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1 Introduction

Should the central bank stabilize stock prices when the exchange rate fluctuates? We have
observed several facts that stock prices and exchange rates fluctuate. For instance, in the
middle of the 1980s, the Japanese economy faced a sharp yen appreciation, leading to the
downward pressure on inflation. The Bank of Japan (BOJ) maintained a lower nominal interest
rate to combat deflationary pressure, whereas such a lower interest rate caused a stock price
boom. Also, during the 1990s, the stock price boom occurred in the Asian economies because
an interest rate differential between the Asian and the US economies led to capital flow into
those countries. Moreover, the BOJ has been keeping interest rates at zero in April 2024,
whereas the Federal Reserve Board has increased its policy rates to combat inflationary risk.
Such an interest rate differential between Japan and the US causes a sharp yen depreciation
and a stock price boom in Japan. These facts call for us to pay attention to the role of stock
price stabilization when exchange rate dynamics matter.

There has been a long debate on whether stock price stabilization should be included in the
central bank’s policy objective. While Bernanke and Gertler (2000) argued that the central
bank should not stabilize stock prices unless they induce inflationary pressure, Cecchetti, Gen-
berg and Wadhwani (2002) justified the role of stock price stabilization to prevent a substantial
recession after a stock price boom. Carlstrom and Fuerst (2007) and Nutahara (2014) argued
that targeting firm’s stock prices may destabilize the economy in a new Keynesian (NK) model
with stock price dynamics. Conversely, Pfajfar and Santoro (2014) showed that stock price
stabilization becomes an effective tool to attain the unique rational expectations equilibrium
(REE) in the presence of the cost channel. However, they did not investigate the role of stock
price stabilization in an open economy framework. Although Di Giorgio and Nistico (2007)
and Ida (2011, 2013) argued the role of stock price stabilization in a two-country model, they
did not analytically derive the determinacy condition.

To bridge the gap between observed facts and theoretical debates, we examine the role of
stock price stabilization in an open economy from the perspective of equilibrium determinacy.
We incorporate the stock price dynamics employed in Carlstrom and Fuerst (2007) into the
small-open NK model. Although one may think it is a moderate model extension, we underline
significant policy implications for the role of stock price stabilization. We show that stabilizing

stock prices can achieve the unique REE under the forward-looking Taylor rule and address



that an open economy effect significantly affects the determinacy condition.

2 Model description

We incorporate stock price dynamics into the standard small-open economy NK model de-
veloped by Gali and Monacelli (2005) and Gali (2015). Except for inflation and the nominal
interest rate, the variables are expressed by the log-deviation from the steady state. Also, a
variable with a tilde represents the deviation of a variable from its counterpart in the natural
level. The online appendix provides a detailed model description.

The log-linearized system is summarized as follows:

T = BEimi1 + Kule, (1)
Gt = Efjir — 0, (ie — Eymey — 1), (2)
Gt = [(1 = B)A +v0,) Bl + BEGi+1 — you 0 — (i — Eympq — i), (3)
where
(1-0)(1-06p) o
v = Aoy ;A= SOy E o W= 1— —1);
K (o0 +¢) 7 O e st on+ (1 —=7)(on—1)
A=1+ 0‘,,’7(@—1)—(0’—{—@)'
w—1

¢, Uty G, and iy denote home inflation, the output gap, the stock price gap, and the nominal
interest rate, respectively. r}" captures the natural interest rate. Equation (1) denotes the
new Keynesian Phillips curve. Equation (2) represents the dynamic IS curve. Equation (3)
captures the stock price dynamics. Parameters o and ¢ denote the constant relative risk
aversion coefficient and the inverse elasticity of labor supply, respectively. 3, p, and «y represent
the discount factor, price markup, and the degree of openness, respectively. The parameter 7
denotes the elasticity of substitution between home and foreign goods.

Equations (1) and (2) are the standard ones derived in a small open NK model (Gali, 2015).
In what follows, we concentrate on the role of stock price dynamics (3). As in Carlstrom and
Fuerst (2007), this equation depends on the future output gap, the future stock price gap, and
the real interest gap. As shown in the online appendix, unlike their study, stock price dynamics
are affected by international risk-sharing and terms-of-trade channels. The coefficient A hinges

on these two channels. o,w denotes the international risk-sharing channel and o, captures



the terms of trade channel. The dominance of the terms of trade channel over the risk-sharing
one implies the attenuated impact of the future output gap on current stock prices. Equation
(3) corresponds to Carlstrom and Fuerst (2007) if v = 0.

