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ABSTRACT

This paper investigates the monetary policy design for restoring equilibrium

determinacy. Our interests are whether a central bank should respond to asset price

fluctuations, and if so, what asset prices should be targeted. We show that a mon-

etary policy response to the price of a productive tangible asset (capital price) is

helpful for equilibrium determinacy, while that to the price of an intangible asset

that reflects a firm’s profit (share prices) is a source of equilibrium indeterminacy.

This result comes from the two assets’ prices moving in opposite directions in re-

sponse to a permanent increase in inflation.

JEL codes: E32, E44, E52

Keywords: monetary policy, equilibrium determinacy, asset prices.
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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. On the one hand, we find

studies, such as Bernanke and Gertler (2001) and Gilchrist and Leahy (2002), that show

the unimportance of responding to assets. In this line, we also find Iacoviello (2005) that

shows that if the central bank wants to minimize output and inflation fluctuations, little

is gained by responding to asset prices. On the other hand, Faia and Monacelli (2007)

identify a scenario in which monetary policy should respond to increases in asset prices

by lowering the nominal interest rate.

One important issue to consider when studying whether the central bank should re-

spond to asset prices is if incorporating such actions in a model can lead to equilibrium

indeterminacy. In this regard, Carlstrom and Fuerst (2007) show that equilibrium in-

determinacy arises if monetary policy responds to asset prices in a sticky-price econ-

omy without productive assets (e.g., capital). They focus on share prices – that reflect

monopolistic competitive firms’ profits – as asset price. It is well known that, in stan-

dard sticky-price models, conditions for equilibrium determinacy are highlighted by the

Taylor principle – if a permanent increase in the inflation rate occurs, the central bank

should increase the nominal interest rate by more than one percent. Since an increase in

inflation reduces firms’ profits and share prices decline, a monetary policy responding

to share prices implicitly weakens the overall reaction to inflation. This is a source of

equilibrium indeterminacy in their model.

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

found by Carlstrom and Fuerst (2007) are applicable to other types of assets. To this end,

we extend the model of Carlstrom and Fuerst (2007) by introducing a productive real

asset: capital. Our model is a standard Calvo-pricing sticky one with two types of assets:

capital and share. Capital is used to produce a good and its price is a discounted sum

of future real rental prices. Share is non-productive assets, and its price is a discounted
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sumof future monopolistic profits of firms. We show that it is important to distinguish

between capital and share prices from an equilibrium determinacy perspective. As also

shown by Carlstrom and Fuerst (2007), an increase in inflation implies low firm profits

and low share prices in our model. On the other hand, an increase in inflation also

implies a high rental rate of capital and high capital prices. This difference in the effects

on share and capital prices is the key to interpreting the result presented in this work. A

monetary policy responding to capital prices implicitly strengthens the overall reaction

to inflation, while that responding to share prices implicitly weakens the overall reaction

to inflation. Therefore, a monetary policy responding to capital prices is helpful for

equilibrium determinacy, while that responding to share prices is a source of equilibrium

indeterminacy.

One of the strengths of this model is that there are empirical counterparts of assets

in our model:1 the capital price and share price in the model can be interpreted as the

value of net worth and that of intangible assets in actual data, respectively.2 It is often

considered that the market value of a firm consists of the value of its net worth and its

intangible assets, as Hall (2001) estimates the value of intangible assets as the difference

between stock market index and net worth. On a firm’s balance sheet, as in the Flow of

Funds Tables in the U.S., a firm’s net worth consists of its tangible assets (nonfinancial

assets) and net financial assets (financial assets minus liabilities)3. The price of capital

in the model corresponds to the value of tangible assets. Moreover, because firms have

no leverage in the model, net financial assets are zero, and the value of tangible assets

equals their net worth. The share prices that reflect firms’ future monopolistic profits

1Theauthor is grateful to a referee for suggesting this connection.
2In this paper, we use the term “share price,” following the convention in Carlstrom and Fuerst (2007).

However, this term is not essential. What is important is that this asset price reflects the present value of

monopolistic competitive firms. A major reason the “share price” in this model differs from the market

value of a firm in actual data is that capital stock is owned by households in this model.
3For instance, see the sheet named “B.102 Balance Sheet of Nonfarm Nonfinancial Corporate Busi-

ness” in the Flow of Funds Tables.
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correspondto the value of intangible assets. Therefore, our sticky-price model with

capital can break the value of a firm into two components: the value of net worth (capital

price) and that of intangibles (share price).

