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Abstract

Do credit market imperfections justify a central bank’s response to asset price
fluctuations? This study addresses this question from the perspective of equilibrium
determinacy. In the model we use, prices are sticky and the working capital of firms
is subject to asset values because of a lack of commitment. If credit market imper-
fections exist to a small degree, the Taylor principle is a necessary #inclent
condition for equilibrium determinacy, and monetary policy response to asset price
fluctuations is good from the perspective of equilibrium determinacy. However, if
credit market imperfections exist to a large degree such that the collateral constraint
is binding, then the Taylor principle no longer guarantees equilibrium determinacy,
and monetary policy response to asset price fluctuations becomes a source of equi-
librium indeterminacy. We find that the existence of credit market imperfections
makes it unsuitable to initiate a monetary policy response to deal with asset price
fluctuations. We also find that reductions in credit market imperfections can en-
large the indeterminacy region of the model parameters.

Keywords: asset prices; credit market imperfections; collateral constraints; equi-
librium indeterminacy; monetary policy; sticky prices; Taylor principle

JEL classification: E32; E44; E52



1 Introduction

A classical topic in the context of monetary policy is a central bank’s response to asset
price fluctuations. The boom in Japan’s economy during the late 1980s and its long
stagnation during the 1990s and the recent economic boom and bust in the U.S. seem
to imply that a central bank should respond to asset price fluctuations. It is often said
that credit market imperfections play an important role in the boom—bust periods. In this
scenario, should a central bank respond to asset price fluctuations and do credit market
imperfections justify such a response?

In this study, we address this question from the perspective of equilibrium determi-
nacy. Following the standard Calvo-type setting, prices are sticky in our model. We also
assume that the working capital of firms is subject to asset values because of a lack of
commitment. In cases where the collateral constraint never binds, the Taylor principle
guarantees equilibrium determinacy and a positive response of monetary policy to asset
price fluctuations increases the determinacy region of the parameters. In contrast, if the
collateral constraint binds deeply, the properties of the determinacy regions completely
differ. We find that the Taylor principle no longer guarantees equilibrium determinacy
and that monetary policy response to asset price fluctuations is a source of equilibrium
indeterminacy. We show that both theffstiently positive and negative sensitivities of
monetary policy are sources of equilibrium indeterminacy, while a slightly positive or
negative response of monetary policy to asset price fluctuations might increase the de-
terminacy region. Our results imply that the existence of credit market imperfections
makes it unsuitable to initiate a monetary policy response to deal with asset price fluc-
tuations.

We also investigate the relationship between the degree of credit market imperfec-
tions and the determinacy region. We find that reductions in credit market imperfections
can sometimes reduce the determinacy region of model parameters. While it is intuitive

that reductions in credit market imperfections have posititects, our result shows that
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this simple intuition is not correct from the perspective of equilibrium determinacy.

This is because the binding collateral constraint changes the relationship between
inflation and the asset price. In our model, if the credit market imperfection is small and
the collateral constraint is not binding, inflation and the asset price move in the same
direction. However, under the binding collateral constraint, these two variables move
in opposite directions. Moreover, there exists a case where a reduction in credit market
imperfection strengthens this negative relation between inflation and the asset price.

Many studies on monetary policy and asset prices deal with these topics from the
welfare perspective. Bernanke and Gertler (2001) and Gilchrist and Leahy (2002) find
that responding to asset price fluctuations is not important. lacoviello (2005) shows
that monetary policy response to asset price fluctuations generates welfare gain. Faia
and Monacelli (2007) find that monetary policy should negatively respond to asset price
fluctuations. In this study, however, we discuss this question from the perspective of
equilibrium indeterminacy.

This study is closely related to Carlstrom and Fuerst (2007) and Nutahara (2014)
that also focus on the relationship between monetary policy responds to asset prices and
equilibrium indeterminacy. However, in their model, there is no credit market imperfec-
tion. We show that, in our model, monetary policy response to asset price fluctuations is
a source of equilibrium indeterminacy in an economy with credit market imperfections,
while it is a source of equilibrium determinacy if there is no credit market imperfection.