To derive the determinacy condition, we consider the forward-looking Taylor rule:

it = O Eymir1 + Gy Bl i1 + G ErGeya, (4)

where ¢, ¢y, and ¢, denote the stabilization terms for inflation, the output gap, and the stock

price gap, respectively.

3 Main results

3.1 Determinacy properties: Analytical investigation

First, we analytically derive how the central bank achieves the unique REE when it considers
stock price stabilization in its monetary policy rule. To analytically and intuitively derive the

determinacy condition, we need the following parameter restriction:

Assumption 1 (Complete stabilization of the output gap)

oy = [(1 = B)A +y0u] = ¢y.

Due to this assumption, the central bank can completely offset the variations of the future

output gap (Muto, 2011). Under the above restriction, we have

Proposition 1 Under the monetary policy rule (4), the necessary and sufficient condition for

a unique REFE is given as follows:

(1= )pg + ko, (dr — 1) < BH(1L+ B7), (5)

0, b (dr — 1)+ (1= 7)dg + (1 — B) > 0. (6)

Proof. See the Appendix A. m

Equation (6) states that for a given value of ¢, the condition that ¢, is above unity is required
to attain the unique REE. This condition implies the generalized Taylor principle in our model.
In particular, given a value of ¢, the presence of stock price stabilization helps to achieve the

unique REE. This result is in stark with that shown in Carlstrom and Fuerst (2007). Carlstrom



and Fuerst (2007) employed the current-looking Taylor rule and showed that an increased value
of ¢, easily destabilizes the economy. In contrast to their results, our study demonstrates that
even if ¢ is less than unity, an increased value of ¢, may retain the unique REE. This result may
be due to the introduction of the forward-looking monetary policy rule. However, we address
that a larger value of v attenuates this effect associated with stock price stabilization. To the
best of our knowledge, this result has not been observed in the existing literature. Equation (5),
however, requires the upper bounds on the coefficients for inflation and stock price stabilization
to obtain the unique REE. The necessity of upper bounds on these parameters stems from the
introduction of the forward-looking rule (Bullard and Mitra, 2002). In a nutshell, the presence
of an open economy effect captured by +, helps to retain a unique REE even if the central bank

puts a larger weight on stock price stabilization.

3.2 Numerical examples

In what follows, we explore the role of stock price stabilization in our model by relaxing
the assumption used in the analytical part. Unfortunately, since we cannot analytically and
intuitively obtain the determinacy conditions without any model restrictions, we perform the
numerical example to overcome this problem.

The calibrated values are those used in the standard NK literature. 3, o, and ¢ are set to
0.99, 2.0, and 3.0, respectively. We set 6 to 0.7. The price markup is 1.1. v and 7 are set to
0.4 and 1.5, respectively. Finally, we describe the calibrated values in the Taylor rule. ¢, and
¢y are set to 1.5 and 0.5, respectively. As a benchmark calibration, we set ¢4 to 0.1.

Figure 1 plots the determinacy region under several combinations of ¢, and ¢,. The case
of v = 0 corresponds to the case where the open economy effect is shut down. Not surprisingly,
unlike Carlstrom and Fuerst (2007), under a forward-looking rule, incorporating stock price
stabilization helps to achieve the unique REE as long as the central bank does not break upper
bounds on the values of ¢ and ¢,. Importantly, as the degree of openness () increases, a
stronger weight on inflation stabilization renders the REE indeterminate, given a value of ¢,.
This is consistent with Llosa and Tuesta (2008). We document that as long as the central bank
adopts an aggressive but moderate response to inflation, an increased value of ¢, can make the
REE determinate. For instance, as long as ¢, ranges from 1.5 to 3.0, the case with ¢, = 1.0

can achieve a unique REE when v = 0.4. However, this figure shows that as the value of v



increases, upper bounds on the inflation reaction are more restricted to attain the unique REE.