There are two approaches to analyzing a monetary policy that responds to asset price

fluctuations. One is to evaluate from the viewpoint of equilibrium determinacy as in the

present paper. Bullard and Schaling (2002) and Calstrom and Fuerst (2007) employ this

approach, and both of them find that a monetary policy responding to asset prices is a

source of equilibrium indeterminacy. Bullard and Schaling (2002) use one-period claims

to random nominal quantities as asset, and Carlstrom and Fuerst (2007) use share. We

find that in the case of a monetary policy responding to capital price fluctuations, the

result is overturned. The other approach is to evaluate from the viewpoint of welfare or

of variances in output and inflation. Bernanke and Gertler (2001), Gilchrist and Leahy

(2002), Iacoviello (2005), and Faia and Monacelli (2007) employ this approach. In these

models, financial markets are imperfect while we analyze the economy with perfect

credit markets. They also focus on one type of asset price, while the current paper

focuses on multiple types of asset prices.

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

tion 3 presents the main result of this paper, its interpretation, and policy implications.

Section 4 determines the robustness of our results. We consider three cases: (i) the

case where firms own capital stock, (ii) the case where capital stock evolves over time,

and (iii) the case where both nominal prices and nominal wages are sticky. Section 5

concludes.
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2 THE MODEL

In this section, we introduce the log-linearized system of the model.4 We extend the

model of Carlstrom and Fuerst (2007) by introducing a productive real asset: capital.

It is based on a standard sticky-price model. Households choose consumptionct, sup-

ply labor ht, and hold capital stockkt, nominal bondbt, and sharest as assets. Price

stickiness occurs in the monopolistic competitive intermediate-goods sector.

The household’s Euler equation for the nominal bond is

σ(ct+1 − ct) = r t − πt+1, (1)

wherect, r t, andπt denote consumption, nominal interest rate, and inflation rate, respec-

tively, and parameterσ > 0 is relative risk aversion. The intratemporal optimization

condition of the household is

σct + γht = wt, (2)

wherewt denotes the real wage, andγ is the inverse of Frisch elasticity. The current

share price is given as a discounted sum of future dividends and share prices:

qt = βqt+1 + (1− β)dt+1 + (πt+1 − r t), (3)

whereqt anddt denote share prices and dividends, respectively. Parameterβ ∈ (0,1) is

the discount factor of the household. The analogue of the current capital price is given

by

qK
t = βq

K
t+1 + (1− β)rK

t+1 + (πt+1 − r t), (4)

whereqK
t andrK

t denote capital prices and the rental rate of capital stock.

The production function is

yt = αkt + (1− α)ht, (5)

4Thedetails of the model are described in Appendix A.
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whereyt, kt, andht denote output, capital, and labor, respectively, and parameterα ∈

(0,1) is the cost share of capital. Cost minimization implies

wt = yt − ht + zt, (6)

rK
t = yt − kt + zt, (7)

wherezt denotes the real marginal cost. The intermediate-goods firms set their prices

subject to Calvo-type price staggeredness. The price can be re-optimized only at period

t with probability 1− κ. Following Yun (1996), the New Keynesian Phillips curve is

obtained as

πt = λzt + βπt+1, (8)

where

λ =
(1− κ)(1− κβ)

κ
.

Themonopolistic rent of firms is paid to households as dividend, and is given by

dt = yt −
Z

1− Z
zt, (9)

whereparameterZ ∈ [0,1] is the steady-state real marginal cost.

The total supply of shares is one, and the total supply of nominal bonds is zero:

bt = 0. For simplicity, it is assumed that the total supply of capital stock is fixed:kt = 0.

Then, the resource constraint is

ct = yt. (10)

Finally, the central bank follows the Taylor rule:

r t = τππt + τqqt + τqkq
K
t , (11)

whereτπ > 0, τq ≥ 0, andτqk ≥ 0 are the central bank’s stances on inflation, share

prices, and capital prices, respectively.

7



3 MAIN RESULTS

As shown by Carlstrom and Fuerst (2007), the dividend is given by

dt = −Azt, (12)

where

A ≡ Z(1+ σ + γ) − 1+ α(1− Zσ)
(1− Z)[σ + γ − α(σ − 1)]

.