Collateral constraints are often employed to explain the observed facts of business
cycles in modern macroeconomics. Bernanke, Gertler, and Gilchrist (1999), Kiyotaki
and Moore (1997), and Liu, Wand, and Zha (2013) show that collateral constraints
amplify shock éects. Carlstrom and Fuerst (1997, 1998) show that collateral con-
straints generate hump-shaped responses to shocks. Kobayashi, Nakajima, and Inaba
(2012) show that a model with collateral constraints generates comovements of output,

consumption, labor, and investment to news shocks. Monacelli (2009) shows that a



model with collateral constraints accounts for sectoral comovements to monetary policy
shocks. Given this information, analyses of a model with credit market imperfections
would be important.

Recent studies focus on the financial frictions as an important mechanism for equi-
librium indeterminacy. The present paper is also related to Harrison and Weder’s (2013)
study. They investigate equilibrium indeterminacy in a real model with collateral con-
straints and increasing returns to scale. In this study, we consider equilibrium indeter-
minacy in a monetary model with collateral constraints and constant returns to scale.
Liu and Wang (2014) and Benhabib and Wang (2014) are also closely related to our
paper since financial friction causes equilibrium indeterminacy in the non-monetary and
constant returns to scale economies.

The rest of this paper is organized as follows. In Section 2, we introduce our model
in which prices are sticky and the working capital is subject to asset values because of
a lack of commitment. In Section 3, we investigate the equilibrium determinacy of the
model and present the main results. In Section 4, we verify the robustness of our results.

Finally, in Section 5, we draw conclusions.

2 The model

2.1 Households: workers and managers

Households consist of workers and managers. They hold as d&sgt®ne-period
nominal bonds that pal_; gross interest rate, arid_;, shares of the stock of retailers
that sell at price&); and pay dividend;.

The utility function is

— 1
Civ  HM

U(C, Hy) = - )

l1-0 1+y

whereo > 0,y > 0, > 0, C; denotes consumption, ait] denotes labor supply.
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At the beginning of each period, a household is divided into a worker and a manager.
A worker supplies laboH; and earns wage inconi&W;H;, whereP; denotes the aggre-
gate price level. A manager produces homogenous goods. The production function of

managers is
Y= KiLT, )

where 0< a < 1, Y; denotes outputk; denotes capital stock, arld denotes labor
demand.

We assume that managers have to pay wages to workers in advance and that they
borrow working capital from banks. Banks can issue banknotes that can be circulated
in the economy as payment instruments during a period. N.die the amount that

managers borrow. Then,
PWiL; < N 3)

Managers cannot commit to repay the debt fully. Then, their borrowing is subject to

their collateral:
Ni < P QiKy, (4)

where 0< ¢ < 1.! The debt is repaid at the end of the period. The gross interest rate
of the managers’ borrowing is one because banks are competitive and this borrowing
is intratemporal. In order to consider a collateral constraint, we assume that a worker

cannot supply to a manager from the same agent. Finally, the collateral constraint is
PWL; < P QiK:. ©))
The budget constraint is

P:Ci + PiQiKiy1 + Biya + PAWLL

< PZYy + PWH + PiQiK: + Ri_1 By, (6)

IA similar setting of credit market imperfections is employed by Harrison and Weder (2012),
Kobayashi, Nakajima, and Inaba (2012), and Mendoza (2010).
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whereB; denotes the bond holding; denotes the relative price of goods produced by
managerg andX; denotes monetary injection.

The first-order conditions are as follows:

{CTH! =W, (1)
_ -~ R
C 7 =g8CC , 8
7= B ®)
Co _ -0 Yt+1
t Qt = ﬁCt+l Qt+1(1 + 90®t+1) + Q’Zt+lK_1 5 (9)
t+
Y,
Wi(l+®) = (1- a)tht, (10)
t
(V\/tLt - ‘;DQth)@t = 0, @t > 0, (11)

wherell,; = Py,1/P; and®; denote the ratio of the Lagrange multiplier of the collateral
constraint to that of the budget constraint, and it can be interpreted as theiemey of

the collateral constraint. Equation (7) is the intratemporal optimization condition; (8) is
the Euler equation of bond; (9) is the Euler equation of capital stock; (10) is the marginal
productivity condition of labor; and (11) is the collateral constraint.

Equation (9) can be rewritten in the form of familiar equations on asset prices:

Y, I1
Q= | Qual + ¢O1) + aZy = | 22 (12)
Kt+l R{

The current asset price is a discounted sum of the future asset price and return on capital.

