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Abstract

Carlstrom and Fuerst (2007) [“Asset Prices, Nominal Rigidities, and Monetary

Policy,” Review of Economic Dynamics10, 256–275] find that monetary policy

response to share prices is a source of equilibrium indeterminacy in a sticky-price

economy. We find that if housing price is a target of a central bank, monetary policy

response to asset price is helpful for equilibrium determinacy.
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1 Introduction

Should monetary policy respond to asset prices? This classic policy question has been

investigated by many researchers, and with varying results. A recent paper by Carl-

strom and Fuerst (2007) show that equilibrium indeterminacy arises if monetary policy

responds to share prices in a standard sticky-price economy. An increase in inflation

reduces firm’s profits, and the share prices decline, since they reflect the firm’s profits.

Then, monetary policy response to share prices implicitly weakens overall reactions to

inflation. This is a source of equilibrium indeterminacy. If a monetary policy causes

equilibrium indeterminacy, it should not be taken by the central bank, because we can-

not predict what happens if a shock hits the economy and economic fluctuations might

be caused by non-fundamental expectation shocks.

The main objective of this paper is to study whether the equilibrium indeterminacy

results found by Carlstrom and Fuerst (2007) are applicable to housing price. Housing

price has been the focus of attention after recent U.S. financial crisis, and it is worth to

be analyzed as asset price. To end this, we construct a standard sticky price model with

housing. In our model, housing is a fixed supplied asset, and it yields utility of house-

holds. We find that monetary policy response to housing price is helpful for equilibrium

determinacy. This result is robust to a model where both nominal prices and wages

are sticky. A permanent increase in inflation causes an increase in housing price in our

model, while share price decreases in the model of Carlstrom and Fuerst (2007), and

then monetary policy response to housing price strengthens the overall reaction to infla-

tion. A permanent increase in inflation causes an increase in the real marginal cost, that

is the wage in our model, because of sticky prices, and then, households increase their

consumption and housing demand by wealth effect. This increase in housing demand

causes an increase in housing price.

There are some papers that monetary policy response to asset prices from the view-

point of equilibrium determinacy. Bullard and Schaling (2002), Carlstrom and Fuerst

(2007), and Nutahara (2014, 2015) employ this approach. Bullard and Schaling (2002),
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using one-period claims to random nominal quantities as asset, Lucas tree, monetary

policy response to the price of Lucas tree is a source of equilibrium indeterminacy.

Carlstrom and Fuerst (2007) introduces share of firm into a standard sticky-price model,

and they find that monetary policy response to share prices is a source equilibrium in-

determinacy. On the contrary to this, Nutahara (2014) find that in the case of monetary

policy responding to capital price fluctuations, the result is overturned. The result of this

paper is close to that of Nutahara (2014). The difference is that the capital investigated

by Nutahara (2014) is a productive and tangible asset while the housing in our model is

non-productive but it yields utility directly. Nutahara (2015) investigates the implication

of credit market imperfection for monetary policy response to asset price fluctuations.

On the other hand, there are papers from the viewpoint of welfare or variance of inflation

and output. Bernanke and Gertler (2001), Gilchrist and Leahy (2002), Iacoviello (2005),

and Faia and Monacelli (2007) are included in this group.

The rest of this paper is organized as follows. Section 2 introduces our model. Sec-

tion 3 presents the main results and their interpretation. Section 4 checks the robust-

ness of the main result in a model with sticky price-wage economy. Finally, Section 5

presents our concluding remarks.

2 The model

We employ a standard sticky-price model with housing. In our model, housing is fixed

supplied asset and it yields utility.1

The representative household begins periodt with Bt one-period nominal bonds that

pay Rt−1 gross risk-free interest rate andHt housing that sell at priceQt. The utility

1It is another way of modeling housing so that housing is used for the production of goods. However,

we focus on the asset that yields utility directly in this paper because it is already shown that monetary

policy response to the price of productive assets, e.g., capital, is helpful for equilibrium determinacy by

Nutahara (2014).
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function is

U =
∞∑

t=0

βt

 C1−σ
t

1− σ − ϕ
L1+γ

t

1+ γ
+ η

H1−ν
t

1− ν

 (1)

WhereCt denotes consumption,Lt denotes labor supply, The budget constraint of house-

hold is

PtCt + Bt+1 + PtQtHt+1

≤ PtWtLt + Rt−1Bt + PtQtHt + Xt, (2)

wherePt denotes aggregate price level,Wt denotes real wage rate, andXt denotes mon-

etary injection. The first order conditions of households are

ϕCσt Lγt =Wt, (3)

C−σt = βC
−σ
t+1 ·

Rt

Πt+1
, (4)

C−σt Qt = βC
−σ
t+1Qt+1 + ηH

−ν
t+1, (5)

whereΠt+1 ≡ Pt+1/Pt denotes gross inflation. Equation (3) is the intratemporal opti-

mization condition, equation (4) is the Euler equation for consumption, and equation (5)

is the Euler equation for housing.