Following Carlstrom and Fuerst (2007), we employ the following assumption onA:

ASSUMPTION 1. A > 0.

Under this assumption, an increase in the real marginal cost decreases the dividend.

It is also shown that

rK
t = Bzt, (13)

where

B ≡ σ(1− α) + 1+ γ
σ(1− α) + α + γ > 0.

This equation implies that an increase in the real marginal cost increases the rental rate

of capital.

This difference between the effects of the real marginal cost on the dividend and

those on the rental rate of capital is the key to interpreting the main result of this paper.

The equilibrium system is reduced to the following matrix form:

1 χ 0 0

β 0 0 0

1 −(1− β)A β 0

1 (1− β)B 0 β





πt+1

zt+1

qt+1

qK
t+1


=



τπ χ τq τqk

1 −λ 0 0

τπ 0 1+ τq τqk

τπ 0 τq 1+ τqk





πt

zt

qt

qK
t


,

8



where

χ ≡ σ(1− α)
σ(1− α) + α + γ > 0.

Thefirst equation is the consumption Euler equation, equation (1), the second equation

is the New Keynesian Phillips curve, equation (8), the third equation is the Euler equa-

tion for shares, equation (3), and the fourth equation is the Euler equation for capital,

equation (4).

If τq = τqk = 0, share and capital prices do not affect inflation and the real marginal

cost, although the latter two variables do affect capital and share prices. It is straightfor-

ward to demonstrate thatτ > 1 is necessary and sufficient for equilibrium determinacy.

For the main proposition, we employ the following assumption:

ASSUMPTION 2. β > 1+γ
σ(1−α)+1+γ .

This condition is satisfied under reasonable calibrations. For example, ifσ = γ = 2

andα = 0.3, this condition implies thatβ > 0.682.

The main result of this paper is as follows:

PROPOSITION 1. Under Assumptions 1 and 2, a necessary and sufficient condition

for equilibrium determinacy is

(τπ − 1)λ− τqA(1− β) + τqkB(1− β) > 0.

Proof. See Appendix B. �

In the case whereα = 0 andτqk = 0, Proposition 1 is reduced to the condition

discussed by Carlstrom and Fuerst (2007). Our result implies that even ifτπ > 1, equi-

librium indeterminacy arises if

τq >
(τπ − 1)λ
(1− β)A . (14)
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In the case whereτq = 0, our result implies that even ifτπ < 1, equilibrium determinacy

arises if

τqk >
(1− τπ)λ
(1− β)B . (15)

Therefore,Proposition 1 implies that monetary policy with positive responses to share

prices (τq > 0) is a source of equilibrium indeterminacy. Conversely, monetary policy

responding to capital prices (τqk > 0) is a source of equilibrium determinacy.

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

flation rate leads to a more-than-proportionate increase in the inflation rate. A one-

percentage point permanent increase in the inflation rate causes the marginal cost to in-

crease by (1− β)/λ due to the Phillips curve. This decreases dividends and share prices

by A(1− β)/λ and increases the rental rate of capital and capital prices byB(1 − β)/λ.

Thus, monetary policy responding to share prices implicitly weakens the overall reaction

to inflation, while monetary policy responding to capital prices implicitly strengthens the

overall reaction to inflation. Therefore, monetary policy responding to capital prices is

a source of equilibrium determinacy, while that responding to share prices is a source of

equilibrium indeterminacy.

When we address monetary policy and asset price fluctuations, it is rare to discuss the

types of assets. Our result implies that it is important to distinguish between capital and

share prices because they have different monetary policy implications. This result also

implies that monetary policy responding to capital prices is good from an equilibrium

determinacy perspective.
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4 ROBUSTNESS

4.1 Case where Firms Own Capital Stock

We have assumed that households own both capital and shares in Section 2. One might

think that if firms own capital stock, share prices reflect capital prices and then our result

is likely to be overturned.

In this subsection, we consider a model where intermediate-goods firms own capital

stock. In this case, the dividend is given as the output minus wage payments and new

capital purchases.5 Then, the dividend includes the income from capital, and the share

price includes the value of capital stock.

In this case, the linearized version of the dividend is given by

dt = −Ãzt, (16)

where

Ã ≡ (1− α)[Z(1+ σ + γ) − 1− ασγ]
[1 − (1− α)Z][σ + γ − α(σ − 1)]

.

