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In this paper, I build up a model with multiple price settings in a line of financial transactions
by a theory of search and matching. Here, in each financial transaction, price settings by other
agents in other financial transactions hold effects on own price setting and vise versa.
Eventually, shocks in other markets have effects on own price setting. Moreover, a bargaining
power between a seller and a buyer changes a price setting behavior. In a model, a seller and
a buyer need to search for a counterpart in each financial transaction. There exists a search
friction in a financial transaction and this friction amplifies price variation. Moreover, once
one part of a line of financial transactions would be disrupted, a whole transaction stops all

contracts in the line and financial agents need to make a new line of financial transactions.

This model is applicable to analyze prices in residential mortgage backed securities and asset
backed securities. For example, in residential mortgage backed securities,
traditional/commercial banks first provide mortgage loans to households. Here, we have a
first negotiation to set a price, i.e., interest rate on housing loan. Then, banks securitize these
loans and sell these residential mortgage backed securities to investment banks. In this
process, we have a second negotiation to set a price, i.e., return on residential mortgage
backed securities. Furthermore, in some cases, investment banks wrap up residential
mortgage backed securities as one final financial product and sell it to investors. Here, we
have a third negotiation to set a price, i.e., return on a final financial product. In
these financial transactions, we observe financial transaction chain through a sequential

price setting as replicated in our model.

I first implement normative analyses to show model's properties. In particular, I change
separation rates in financial transactions, bargaining powers for interest rate settings among
banks, entry costs into financial markets, and matching elasticity. Price variations sensitively
change by these parameters and types of shocks. This implies that we have several ways to

design a policy to stabilize price variations.



Through analysis using a model, I reveal roles of financial regulations on financial system in
particular on financial transactions with long transaction chain such as mortgage backed
securities and asset backed securities. I discuss how we avoid large price variations under
financial crisis and evaluate what kind of policy tools are effective to stabilize price variations.
In particular, I focus on policies working on bargaining powers among banks in setting prices,
matching elasticity in frictional market, entry costs into financial markets, and separation rate
in financial contracts. Under monopolistic markets, monopolistic financial institution has a
large bargaining power and distorts pricings. For example, monopolistic financial institutions
tend to set misleadingly high prices (low yields) to investors as shown in the last sub-prime
mortgage crisis. Thus, such policies are necessary to stabilize prices. Moreover, if one of
financial institutions can play a role of a regulator as Japan Housing Finance Agency in Japan,
policies working on such as bargaining powers among banks are realistic and reasonable. I
show that price variations in financial markets can decreases to different types of shocks by

giving appropriate regulations.

Then, I apply the model to Japanese and US mortgage backed security data and estimate a
financial chain model using Bayesian methods. In particular, [ use mortgage backed securities
data issued by Japan Housing Finance Agency for Japan. Japan Housing Finance Agency buys
long-term fixed-rate housing loans, so called as Flat 35, from the private financial institutions
and issues mortgage backed securities that are backed by these trust assets. The outstanding
amount of mortgage backed securities issued by Japan Housing Finance Agency has increased
steadily and reached to about 14 trillion yen at FY2019 as shown in Japan Housing Finance
Agency (2020). On the other hand, many financial institutions, including main three
institutions of Fannie Mae, Freddie Mac, and Ginnie Mae, issue mortgage backed securities
in US and a market size is much larger than in Japan. The outstanding amount of mortgage

backed securities has increased to 11,671 billion dollars at the second quarter of 2021.

Using data, I show that prices of mortgage backed securities are more volatile than those of
safer assets in Japan and US. Estimation results uncover parameters such as bargaining
powers among financial institutions for price setting in a financial chain, matching elasticities
in financial markets, and entry costs into financial markets. By variance decomposition, I also
reveal what types of shocks are dominant to make price variations. One reason why I use
Japanese and US data is different market maturities and sizes for mortgage backed securities.
In US, a market for mortgage backed securities is much larger than Japan and there was a
financial crisis induced by mortgage backed securities. Another reason is that government-

related agencies participate in mortgage backed security markets in these countries and it is



realistic and feasible to consider policies for these markets through such agencies.

Then, by using a model, I show several ways to reduce price variations for mortgage backed
securities. As a static analysis, for example, to a final demand shock on mortgage backed
securities, price variations can decrease when I put a smaller bargaining power on Japan
Housing Finance Agency to final investors in Japan. Moreover, price variation can also
decrease when a bargaining power of Japan Housing Finance Agency decreases in a market
that originates mortgage backed securities with commercial banks. It is not straightforward to
have one conclusions to reduce price variations of mortgage backed securities in Japan since
such conclusions largely depend on types of shocks. We have a similar conclusion for US

mortgage backed security market.
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1 Introduction

In this paper, I build up a model with multiple price settings in a line of financial
transactions by a theory of search and matching.! Here, in each financial transaction,
price settings by other agents in other financial transactions hold effects on own price
setting and vise versa. Eventually, shocks in other markets have effects on own price
setting. Moreover, a bargaining power between a seller and a buyer changes a price
setting behavior. In a model, a seller and a buyer need to search for a counterpart
in each financial transaction. There exists a search friction in a financial transaction
and this friction amplifies price variation. Moreover, once one part of a line of financial
transactions would be disrupted, a whole transaction stops all contracts in the line and
financial agents need to make a new line of financial transactions.

Our model is applicable to analyze prices in residential mortgage backed securities
and asset backed securities. For example, in residential mortgage backed securities, tra-
ditional /commercial banks first provide mortgage loans to households. Here, we have a
first negotiation to set a price, i.e., interest rate on housing loan. Then, banks securitize
these loans and sell these residential mortgage backed securities to investment banks.
In this process, we have a second negotiation to set a price, i.e., return on residential
mortgage backed securities. Furthermore, in some cases, investment banks wrap up res-
idential mortgage backed securities as one final financial product and sell it to investors.
Here, we have a third negotiation to set a price, i.e., return on a final financial product.
In these financial transaction, we observe financial transaction chain through a sequential
price setting as replicated in our model.

I first implement normative analyses to show model’s properties. In particular, I
change separation rates in financial transactions, bargaining powers for interest rate
settings among banks, entry costs into financial markets, and matching elasticity. Price
variations sensitively change by these parameters and types of shocks. This implies that
we have several ways to design a policy to stabilize price variations.

Through analysis using a model, T reveal roles of financial regulations on financial

"Mortensen and Pissarides (1994) develop a search model for a labor market.



system in particular on financial transactions with long transaction chain such as mort-
gage backed securities and asset backed securities. I discuss how we avoid large price
variations under financial crisis and evaluate what kind of policy tools are effective to
stabilize price variations. In particular, I focus on policies working on bargaining pow-
ers among banks in setting prices, matching elasticity in frictional market, entry costs
into financial markets, and separation rate in financial contracts. Under monopolistic
markets, monopolistic financial institution has a large bargaining power and distorts
pricings. For example, monopolistic financial institution tend to set misleadingly high
prices (low yields) to investors as shown in the last sub-prime mortgage crisis. Thus,
such policies are necessary to stabilize prices. Moreover, if one of financial institutions
can play a role of a regulator as Japan Housing Finance Agency in Japan, policies work-
ing on such as bargaining powers among banks are realistic and reasonable. I show that
price variations in financial markets can decreases to different types of shocks by giving
appropriate regulations.