One departure from the standard model is the existen@g, dhe Lagrange multiple of

the collateral constraint, which can be interpreted as a premium on capital as a collateral.

2.2 Retailers

We assume the existence of monopolistically competitive retailers, as in the study by
Bernanke, Gertler, and Gilchrist (1999).

27, is also interpreted as the real marginal cost of retailers.
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Retailers buy goods at pridgZ, from managers, produceftirentiated goods using
a linear technology, and set prices. The price can be re-optimized at pembg with
probability 1- «. Under this standard Calvo-type sticky-price setting, as shown by Yun
(1996), the New Keynesian Phillips curve is

my = AZ + B, (13)

where

(-1 - «B)

K

= (14)

and the lowercased letters denote log-deviations from the steady state.

2.3 Monetary policy, market clearing conditions, and equilibrium
We assume that the monetary authority follows a modified Taylor rule:
't = Tpme + TG, (15)

wherer; denotes the log-deviation of the nominal interest rRgfrom a steady state.
The parameters, andr, denote the central bank’s response to inflation and asset price
fluctuations. In this study, we focus on the case,of 0 andry > 0.

For analytical simplicity, we assume that the total supply of capital stock is fixed and

normalized to be one, that is,
Ki=1. (16)
Since there is no investment expenditure, the clearing condition of the goods market is
Y; = C.. (17)
At a symmetric equilibrium, the labor market clearing condition is

Ht = Lt- (18)



In the model, there is no heterogeneity of households and the total supply of bonds

is zero, that is,
B, =0. (19)

Before proceeding to the main analysis, we investigate the condition for the binding
collateral constraint. The following condition is necessary artiicsent for a binding

collateral constraint at a steady state.

Proposition 1. A collateral constraint (5) is binding at a steady state if and only if

< gmax (1-ao)(1 —ﬁ).
of

Proof. See Appendix B. |

¢ (20)

3 Main results

3.1 A sticky-price economy where the collateral constraint never

binds

First, consider a case where the collateral constraint never binds. It is convenient to log-
linearize our equilibrium system for the analyses. The linearized equilibrium system is

reduced to the following matrix form:

-1

my T X Tk 1 x O (| 7t
z |=|7 0 1+t 1 1-p)B B || 241 |> (21)
G 1 -a 0 B 0 0| Gu1
G
where
o(l-a)
XE

c(l-a)+a+y’
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and

ocl-a)+1+vy

B .
cl-a)+a+vy

LetT, M, andD denote the trace, the sum of the principal minors of order 2, and the

determinant of5, respectively. They are given by

1
T = Ty W 29+ A ABre + (14 5) ~ B(L- i

1

T 1, +x(1+ %) {/1(2 tA)+ A+ -B _ﬁ)]Tk}’
~ X5

S A+ x4y

The characteristic equation is
F(X) = =X+ TX* — Mx+ D,

and all roots should be within the unit circle for equilibrium determinacy. Brooks (2004)
shows that the necessary andfigient conditions of this first-order, three-dimensional
discrete system at®| < 1,|[T+ M|<M + 1,andD?-TD+ M < 1.

In this case, the following proposition holds.

1+y

Proposition 2. Assume that (if > ;7575

and (ii) the collateral constraint never

binds. Then, a necessary andjgient condition for equilibrium determinacy is
(r: —DA1+7B@Q-p) > 0.

Proof. We employ the conditions in Brooks’ (2004) studly| < 1 holds ifr, andr are

nonnegative. Sincg > ——2-— impliesy - B(1-p) > 0, T > 0 andD > 0. Then,

3The similar model is considered by Nutahara (2014). Nutahara (2014) provides another proof to a
similar proposition. He considers monetary policy response to asset price and finds the importance of the

type of assets for equilibrium determinacy in a sticky-price model where the credit market is perfect.
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T+D > 0,andT +D| < M+ 1implies , —1)A+7B(1-p). Finally, D>~ TD+M < 1
andr, > 0 imply that

-+ BAA-p)

L+ pA-pY
- ,

Tp > 1

+B

and it is easily shown that it also holds#,¢ 1)1+ 7B(1-8) > 0 andB > ——2X—. O

o(l-a)+1+y "

Proposition 2 implies that a positive monetary policy response to asset prices is a

source of equilibrium determinacy, as follows.

