which belief is the best descriptor

of the past and current period?

Pr(S; = 1Jt-1)
State space
Forward | Shocks percieved 1,£ Adaptive Learning : of the DSGE
Looking [————————> Yt Updating Forward given updated
Beliefs Ef, ff.FGJI ” EJ{Z,FG,L Looking Beliefs forward looking

beliefs.

!

MSV,ALM
Yit
Actual Law of Motion Switching
of the Economy Kalman .

Filter R

Pr(S; = 2lt-1)

Backward . State space

Lack‘fvar M 2f Adaptive Learning : of the DSGE
o0oXIng eR Yt Updating Backward | ——= given updated

Beliefs t Looking Beliefs backward looking

beliefs.
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Outcome of Switching Kalman Filter: A posterior probability of beliefs

being either backward or forward looking. GmesmEE==»

Pr(S; =1jt-1) Pr(S; =1|t)
State space Upduting
Forward | Shocks percieved 1/t Adaptive Learning : of the DSGE Probability
Looking —_—— = Vi Updating Forward given updated of Forward
. R (RFG1  RFGL Looking Beliefs forward looking L
Bellefs Ep, €t s e €t pelicfs. Loolkmg
T Beliefs
ySV.ALM
Switching
Kalman RN
Filter R
t
Pr(S; =2t-1) Pr(S; =21
State space i
Backward | Shock percieved - - Updating
TLookin | SNOCK percieved o f Adaptive Learning : of the DSGE Probability
g R Yt Updating Backward given updated
Beliefs & powing PACHuar backward looking of Backuward
Looking Beliefs beliefs Looking

Beliefs
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Three Equation DSGE illustration «@mEmsm

Q@ IS Curve 1
xt = E¢[xe11] — p (re — Ee[mes]) + €8 (8)
@ Phillips Curve
mt = BE¢[mer1] + k(0 +n)xe + Kt 9)
© Taylor Rule
L
re = pre1+ (1= p)(0rme 4 Oxxe) + eR + 5 R0 (10)

I=1
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Output Gap

Policy Rate

Inflation

Actual Law of Motion: 1 Period(s) of FG
~ = = -Percieved Law of Motion: Forward looking beliefs, 1 Period(s) of FG
Percieved Law of Motion: Backward looking beliefs, 1 Period(s) of FG
Actual Law of Motion: 2 Period(s) of FG

Percieved Law of Motion: Forward looking beliefs, 2 Period(s) of FG
Percieved Law of Motion: Backward looking beliefs, 2 Period(s) of FG
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Three Equation DSGE: Minimum State Variable Solution

Forward looking beliefs

el ~m(0.04%)

t

Ql’RE: [2.1272 0.9927}
S5S 0.9927 0.8580
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Three Equation DSGE: Minimum State Variable Solution

Forward looking beliefs

[XJ N (O Q% RE)

Ql RE [2 1272 0. 9927}
SS 0.9927 0.8580

Adaptive Learning

z—:f=3‘5,€f’F6‘2=3.5

Lﬂ ~ N (0, Qll,AL>

QAL _ [2 .7303 0. 7438}
1 0.7438 0.9607




Endogenous Belief Switching
000000000800

Three Equation DSGE: Minimum State Variable Solution

Forward looking beliefs

[XJ N (O Q% RE)

Ql ,RE [2 1272 0. 9927}
SS 0.9927 0.8580

Adaptive Learning

z—:f=3A5,ef’F6‘2=3.5

L:ﬂ ~ N (0, Qll,AL>

QAL _ [2 .7303 0. 7438}
1 0.7438 0.9607

]~ (0.0%)

QQRE {1.1462 0.6465
0.6465 0.7318

Adaptive Learning
%
af:3.5

Backward looking beliefs

|
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Three Equation DSGE: Minimum State Variable Solution

Forward looking beliefs

[XJ N (O Q% RE)

Ql ,RE [2 1272 0.9927
SS 0.9927 0.8580

Adaptive Learning

z—:f=3A5,ef’F6‘2=3.5

L:ﬂ ~ N (0, Qll,AL>

QAL _ [2 .7303 0.7438
1 0.7438 0.9607

|

|

Backward looking beliefs

]~ (0.0%)

Q2RE [1.1462 0.6465}
0.6465 0.7318

Adaptive Learning
%
af:3.5

HRTCLS

2,AL {1.3425 0.4519}
1 ~ 10.4519 0.9247
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Proability Denisty of Structural Shocks: Backward looking beliefs remain
I Proability Denisty of Structural Shocks: Backward looking beliefs switch to Forward looking.
Shocks percieved if Backward looking beliefs remain
= Shocks percieved if Backward beliefs switch to Forward looking.
% Probability of beliefs remain Backward looking.
@ Probabilty of beliefs switching to Forward looking.