Then, 1 apply the model to Japanese and US mortgage backed security data and
estimate a financial chain model using Bayesian methods. In particular, I use mort-
gage backed securities data issued by Japan Housing Finance Agency for Japan. Japan
Housing Finance Agency buys long-term fixed-rate housing loans, so called as Flat 35,
from the private financial institutions and issues mortgage backed securities that are
backed by these trust assets. The outstanding amount of mortgage backed securities
issued by Japan Housing Finance Agency has increased steadily and reached to about
14 trillion yen at FY2019 as shown in Japan Housing Finance Agency (2020). On the
other hand, many financial institutions, including main three institutions of Fannie Mae,
Freddie Mac, and Ginnie Mae, issue mortgage backed securities in US and a market size
is much larger than in Japan. The outstanding amount of mortgage backed securities
has increased to 11,671 billion dollars at the second quarter of 2021.2

Using data, I show that prices of mortgage backed securities are more volatile than

those of safer assets in Japan and US. Estimation results uncover parameters such as

2Source: SIFMA and Bloomberg.



bargaining powers among financial institutions for price setting in a financial chain,
matching elasticities in financial markets, and entry costs into financial markets. By
variance decomposition, I also reveal what types of shocks are dominant to make price
variations. One reason why I use Japanese and US data is different market maturities
and sizes for mortgage backed securities. In US, a market for mortgage backed securities
is much larger than Japan and there was a financial crisis induced by mortgage backed
securities. Another reason is that government-related agencies participate in mortgage
backed security markets in these countries and it is realistic and feasible to consider
policies for these markets through such agencies. Then, by using a model, I show several
ways to reduce price variations for mortgage backed securities.

Our model is related to a model with a search friction. In particular, Wong and
Wright (2014) show a role of chains of intermediaries, so called middlemen, on price
determinations in a search model. Nosal et al. (2019) make a model where economic
agents behave as producers or intermediaries in a search model. They show that financial
intermediation induces multiple equilibria and unstable belief-based dynamics, implying
that a financial intermediation contributes to make a financial market unstable. Gautier
et al. (2021) show an important role of middleman in a financial market. They make
a model where a middleman mode and a market-making mode are endogenously deter-
mined. Awaya et al. (2021) make a rational bubble model where a chain of middlemen
sequentially trade assets.

The rest of our paper is organized as follows. Section 2 describes our model. I show a
log-linear model in Section 3. Section 4 provides normative analysis using a model under
a variety of parameters and shocks. Section 5 provides positive analysis after estimating
a financial chain model using Bayesian estimation methods for Japanese. Section 6 shows
a case for US economy. Section 7 shows how we design policy/regulation in Japan and

US for a price stability.



2 Financial Chain Model

2.1 Model Setting

There are two financial markets, a first market between banks A and banks B and a
second market between banks B and banks C. Structures of two markets are as follows in
a time sequence. First, dissolved banks in the last period search for matches for financial
transactions in the first market and match with a certain probability. Second, newly
matched bank B in the first market can search for matches for financial transactions in
the second market. Only when a match is successful for banks B in the second market,
banks B can make financial transactions in two markets. Third, a first market opens
and banks A and banks B newly matched in the market set an interest rate. When
firm B sets an interest rate in the first market, bank B knows the result of interest rate
setting in the second market as in Wasmer and Weil (2004) that assume two sequential
bargaining in a loan market and a labor market. Forth, a second market opens and
banks B and banks C newly matched in the market set an interest rate. When banks set
an interest rate in the second market, an interest rate in a first market is as given since
a negotiation for an interest rate finished in the first market before the second market
opens. Fifth, banks A and banks B are dissolved with a separation rate p € (0,1). When
a bank B is dissolved in the first market, a match between the bank B and the bank C
is also dissolved since an interruption of a credit chain. Sixth, banks B and banks C are
dissolved with a separation rate p € (0,1). When a bank B is dissolved in the second
market, a match between the bank A and the bank B is also dissolved similarly as in the
first market.

In two markets, transitions of banks” matching are given by

Ny = (1= p)(1 = p)Ni—1 + G4y, (1)
vp=N"—(1—=p)(L = p)Ny, (2)
U = Gty (3)

where V; is number of matched banks in two markets, ¢, and ¢; are probability of filling
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vacancies in the first market and second market respectively, and v; and ¥, are number
of vacancies in the first market and second market respectively. Note that equation (1)
holds for two market.

In the second market between banks B and banks C, bank C can be either an active
bank or a seeker bank, where a number of seeker is given by ;. An active bank lend
ZYRE, where Z¢ is demand for lending and RY is shock on demand. Thus, this term
works as demand for financial products. To be active, a bank must borrow Z? from
banks B. A second financial market is characterized by search frictions, and the flow cost
of searching for a vacancy is £ > 0 paid by banks C. With probability s;, a seeker bank
C is matched with a bank B. Bank C then receives ZZ, lend RS to the next bank in a
credit chain, and pay back RPZ® to bank B, where R is an interest rate newly set in
a second market at time t. We assume that RC is a random interest rate for simplicity.

There is free entry into a second financial market. In equilibrium, the value of a
seeker bank C is zero, and hence the cost of searching must equal the expected revenue,
or

i = 51QuRY). (4)

Here, Q;(RP) is the value of an active bank C as
QuURP) = Z°RY = Z°R + 51 = p)(1 = PEQua(BE,). (5)

The first two terms on the RHS of equation (5) show the net current profit from lending,
while the third term is the discounted present value of future profit.

Banks B join in two markets. First, banks B join in the first market as in former
sections. There is free entry into a first market. In equilibrium, the value of a seeker

bank B is zero, and hence the cost of searching must equal the expected revenue, or
R = Stq.tQt(Rfa RF)? (6)

where where s, is probability of match by a search in the first market and R{ is a newly
set price in the first market for loans A at time ¢. A value function of banks B in the

market is given as

Q:(R{, RP) = ZPRP — Z R + B(1 — p)(1 — p)EQu 1 (R, RE ). (7)

,11,



When banks B set an interest rate of R}, bank B guesses interest rate setting for RP.
Banks B need to borrow Z4 from banks to join in the market.

After interest rate setting in the first market, banks B join in a second market given
R# and set RP. Banks B must post offers, which we call “vacancies”in the second market,
to search for seeker of bank C. Posting vacancies is costless. The value of a new match

for a bank B is

JNRYRE) = ZPRE-ZV R} = XP4 88, { (1 = p)(1 = p)J (R REL) + 1= (1= p)(1 = )] B }
(8)

where X/ is an exogenous cost shock for financial transactions. Note that this equation

holds given R# since bank B join in a second market only after banks B match banks A

with R, Moreover, once banks B is dissolved with banks C, these banks B exit from

two markets.

On the other hand, the value of a vacancy for a bank B is
jto = PE: [Qt+1jt1+1 (}N%ﬁu, Eil) + (1 - Qt+1)jt0+1] : (9)

Since a vacancy yields no current profit, it has only discounted future values. These two

equations imply that the surplus of a bank B from a new match is

JHRE RE) = Jf = 2R — 2R — X[ (10)
+ BB 11 = p)(1 = ) = o] [JEa (B BEL) = I}
In the first market, the value of a new match for a bank A is
JH(RY) = ZAR;' — X + BE, {(1 —p)(1— p)Jt1+1(RZ4+1) +[1=(1=p)(1—=p) Jt0+1} )

(11)
where X/ is an exogenous cost for financial transaction. The first term on the RHS shows
current profit from lending, while the second term represents the discounted present value

of a future profit.