Remark 1. Even ifr, < 1, equilibrium determinacy is guaranteed if

Q-1
™ B(I-p)

in a sticky-price economy where the collateral constraint never binds.

As shown by Nutahara (2014), the Taylor principle—a permanent increase in the
inflation rate leads to a more than proportionate increase in the nominal interest rate—is
a necessary and icient condition for equilibrium determinacy in the model without
the collateral constraint.

A one-percentage point permanentincrease in the inflation rate causes the real marginal
cost to increase by @)/ by the Phillips curve. This increases the rental rate of capital

and capital prices b(1 — 8)/4 since the Euler equatior??) becomes

Gt = B0ts1 + (1 = B)BZi1 + (mrs1 — 1), (22)

Thus, the overall @ect on nominal interest rate is

Tp + Tk B(l/l_ ﬁ). (23)

The Taylor principle is consistent with that (23) is greater than one, and it is the same as
the condition of Proposition 2.
Finally, monetary policy responding to capital prices is helpful for equilibrium de-

terminacy since it implicitly strengthens the overall reactions to inflation.
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3.2 A sticky-price economy with the binding collateral constraint

Here, we focus on a case where a collateral constraint is deeply binding.

The equilibrium system is reduced to the following matrix form:

-1

Tty ., 0 @y+71g 1 0 (02 T+l
z =]t 0 1+7y 1 1-8(1-¢) @2 || z41 | (24)
qt 1 _/1 O B O O CIt+1
G
where
(D _ o
l - O— + ::II-_l—_Z}//’
[0+ 12 —1](1-¢) +1
2 = 1 .
o+
It is obvious that O< ®; < 1 and®, > 0. It is shown thatP, < 1 since
1
1-0,=[1-81-9)]|1- e > 0. (25)
o+ T

In this case, the characteristic equation is

F(X) = =X+ TX - Mx+ D,

where
T = ﬁl_n{m(@l — D) + A(Dy — 1) + (i + D[L — B(L - 90)]},
M = g5 {A01 = @) + 0u(1+ AL - B(L- )]+ flL - (L~ 9]

1
D= m{ﬁq)l[l -B(- <P)]}-

A necessary and flicient condition for equilibrium determinacy is as follows

12



Proposition 3. Assume that (20) and that the collateral constraint is always binding. A

necessary and glicient condition for equilibrium determinacy is

min _ BP1[1 - B(1 - ¢)]
(A) Tp > Ty = /1(1 _ (D]_) ,

(B) T{mn < Tk < Tlinax,

(C) D°-TD+M<1,

where

A(1 - @)

A-BL-BL-)I
max_ gy AQL-201+®s)
e T TG |

Proof. The conditions stipulated by Brooks (2004) are employed. The condiRion 1

A= —(r, - 1)

2.

is equivalent to (A). The conditioff + D| < M + 1 is equivalent to (B)T + D > O if
thres

T < T, 5 Where
thres_ A(P2— ®1) 1 _ e
R AR pa (A= ®1) + @1 [1- 57+ Be(1+ 0)|}.

If T+D >0,[T+D| < M+ 1implies thatrMN < 7, < 7tNres jf Ahres. - +.p <o

and|T + D| < M + 1 impliestt"MeS< 7, < 7max o

The Taylor principle and equilibrium indeterminacy: Under some conditions, the
thresholdr,rrnin in Proposition 3 is greater than 1. For exampler it 1,y = 0,a = 0.3,

B =.99,0 = 0.02, andl = 0.019, then'M N s about 1.09. It = 0, the Taylor principle
implies thatr, > 1. However, if 1< 7, < 77N, then equilibrium indeterminacy arises.

Therefore, the Taylor principle does not guarantee equilibrium determinacy.

Remark 2. The Taylor principle does not guarantee equilibrium determinacy in a sticky-

price economy with a binding collateral constraint.
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Monetary policy and equilibrium indeterminacy: Next, consider the relationship
between equilibrium indeterminacy and the monetary policy response to asset price fluc-
tuations.

Condition (B) implies that there is an intervalgffor equilibrium determinacy. The
existence of the lower bound™", is not so important since™" < 0 if 7, > 1. The
existence of the upper bountﬁax, is important, and equilibrium indeterminacy arises

if a central bank is dticiently sensitive to asset price fluctuations.
Remark 3. If 7, > "X equilibrium indeterminacy arises.