-1

Oupyy Gap
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Proability Denisty of Structural Shocks: Forward looking beliefs remain
Proability Denisty of Structural Shocks: Forward looking beliefs switch to Backward looking

03— 4 Shocks percieved if Forward looking beliefs remain.
7| ®  Shocks percieved if Forward beliefs switch to Backward.
*  Probabilty of beliefs remaining Forward looking.
@ Probability of beliefs switching to Backward looking
0.25
0.2
2
5015
3 *
[
a
0.1
0.05
0
= o
5
.

Interest Rate

(=]
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Building Central Bank Credibility Through Forward Guidance

Central bank credibility in Endogenous Belief Switching models

Credibility of forward guidance is gained if agents attach 100% to beliefs being forward
looking.

Forward guidance has two dimensions: Size and length.
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3EQ: Periods Needed to Switch to Forward Looking Beliefs Due to FG

c
S
N
S
T

14 15 16 17 18 19 20 21 22 23 24 25 "°° 29 30 31 32 33
Size of Forward Guidance Path in Terms of the Average Monetary Policy Shock (UeR)

|:| D Two Horizons
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3EQ: Periods Needed to Switch to Forward Looking Beliefs Due to FG

Horizon

0 ‘ ‘ ‘ ‘ | | | |
16 17 18 19 20 21 22 23 24 25 °°° A X . .

14 15

Size of Forward Guidance Path in Terms of the Average Monetary Policy Shock (o _g)

|:| |:| Two Horizons I IThree Horizons D D Four Horizons |:| |:| Five Horizons

Notes: The chart shows the period when beliefs switch from backward to forward looking as a function of the size and length of the forward
guidance. Backward looking beliefs do not respond to future interest rate changes, while forward looking beliefs are of a model with up-to five
periods of forward guidance. The size of the path is measured in terms of the standard deviation of the average monetary policy shock. The blue bar
indicates one period forward guidance, where the possibility of future forward guidance up to 5 horizons is considered. The yellow, red, light green
and green show forward guidance of two, three, four and five horizon respectively. (Source: Author's calculation)
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Building Central Bank Credibility Through FG - Results

@ A long forward guidance is hard to believe, initially...
at the same time, it can become credible as it gets delivered.
e A large enough forward guidance is always credible.

@ A small is never.
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Conclusion

o Constant gain adaptive learning can overcome the forward guidance puzzle if
agents are backward looking.

@ Endogenous belief switching is a novel framework to study unconventional
monetary policy.

@ Central banks can gain and lose credibility with forward guidance.
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Policy Implications

Forward guidance should be bold and persistent to build credibility.

Expectations can become forward looking if the central bank gives an informative,
strong signal, either by a large shock or by delivering on past promises.

Endogenous Belief Switching

| A

Endogenous belief switching opens up novel avenues for re-interpretation of the current
post-crisis environment.

\



Thank you for your kind attention!
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I™ USING A STMILAR

WE ANNOUNCED HUGE I MADE

LOSSES, BUT ANALYSTS SYSTEM TO GET A BIG A PHONe EMPLOYEE

THOUGHT IT WOULD BE RAISE. FOR YEARS I'VE CALL OF THE
EVEN WORSE, SO OUR BEEN LOWERING EVERY— TODAY. YEAR!

ONE'S EXPECTATIONS
OF MY PERFORMANCE.

STOCK WENT UP.