On the other hand, the value of a vacancy for a bank A is

J; = BE, [Qt+14t+ljt1+1(éf+l) + (1 - Qt+1Qt+1)J?+1] . (12)

,12,



Since a vacancy yields no current profit, it has only discounted future values. These two

equations imply that the surplus of a bank A from a new match is

TR = J0 = 2R} = X7+ BB {[(1= ) (1= ) = @] [T (BLy) = T2 ]}
(13)
The number of new matches in a period is given by a Cobb-Douglas matching func-

tions in two markets
m (ug, v) = xu, v, x € (0,1), a e (0,1), (14)

m (i, 0) = Xy, 07, X € (0,1), @€ (0,1), (15)
where x, x, «, and & are parameters.
Defining supply and demand in a first and second markets, respectively, as

Uy

b= (16)
s = x0; “, (17)
g = x0; %, (18)
o
0, = U—: (19)
5 = X0; %, (20)
G = x0; °. (21)

The interest rates are determined according to Nash bargainings between the newly
matched firms. A new interest rate R is set by only newly matched firms. Thus, R

solves

max [Q, (R RY)] [IH (RS — )" (22)

where b € (0,1) is the bargaining power for bank A. The first-order condition with
respect to R{' yields

QiR RY) = 7(1 =) [/ (R) — J}] (23)

,13,



where 7 = b. Note that 7 is given by an assumption that bank B knows the result of
interest rate setting in the second market when bank B set an interest rate in the first
market.
For a new interest rate RP, we have
. 1-b . . qb
max |Qi(RP)| AR RE) - P (24)
Rt
where b € (0, 1) is the bargaining power for bank B in the second market. The first-order

condition with respect to RP yields
bQURP) = (1 =) | JH(R RE) = J7) (25)
In a model, except shocks, we have 17 endogenous variables, Ny, u, g, vy, Uy, 0y,
Ou, se, $1y Qs Ges R, RE, Qp, Qy, JHRA) — J?, and JH(R?, RP) — J°, and 17 equations
for endogenous variables, equations (1), (2), (3), (4), (5), (6), (7), (10), (13), (16), (17),
(18), (19), (20), (21), (23), and (25).

2.2 Closed Economy

For simulations, we show a small set of equations that includes the same number of
endogenous variables. There are two equations for a credit chain. An equation for
interest rate in a second financial market is given by equations (4), (10), (19), (20), (21),
and (25) as

Bib - (1—byz4 1—b bz¢
RP = ZE0m+ 73 =5 XP+ ﬁRf : (26)

An equation for interest rate in a first financial market is given by equations (6), (7),
(13), (16), (17), (18), and (23) for the first market as

Bkb bzB B b(1 —b) A
R = 0 X 27
Lo b+b(1—b)zA t+1+[b+b(1—b)]ZA L b+b(1—b)]zAT (27)
To more closely look at interaction effects between markets, we can combine equations

(26) and (27) as

L Br 1 Bk b .
S — L —’| 2
t ZAl—b+th+ZA1—b+th (28)
IS LU N el S A R

ZA —b+b " ZM —b+b " ZA bbb

RA +

+
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Bk 1—b Bk b(2—b) .
Sy W Sl N 29
ZB1_p+b VT ZB g (29)

1A= =ba, 1 2=0)A-b) 5 Z_Ci?(?—b)Rc
P ZB1—b4b

Ry

ZB 1—b+b " ZB 1—b+b

Market interactions give new features for price dynamics. First, a market tightness

in one market makes a disturbance to an interest rate in another market. A response of

an interest rate to own and another market tightness strengthens and weakens according

to bargaining powers of b and b in two markets. Second, a shock in another market

also plays an important role to dynamics since a shock in another market is included

in equation. A response of an interest rate to a shock in own and another market can
increase and decrease according to bargaining powers of b and b.

From equations (4), (5), and (20), we have

K K

—— = 2Ry = Z°R} + 5(1 = p)(1 = p)Ey——. (30)
X0, X9t+1
From equations (6), (7), (17), and (21), we have
% = ZPR} —ZARZL‘Jrﬁ(l—P)(l—ﬁ)Et%- (31)
X0; “x0; X9t+1X9t+1

These two equations define the dynamics of 6, and 6,.
Then, from equations (26), (27), (30), and (31), we have a closed system for R, RP,
Qt, and ét.

We assume following exogenous shocks.

X[ =&xaXit + 6, (32)
XP =¢&xpXP, + 67, (33)
RS = &0RE + €5, (34)

where £x 4, Exp, and £4¢ are auto-regressive parameters and 4, €7 and X arei.i.d

shocks.

,15,



3 Log-linearization

We log-linearize the closed economy model around a steady state. Four log-linearized

equations describing the closed economy are given as

o Bibb_: ZARA1-b) ~, XB(1-b)op  ZCRCH .
Rf = E0;1 + TR? + TXtB + A th, (35)
Bl . ZPRE .. XA(I—b).
R} = TEtetﬂ + RE + (TXtAa (36)
A ) ~ ZCRC . ZBRB R
0r = B(L = p)(1 — p)EOry1 + q th T Rf, (37)
A o A 1—d 2 e 2 ZBRE .. ZARA .
0r = B(1—p)(1—p)Eib; 1+ [Qt - B(1—-p)(1 - P)Et0t+1] + K RtB TR Rf7
(38)
where
M = ZBR5 = 8ibb + Z*RA(1 — b) + XB(1 — b) + Z°RC, (39)
_ 1— _ _ _
N= ZARAwbb) = Br + ZBR® + XA(1 - b), (40)
fade & _ _
H=-"= — (Z°R° — ZBRB) | 41
Tl ) e
kGG 1 _ _
K= = — (ZPRB — ZARY). 42
W ST ) 42)
We also have log-linearized shocks.
Xt = pxaXit + &, (43)
XP = pxpXPy + &7, (44)
RY = pzoR, + &, (45)
where px 4, pxp, and pzc are auto-regressive parameters and 10 eXB and éX¢ arei.id

shocks.

,16,



4 Normative Analysis

In this section, I show effects of parameters and shocks on price settings using log-
linearized model.> In particular, we focus on roles of a search friction by o and ¢, a
bargaining power among agents by b and b, and separation rate by p and p. I also give
three types of shocks, X/, X7, and RC.

I set a baseline parameters as shown in Table 1. A discount rate is a conventional value
in a monthly base as # = 0.996. I set matching efficiency as x = x = 0.5 and entry cost
into a market as k = £ = 2. For parameters of a search friction by a and ¢, a bargaining
power among agents by b and b, and separation rate by p and p, I set these values as in
Table 1 as a baseline case and I change these values and evaluate how parameters are
effective on price settings. I set shock persistence as pxa = pxp = pzc = 0.5 as a base

case.

4.1 Effect of Separation Rates on Prices

Table 2 shows simulation results when we change separation rates in two financial markets
to three types of shocks.

For a shock in the first market X/ that works for banks A as an increase in a funding
cost by a default risk, price variations increase as separation rates increase. This is
because banks are less forward-looking and more focus on present shocks as separation
rates increase as shown in equations (30) and (31).

