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Housing Prices and Monetary Policy

Should MP take into account asset price movements beyond
measures/forecasts of in�ation and output gap?

Before �nancial crisis, conventional wisdom (Fed & other CBs):

No particular concern for asset prices: one of many variables with
implications for demand & in�ation.

Policy only needs to be su¢ ciently sensitive to in�ation/in�ation
forecasts (Bernanke and Gertler (1999, 2001)).

Still prominent proponents today, e.g. Svensson (2017)
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Housing Prices and Monetary Policy

Financial crisis highlighted dangers associated with wrong
beliefs/expectations

"Aggregate U.S. house prices never fall"

Natural question: a role for asset prices in fully optimal monetary
policy in the presence of speculative mispricing of assets?

What are the consequences of alternative policies when housing prices
not necessarily based on rational expectations?

Not easily determined:

Standard RE models assume away speculative mispricing
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Housing Prices and Monetary Policy

Rational bubble models allow addressing "mispricing"

Struggle with EQ multiplicity: exogenously sunspot process

Compare policies for speci�cally given sunspot:
Bernanke and Gertler (1999, 2001).

Which sunspot? Do sunspots vary with policy?

RE theory silent.....
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Robust Policy Analysis

Alternative proposal:

Robust Monetary Policy Analysis

=> CB recognizes that PS expectations may di¤er from those
implied by CB�s own model used for policy analysis

Do not pretend that CB knows PS expectations associated with
contemplated alternative policies

Postulate "near-rational" PS beliefs:
not too di¤erent from what CB�s model implies (Woodford, 2010)

CB chooses policy that is least vulnerable to deviations of PS
expectations from model-consistency, as in models of "ambiguity
aversion" or "robust control"
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Robust Policy Analysis

Extend analysis of standard NK model in Adam & Woodford (2012):

1 Add housing sector to NK model:
- house prices �uctuate: fundamentals + speculative mispricing
- housing production: supply reacts to housing price

2 Allow for �larger�belief distortions:
a¤ect in�ation/output gap/housing prices to �rst order

3 New & simpler approach for computing the "upper bound" on what
robustly optimal MP can achieve
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Main Finding #1

Without robustness concerns/fear of speculative mispricing:

Optimal MP implemented by standard targeting rule:

πt + λy (y
gap
t � ygapt�1) = 0 with λy > 0

- same rule as is optimal in a model w/o housing sector (!)

- only di¤erence: ygapt now also depends on housing shocks

Important message: under RE no role for asset prices in MP
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Main Finding #2

With robustness concerns/fear of speculative mispricing:

Generalized targeting rule:

πt + λy (y
gap
t � ygapt�1) + λπ(πt � Et�1πt ) + λq(bqut � Et�1bqut ) = 0

with λy ,λπ > 0

Output below e¢ cient level and excess housing supply: λq > 0
(empirically plausible case)

Important message: leaning against housing price surprises optimal

- positive housing surprise ) tighter policy than under RE

- symmetric response to negative surprises

- no need to determine fund. housing price:
familiar excuse for inaction
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Outline of the Presentation

1 De�ning the robustly optimal policy problem
2 The near rational beliefs and distortion measure V (�, �)
3 Present nonlinear NK model with housing
4 LQ approx. to optimal policy problem under RE
5 LQ approx. of upper-bound problem with robustness concerns
6 Numerical illustration of result
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Robust Policy: De�ning the Problem

Robustly optimal policy problem

max
c2C

min
ζ2Z

U(y)

s.t. y = O(c , ζ) and V (ζ, y) � V

C : set of policy commitment, Z : set of belief distortions

Outcome function y = O(c , ζ) :
determines EQ outcome y consistent with

- a set of structural equations F (y , ζ) = 0, and

- the policy commitment c

V (ζ, y) � 0: belief distortion measure
re�ects notion of "near-rationality", V (ζ, y) = 0,RE
V � 0: measures "degree of robustness concerns"
V = 0, RE-optimal policy

Adam & Woodford () Leaning Against Housing Prices December 2018 11 / 44



Robust Policy: De�ning the Problem

Robustly optimal policy problem

max
c2C

min
ζ2Z

U(y)

s.t. y = O(c , ζ) and V (ζ, y) � V

C : set of policy commitment, Z : set of belief distortions

Outcome function y = O(c , ζ) :
determines EQ outcome y consistent with

- a set of structural equations F (y , ζ) = 0, and

- the policy commitment c

V (ζ, y) � 0: belief distortion measure
re�ects notion of "near-rationality", V (ζ, y) = 0,RE
V � 0: measures "degree of robustness concerns"
V = 0, RE-optimal policy