[Figure 1 around here]

3.3 Discussion

Why does the degree of openness help to achieve the unique REE when the central bank
attempts to stabilize stock prices? Carlstrom and Fuerst (2007) asserted that an inclusion of
stock price stabilization in monetary policy rules is likely to destabilize the economy. In their
model, an inflationary pressure due to a sunspot shock causes a rise in the real marginal cost.
An increase in the real marginal cost decreases the firm’s dividend, leading to a decline in stock
prices. Therefore, if the central bank considers stock price stabilization as well as inflation
stabilization, it cannot react adequately to fluctuations in inflation. This is the source of the
equilibrium indeterminacy in their model.

Unlike their model, we have an additional channel associated with an open economy frame-
work. The key to understanding our results is to consider the role of the terms of trade. The
terms of trade dynamics are captured by the parameter v. The terms of trade depreciation
induces a rise in CPI inflation, lowering the real interest rate. A fall in the real interest rate
boosts the stock prices. Thus, an increase in stock prices associated with a depreciation in the
terms of trade can help as a signal for inflation pressure. Therefore, the presence of the terms
of trade channel can partially offset the negative effect of inflation on stock prices. However,
note that while stock price stabilization may render the REE determinate, the weight on the
inflation reaction is more restrictive to attain the unique REE in the forward-looking Taylor

rule if the central bank reacts aggressively to a fluctuation in stock prices.

4 Conclusions

We addressed the role of stock price stabilization in a small-open NK model. We demonstrated
the desirability of stabilizing stock prices to attain a unique rational expectations equilibrium

and that the open economy effect has a significant impact on the determinacy condition.
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A Appendix A: Proof of Proposition 1

Using Equation (4) and Assumption 1 in the main text, we can the log-linearized system as

follows:
AXt = BEtXt+1 + CT?, (Al)
where
1 0 B—o, k(pr —1) —O';lliygbq 0;1/-;,,
A= ; B = ; O =
youk, 1 Byovk,t +1—¢x  B—dg 1

After several manipulations, the system of two endogenous variables, m; and §;, can be written

as follows:
Xt = MEtXt+1 + NT’?, (AQ)

where!

B — Uzz_l’il/(@r -1) _0'171“1/¢q
IT=M(pg—1) B=(1=7)¢

The characteristic polynomial equation is given by Q(\) = A2 — Tr(M)\ + det(M), where

M =

Te(M) =26 — 0, i (¢r — 1) = (1 = 7) g,
det(M) = 8|8 — (1 =7)dg — 7, i (¢n — 1) |,
where det(M) and Tr(M) denotes the determinant and the trace of the matrix M, respectively.
Both eigenvalues of M are inside the unit circle if both of the following conditions hold:
(i) [det(M)] <1,

(ii) | Te(M)] < 1 + det(M).

"We omit the expression for N, which is not related to the following discussion.



Consider the condition (i). When 8 > (1 — ¥)¢, + ky0, (¢ — 1), we obtain the following:
(1=7)¢q + ruoy (ér —1) > =71 (1 = 57),

which is trivially satisfied. Conversely, if 8 < (1 — )@, + £,0;, (¢ — 1), we obtain
(1 =9)dg + ryo, (6 —1) < 5711+ 57),

which leads to the condition (5).
Next, consider the condition (ii). If 28 + o, 'k, > o, 'k,¢r + (1 — 7)¢,, we obtain the

following inequality:

Koy, (dr — 1)+ (1 —7)dg + (1 — B) >0,

which leads to the Taylor principle (6) in the main text. Finally, when 28+0, 'k, < 0, 'k, ¢r+

(1 — 7y)¢q, this provides the following condition:

/@0;1(% - 1) + (1 _7)¢q <1+p.

However, this condition can be included in the condition (5). This completes the proof.

B Appendix B: Model description

Except for the presence of stock price dynamics, the model is the standard small open economy
new Keynesian model developed by Gali and Monacelli (2005) and Gali (2015). Representa-
tive households in the home country purchase home and foreign goods. Home households can
have access to a complete set of state-contingent securities that are traded both domestically
and internationally. Firms face both monopolistically competitive environments and nominal
staggered-price rigidities as specified by Calvo (1983). We define g; = log(G}/G) as the devia-
tion of a variable GG; from the steady state. G represents the value of the steady state. Unless

otherwise noted, a variable with an asterisk denotes the foreign one.