Othervalues are as in the previous model. Finally, Proposition 1 holds if we replaceA

by Ã and assume that̃A > 0.

This assumption—̃A > 0—holds under standard calibrated parameter values. This

could be interpreted such that the effect of a permanent increase in inflation on share

prices is larger than that on capital prices.

4.2 Endogenous Capital Stock

To this point, we have assumed, for analytical simplicity, that the total supply of capital

stock is fixed. In this section, we consider a case where capital evolves over time.6

5Themodel in level form is in Appendix C.
6The details of the model with endogenous capital, equilibrium, and log-linearized systems are shown

in Appendix D.
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In this case, the evolution of capital stock is

kt+1 = (1− δ)kt + δi t, (17)

whereδ ∈ (0,1) is the depreciation rate of capital. The adjustment cost is the same

as that employed by Carlstrom and Fuerst (2005), and the capital price given by the

first-order condition for investment is

qt = (1− η)i t, (18)

whereη ∈ (0, 1) represents the adjustment costs of investment.

Because the model with endogenous capital cannot be solved analytically, we apply

numerical analysis to investigate the determinacy regions. We employ the following

parameter values. Discount factorβ is 0.99; relative risk aversionσ is 2; Frisch elasticity

of laborγ is 2; parameter of the New Keynesian Phillips curveλ is 0.019; and steady-

state real marginal costZ is 0.85. These values are taken from Carlstrom and Fuerst

(2007). We also set the cost weight of capital in the production function,α, to 0.3 and

the adjustment cost of investment,η, to 0.5.

Figure 1 shows the determinacy region in the (τq, τπ) plane. The region with dia-

monds indicates equilibrium determinacy, and the other region indicates either equilib-

rium indeterminacy or no stationary equilibrium. The vertical axis is the central bank’s

stance on inflation,τπ. The horizontal axis is the central bank’s stance on share prices,

τq. We setτqk = 0. As in Figure 1, an increase inτq shrinks the determinacy region of

τπ. Then, as found in Section 3, monetary policy responding to share prices is a source

of equilibrium indeterminacy.

Figure 2 shows the determinacy region in the (τqk, τπ) plane. The horizontal axis

is the central bank’s stance on share prices,τqk. We setτq = 0. In contrast to the

implications of Figure 1, increases inτqk enlarge the determinacy region ofτπ. Thus,

monetary policy responding to capital prices is a source of equilibrium determinacy.
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Finally, we find that our results in Section 3 are robust in the case where capital stock

evolves over time.

4.3 Nominal Wage Rigidity

We have assumed that nominal wages are flexible in Section 2. However, Carlstrom

and Fuerst (2007) find that a permanent increase in inflation increases share prices in

a sticky-wage economy. This result might seem to suggest that the difference between

capital and share prices is less important when nominal wages are sticky. In this subsec-

tion, we consider an economy in which nominal wages are also sticky.

We introduce nominal wage rigiditỳa la Erceg, Henderson, and Levin (2000) to

the model presented in the previous subsection. In our economy, nominal prices and

nominal wages are sticky, capital stock evolves over time, and there is an adjustment

cost of investment.7

In this case, the linearized labor supply behavior is given by

σct + γht = zht + wt, (19)

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

hold’s marginal rate of substitution and real wage. Erceg, Henderson, and Levin (2000)

demonstrate that the nominal wage adjustment is given by

πw
t = βπ

w
t + λ

wzht, (20)

whereπw
t denotes the nominal wage inflation:

πw
t = (wt − wt−1) + πt, (21)

wherewt denotes the log-deviation of the real wage from a steady state.

7Thelinearized equilibrium system is described in Appendix E.
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To investigate determinacy regions of the equilibrium, we employ numerical analy-

ses. Nominal wage-stickiness parameterλw is 0.035, which is as in Carlstrom and Fuerst

(2007). Other values are the same as in the previous section.

Figure 3 shows the determinacy region in the (τq, τπ) plane. Figure 4 shows the

determinacy region in the (τqk, τπ) plane. Figures 3 and 4 show that an increase inτq

shrinks the determinacy region ofτπ and that an increase inτqk enlarges the determinacy

region ofτπ. Thus, our results are robust in the case where prices and wages are sticky.

It is also found that Figures 3 and 4 are quite similar to Figures 1 and 2 and that the

sticky wage has little quantitative impact on the determinacy regions in this case.