To investigate the determinacy region of the model, we conduct numerical analyses.
We employ the following parameter values in line with those used in the literature. The
discount factorp, is 0.99. The utility function is made up of log consumption and indi-
visible labor ¢~ = 1 andy = 0). The cost weight of capital in the production function,

a, is 0.3. The parameter of the New Keynesian Phillips cutyés 0.019. The steady-
state real marginal cosZ, is 0.85. The parameter of credit market imperfectians,

is 0.02 for the deeply binding collateral constraint at a steady state. Under these pa-
rameter values, we calculate the eigenvaluesS of equation (24) to check equilibrium
determinacy.

Figure 1 shows the determinacy region in the t,) plane. In the region with red di-
amonds, equilibrium is determinate. Equilibrium indeterminacy arises in other regions.
The vertical axis denotes the central bank’s response to inflatiofhe horizontal axis

denotes the central bank’s response to the assetqrice
[Insert Figure 1]

As in Remark 3, the dficient sensitivity of monetary policy is a source of equilib-
rium indeterminacy. In Figure 1, the positive slope of the determinacy region reflects

Tl[nax, and the negative slope reflects (C) in Proposition 3. Note that the determinacy
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region ofr, is the largest whenmy is slightly negative. However, the sign of the deter-
minacy region’s peaky might be positive. Figure 1 shows the determinacy region if
o = vy = 2. Figure 2 shows that the determinacy region is shaped by three lines: the
positive slope line ofMaX the negative slope line af™", and (C) in Proposition 3.

The determinacy region af; is the largest when is positive.
[Insert Figure 2]

Finally, we find that the dticient sensitivity of monetary policy is a source of equi-
librium indeterminacy in the economy with the binding collateral constraint, while a
positive monetary policy response is a source of equilibrium determinacy in the econ-
omy where the collateral constraint never binds. This result implies that the existence of
credit market imperfections makes it unsuitable to initiate a monetary policy response to
deal with asset price fluctuations.

Why does the ffect of monetary policy response to asset prices depend on whether
the collateral constraint is binding? The key is the relationship between inflation and the
asset price. In the case of a non-binding collateral constraint, inflation and the asset price
move in the same direction, and monetary policy response to asset prices strengthens the
overall reaction to inflation. In the case of the binding collateral constraint, there exists a
pressure that inflation and the asset price move in opposite directions. The intuition is as
follows. Suppose that the asset price increases. This relaxes the collateral constraint, and
the Lagrange multiplier of the constrai®t tends to decrease. This implies a decrease

in the real marginal cos; since it is given by

_ WL+ REKe WL

Z
t Y, Y

(26)

whereRf = azt% is the shadow rental price of capital. If the real marginal cost de-
creases, price-setting firms lower their prices and the aggregate inflation rate decreases.
As a result, there exists a possibility that the asset price and inflation move in opposite

directions if the collateral constraint is binding. Therefore, including the asset price term
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in the Taylor rule weakens the overall reaction to inflation, and such inclusion is a source

of equilibrium indeterminacy.

Credit market imperfections and equilibrium indeterminacy: How do credit mar-

ket imperfections fiect equilibrium determinacy? Aeéznaxdepends olp, such imper-
fections would have somefects on equilibrium determinacy. To address this question,
we employ numerical analyses.

First, consider a standard monetary policy that asset prices are not targeteq:
Figure 3 shows the determinacy region in thg () plane. As in Figure 1, the region
with red diamonds denotes equilibrium determinacy and the others indicate equilibrium
indeterminacy. The vertical axis denotes the collateral constraint paragmet&he
horizontal axis denotes the central bank’s response to inflationExcept forry =

0, other parameters are the same as those in Figure 1. We consider case® where
[pMaX/2, pMax,

[Insert Figure 3]

Figure 3 shows that reductions in credit market imperfections, or increasgs in
have nonlinear féects on the determinacy region.dfis larger than 0.018, an increase
in ¢ reduces the determinacy regionf and higher values of, are necessary for
equilibrium determinacy. This iscted by the conditiom, < 7@ of Proposition 3.

If ¢ is smaller than about 0.017, an increase ithoes not f&ect the determinacy region
of 7. This is because, > r{ni” impliest, > 1if 7, = 0.