B.1 Households
B.1.1 Preferences

The household’s utility function is given by

— t — t Ctl_a Ntl—Hp
EoZ,@ {U(Ct)_v(Nt)}:EOZB {1_0_— 1+ }, (Bl)
t=0 t=0 ¥




where Cy and N, are consumption and labor supply, respectively. S denotes the discount factor.
o and ¢ denote the constant relative risk aversion coefficient and the inverse elasticity of labor
supply. Ej is the expectations conditional on available information in period 0.

The aggregate consumption is given by

, (B2)

Y Ry K )

with

1 e/(e—1)
Cuy = (/ CH,t(i)(E_l)/edZ) 7 (B.3)
0

where Cp; and Cpy denote home and foreign goods. And, Cg (i) represents the home goods
produced by firm i. n and € are the elasticity of substitution between home and foreign goods
and the elasticity of substitution between home individual goods.

The demand function for goods i is given as

with

1 1/(1-€)
Py = (/ PH,t(i)l_edi) .
0

Household faces the following budget constraints:
P,Cy+ BQiHy + By < Ry 1By 1 + P.DiHy 1 + BQiHy 1 + Wi Ny — Ty, (B.4)

where H; is the number of shares issued by firm ¢ and )y denotes stock prices. Dy is the
dividend and B, is the nominal bond. R, is the gross nominal interest rate and P; is the
aggregate price level. W; and T; denote nominal wages and lump-sum tax.

From the first-order condition of the household’s utility maximization problem, we obtain

—0 —o P
C; :5&&<qﬂpt>, (B.5)
(8]
NP W,
_ M B.6
c;? h (B.6)
Cy Q= BEC, ° (Qry1 + Diya), (B.7)

Equation (B.5 ) represents the consumption Euler equation. Equation (B.6 ) states the rela-
tionship that the marginal rate of substitution between consumption and labor supply is equal

to the real wages. Equation (B.7 ) captures the stock price dynamics.



B.1.2 Exchange rate and international risk-sharing

Following Gali and Monacelli (2005) and Gali (2015), we assume the law of one price (LOOP)
in this model. Thus, the following relationship holds

Pry = &P (B3)

where & is the nominal exchange rate and Pr; is nominal prices for foreign goods.
Under the assumption that households can freely trade state-contingent bonds domestically

and internationally, we obtain the following international consumption risk-sharing condition:
. x71/0
Cy=9C;Z,"", (B.9)
where Z; = & P}/ P, is the real exchange rate and C} is foreign consumption. 9 is the constant
parameter.

B.1.3 The terms of trade and the real exchange rate

In this economy, the terms of trade is defined as

Pry
S = —~. B.10
! Py ( )

Using this relationship, we assume that consumer price index (CPI) inflation can be obtained

as follows:
T =+ (st — s1-1), (B.11)

where 7; = log(Pp,+/Pu+—1) denotes producer price inflation and 7f = log(P;/P;—1) denotes
CPI inflation.
We can also discuss the relationship between the terms of trade and the real exchange rate

as follows:

2zt = (1 —7)sq. (B.12)

B.2 Firms

The firms use the following production functions:

Yi(1) = ANy (i), (B.13)
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where Y;(7) represents output and A; denotes the exogenous productivity disturbance.
Following Calvo (1983), nominal price rigidity is introduced in the intermediate goods
sector. A fraction 1 — 6 of all firms adjusts their price, whereas the remaining fraction of
firms 6 does not. Under these circumstances, the first-order condition from the firms’ profit
maximization problem is linearized around the zero-inflation steady state as follows:
0o
log Pry = pu+ (1 - 08)Ey Z(Hﬁ)jEt¢t+j, (B.14)
§=0
where PH¢ denotes optimal nominal prices and 1), is the nominal marginal costs. pu is the price
markup, which is defined as ¢/(e — 1).2
After several manipulations, we can obtain the following new Keynesian Phillips curve

expressed by the variable price markup:

Ty = BEtﬂ-t+1 - )\/:Lt, (B15)
where [i; = log(Pr+) — ¢ — p and
A= (1_6)(01_%). (B.16)

B.3 Exports

Following Gali (2015), we introduce the export sector. The export demand for goods i (X (7))

is given as follows:

X,(i) = (w) x, (B.17)

where the aggregate export is given by

1 €/(e=1)
X, = ( / Xt(z')<6—1>/€di> . (B.18)
0

Then, the aggregate export can be rewritten as follows:

X; = ySTY (B.19)

2See Gali (2015) for a detailed derivation of this equation.
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B.4 Equilibrium
The goods market equilibrium is given by

Yi(1) = Cra(i) + Xu(3). (B.20)
Here, aggregate output is given by

1 e/(e=1)
Y; = (/ Yt(i)(e_l)/edi> . (B.21)
0

Substituting the demand function for consumption and export into aggregate output leads to

the following goods market condition:

PHt - M\ *
i=0-2M—75") G+r5Y" (B.22)
t
Log-linearization of this equation is given by
ye = (L= )ee + 72— y)nse + vy;- (B.23)

Then, the log-linearization of the terms of trade is proportional to the ratio of home output to

foreign output.

st = oYt — i), (B.24)
where
oy = #@—1); w=on+(1—7)(on—1). (B.25)
B.5 Log-linerization
B.5.1 Dividend
The dividend is given as follows:
D, =(1—- MC)Y, (B.26)

where M is the real marginal cost. Log-linearized this equation leads to

1
dy = yp — ——mcy. (B.27)
n—1

Here, the real marginal cost is rewritten as follows:
mey = ocg + ey + st — (1 + )ay. (B.28)

Using this equation, we can rewrite the dividend equation (B.27 ) as follows:

+ —1 1+
4= (1-9%¥ yt+7(w )StJr ? ar.
w—1 n—1 nw—1

12



B.5.2 Stock price dynamics

Log-linearizing Equation (B.7 ) leads to the following:

q = (1 = B)Eydiy1 + BEq1 — (it — Eymiyq),

= (1 = B)Ediy1 + BEqi+1 — (i — Eymygr) + vEAsiy, (B.29)

where i; = log R; denotes the nominal interest rate. Unlike Carlstrom and Fuerst (2007), stock

price dynamics are affected by a change in the terms of trade dynamics.

B.5.3 NKPC

The variable price markup can be rewritten as follows:

fir = log(Pr+) — 1y,

= —(oct +oy) — vse + (1 + p)ay, (B.30)

where a; = log A;. As shown in Gali (2015), the real marginal cost is connected with the

variable price markup (fi;).

fiu = —(o0 + @) (Yye — y7)- (B.31)

Substituting this into the NKPC expressed in the variable price markup, we can obtain the
following NKPC:

Ty = BEmii1 4+ Mow + @) (ye — vf)-

B.5.4 Flexible prices

e Aggregate output

2
v = o+e+ icj;((’; — waz)at o+ ;Uigay(?i 7)202)2/2( (B-32)
e Terms of trade
st = oy —yr) (B.33)
e Dividend
& = yp (B.34)

13



B.6 Gap expression

A variable with a tilde represents the deviation of a variable from its counterpart at the natural

level.
e Dynamic IS curve
i = Eijiy1 — 0y, ' (ir — Eymep —1f), (B.35)
where 7" denotes the natural rate of interest, which is as follows:

ri = o, B Ayl +ou(w — D)vE Ay .

e NKPC expressed in the output gap

e = BEiTi41 + Kyl (B.36)
where
Ky = Aoy, + ¢).
e Stock price dynamics
G = [(1 = B)A + 0, Etfr1 + BEtGe+1 — vou G — (it — Eymen — 1), (B.37)

where

A1 o@D = (o+g)

pw—1

When v = 0, this equation corresponds to that derived by Carlstrom and Fuerst (2007).

14



Figure 1: Equilibrium determinacy when ¢, and ¢, change
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Note: Dark and light shading indicate determinate and indeterminate regions, respectively.

15



	Introduction
	Model description
	Main results
	Determinacy properties: Analytical investigation
	Numerical examples
	Discussion

	Conclusions
	Appendix A: Proof of Proposition 1
	Appendix B: Model description
	Households
	Preferences
	Exchange rate and international risk-sharing
	The terms of trade and the real exchange rate

	Firms
	Exports
	Equilibrium
	Log-linerization
	Dividend
	Stock price dynamics
	NKPC
	Flexible prices

	Gap expression