Adam & Woodford () Leaning Against Housing Prices December 2018 11 / 44



Robust Policy: De�ning the Problem

Robustly optimal policy problem

max
c2C

min
ζ2Z

U(y)

s.t. y = O(c , ζ) and V (ζ, y) � V

C : set of policy commitment, Z : set of belief distortions

Outcome function y = O(c , ζ) :
determines EQ outcome y consistent with

- a set of structural equations F (y , ζ) = 0, and

- the policy commitment c

V (ζ, y) � 0: belief distortion measure
re�ects notion of "near-rationality", V (ζ, y) = 0,RE

V � 0: measures "degree of robustness concerns"
V = 0, RE-optimal policy

Adam & Woodford () Leaning Against Housing Prices December 2018 11 / 44



Robust Policy: De�ning the Problem

Robustly optimal policy problem

max
c2C

min
ζ2Z

U(y)

s.t. y = O(c , ζ) and V (ζ, y) � V

C : set of policy commitment, Z : set of belief distortions

Outcome function y = O(c , ζ) :
determines EQ outcome y consistent with

- a set of structural equations F (y , ζ) = 0, and

- the policy commitment c

V (ζ, y) � 0: belief distortion measure
re�ects notion of "near-rationality", V (ζ, y) = 0,RE
V � 0: measures "degree of robustness concerns"
V = 0, RE-optimal policy

Adam & Woodford () Leaning Against Housing Prices December 2018 11 / 44



Robust Policy: De�ning the Problem

Robustly optimal policy problem

max
c2C

min
ζ2Z

U(y)

s.t. y = O(c , ζ) and V (ζ, y) � V

C : set of policy commitment, Z : set of belief distortions

Unappealing features:

1 Solution depends on assumed set of policy commitments C
Asset prices only relevant because of the assumed set C?

2 A very hard problem: requires determining worst-case beliefs ζ� for all
c 2 C
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Robust Policy: General Approach

Simpler and more general approach:

First compute an upper bound on what robustly optimal policy can
achieve (as worst-case outcome): easier to compute

Then provide an example of a policy commitment that achieves the
upper bound (as w.c. outcome): generalized targeting rule

Next slides: present the upper bound problem...
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Robust Policy: General Approach

Robust policy problem

max
c2C

min
ζ2Z

U(y) s.t.: y = O(c , ζ) & V (ζ, y) � V

Equivalent Lagrangian formulation

max
c2C

min
ζ2Z

U(O(c , ζ)) + θV (ζ,O(c , ζ))

θ : (inverse) measure of the degree of robustness concerns

First upper bound: invert the order of optimization

min
ζ2Z

max
c2C

U(O(c , ζ)) + θV (ζ,O(c , ζ))

Second upper bound: let policymaker directly choose y

min
ζ2Z

max
y2Y

U(y) + θV (ζ, y)

s.t. : F (y , ζ) = 0
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Robust Policy: General Approach

Lagrangian formulation of second upper bound

min
ζ2Z

max
y2Y

min
ϕ
U(y) + θV (ζ, y)� ϕF (y , ζ)

1 Use FOCs to propose a candidate solution (ζ, y) for worst-case outcome

2 Verify second-order conditions (not in the presentation....)

3 Use FOCs to propose candidate commitment c consistent with (ζ, y)

4 Verify that c in fact implements y as worst-case outcome:

show that ζ are the worst-case beliefs associated with c

show that y is the unique outcome associated with (c , ζ): outcome
function then must satisfy O(c , ζ) = y

=> upper bound is attained by c!
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Outline of the Presentation

1 De�ning the robustly optimal policy problem
2 The near rational beliefs and distortion measure V (�, �)
3 Present nonlinear NK model with housing
4 LQ approx. to optimal policy problem under RE
5 LQ approx. of upper-bound problem with robustness concerns
6 Numerical illustration of result
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Near-Rational Expectations

Same non-parametric near-rationality concept as in Woodford (2010),
Adam and Woodford (2012)

Only assumption: PS beliefs absolutely continuous w.r.t. CB beliefs
(over any �nite history)