5 CONCLUDING REMARKS

In this paper, we considered a monetary policy rule that responds to asset prices in a

standard sticky-price model with shares, whose prices reflect the firms’ profits, and with

a productive real asset, capital. In our model, a monetary policy responding to capital

prices is helpful for equilibrium determinacy, while that responding to share prices is a

source of equilibrium indeterminacy.

The key to interpreting our result is the different effects of inflation on the two asset

prices. An increase in inflation implies low firm profits and low share prices. Conversely,

it also implies a high rental rate of capital and high capital prices. Then, a monetary

policy responding to capital prices strengthens the overall reaction to inflation while that

responding to share prices weakens the same.

When addressing monetary policy and asset price fluctuations, it is rare to discuss the

types of assets. However, we found that it is important to distinguish between capital

and share prices because they have different monetary policy implications, and that a

monetary policy responding to capital prices is good from an equilibrium determinacy

perspective.
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Our result implies that the relationship between inflation and asset prices is impor-

tant. If a permanent increase in inflation reduces asset prices, as is the case with the share

prices in this paper, a central bank should not respond to asset price fluctuations because

such fluctuations are a source of equilibrium indeterminacy. Conversely, a permanent

increase in inflation increases asset prices such as capital prices, and as such, the central

bank’s response to asset prices is feasible. The qualitative and quantitative relationships

between inflation and asset prices remain to be addressed, and these relationships merit

further empirical research. Future work also includes estimating an empirical monetary

policy rule following the argument considered in this paper.

APPENDIX A: THE MODEL

The details of the model in Section 2 are given as follows.

A.1 Households

Households begin periodt with Mt cash balances,Bt one-period nominal bonds that pay

Rt−1 gross risk-free interest rate,St shares of stock that sell at priceQt, andKt units of

capital stock that sell at priceQK
t .

The utility function is

U

(
Ct,Ht,

Mt+1

Pt

)
=

C1−σ
t

1− σ − ϕ
H1+γ

t

1+ γ
+ V

(
Mt+1

Pt

)
,

whereσ > 0,γ > 0, V(·) is increasing and concave,Ct denotes consumption,Ht denotes

labor supply, andMt+1/Pt denotes real cash balances at the end of periodt.

Households’ budget constraint is

PtCt + Mt+1 + Bt+1 + PtQtSt+1 + PtQ
K
t Kt+1

≤ PtWtHt + Mt + Rt−1Bt + Pt(Qt + Dt)St + Pt(R
K
t + QK

t )Kt + Xt,
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whereWt denotesthe wage rate,RK
t denotes the rental rate of capital,Dt denotes share

dividends, andXt denotes monetary injection.

Households’ first-order conditions are

ϕCσt Hγt =Wt,

C−σt = βC
−σ
t+1 ·

Rt

Πt+1
,

C−σt Qt = βC
−σ
t+1 [Qt+1 + Dt+1] ,

C−σt QK
t = βC

−σ
t+1

[
QK

t+1 + RK
t+1

]
,

whereΠt+1 ≡ Pt+1/Pt denotesgross inflation. The first equation is the intratemporal

optimization condition, the second is the Euler equation for consumption, the third is

the Euler equation for shares, and the last is the Euler equation for capital.

By these Euler equations, familiar asset prices equations are obtained:

Qt =

[
Qt+1 + Dt+1

]
Πt+1

Rt
,

QK
t =

[
QK

t+1 + RK
t+1

]
Πt+1

Rt
.

A.2 Firms

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 dz

) θ
θ−1

,

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

goods indexed byi. The demand curve forYt(i) is

Yt(i) =

(
Pt(i)
Pt

)−θ
Yt,
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wherePt(i) denotes the price level of intermediate goods indexed byi. The price index

for intermediate goods is given by

Pt =

(∫ 1

0
Pt(z)1−θdz

) 1
1−θ

.

The intermediate-goods firms are monopolistically competitive, and they produce

intermediate goodsYt(i) employing capital serviceKt(i) and laborHt(i) from households.

The production function is

Yt(i) = Kt(i)
αHt(i)

1−α,

where 0< α < 1. The cost-minimization problem implies

Wt = (1− α)Zt
Yt(i)
Ht(i)

,

RK
t = αZt

Yt(i)
Kt(i)
,

whereZt denotesreal marginal cost.