A shock of X works for banks B as an increase in funding cost by a default risk in
the second market. We see similar results as a case of a shock of X/

I also show a case of a shock of RY. This shock works for all banks as an increase
in a final demand for financial products. A market size increases when a shock of RY
increases. In this case, price variations decrease as separation rates increase. This is

because Z°RY and ZB RE moves in the same direction for a shock of RS and a variation

3To run simulations, we need a steady state for a model. When we change deep parameters, we

re-calculate steady state values and reflect these values in simulations.

,17,



by 6,1 is more volatile than ones by Z°RS¢ — ZPRP in equation (30).
These results imply that different types of shocks give different implications for sepa-
ration rates. Thus, we need to identify which a shock plays an important role in financial

market to know desire separation rates to stabilize prices.

4.2 Effect of Bargaining Power on Prices

Table 3 shows simulation results when I change bargaining powers on price setting among
banks to three types of shocks.

For a shock of X/ in the first market, simulation results show that price variations
decrease when b and b decrease in each market. This implies that larger bargaining
powers in supply sides in two markets can decrease price variations to a shock of X/

For a shock of X, price variations basically decrease when b decrease in a first
market and price variations decrease when b increases in a second market. It means that
bargaining powers on banks B need to be larger to reduce price variations to a shock of
X[ since the shock occurs in a second market.

For a shock of R, simulation result show interesting pattern. Price variations in-
crease in two market when b increases in a second market regardless of increase or decrease
in b. This is because a shock occurs in a second market.

These results again imply that we need to identify which a shock plays an important

role in financial market to know desire separation rates to stabilize prices.

4.3 Effect of Matching Elasticity on Prices

Table 4 shows simulation results when I change matching elasticity on price setting
among banks to three types of shocks. For three types of shocks, simulation results are
very complex and con not find specific patters in these results. Combinations of matching
elasticities sensitively change price variations.

To reduce price variations in two markets, we need to put larger elasticity on demand
side in a first market and smaller elasticity on demand side in a second market such as

a = 0.3 and & = 0.7 to a shock of X/!. This means that price variations decrease when a

,18,



matching elasticity of banks B should be larger. For a shock of X!, we need an opposite
parameter combination to reduce price variations in two markets. When o = 0.7 and
& = 0.3 and a matching elasticity of banks B is smaller, price variations decrease. For
a shock of RY, price variations decrease When a = 0.7 and & = 0.7 and a matching
elasticity of supply side in two market increase.

Thus, according to types of shocks, necessary responses are different to stabilize

prices. We need to uncover roles of different types of shocks on price variations.

4.4 Effect of Entry Cost on Prices

Table 5 shows simulation results when we change entry cost x and & to enter into financial
markets. Simulation results show that price variations decrease when x and £ decrease
in each market to a shock of X;*. This implies that smaller entry cost in two markets
can decrease price variations to a shock of X/!. Moreover, smaller & rather than smaller
k plays more important role to reduce price variations. We observe the same results for
a shock of XJ.

For a shock of RS, simulation results are opposite to cases of X/ and X2. Price
variations decrease when x and & increase in each market. This implies that larger entry
cost in two markets can decrease price variations to a shock of RY. Moreover, larger &
rather than larger s plays more important role to reduce price variations.

According to types of shocks, necessary responses are different to stabilize prices.

5 Application to Japanese Mortgage Backed Securi-
ties Data

I apply our model to Japanese financial data. In particular, I use mortgage backed
securities data issued by Japan Housing Finance Agency. In Japan, Japan Housing
Finance Agency is the biggest provider for mortgage backed securities. Japan Housing
Finance Agency buys long-term fixed-rate housing loans, so called as Flat 35, from the

private financial institutions partnered with Japan Housing Finance Agency. Japan
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Housing Finance Agency issues bonds that are backed by these trust assets. Japan
Housing Finance Agency starts to issue mortgage backed securities from 2007 in almost
every month and we use these data.” The outstanding amount of mortgage backed
securities issued by Japan Housing Finance Agency has increased steadily and reached
to about 14 trillion yen at FY2019 as shown in Japan Housing Finance Agency (2020).
Compared to Japanese gross domestic product, its ratio is about three percent.

Figure 1 shows 10-years Japanese government bond (JGB), a coupon price, and an
weighted average coupon (WAC). WAC is issued by Japan Housing Finance Agency for
each originated security and is an weighted average of return of securities that constitute
a mortgage backed security by the amount outstanding. A coupon price is for newly
issued mortgage backed security. We observe that a coupon price and WAC decreases
with 10-years JGB. Spread between a coupon price/ WAC and 10-years JGB is not so
volatile regardless of two financial crises, in 2008 in the US and in 2012 in the Euro.
Table 6 shows basic statistics for Figure 1. A standard deviation of a coupon price is
17 percent larger than that of return of a safe asset. Thus, a market environment to
organize securities for mortgage backed securities is stable in Japan for a long time.

Our model is the most applicable to analyze coupon prices of mortgage backed se-
curities by Japan Housing Finance Agency. Japan Housing Finance Agency set coupon
price to investors when it issues mortgage backed securities. Here, there is a price nego-
tiation between Japan Housing Finance Agency and these investors through a financial
market conditions. In our model in Section 2, a coupon price of mortgage backed se-
curity is an interest rate between banks B and banks C in the second market, i.e., R5.
Here, banks B are Japan Housing Finance Agency and banks C is investors for mortgage
backed securities. WAC can approximate an interest rate between banks A and banks
B in the first market, i.e., R{'. Here, banks A, for example mega city banks and regional

banks in Japan, provide mortgage loans to households and sell these original loans to

4Please see Japan Housing Finance Agency (2020) for transaction details between Japan Housing
Finance Agency and partner private financial institutions.

SFormer Government Housing Loan Corporation issued mortgage backed securities since March, 2001.
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banks B as securities. This mortgage loan rates that corresponds to X! in a model are

approximated by 10-years JGB.

5.1 Bayesian Estimation for Japanese Mortgage Backed Secu-
rities
In this section, we estimate a financial chain model using Bayesian estimation method.

In estimating the model, I use a log-linearized model as shown in Section 3.

5.1.1 Japanese Data

In estimation, I use monthly data series, over the sample period from June 2007 to

December 2021, including a coupon price, average WAC, and 10-years JGB.

5.1.2 Calibrations and Priors for Estimation

I first calibrate some of the deep parameters. A discount rate is a conventional value
in a monthly base as 8 = 0.996.° We set separation rates in two market as p = 0.03
and p = 0.03 since a replacement of market participants are very slow in Japan. We set
scaling parameters for a steady state such as Z4 =1, Z8 =2, and Z¢ = 8.

The prior distributions for the estimated parameters is summarized in Table 7. For
a financial market and a financial chain model, we have no previous studies for prior
distributions. We assume Beta distribution for parameters that have restrictions [0, 1]
such as b, b, a, @, pxa, pxB, and pxc. For inverse Gamma distribution for standard
deviations for shocks such as ox4, oxp, and oxc. We assume normal distributions for

other parameters.

5.1.3 Estimation Results

Table 8 report estimated posterior means and the 5th and 95th percentiles.

6Tt implies B8 = 0.99 at a quarterly base.
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Regarding bargaining power in two markets, a bargaining power of banks A in the
first market is b = 0.4764 and a bargaining power of banks B in the second market is
b = 0.4812. Thus, bargaining powers are slightly stronger in buyer sides in two markets
and there is no extreme bias in bargaining powers. For matching elasticity, we have
a = 0.5545 and & = 0.6756. Matching elasticities are relatively larger in supply sides.