=> Radon-Nikodym theorem: can represent distorted beliefs asbEt [Xt+1] = Et [mt+1Xt+1]
where

mt+1 � 0 and Etmt+1 = 1
Size of belief distortions measured by relative entropy

Etmt+1 logmt+1

and discounted relative entropy

E0
h
∑∞
t=0 βt+1mt+1 logmt+1

i
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Near-Rational Expectations

New to our approach: we parameterize (!) belief distortions

min
mt+1�0

Et [θmt+1 logmt+1]

s.t. : Et [mt+1yt+1] = y et
Et [mt+1] = 1

Solution

logmt+1 = θ�1ζ 0tyt+1 � log Et [exp(θ�1ζ 0tyt+1)]

ζt : Lagrange multipliers on Et [mt+1yt+1] = y
e
t

Discounted relative entropy

E0
h
∑∞
t=0 βt+1mt+1 logmt+1

i
= E0

h
∑∞
t=0 βt+1R(ζt , yt+1)

i
� V (ζ, y)

Lagrange multipliers ζ can be used to parameterize belief distortions.
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3 Present nonlinear NK model with housing
4 LQ approx. to optimal policy problem under RE
5 LQ approx. of upper-bound problem with robustness concerns
6 Numerical illustration of result
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A Sticky Price Model with a Housing Sector

Representative Household

U � bE0 ∞

∑
t=0

βt
�
ũ(Ct ; ξt )�

Z 1

0
ṽ(Ht (j); ξt )dj + ω̃(Dt ; ξt )

�
,

Flow budget constraint

PtCt + Bt + (Dt + (1� δ)Dt�1) qtPt + ktPt

�(1+ sd )d̃(kt ; ξt )qtPt +
Z 1

0
wt (j)PtHt (j)dj + Bt�1(1+ it�1)

+ Σt + Tt ,

sd 7 0 : housing subsidy (or tax).
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A Sticky Price Model with a Housing Sector

Isoelastic forms for ũ(�) and ṽ(�) and in particular
ω̃(Dt ; ξt ) = ξdt Dt

Linear utility allows for analytical characterization of optimal policy:
no need to track housing stock as a state variable in LQ
approximation

Housing production function

d̃(kt ; ξt ) =
Adteα keαt where eα 2 (0, 1)

2 new housing related shocks (ξdt ,A
d
t ) plus 1 new parameter (s

d )

Adam & Woodford () Leaning Against Housing Prices December 2018 21 / 44



A Sticky Price Model with a Housing Sector
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A Sticky Price Model with a Housing Sector

Firm problem standard: di¤erentiated goods (Dixit-Stiglitz), Calvo
price stickiness, same (distorted) expectations as HHs

Market clearing
Yt = Ct + kt + gtYt

gt : exogenous gov. spending shock
Two new optimality conditions:
(1) Opt. housing investment

kt =
��
1+ sd

�
Adt qt

� 1
1�eα

(2) Asset pricing equation

qut = ξdt + β(1� d)bEtqut+1
qut � qt ũC (Ct ; ξt ) : housing price in marginal utility units
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Outline of the Presentation

1 Present belief distortion measure V (�, �)
2 Present nonlinear NK model with housing
3 LQ approx. to optimal policy problem under RE
4 LQ approx. of upper-bound problem with robustness concerns
5 Numerical illustration of result
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Optimal Policy under RE

Assume small monopoly distortions & housing subsidies (1st order)

LQ approximation to optimal policy problem under RE:

max
fπt ,y

gap
t ,bqut gE0

∞

∑
t=0

βt

2

h
Λππ2t +Λy (y

gap
t )

2
+Λq(bqut � bqu�t )2i

s.t.:

πt =βEtπt+1 + κy y
gap
t + κq (bqut � bqu�t ) + ut

(bqut � bqu�t ) =β(1� δ)Et [bqut+1 � bqu�t+1] + (1� β(1� δ))sd

(+initial conditions.)

RE asset price eq. => constant & exogenous housing price gap:

bqut � bqu�t = sd
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Optimal Policy under RE

Dropping variables independent of policy, RE problem is

min
fπt ,y

gap
t g

E0
∞

∑
t=0

βt

2

h
Λππ2t +Λy (y

gap
t )

2
i

s.t.:
πt = βEtπt+1 + κy y

gap
t + sd + ut

(+initial conditions.)