If ¢ is large enough so that the collateral constraint never binds, 1 guarantees
equilibrium determinacy as in Proposition 2. Therffisient reductions in credit market
imperfections might increase the determinacy region. Generally, however, there is a case
where reductions in credit market imperfections reduce the determinacy regionasf
shown in Figure 3. Then, a small reduction in credit market imperfection might require

a stronger stance to inflation for determinacy.
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Next, we focus on the case whergis positive. Figure 4 shows the determinacy
region in the ty, ¢) plane. The vertical axis denotes the collateral constraint parameter
¢. The horizontal axis denotes the central bank’s response to the assefpiide set
the parameter of the central bank’s response to inflatignas 1.5; the others are the
same as those in the previous analysis. Figure 4 shows that reductions in credit market

imperfections reduce the determinacy regiomof
[Insert Figure 4]

This result can be interpreted by the relationship between inflation and the asset
price. As in the explanation on the intuition behind Figures 1 and 2, if the collateral
constraint is binding, there is a possibility that inflation and the asset price move in
opposite directions. A reduction in credit market imperfections might strengthen this
relationship. The degree of credit market imperfectipns in the collateral constraint,
and then, an increase ¢nstrengthensféects of an increase in the asset price to relax the
constraint and to decrease the real marginal cost and inflation.

Finally, we find there is a case where reductions in credit market imperfections re-
duce the determinacy region of andr,. While it is intuitive that reductions in credit
market imperfections have positiv&fects on the economy, our result shows that this

simple intuition is not correct from the perspective of equilibrium determinacy.

4 Robustness: Endogenous capital stock

For simplicity of the analyses, we have so far assumed that the total supply of capital
stock is fixed. In this subsection, however, we consider a case where capital evolves over

time.
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As a result, the households’ budget constraint (6) becomes

PCi + Pilt + Myy1 + Byt + PeQiKei g + POWEL
< Py + PWeH: + M + R_1 By + (1 - 6)PiQiK; + X, (27)
wherel, is the investment andé € (0, 1) is the depreciation rate of capital.

We assume that the capital price varies since there is an adjustment cost of invest-

ment. The evolution of capital stock is
Kera = (1= 0)Ke + I'(ly), (28)

whereI'(}) is increasing and concave wiii{0) = 0. Following Carlstrom and Fuerst

(2005), we specify the functional form dfl,) as
r'(ly) = bl!, (29)

wheren is between 0 and 1. The first-order condition for investment is

B 1
R

The parameteb is chosen so tha), = 1 in the steady state, its value in the economy

Q

(30)

with no adjustment cost. Theh,= 1177/, wherel denotes a steady-state investment.

The resource constraint (17) is
Ct + lt = Yt- (31)
The following is a condition for the binding collateral constraint in this case.

Proposition 4. In an economy with a variation of capital stock, a collateral constraint

(5) is binding at a steady state if and only if

max _ (1_“)[%_1“5]

p<gg = p .

Proof. See Appendix C. O
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In this case, the equilibrium system consists of three jump variables and one state
variable. We investigate the determinacy region by conducting numerical analyses. The
depreciation rate of capital, is 0.025, and the adjustment cost parametes 0.5. The
others are the same as those employed in Section 3.

If the collateral constraint never binds, this model is similar to that considered by
Nutahara (2012). He shows that monetary policy response to capital prices is a source
of equilibrium determinacy even if total capital stock is endogenous. Then, we focus on
the case where the collateral constraint is binding.

Figure 5 is the analogue of Figure 1. In the region with red diamonds, equilibrium is
determinate; equilibrium indeterminacy arises in other regions; and the horizontal axis
denotes the central bank’s response to the share frides in Figure 1, sfficient sen-

sitivity of monetary policy to the capital prices is a source of equilibrium indeterminacy.
[Insert Figure 5]

Figure 6 is the analogue of Figure 3. The horizontal axis denotes the parameter of
credit market imperfectionss. We consider cases whegee [p[13%/5, oM The
parameter values are the same as in Figure 3. Figure 7 is the analogue of Figure 4. The
parameter values are the same as in Figure 4. Similar to Figures 3 and 4, Figures 6
and 7 indicate that reductions in credit market imperfections can reduce the determinacy
regions ofr, andry. Finally, our results in Section 3 are robust when capital stock varies

over time.