The intermediate-goods firms set their prices subject to Calvo-type price staggered-

ness. The price can be re-optimized only at periodt with probability 1− κ. Following

Yun (1996), the New Keynesian Phillips curve is obtained as

πt = λzt + βπt+1,

where

λ =
(1− κ)(1− κβ)

κ
,

andwhereπt andzt denote the log-deviation from a steady state ofΠt andZt, respec-

tively.

A.3 Equilibrium

The central bank follows the Taylor rule:

r t = τππt + τqqt + τqkq
K
t ,
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wherethe lowercase lettersr t, qt, andqK
t denote the log-deviations from the steady states

of Rt, Qt, andQK
t , respectively.

The market-clearing conditions are

Kt =

∫ 1

0
Kt(i)di,

Ht =

∫ 1

0
Ht(i)di.

We assume that the fixed supply of capitalKt = K.

The resource constraint is

Ct = Yt.

In this paper, we focus on an equilibrium for which all monopolistic competitive

firms are symmetrical. The firms’ profits are paid out as dividends to the sharehold-

ers. For simplicity, it is assumed that the number of firms is equal to the number of

households. Finally, the dividend of an intermediate-goods firm is given by

Dt = Yt −WtHt − RK
t Kt

= (1− Zt)Yt.

APPENDIX B: PROOF OF PROPOSITION 1

Proof. It is easily shown that two of the roots are 1/β. The two remaining roots are

solutions of a characteristic equation:

F(x) = x2 + F1x+ F2,

where

F1 ≡
−τq[χ + A(1− β)] − τqk[χ − B(1− β)] − [χ(1 + β) + λ]

βχ
,

F2 ≡
λτ + χ(1+ τq + τqk)

βχ
.
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BecauseAssumption 2 is necessary and sufficient forχ − B(1− β) > 0, we haveF1 < 0.

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

because

F′(1) = 2+ F1

= 2−
[χ(1+ β) + λ] + τq[χ + A(1− β)] + τqk[χ − B(1− β)]

βχ

=

(
2− 1+ β

β

)
−
λ + τq[χ + A(1− β)] + τqk[χ − B(1− β)]

βχ
< 0.

Then,a necessary and sufficient condition for equilibrium determinacy is

F(1) =
(τπ − 1)λ− τqA(1− β) + τqkB(1− β)

βχ
> 0.

�

APPENDIX C: STICKY-PRICE ECONOMY WHERE

FIRMS OWN CAPITAL STOCK

This appendix explains the model in Section 4.1 where intermediate-goods firms own

capital stock.

In this case, households’ budget constraint becomes

PtCt + Mt+1 + Bt+1 + PtQtSt+1

≤ PtWtHt + Mt + Rt−1Bt + Pt(Qt + Dt)St + Xt.

The key is the definition of dividend (profit), and it is given by

Dt = Yt −WtHt − QK
t (Kt+1 − Kt).

In this case, the firms’ cost-minimization problem is

∞∑
t=0

βtλt

[
WtHt + QK

t (Kt+1 − Kt)
]
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subjectto the production technology, whereβtλt = β
tC−σt denotes the Lagrange multi-

plier of households’ budget constraint. Firms’ first-order conditions are

Wt = (1− α)Zt
Yt(i)
Ht(i)

,

RK
t = αZt

Yt(i)
Kt(i)
,

C−σt QK
t = βC

−σ
t+1

[
QK

t+1 + RK
t+1

]
,

whereRK
t denotesthe “shadow” rental price of capital. At equilibrium with a unit supply

of capital, the dividend is rewritten as

Dt = [1 − (1− α)Zt]Yt.

Finally, the linearized equation is (16).

APPENDIX D: STICKY-PRICE ECONOMY WITH EN-

DOGENOUS CAPITAL STOCK

Here, we provide details of the model in Section 4.2 with endogenous capital stock.

Household’s budget constraint becomes

PtCt + PtIt + Mt+1 + Bt+1 + PtQtSt+1 + PtQ
K
t Kt+1

≤ PtWtHt + Mt + Rt−1Bt + Pt(Qt + Dt)St + Pt[R
K
t + (1− δ)QK

t ]Kt + Xt,

where It is investment andδ ∈ (0,1) is the depreciation rate of capital. We assume

that the capital price varies because there is a standard quadratic adjustment cost of

investment. The evolution of capital stock is

Kt+1 = (1− δ)Kt + Γ(I t),
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whereΓ(·) is increasing and concave withΓ(0) = 0. Following Carlstrom and Fuerst

(2005), we the employ the functional form ofΓ(It) as

Γ(It) ≡ bIηt ,

whereη is between zero and one. The first-order condition for investment is

QK
t =

1
Γ′(It)

.