There are monopolistically competitive intermediate-goods firms and competitive

final-goods firms. The production technology of final-goods firms is

Yt =

(∫ 1

0
Yt(i)

θ−1
θ di

) θ
θ−1

, (6)

whereθ denotes the elasticity of substitution andYt(i) denotes outputs of intermediate-

goods indexed byi. The profit maximization of final-good firms implies the demand

curve forYt(i) as

Yt(i) =

(
Pt(i)
Pt

)−θ
Yt, (7)

wherePt(i) denotes the price level of intermediate-good indexed byi. Combining equa-

tions (6) and (7) yields the following price index for intermediate goods:

Pt =

(∫ 1

0
Pt(i)

1−θdi

) 1
1−θ

. (8)
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The intermediate-good firms are monopolistically competitive, and they produce intermediate-

goodYt(i) employing laborHt(i) from households. The production function of intermediate-

good firm is

Yt(i) = Ht(i). (9)

The cost minimization problem implies

Wt = Zt, (10)

whereZt denotes the Lagrange multiplier of the cost minimization problem, and it can

be interpreted as the real marginal cost. Intermediate goods firms set their prices subject

to Calvo-type price staggeredness. The price can be re-optimized at periodt only with

probability 1− κ. Under this setting, we obtain the New Keynesian Phillips curve,

πt = λzt + βπt+1, (11)

where

λ ≡ (1− κ)(1− κβ)
κ

, and

πt andzt denote the log deviations from a steady state of inflation and the real marginal

cost, respectively.

The central bank follows a Taylor rule:

r t = τππt + τqqt, (12)

wherer t andqt denote the log-deviations from steady state values ofRt andQt, respec-

tively. We focus on the case withτπ > 0 andτq ≥ 0. If τq > 0, a central bank responds

to asset price fluctuations.

The market clearing conditions are

Lt =

∫ 1

0
Lt(i)di, (13)

Ht = 1, (14)

Bt = 0. (15)
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The resource constraint is

Ct = Yt (16)

and the aggregate production function is

Yt =
1
∆t

Lt, (17)

where∆t is a measure of resource cost of price dispersion:

∆t ≡
∫ 1

0

(
Pt(i)
Pt

)−θ
di. (18)

Since we focus on the log-linearized dynamics around zero inflation steady state, we can

ignore effects from the price dispersion.

3 Main result

The linearized equilibrium system is given as follows:

(σ + γ)ct = zt, (19)

σ(ct+1 − ct) = r t − πt+1, (20)

qt = βqt+1 + (1− β)σct + β(πt+1 − r t), (21)

wt = zt, (22)

πt = βπt+1 + λzt, (23)

r t = τππt + τqqt, (24)

wherect denotes consumption;wt, the real wage rate;r t, the nominal interest rate; and

qt, housing prices.σ denotes the relative risk aversion; 1/γ, the Frisch elasticity;z, the

steady-state real marginal cost;τπ, the sensitivity of monetary policy to inflation; andτq,

the sensitivity of monetary policy to housing prices.

This system is reduced to the following matrix form:
1 χ 0

β 0 β

β 0 0



πt+1

zt+1

qt+1

 =

τπ χ τq

1 −λ 0

βτπ Φ 1+ βτq



πt

zt

qt

 ,
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where

χ ≡ σ

σ + γ
> 0,

Φ =
σ(1− β)
σ + γ

> 0.

The first equation is the consumption Euler equation, equation (20), the second equation

is the Euler equation for housing, equation (21), the third equation is the New Keynesian

Phillips curve, equation (23).

The main result of this paper is as follow.

Proposition 1. A necessary and sufficient condition for equilibrium determinacy is

(τπ − 1)λ + τqΦ > 0.

Proof. For equilibrium determinacy, all roots must be outside the unit circle. It is easily

shown that one of the roots are 1/β > 1. The two remaining roots are solutions of a

characteristic equation:

F(x) = x2 + F1x+ F2,

where

F1 ≡ −
β + χ + βχ(1+ τq)

βχ
< 0,

F2 ≡
χ + λτπ + τq(Φ + βχ)

βχ
> 0.

It is shown thatF(0) = F2 > 0 andF′(0) = F1 < 0. At x = 1, F(x) is decreasing

because

F′(1) = 2+ F1

=
−χ(1− β) − β(1+ χτq)

βχ
< 0.