[Insert Figures 6 and 7]

5 Concluding remarks

In this study, we investigated monetary policy response to asset price fluctuations in a

monetary economy with credit market imperfections. This study was carried out from
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the perspective of equilibrium determinacy. In our model, the prices are sticky and the
working capital of firms is subject to asset values because of a lack of commitment
problem.

We found that the Taylor principle does not guarantee equilibrium determinacy if the
collateral constraint is binding. We also found that (i) monetary policy response to asset
price fluctuations is a source of equilibrium indeterminacy if the collateral constraint is
binding, while it is helpful for equilibrium determinacy if the constraint is not binding,
and that (ii) there exists a case where reductions in credit market imperfections can
reduce the determinacy region of model parameters.

This is because the binding collateral constraint changes the relationship between
inflation and the asset price. In our model, if the credit market imperfection is small
and collateral constraint is not binding, inflation and the asset price move in the same
direction. Contrary to this, under the binding collateral constraint, these two variables
move in opposite directions. Moreover, there exists a case where a reduction in credit
market imperfections strengthens this negative relation between inflation and the asset
price.

Our results imply that a central bank should not respond to asset price fluctuations if
the credit market is imperfect, and that reductions in credit market imperfections might
not be good from the perspective of equilibrium determinacy. These counterintuitive
implications would be important when we consider the relationship between monetary

policy and asset prices.
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Appendix A: Equilibrium System

The equilibrium system of this economy is as follows:

JCULY =W,
_ - R
Ci” = BCG—,
t ﬁ t+1Ht+l

IT
Qt = [Qt+1(1 + ‘,0@1;4.1) + C}“,Zt+1Yt+l] %1’

Y,
Wi(1+0) = (1- a)ztf,
t
(VVtLt — ()DQt)®t = 0, @t > O,
Yi = Ltl_a,
Yt = Ct’
my = AZ + P,

It = T + TqGk-

Case where the collateral constraint never bind: In the case where the collateral

constraint never binds, the linearized system becomes to the following:

O-Ct + ’yft = Wt’
0(Cte1 — C) = I't — My,

O = BO+1 + (1 = B)(Zer + Ce) + (e — 1),

Ct = (1_ a[)fta
Z+C -G =W,
= By + Az,

e = 7,m + TG,
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where the lowercased letters denote log-deviations from the steady state. This is reduced

to the following three-variable system:

0 &y +7¢ e

1 0 Oy || me1 Tn
1 1-BA-¢) D2 || 241 [=| 7x O 1+7y z |,
B 0 0 Ot+1 1 -2 0 O
where
@y = 0-l+y’
o+
o+ 2 -1B1-¢)+1
T o+ |

Case where the collateral constraint is binding: In the case where the collateral

constraint is binding, the linearized system is as follows:

oC + vl = W,

0 (Cty1 — C) = It — T4,

®
G = B(1+ ¢0) | Ce1 + 1 f 90®9t+1 +[1 -1+ ¢0®)](Zs1 + Cir1) + (mie1 — o),
c=(1-a)b,
W + & = G,

+ b = W + © 0,
Z+C —t =W, 110
my = Py + A%,
lt = 7m + 70

This system is reduced to the following three-variable system:

., 0 @1+ 71 T

1 0 Dy || w41
1 1-8(1-¢) @D || zs2 [=| 7w O 147k z |
B 0 0 Ot+1 1 -2 0 Ot
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where

O, = o
1= ’
o+t
-
o+ 2 -1B1-¢)+1
2= 1+y :
O-+l—a

Appendix B: Proof of Proposition 1
Proof. By the steady-state equilibrium system, we obtain

W = gLO'(l—a)+y’

]
[[1+06

Q- aZ
5~ (1+¢0)

1/(c(l-a)+y+a)

2

1-a)/(c(1-a)+y+a)

1_
Z
1+06

Inserting these into a collateral constraML = ¢Q, yields

_(1-a)12-p) Cu
By

b

C)

where@ is greater than 0 if and only i < ¢MaX
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Appendix C: Proof of Proposition 4

Proof. The equilibrium system of the economy with a variation of capital stock is

(CTL = W,
_ - R
Ci” = BCG—,
t ﬁ t+1Ht+l
Yii1 111
Qt = (l -0+ 90®t+l)Qt+1 + azt+li1 t+1-
Kt+1 Rt