As an evidence of market heterogeneity in Japan, parameters capturing market struc-
tures differ between two markets. Entry cost into a first market x = 1.6665 is smaller
than that in a second market & = 2.2376. Matching efficiency in a first market y = 0.5997
is larger than that in a second market y = 0.3143. These results imply that participat-
ing a first market is easier thanks to lower entry cost and more chance to match in the

market.

6 Application to US Mortgage Backed Securities Data

[ apply our model to US financial data. In US, many financial institutions issue mortgage
backed securities unlike Japan and a market size is much larger in US than in Japan.
The outstanding amount of mortgage backed securities has increased to 11,671 billion
dollars at the second quarter of 2021.7

Figure 2 shows an average of weighted average coupon (WAC), an average of newly
issued coupon that is given by an weighted average of coupon price each month by the
amount of outstanding, and return of a safe asset. Table 9 shows basic statistics for
Figure 2. A standard deviation of a coupon price is 72 percent larger than that of return
of a safe asset. Therefore, a return of mortgage backed securities is more volatile than
that of return of a safe asset in US. Compared to Japan, price variations of mortgage
backed securities is larger on those of return of a safe asset in US.

As the case for Japan, we can assume the same mapping from our model to US data.

In this case, banks B are like Fannie Mae, Freddie Mac, and Ginnie Mae.® These three

"Source: SIFMA and Bloomberg.
8Fannie Mae and Freddie Mac issue uniform mortgage-backed security (UMBS) from 2019.
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financial institutions have a large share in US mortgage backed security market.” Banks
C are commercial banks, money market funds, pension funds, mutual funds, and the
Federal Reserve. Banks A are a traditional commercial banks and non banks specialized
to mortgage loans. We have the same analysis to reduce price variation of mortgage
backed securities as in Japan and we need to identify which shocks are dominant in US

market.

6.1 Bayesian Estimation for US Mortgage Backed Securities

For US data, I estimate a financial chain model using Bayesian estimation. In estimating

the model, I use a log-linearized model as shown in Section 3.

6.1.1 US Data

In estimation, I use monthly data series, over the sample period from May 2005 to
December 2021, including an average coupon price, average WAC, and U.S. Treasury
Securities at 10-Year.

In a model, an average coupon price, average WAC, and U.S. Treasury Securities at

10-Year correspond to RP, R4, and X/}, respectively.

6.1.2 Calibrations and Priors for Estimation

I first calibrate some of the deep parameters. I basically use the same calibration pa-
rameters as in Japan’s case. A discount rate is a conventional value in a monthly base
as f = 0.996. I set separation rates in two market as p = 0.03 and p = 0.03. 1
set scaling parameters such as Z4 = 1, ZB = 2, and Z¢ = 8. Moreover, I calibrate
pxa = pxs = pxc = 0.95 since auto-correlations of an average coupon price, average
WAC, and U.S. Treasury Securities at 10-Year are about 0.99.

As shown in Table 10, I assume Beta distribution for parameters that have restrictions
[0, 1] such as b, b, a, and . For inverse Gamma distribution for standard deviations for

shocks such as x4, oxp, and oxc. I assume normal distributions for other parameters.

9For example, please see Ginnie Mae (2021).
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6.1.3 Estimation Results

Table 11 report estimated posterior means and the 5th and 95th percentiles.

Regarding bargaining power in two markets, a bargaining power of banks A in the
first market is b = 0.506 and a bargaining power of banks B in the second market is
b = 0.4846. Thus, bargaining powers are the almost same in buyer and seller sides in
two markets. For matching elasticity, we have a = 0.4655 and & = 0.5222. Matching
elasticities are also not so different in buyer and seller sides in two markets.

There is heterogeneity in US financial markets since a matching efficiency in a first
market y = 0.4784 is much bigger than in a second market x = 0.0492. It implies that
selling final product by matches is not so easy in US. This is partially because our data
includes a period of financial crisis occured in US. On the other hand, entry costs are

similar in two markets as k = 0.9424 and £ = 1.0735.

7 How to Design Market Policy and Regulation for
Price Stability in Japan and US: Examples

Financial crises in US and Euro around 2010 show the critical roles of financial markets
in the U.S. and the Euro area to induce financial disturbances. Only a current policy
framework, such as monetary policy, can not fully mitigate nor avoid financial crises and

so macroprudential policy is geared toward financial stability.'°

7.1 Static Analysis for Price Stability in Japan and US

As shown in Section 4, according to parameters for a bargaining power for a price ne-
gotiation, price variations sensitively change. In this section, I show how we actually
can reduce price variation for mortgage backed securities in Japan and US by chang-

ing bargaining power parameters. In particular, we focus on a static analysis in which

0Borio (2011) and Drehmann, Borio, and Tsatsaronis (2012) show empirical results to support this

point.
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parameters are not time-varying and we compare price variations among different con-
stant parameters. Moreover, by a variance decomposition, we know that both a shock
through financial intermediation and a shock in a final demand play dominant roles for
price variations in Japan and US. We assume these two types of shocks in simulations.
It notes that we show some example cases to decrease price variations and we do not
seek parameter sets to minimize price variations. Moreover, simulation results do not
necessarily match with those in Table 3 and 4 since estimated parameters for Japan and
US are different from those in simulations for Table 3 and 4.

A shock in a final investor’s demand for mortgage backed security RS holds nontrivial
effect on price variations in Japan and US. To a shock of RY, price variations in two
markets can decrease when we put a larger bargaining power on intermediation banks,
i.e., Japan Housing Finance Agency in Japan and Fannie Mae, Freddie Mac, and Ginnie
Mae in US, that demand original loans in a first market and a larger bargaining power on
investors that finally demands financial product in a second market as shown in the case
of RS with b= 0.3 and b = 0.3 in Table 3. Table 12 shows that price variations decrease
in both Japan and US to a shock of R¢ when we set larger parameters as b = 0.3 and
b=0.3 compared to estimated parameters.

A shock in a second market X also holds nontrivial effect on price variations in Japan
and US. Thus, to reduce price variation in the first market, we need to decrease b and
give a larger bargaining power on Japan Housing Finance Agency in Japan and Fannie
Mae, Freddie Mac, and Ginnie Mae in US. At the same time, price variations in the
first market can further decrease by giving a bigger bargaining power on Japan Housing
Finance Agency, Fannie Mae, Freddie Mac, and Ginnie Mae in the second market as
shown in the case of X with b = 0.3 and b = 0.7 in Table 3. Table 12 shows that price
variations decrease in both Japan and US to a shock of X when we change estimated
parameters to b = 0.3 and b = 0.7. Here, b = 0.3 is smaller than estimated parameters

and b= 0.7 is larger than estimated parameters.
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Table 1: Parameter Calibration

Parameters Explanations Values
b Discount factor 0.996
P Exit rate in the first market 0.1

P Exit rate in the second market 0.1
Q@ Matching elasticity in the first market 0.5
Qa Matching elasticity in the second market 0.5

b Banks A’s bargaining power in the first market 0.5

b Banks B’s bargaining power in the second market 0.5

X Matching efficiency in the first market 0.5

X Matching efficiency in the second market 0.5

K Entry cost into the first market 2

K Entry cost into the second market 2
PxA Shock persistence for banks A 0.5
PXB Shock persistence for banks B 0.5
pPzC Shock persistence for banks C 0.5
Z4 Banks B’s borrowing from banks A 1