Dilbert.com DilbertCartoonist@gmail.com

6-9-14 ©2014 Scott Adams, Ing., /Dist. by Univarsal Uclick

Source: https://dilbert.com/strip/2014-06-09/
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Problem of Model Fit - Signal to Noise

State space representation of a DSGE

Ve = Fy 2o+ we (11)
X;)bs — Hytstate + uy (12)
TSS = ESS + RSS (13)

RSS
2 — —
RE=1-— = (14)

The accuracy of DSGE filtering determines how much of the movement in states is
credited to the central bank.
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Signal to Noise - Take Away:

e R2~0:
The communicated DSGE has no explanatory power: no information can be
gained, no switching takes place, initial beliefs remain.

e R2~50:
Ample uncertainty,i.e. the DSGE is an imperfect filter for the economy: forward
guidance will be difficult to implement. Backward looking beliefs become the
equilibrium expectations.

e R?~100:
No unexplained uncertainty, i.e. DSGE is a perfect filter for the economy:
Credibility is the easiest to gain, and maintain. Presented today.
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State Contingent Forward Guidance with Endogenous Belief Switching

Real GDP growth Infiation (quarterly)
05 0.1
0 e ——————— 0 | ————
-0.5
-0.1
-1
15 -02
-2 -0.3
0 5 10 15 20 0 5 10 15 20
Int. Rate (annualised)
0.02
0 -
-0.02
-0.04
-0.06

Notes: Forward guidance of setting the interest rate at -0.05 (annualised, quarterly rate) for 1-12 horizon, then following the model’s Taylor rule. The
economy is pushed to the path by a sequence of risk premium shock for 4 periods, thus the shadow rate is negative throughout. (Source: Author’s
calculations)
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De-Anchoring of Expectations: Expectations Become Adapitive

Inflation Expectations in Germany

2 L L L n n
1985 1990 1995 2000 2005 2010 2015

Notes: Dashed line denotes the HICP, black solid line measures the
model estimate for long-term inflation expectations, red dots are the
5-10Y Consensus forecasts.

Source: Carvalho et al. (2019, p. 39),

Estimates of the Learning Gain Parameter

025 T T T T T

01

o L L L L L
1985 1990 1095 2000 2005 2010 2015

Notes: Black line shows the median, grey area measures the 50th, 70th
and 95th credible intervals.
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De-anchoring of Expectations: Adaptive Learning Gain Picks Up

These panel show model predictions for long-term inflation forecasts (top) and the learning gain (bottom). Black solid line denotes the median; the
grey areas measure the 50th, 70th and 95th credible intervals; the red dots denoted the five-to-ten inflation forecasts from Consensus Economics.
EMU Countries

France Germany Italy Spain

Source: Carvalho et al. (2019, p. 39) Back to
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Re-anchoring of Expectations with QE in Japan

(keh)
0.4

Launch S i
of QQE i
1
1

0.3

0.2 { Long-term inflation expectations are
less-anchored

of ]

Long-term inflation expectations are
well-anchored

1
0.0 PN N T T N N T TN T N T T TN T TN T T TN TN S TS TN TN N S TN TN NN S TNY TG NN N NNY TN TN N S TN TN N 1 S T T

CY70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16

Notes: The shaded areas in panel (b) shows the 5-95, 20-80, and 35-65 percentiles of the posterior distribution
of the learning gain. The solid line indicates the median of the posterior distribution.
Sources: Ministry of Internal Affairs and Communications; Japan Center for Economic Research; Cabinet Office;
Consensus Economics; Bank of Japan.

Source: 7, p. 39
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DSGE Solution Under Rational Expectations
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DSGE Solution Under Rational Expectations

Ao {ytil} + Ag [yt} + AzE¢t [ye1] + Ber = const. (15)
Wi—1 Wi

A DSGE solution, given uniqueness:

{y"‘] =p+T {y’-“l} + Ret, (16)

Wt We—1
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The forward guidance puzzle

Smets Wouters model: rate fixed for 8 quarters Smets Wouters model: rate fixed for 9 quarters
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Source: Carlstrom et al. (2015)
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Three Equation DSGE Calibration

Parameter Value Description

I3 0.99 Discount factor

n 1 Frisch elasticity

K 0.0858 Slope of the PC

p 0.900 Interest rate smoothing

O 0.150 Inflation response

0y 0.013 Output gap response

Os 1 Standard error of IS curve shock

O (R 1 Standard error of Monetary Policy shock

O (R,FG,I 1 Standard error of / period ahead forward guidance shock

Source: Ravenna and Walsh (2006)
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Endogenous Beliefs Timing Assumptions

© At the beginning of period t, the agents inherit the beliefs formed in the previous
period.

@ Agents form expectations, based on information set (PLM).
© The current state is determined as the solution of the DSGE, given beliefs (ALM).

@ Updated beliefs are used to estimate to probability that either regime fits better
the observed minimum state variables.
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