Y,

Wi(1+06y) =(1- Q)Ztrt,
t
(WLt — QiKy)O; = O, O >0,
Y = KIL,
I 1

Q H .
Yt = Ct + |t,
Kt+l = (1 — 6)Kt + F(It),

my = AZ + By,

Iy = 1,m + qut.
At a steady state, withl = L = 1 andI'(l;) = bl/, this system becomes

R=

b

I

1zﬁ(1—6+gp®)+aZ%.
W(L+0) = (1-a)Z,
(W-¢K)®=0, ©3>0,
Y = K%,

Q=1

Y = C + oK.
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Since

l-a al e
W = ZK*, and K= ;
1+0 $-1+6-¢0
the binding collateral constraint is
l-a a
1+0 " T 145-40

Then, the Lagrange multiplier of the collateral constr&ing

_(1—aﬂ§—1+ﬂ
_ ; _

C)

.

Therefore, the collateral constraint is binding at a steady state if and only if

(1-a)|3-1+9]

¢ < .
@
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Figure 1: Hfect of monetary policy on the determinacy region (1)
L

indeterminacy

4

\

tau pi

-—

= -
= -
—
-~
—
—
oy

Notes In the region with red diamonds, equilibrium is determinate, and in
other regions, indeterminate. The vertical axis denotes the central bank’s re-
sponse to inflation,. The horizontal axis denotes the central bank’s response
to the capital price. Other parameters ate= 1,y = 0,a = 0.3,8 = .99,

1 =0.019,Z = 0.85, andp = 0.02.
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Figure 2: Hfect of monetary policy on the determinacy region (2)
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Notes In the region with red diamonds, equilibrium is determinate, and in
other regions, indeterminate. The vertical axis denotes the central bank’s re-
sponse to inflation,. The horizontal axis denotes the central bank’s response
to the capital price. Other parameters ate= 2,y = 2,a = 0.3,8 = .99,

1 =0.019,Z = 0.85, andp = 0.02.
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Figure 3: Hfect of credit market imperfections on the determinacy region (1)
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Notes In the region with red diamonds, equilibrium is determinate, and in
other regions, indeterminate. The vertical axis denotes the collateral con-
straint parametep. The horizontal axis denotes the central bank’s response
to inflation 7,. Other parameters are = 1,y = 0, = 0.3, 8 = .99,

1 =0.019,Z = 0.85, andry = 0.
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Figure 4. Htect of credit market imperfections on the determinacy region (2)
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Notes In the region with red diamonds, equilibrium is determinate, and in
other regions, indeterminate. The vertical axis denotes the collateral con-
straint parametep. The horizontal axis denotes the central bank’s response
to the capital price. Other parameters atre= 1,y = 0,a = 0.3, = .99,

A =0.019,Z = 0.85, andr,, = 1.5.
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Figure 5: Hfect of monetary policy on the determinacy region (3): Variation of capital

stock
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Notes In the region with red diamonds, equilibrium is determinate, and in
other regions, indeterminate. The vertical axis denotes the central bank’s re-
sponse to inflation,. The horizontal axis denotes the central bank’s response
to the capital price. Other parameters ate= 1,y = 0,a = 0.3,8 = .99,
1=0.019,Z = 0.85,6 = 0.025,7 = 0.5, andy = 0.02.
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Figure 6: Hfect of credit market imperfections on the determinacy region (3): Variation

of capital stock
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Notes In the region with red diamonds, equilibrium is determinate, and in
other regions, indeterminate. The vertical axis denotes the collateral con-
straint parametep. The horizontal axis denotes the central bank’s response
to inflation 7,. Other parameters are = 1,y = 0, = 0.3, 8 = .99,

4 =0.019,Z = 0.85,5 = 0.025,n = 0.5, andry = 0.
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Figure 7: Hfect of credit market imperfections on the determinacy region (4): Variation

of capital stock
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Notes In the region with red diamonds, equilibrium is determinate, and in
other regions, indeterminate. The vertical axis denotes the collateral con-
straint parametep. The horizontal axis denotes the central bank’s response
to the capital price. Other parameters are= 1,y = 0,a = 0.3,8 = .99,
1=0.019,Z =0.85,6 = 0.025,7 = 0.5, andr, = 1.5.
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