ZB Banks C’s borrowing from banks B 2

Z¢ Banks C’s lending 8

Table 2: Simulation Results for Separation Rates

X/ shock StngAf 2 StngBf % Std%@% Std_(@%
o p o

p=p=005 0053575 0.018254 0.363826 0.315883
p=p=0.15 0.084596 0.026520 0.456164 0.334710

X P shock StngAfg StngBf% Std£9g Stdgeg

P . . . . .
p=p=20.05 0.006408 0.059948 0.912704 1.037386
p=p=0.15 0.057442 0.083395 0.914833 1.052537

RY shock Std%RAf ) StngBt ) Std;&; Std%@?
=

— =005 1.030230 1.032912 2.910606 2.527067
=/ =0.15 0.991878 1.022406 3.649309 2.677681

Note: Std denotes a standard deviation.
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Table 3: Simulation Results for Bargaining Powers

X/ shock Std(R#)  Std(RP) Std(d)  Std(6)

b=b=05 0.072279 0.023046 0.400526 0.312646
b=0.3and b=0.3 0.083557 0.037458 0.375713 0.303726
b=0.7and b=0.7 0.050497 0.010964 0.471004 0.371867
b=0.3and b=0.7 0.088614 0.015074 0.353257 0.255326
b=0.7Tand b=0.3 0.063101 0.032911 0.547619 0.474742

X P shock Std(R{) Std(RP) Std(f)  Std(9)

b=b=05 0.034434 0.074143 0.874885 1.005834
b=03and b=0.3 0.031834 0.105827 0.635144 0.858085
b=0.7and b=0.7 0.038915 0.048077 1.574857 1.63062

b=0.3and b=0.7 0.010845 0.038604 0.588239 0.653897
b=0.7Tand b=0.3 0.106136 0.150328 1.933207 2.168472

R shock Std(R{') Std(RP) Std(f)  Std(d)

b=b=05 1.006554 1.025198 3.204207 2.501171
b=0.3and b=0.3 0.964991 0.947003 3.005701 2.429807
b=0.7and b=0.7 1.056106 1.088776 3.768029 2.974936
b=0.3and b=0.7 1.019867 1.078002 2.826053 2.042608
b=0.7and b=0.3 0.951916 0.942995 4.380951 3.797932

Note: Std denotes a standard deviation.
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Table 4: Simulation Results for Matching Elasticity

X/ shock Std!erﬁA? Std;RfB! Std%@; Std?@g
a=a=0.

a=03and ¢ =03 0079054 0.022731 0.973413 0.357426
a=07and ¢ =07 0069305 0.023552 0.227940 0.363534
a=03and ¢ =07 0066378 0.021476 0.412601 0.271238
a=0.7and & =03 0.074802 0.023193 0.463835 0.401104
XP shock Std(RA)  Std(RP) Std(d)  Std(d)

a=a=05 0.034431 0.074143 0.874885  L.005834
a=03and ¢ =03 0034400 0.070679 2.411268 1.111365
a=07and &=07 0042691 0.077476 0.414220 1.195877
a=03and ¢ =07 0035028 0.073991 0.711827 0.934492
a=0.7and & =03 0.030629 0.072424 1.159625 1.252525

S

R shock td%RAg StngBg Stdgeg Std%@%
a=aoa=70.

a=0.3and & =0.3 1.058822 1.051859 7.787304 2.859406
a=0.7and & =0.7 0.937063 1.000632 1.823518 2.908271
a=03and a=0.7 1.018281 1.024926 3.300805 2.169905
a=0.7and & =0.3 1.026759 1.040968 3.710679 3.208833

Note: Std denotes a standard deviation.
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Table 5: Simulation Results for Entry Cost

XA shock StngA! 2 StngB! 2 Std%&% Stdgeg
K=kK=

K=FK=1 0.047279  0.015522 0.446549 0.370950
K=Fk=23 0.085719 0.027199 0.375524 0.284594
k=1and k =3 0.073280 0.024515 0.385283 0.297317
k=3and s=1 0.061221 0.018497 0.4353  0.351109
XP shock Std(R#)  Std(RP) Std(f)  Std(0)

kK=FK=2 0.034434 0.074143 0.874885 1.005834
K=F=1 0.018995 0.054113 1.060928 1.293169
K=K=23 0.060138 0.084688 0.785710 0.886107
k=1and £ =3 0.038742 0.079283 0.823866 0.961557
k=3and k=1 0.009266 0.060862 0.999709 1.155276

RY shock StngA! ) StngB! g Stdgeg Std%&%
K=kK=

k=K=1 1.092278 1.061553 3.572391 2.967602
kK=K=3 0.968279 1.008316 3.004191 2.276753
k=1and K =3 0.999792 1.019983 3.08226  2.378534
k=3and kK =1 1.047623 1.045862 3.482398 2.808874

Note: Std denotes a standard deviation.

Table 6: Basic Statistics for Japanese Data

Standard Deviation Average Max Min
10-years JGB ~ 0.59 0.6 1.89 -0.26
Average WAC (.68 1.53 3.04  0.69
Coupon Price  0.69 1.07 2.34  0.15

Data: Bloomberg and Japan Housing Finance Agency.

Note: Monthly base.
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Table 7: Prior Distributions for Japan Data

Parameters Explanations Means S.D  Distribution
& Matching elasticity in first market 0.5 0.15 Beta

Q Matching elasticity in second market 0.5 0.15 DBeta

b Banks A’s bargaining power in first market 0.5 0.05 DBeta

b Banks B’s bargaining power in second market 0.5 0.05 DBeta

K Entry cost into the first market 1 0.15 Normal

K Entry cost into the second market 1 0.15 Normal

X Matching efficiency in the first market 0.5 0.15 Normal

X Matching efficiency in the second market 0.5 0.15 Normal
PXA Shock persistence for banks A 0.5 0.1 Beta

PXB Shock persistence for banks B 0.5 0.1 Beta

pPxc Shock persistence for banks C 0.5 0.1 Beta

OxA Standard deviation of shock banks A 0.2 0.1 inv(Gamma
OXB Standard deviation of shock banks B 0.2 0.1 inv(Gamma
oxC Standard deviation of shock banks C 0.2 0.1 inv(Gamma

Table 8: Estimated Means and Posterior Distributions for Japan Data

Parameters Posterior Means 5th and 95th percentiles

Q 0.5545 0.4819, 0.6354]
Q 0.6756 0.613, 0.7319
b 0.4764 0.433, 0.5121
b 0.4812 0.4459, 0.516]
K 1.6665 1.4796, 1.8805
K 2.2376 2.0302, 2.4801
X 0.5997 0.3939, 0.8258
X 0.3143 0.2544, 0.37]
PXA 0.7871 0.7833, 0.7902
PXB 0.7830 0.7743, 0.7902
pzc 0.5872 0.7832, 0.7902
OxXA 0.2342 2.3516, 2.8929
OXB 4.1751 0.091, 0.2904]
oxc 0.3077 0.7105, 0.8385]
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Table 9: Basic Statistics for US Data

Standard Deviation Average Max Min

U.S. Treasury Securities 10-Year 0.99 0.72 2.89 -1.07
Average WAC 1.18 6.16 8.86 4.66
Average Coupon 1.7 1.72 5.69 0.38

Data: Bloomberg and Federal Reserve Economic Data.

Note: Monthly base.