Optimal MP problem under RE has same structure as in model w/o
housing, except

- constant term in mark-up shock

- de�nition of output gap ygapt di¤ers

RE optimal policy does not need to refer to housing prices:

πt +
Λy

Λπκy
(ygapt � ygapt�1) = 0
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Outline of the Presentation

1 De�ning the robustly optimal policy problem
2 The near rational beliefs and distortion measure V (�, �)
3 Present nonlinear NK model with housing
4 LQ approx. to optimal policy problem under RE
5 LQ approx. of upper-bound problem with robustness concerns
6 Numerical illustration of result
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Upper-Bound Problem w Robustness Concerns

Restrict attention to (�rst-order) solutions of the form:

xt = E0[xt ] + σ
K

∑
k

t�1
∑
j=0
xj ,kek ,t�j +O(σ

2)

K : number of independent structural disturbances
ek ,t : the time t-innovation to k-th disturbance.
σ : expansion parameter

No restriction under RE optimal policies

Restriction required for obtaining analytical solutions under robustly
optimal policies
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Upper-Bound Problem w Robustness Concerns

Absolutely key to assume that cost of belief distortions

θ � O(σ2)

when taking LQ approximation to policy problem, in order to get
�rst-order e¤ects from belief distortions in the structural equations!

Adam and Woodford (2012) assumed

θ � O(σ)

=> no �rst-order e¤ects from belief distortions in structural equations

Present work allows for "larger" belief distortions (technically more
demanding).
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Upper-Bound Problem w Robustness Concerns

LQ approximation of upper-bound problem

max
fbζt2R 2g min

fπt ,y
gap
t ,bqut g

E0
∞

∑
t=0

βt

2

�
Λππ2t +Λy (y

gap
t )

2
+Λq(bqut � bqu�t )2 � β

θ
bζ 0tVbζt�

NKPC:

πt = β
�
Etπt+1 + θ�1V1bζt�+ κy y

gap
t + κq (bqut � bqu�t ) + ut

AP equation:

(bqut �bqu�t ) = β(1� δ)

�
Et [bqut+1 � bqu�t+1] + V2θ bζt

�
+(1� β(1� δ))sd

(+ initial conditions)
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Upper-Bound Problem w Robustness Concerns

LQ approximation features positive semi-de�nite 2x2 matrix

V =
�
V1
V2

�
which determines the costs & e¤ects of belief distortions.

Nonstandard feature: V is not a matrix of exogenous coe¢ cients...

De�ning the conditional in�ation and housing price surprises:eπt+1 � πt+1 � Etπt+1equt+1 � bqut+1 � Etbqut+1
we have

V = Et

 
(eπt+1)2 eπt+1equt+1eπt+1equt+1 �equt+1�2

!
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Upper-Bound Problem w Robustness Concerns

FOCs with respect to worst-case belief distortions

bζ�t = � ϕ�t
(1� δ)ψ�t

�

ϕ�t : Lagrange multiplier on NKPC in follower�s solution

ψ�t : Lagrange multiplier on AP eqn in follower�s solution

Belief distortions larger if constraints more binding!

Worst-case distortions do not directly depend on V , but endogeneity
of V relevant for follower�s problem and thus for Lagrange multipliers

Can substitute worst-case belief distortions bζ�t into upper-bound
problem & derive follower�s FOCs (under the restriction of
conditionally linear policies)
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Upper-Bound Problem w Robustness Concerns

FOCs with respect to πt :

Λππt � ϕt + ϕt�1+θ�1Eϕϕ (πt � Et�1πt )
+θ�1(1� δ)Eϕψ (bqut � Et�1bqut ) = 0

where �
Eϕϕ Eϕψ

Eϕψ Eψψ

�
� (1� β)E0

∞

∑
t=0

βt
�

ϕt
ψt

�
(ϕt , ψt )

are endogenous coe¢ cients (because V is endogenous in the
follower�s problem).

FOC with respect to ygapt :

Λy y
gap
t + κy ϕt = 0

Using this equation to substitute ϕt + ϕt�1 in the �rst FOC delivers
the proposed target criterion!
Paper shows how SOC can be veri�ed for upper-bound problem and
optimality of target criterion
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Upper-Bound Problem w Robustness Concerns

The proposed target criterion:

πt +
Λy

Λπκy

�
ygapt � ygapt�1

�
+

θ�1

Λπ
Eϕϕ (πt � Et�1πt ) +

θ�1

Λπ
(1� δ)Eϕψ (bqut � Et�1bqut ) = 0

We have

Eϕϕ = (1� β)E0
∞

∑
t=0

βt (ϕt )
2 > 0 and Eϕψ = (1� β)E0

∞

∑
t=0

βtϕtψt ? 0

If SS housing supply too high and output subsidy too low

ϕt ,ψt > 0 in steady state

If stochastic �uctuations not too large relative to SS distortions

Eϕψ > 0

=> leaning against housing prices optimal!
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Upper-Bound Problem w Robustness Concerns