Parameterb is chosen such thatQK
t = 1 in the steady state, its value in the no-adjustment

cost economy. Then,b = I1−η/η, whereI denotes the steady-state investment. In this

setting, the asset price equation for capital is the same as in the baseline model. The

resource constraint is

Ct + It = Yt.

Then, the equilibrium system is

ϕCσt Hγt =Wt,

C−σt = βC
−σ
t+1 ·

Rt

Πt+1
,

Qt =

[
Qt+1 + Dt+1

]
Πt+1

Rt
,

QK
t =

[
(1− δ)QK

t+1 + RK
t+1

]
Πt+1

Rt
,

QK
t =

[
It

Iss

]1−η

,

Dt = (1− Zt)Yt,

Wt = (1− α)Zt
Yt

Ht
,

RK
t = αZt

Yt

Kt
,
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Yt = Kαt H1−α
t ,

Ct + It = Yt,

Kt+1 = (1− δ)Kt + Γ(I t),

r t = τππt + τqqt + τqkq
K
t .

At the steady state withHss= 1, QK
ss= 1, andΠss= 1, the system becomes

ϕCσss=Wss,

Rss=
1
β
,(

1
β
− 1

)
Qss = Dss,

1
β
= (1− δ) + RK

ss,

Dss= (1− Zss)Yss,

Wss= (1− α)ZssYss,

RK
ss= αZss

Yss

Kss
,

Yss= Kαss,

Css+ δηKss= Yss.

From this system, we obtain

Kss=

 αZss
1
β
− 1+ δ


1

1−α

,

Yss = Kαss,

Css= Yss− δηKss.

22



Thelinearized equilibrium system is

σct + γht = wt,

σ(ct+1 − ct) = r t − πt+1,

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

qK
t = β(1− δ)qK

t+1 + [1 − β(1− δ)]r K
t+1 + (πt+1 − r t),

dt = yt −
Z

1− Z
zt,

wt = zt + yt − ht,

rK
t = zt + yt − kt,

yt = αkt + (1− α)ht,

Css

Yss
ct +

(
1− Css

Yss

)
it = yt,

πt = βπt+1 + λzt,

kt+1 = (1− δ)kt + δi t,

qK
t = (1− η)it,

r t = τππt + τqqt + τqkq
K
t .

APPENDIX E: STICKY PRICE-WAGE ECONOMY WITH

ENDOGENOUS CAPITAL STOCK

The linearized equilibrium system of the model in Section 4.3 is

σct + γht = zht + wt,

σ(ct+1 − ct) = r t − πt+1,

qt = βqt+1 + (1− β)dt+1 + (πt+1 − r t),
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qK
t = β(1− δ)qK

t+1 + [1 − β(1− δ)]r K
t+1 + (πt+1 − r t),

dt = yt −
Z

1− Z
zt,

wt = zt + yt − ht,

rK
t = zt + yt − kt,

yt = αkt + (1− α)ht,

Css

Yss
ct +

(
1− Css

Yss

)
it = yt,

πt = βπt+1 + λzt,

πw
t = βπ

w
t+1 + λ

wzht,

wt − wt−1 = π
w
t − πw

t ,

kt+1 = (1− δ)kt + δi t,

qK
t = (1− η)it,

r t = τππt + τqqt + τqkq
K
t .
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FIGURE 1: Determinacy Region if Monetary Policy Responds toqt (1): Endogenous

Capital Stock
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σ = 2, γ = 2, α = 0.3,β = .99,λ = 0.019,Z = 0.85,δ = 0.025,η = 0.5, and

τqk = 0.
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FIGURE2: Determinacy Region if Monetary Policy Responds toqK
t (1): Endogenous

Capital Stock
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FIGURE3: Determinacy Region if Monetary Policy Responds toqt (2): Sticky Price-

Wage Economy with Endogenous Capital Stock
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λw = 0.035, andτqk = 0.
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FIGURE4: Determinacy Region if Monetary Policy Responds toqK
t (2): Sticky Price-

Wage Economy with Endogenous Capital Stock
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λw = 0.035, andτq = 0.
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