Table 10: Prior Distributions for US Data

parameters Explanations Means S.D  Distribution
a Matching elasticity in first market 0.5 0.1 Beta

o} Matching elasticity in second market 0.5 0.1 DBeta

b Banks A’s bargaining power in first market 0.5 0.05 DBeta

b Banks B’s bargaining power in second market 0.5 0.05 Beta

K Entry cost into the first market 1 0.2 Normal

K Entry cost into the second market 1 0.2  Normal

X Matching efficiency in the first market 0.5 0.2 Normal

X Matching efficiency in the second market 0.5 0.2  Normal
OxA Standard deviation of shock banks A 0.15 0.1 inv(Gamma
xR Standard deviation of shock banks B 0.15 0.1 inv(Gamma
oxc Standard deviation of shock banks C 0.15 0.1 inv(Gamma
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Table 11: Estimated Means and Posterior Distributions for US Data

Parameters Posterior Means

5th and 95th percentiles

0.4655
0.5222
0.506

0.4846
0.9424
1.0735
0.4784
0.0492
0.1758
XB 7.0885
XC 0.2728

SISISRaEa e i i
b

0.3396, 0.5895
0.3858, 0.6594
0.4301, 0.5866
0.4119, 0.5481
0.6323, 1.2725
0.8079, 1.3765
0.27, 0.6875]

0.0166, 0.0841
0.1548, 0.1984
5.9449, 8.3575
0.2399, 0.3018

Table 12: Static Analyses for Japan and US

X7 shock Std(R/) Std(RP) Std(d)  Std(d)
Japan , 0.009647 0.076735 0.346540 1.040909
b=0.3and b= 0.7 for Japan 0.004446 0.038154 0.171231 0.517554
UsS , 0.029096 0.155473 1.481930 1.800123
b=0.3and b=0.7 for US  0.014469 0.086379 0.826161 1.000126
RE shock Std(R) Std(RP) Std(6)  Std(f)
Japan _ 1.048458 1.086254 1.417245 1.488346
b=0.3and b= 0.3 for Japan 0.892110 0.926538 2.091193 2.7709
UsS _ 2.869635 2.789253 5.138514  4.049632
b=03and b=0.3for US 2616369 2.503168 8.370174 7.362023

Note: Std denotes a standard deviation.
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Figure 1: Coupons, WAC, and 10-years JGB in Japan

Data: Bloomberg and Japan Housing Finance Agency.

Note: Monthly base.
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Figure 2: Coupons, WAC, and U.S. Treasury Securities 10-Year in US

Data: Bloomberg and Federal Reserve Economic Data.

Note: Monthly base.
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Inflation targeting, anchoring of
expectations, and the stability of
liquidity trap
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Inflation targeting, anchoring of expectations, and the
stability of liquidity trap

Abstract

This paper explores the expectational stability of a liquidity trap. We
assume that the central bank announces an inflation target that anchors agents’
expectations at the target. We finds that a liquidity trap steady state can
be expectationally stable in the presence of inflation targeting. A targeted
steady state is stable under learning regardless of the degree of central bank
credibility, while the liquidity trap steady state becomes stable if the central
bank is highly credible and the natural rate of interest is negative. In the stable
liquidity trap, the economy exhibits an upward bias in inflation expectations
and heterogeneous inflation expectations. These findings are consistent with
empirical evidence.

JEL classification: C62; D82; D83; E32; E52

Keywords: Liquidity trap; Learning; Expectational stability; Inflation tar-
get; Central bank credibility
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Figure 1: Inflation rates

1 Introduction

Since the global financial crisis in the late 2000s, developed economies have
experienced a prolonged period of deflationary processes (Figure 1). To raise
inflation expectations, central banks have drastically reduced nominal interest
rates (Figure 2), and further introduced inflation targeting and unconventional
monetary policies. However, until the late 2010s, economies fell into a so-
called liquidity trap, where nominal interest rates were lowered to the zero
lower bound, rendering conventional monetary policy ineffective in stimulating
economies. While the U.S. and European economies have recently escaped from
the liquidity trap, the Japanese economy has been trapped and stagnating since
the bubble burst in the early 1990s (see Bullard, 2010; Aruoba et al., 2018).
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The mechanism of a liquidity trap has been extensively studied. Benhabib
et al. (2001) show that under the Taylor type of nominal interest rate rules,
there exist two steady states: an intended, targeted steady state where the
inflation rate achieves the target and an unintended, low steady state where
the nominal interest rate is at the zero lower bound and the inflation rate is
below the target. The latter steady state is used to explain the recent persistent
stagnation fixed at the zero lower bound. Bullard (2010) considers that the
Japanese economy has been stuck in the low steady state and cautioned that the
U. S. economy could fall into the same situation. This framework is standard
for examining the dynamics of the economy in recent stagnation fixed at the
zero lower bound (e.g., Eggertsson and Woodford, 2003; Schmitt-Grohé and
Uribe, 2017; Eggertsson et al., 2019). Related studies examine the effect of
fiscal policies in a liquidity trap (Mertens and Ravn, 2014; Aruoba et al., 2018)
and the effect of neo-Fisherian policies (Bilbiie, 2022; Uribe, 2022).

However, the low steady state is found to be unstable in plausible frame-
works of expectation formation. McCallum (2001) linearizes Benhabib et al.
(2001)’s model and finds that the low steady state is not stable under adap-
tive learning. This finding is complemented by Evans and Honkapohja (2005)
and Evans et al. (2008), who show the global instability of the low steady
state in the original nonlinear model. Further, this suggests a deflationary
spiral in which the economy falls unboundedly below the low steady state.
Evans and Honkapohja (2005) and Evans et al. (2008) obtain the same result
under infinite horizon learning. Eusepi (2010) shows its robustness to commu-
nication between the central bank and the private sector, and Hommes and
Lustenhouwer (2019a,b) show its robustness to the imperfect credibility of in-
flation targeting. These characteristics of the low steady state are inconsistent
with recent evidence that developed economies have remained near the zero
lower bound for several years. In particular, the Japanese inflation rate has
remained stable around zero despite the nominal interest rate adhering to the
zero lower bound over the past two decades (see Veirman, 2009; Gorodnichenko
and Sergeyev, 2021).

This paper uses a standard linear New Keynesian (NK) model with a zero
lower bound to re-examine the stability of the low steady state under adaptive
learning. Following Orphanides and Williams (2005), we assume that the cen-
tral bank announces an inflation target that anchors agents’ expectations to

the target. We examine whether the low steady state is expectationally stable
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in the presence of inflation targeting. We also consider the case where the
central bank (or inflation targeting) is imperfectly credible such that agents’
expectations are imperfectly anchored. We then examine how the stability of
the low steady state is affected by the degree of central bank credibility. In
addition, we clarify the characteristics of the liquidity trap steady state in the
presence of inflation targeting. If so, we investigate the characteristics of the
stable low steady state.

Adaptive learning models have been confirmed to well explain the dynamics
of recent data on inflation persistence and inflation expectations. It is often
argued that expectation formation deviates from rational expectations. Can-
dia et al. (2023) find that U. S. firms’ expectation formation follows adaptive
learning rather than rational expectations. Carvalho et al. (2023) find that
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adaptive learning models offer a more robust explanation of the dynamics of
long-term inflation expectations indicators. Crump et al. (2023) find that the
term structure of the U.S. interest rate is well explained by adaptive learning.
Eusepi and Preston (2011) demonstrate that learning dynamics can provide an
alternative explanation for business cycle fluctuations. Malmendier and Nagel
(2016) build on adaptive learning and find that a weighted average of indi-
viduals’ inflation experiences over their lifetimes strongly predicts individual
inflation expectations.