Economic intuition for "leaning-against" housing prices:

πt +
Λy

Λπκy

�
ygapt � ygapt�1

�
+

θ�1

Λπ
Eϕϕ| {z }
>0

(πt � Et�1πt ) +
θ�1

Λπ
(1� δ)Eϕψ| {z }
>0

(bqut � Et�1bqut ) = 0

Output suboptimally low:
upward distortions of expected in�ation harmful
NKPC => even lower output given current in�ation

Housing stock suboptimally high:
upward distortion of housing price expectations harmful
AP equation => higher current prices and even more housing supply
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Upper-Bound Problem w Robustness Concerns

If there are states of the world featuring
a.) positive housing price and positive in�ation surprises, or
b) negative housing price and negative in�ation surprises
=> belief distortions can achieve simultaneous upward distortions of
in�ation and housing price expectations:

overweigh the probability of states a.)
underweigh the probability of states b.)

Probability distortions achieve both belief distortions simultaneously
=> can generate larger distortions for a given entropy bound
Response of robustly optimal policymaker:
Make housing price & in�ation surprise less positively correlated
(maybe even negatively)
How? Lean against housing price surprises
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Outline of the Presentation

1 De�ning the robustly optimal policy problem
2 The near rational beliefs and distortion measure V (�, �)
3 Present nonlinear NK model with housing
4 LQ approx. to optimal policy problem under RE
5 LQ approx. of upper-bound problem with robustness concerns
6 Numerical illustration of result
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Numerical Illustration

Steady state distortions: housing subsidy of 15%, output subsidy τ
falls 15% below its e¢ cient level

Persistent mark-up shocks

ut � w + but
where

w � (1� α) (1� αβ)

α(1+ωη)
log

η

η � 1
1� g
1� τbut = ρubut�1 + eut

Persistent shocks to e¢ cient housing prices

bqu�t = bξdt � sd , where bξdt = ρξ
bξdt�1 + eξ

t ,
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Numerical Illustration

Discount factor β 0.99
Housing depreciation rate δ 0.03/4
Phillips curve coe¤. on output gap κy 0.024
Phillips curve coe¤. on house price gap κq -0.0023
Relative weight on output gap ΛY

Λπ
0.0031

Relative weight on housing gap Λq
Λπ

0.0014
Steady state housing subsidy sd 15%
Steady state mark-up gap w 0.0057
Mark-up shock persistence ρu 0.9907
Housing preference shock persistence ρξ 0.99
Std. dev. mark-up shock innovation σeu 0.0002
Std. dev. housing pref. shock innovation σe ξ 0.024
Robustness parameters θ�1

Λπ
50
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Numerical Illustration: Steady State E¤ects

RE Worst-case
steady state steady state

Output gap (bY � bY �) �22.3% �21.8%
In�ation (π) 0% 0%
Housing price gap (bqu � bqu�) 15% 20.3%
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Numerical Illustration: Optimal Targeting Rule

Coe¢ cient on RE optimal Robustly optimal

Change in output gap Λy
Λπκy

0.1292 0.1292

In�ation surprises θ�1

Λπ
E newϕϕ 0 0.0414

Housing price surprises θ�1

Λπ
(1� δ)E newϕψ 0 0.0406

Table 3: Optimal targeting rule coe¢ cients
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Impulse Response to +1 Std.Dev. housing pref. shock
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Impulse Response to +1 Std.Dev. mark-up shock
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Conclusions

In the presence of a housing subsidy and ine¢ ciently low output
(empirically relevant case) CB concerned with the robustness of PS
expectations should "lean against the wind"

target lower in�ation and/or output gap when housing prices
unexpectedly high

target higher in�ation and/or output gap when housing prices
unexpectedly low

Result obtained in a setting where CB is implementing fully optimal
commitment policy

Optimal target criterion does not require CB to establish a view on
which price movements are due to fundamentals and which ones are
due to expectational errors
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Conclusions

Would have required raising interest rates more or sooner in the
mid-2000�s?

Present model still very stylized: concern for housing prices arises
solely from concern for oversupply in housing

In practice many additional concerns: e¤ects on balance sheets of
banks and amount of private borrowing. Do these concerns push
policy in the same direction?
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