Then, a necessary and sufficient condition for equilibrium determinacy is

F(1) =
(τπ − 1)λ + τqΦ

βχ
> 0.

�
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In the case whereτq = 0, a necessary and sufficient condition for equilibrium deter-

minacy isτπ > 1. This is well-known necessary and sufficient condition for equilibrium

determinacy in standard sticky-price models. Our result implies that even ifτπ < 1,

equilibrium is determinate if

τq >
(1− τπ)λ
Φ

. (25)

In this sense, Proposition 1 implies that monetary policy responses to housing prices

(τq > 0) is helpful for equilibrium determinacy.

This condition is highlighted by the Taylor principle: a permanent increase in the

inflation rate leads to a more-than-proportionate increase in the inflation rate. By the

New Keynesian Phillips curve, equation (23), it is implied that a one-percent permanent

increase in inflation (one-percent increase of bothqt andqt+1) causes (1− β)/λ percent

increase in real marginal cost,zt. Because the equation (21) can be rewritten as

qt = βqt+1 + Φzt + β(πt+1 − r t), (26)

the housing prices,qt andqt+1, increase byλΦ percent. As a result, the overall reaction

to inflation via our Taylor rule is

τπ + λΦτq. (27)

The Taylor principle requires that the equation (27) is greater than one, and it is consis-

tent with the necessary and sufficient condition for equilibrium determinacy in Proposi-

tion 1.

In the model of Carlstrom and Fuerst (2007), a permanent increase in inflation re-

duces their asset prices, share prices, because an increase in inflation increases the real

marginal cost of firms, and it is a downward pressure of firm’s profits and share prices.

Then, monetary policy response to share prices weakens the overall reaction to inflation.

In our model, a permanent increase in inflation generates an increase in housing price,

and monetary policy response to the housing price strengthens the overall reaction to

inflation.
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Why does housing price increase if a permanent increase in inflation occurs? As it

is said in the previous paragraph, a permanent increase in inflation causes an increase

in the real marginal cost. Since the real marginal cost is the wage in this model, house-

holds increase their consumption and housing demand by wealth effect. This increase in

housing demand causes an increase in housing price.

4 Robustness: Sticky price-wage economy

It has been assumed that nominal wages are flexible in Section 2. However, Carlstrom

and Fuerst (2007) find that a permanent increase in inflation might have a different effects

on asset prices in a sticky-wage economy. In this subsection, we consider an economy

in which nominal wages are also sticky.

The nominal wage rigiditỳa la Erceg, Henderson, and Levin (2000) is introduced to

the model presented in the previous section. The linearized intratemproral optimization

condition (19) becomes

(σ + γ)ct = zht + wt, (28)

wherezht is the monopoly distortion, that measures the difference between the house-

hold’s marginal rate of substitution and the real wage. The following two equations are

also introduced to the log-linearized equilibrium system:

πw
t = βπ

w
t + λwzht, (29)

wt − wt−1 = π
w
t − πt, (30)

whereπw is nominal wage inflation.

In this case, the equilibrium system is reduced to the one with four jump variables

(inflation, real marginal cost, housing price, and wage inflation) and one state variable

(real wage). Since it is difficult to derive an analytical condition for equilibrium deter-

minacy, we calculate the determinacy region by numerical simulations. Following Carl-

strom and Fuerst (2007), the parameter values are set as follows:σ = γ = 2, z = 0.85,

β = 0.99,λ = 0.019, andλw = 0.035.
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Figure 1: Determinacy region: Sticky price-wage economy
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Figure 1 shows the determinacy region of equilibria. It is found that monetary policy

response to housing price is helpful for equilibrium determinacy since an increase inτq

enlarges the determinacy region ofτπ. A permanent increase in inflation causes not only

increase in wage as in the model of previous section, but also an increase inzht through

equations (29) and (30), and they has positive effects on consumption, housing demand,

and housing price by wealth effects. As a result, an increase in housing price occurs in

this sticky price-wage model as in the sticky price model. Thus, our result is robust in

the case where both nominal prices and wages are sticky.

5 Concluding remarks

This paper has studied that monetary policy response to housing price. In our model,

housing is a fixed supplied asset, and it yields utility of households.

It has been found that monetary policy response to housing price is helpful for equi-
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librium determinacy, that is different from the finding by Carlstrom and Fuerst (2007),

monetary policy response to share price is a source of equilibrium indeterminacy. This

is because a permanent increase in inflation generates an increase in housing price in the

model. Our result is robust to a model where both nominal prices and wages are sticky.

Housing price has been the focus of attention after recent U.S. financial crisis. The

result of this paper would imply the importance of housing price for monetary policy.
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