Such expectation formation is believed to be significantly affected by infla-
tion targeting. Inflation targeting announces to the public the central bank’s
objective and plan by setting a target for the long-term inflation rate. Since
the 1970s, there has been consensus that the long-term inflation rate is primar-
ily determined by the central bank (see Bernanke et al., 1999). This view was
reinforced in the early 1980s when Paul Volcker’s aggressive stance lowered the
inflation rate from 10% to 4% (see Erceg and Levin, 2003). This led central
banks to announce inflation targets, either implicitly or explicitly, and since
the 1990s, inflation rates have stabilized around the targets (Figure 1). Even
if the central bank is not sufficiently credible, inflation targeting is expected
to affect the expectations formation in each period by anchoring long-term
expectations. !

This paper finds that the low steady state can be expectationally stable in
the presence of inflation targeting. The targeted steady state is always stable
under learning regardless of the degree of central bank credibility, while the
low steady state becomes stable if the central bank is highly credible and the
natural rate of interest is negative. In the stable steady state, the economy
exhibits an upward bias in inflation expectations and heterogeneous inflation
expectations.

The evidence of the negative natural rate of interest is well provided in
the literature, in particular, by Krugman (1998, 2000) for discussion about the
Japanese deflation in the late 1990s and Summers (2014, 2015, 2016) for dis-
cussion about the U. S. and European “secular stagnation” in the early 2010s.
Eggertsson and Woodford (2003) have proposed the “forward guidance” for a

decline in the natural rate of interest so significant as to make nominal interest

'Nakagawa (2022) shows equilibrium with an interest-rate peg rule can be stable by infla-
tion targeting, under which the steady state inflation rate is announced as a long-run inflation
target.
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rates hit the zero lower bound. Their empirical evidence is also well provided
by Krugman (1998, 2000) and Eggertsson et al. (2019) for the U. S. economy,
Brand et al. (2018) for the Euro economy, and Okazaki and Sudo (2018) for
the Japanese economy. Our results provide theoretical support for these argu-
ments in that the liquidity trap is associated with the negative natural rate in
learning frameworks.

This paper is closely related to the literature on the stability of the liquidity
trap steady state. To solve this puzzle, several recent studies have shown the
conditions under which the low steady state becomes stable. Arifovic et al.
(2018) show that the steady state can become stable by introducing social
learning expectation formation. Lustenhouwer (2021) shows that pessimistic
expectation formation in the private sector is a condition for stability. Eusepi
(2007) shows that a monetary policy rule that responds to an expectations
variable can be a condition. He shows that a liquidity trap SS (and sunspot
equilibria near the trap) can be stable in a nonlinear NK model. The con-
ditions are, however, that a monetary policy rule is forward-looking and the
utility function of consumption and money is not separable, or that a produc-
tion function with money exists. These are rather limited conditions, and the
relationship between inflation targeting and the natural rate of interest is not
well addressed. So far, little work has been done to explain the mechanism of
the long-run liquidity trap in the Japanese economy.

The remainder of this paper is structured as follows. The next section
presents our model. Section 3 examines whether the targeted steady state is
stable in the presence of inflation targeting. Section 4 analyzes the stability of
the low steady state under inflation targeting and clarifies the characteristics of
the stable liquidity trap. Section 5 simulates recursive least-squares estimations

of the liquidity trap. The final section concludes the paper.
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2 Model
2.1 NK model

We use a standard New Keynesian model based on Evans and McGough (2018)

and Hommes and Lustenhouwer (2019a):

ry = —Q (’it _E:Wt—i-l —’I“) +Ez<$t+1 —|—6t, (1)
Ty = KX+ BE{ T+ ug, (2)
iv = max{i’ + ¢, (m—7"),iV}. (3)

Endogenous variables x;, 7, and i; represent the output gap, inflation rate,
and nominal interest rate, respectively. Eq. (1) is a log-linearized intertem-
poral Euler equation derived from households’ optimal choice of consumption.
The parameter r represents the natural rate. Eq. (2) is the Phillips curve de-
rived from the optimizing behavior of monopolistically competitive firms with
Calvo price setting. The exogenous variables e; and u; are demand and supply
shocks, respectively, and we assume that they follow independent and iden-
tically distributed (iid) processes for simplicity. Eq. (3) is the Taylor-type
nominal interest rate rule with an effective lower bound V. If iy > 0, the
central bank responds to the deviation of m; from the inflation target 7! by
following the Taylor principle (¢, > 1), and parameter il =r+x! is the nom-
inal interest rate corresponding to the inflation target. If i; < 0, the central
bank fixes i; at the lower bound. E is the operator of agents’ expectations at
time ¢, which may or may not be rational. o > 0, kK > 0, and 0 < 3 < 1 are
assumed.

In this paper, we consider the possibility that the natural rate can be neg-
ative. In standard NK models, the natural rate is equal to the inverse of the
discount factor (3, which cannot be negative. On the other hand, Eggertsson
et al. (2019) consider the possibility of a negative natural rate in OLG mod-
els. Cochrane (2018) simulates shocks that make the natural rate negative.
Schmitt-Grohé and Uribe (2017) assume confidence shocks where the natural
rate is negative. For simplicity of our analysis, we abstract specific cases of the
negative rate and simply assume the possibility of r < 0.

Under rational expectations (E; = E;), the fundamental rational expecta-

tions equilibrium (REE) takes the following form:

ye = a+ cwy, (4)
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where y; = (24, 7) and w; = (e, u¢)’, and a is the vector of constant terms
and ¢ is the 2 x 2 matrix of coeflicients for wy.

There are two steady states. The first one is the intended, targeted steady
state that the central bank pursues when the effective lower bound iV does not
bind:

xl—<1_ﬁ>7rl, =, i:if(:T—i-WI). (5)

K
This is found to be stable under learning in the literature.

The other one is the unintended, low steady state that is realized when the
lower bound binds:

xU——<1_ﬁ>(r—iU), ¥V =—(r—div), i=4". (6)

K

The literature shows that the low steady state is unstable under learning and
the economy goes to a deflationary spiral (see Evans and McGough, 2018).
This steady state exists if the effective lower bound iV binds at this steady
state.
il + ¢, (m— ) >, (7)

The low steady state exists if this condition is violated at this steady state. As

¢. > 1, both conditions are reduced to the same condition:

Proposition 1 Under rational expectations, the targeted and low steady states
(5), (6) exist if and only if

r+xl —i¥ >0 (8)

Otherwise, there are no steady states so that the economy explodes unboundedly.

3 Targeted steady state

The central bank announces the inflation-output gap target (xI 7l ) and con-
trols the nominal interest rate to achieve this target. We assume the imperfect
credibility of the central bank in the way that agents of proportion A € [0,1)
(Type 1) believe the inflation target and the other agents of proportion 1 — A
do not believe or know that the central bank pursues the target (Type 2). Pa-

rameter A represents the degree of credibility (see Hommes and Lustenhouwer,
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2019a; Ho et al., 2021). First, we examine the stability of the targeted steady
state in the presence of imperfectly credible inflation targeting. Candia et al.
(2022) find that firms often vary their short- and long-term inflation expec-
tations simultaneously and to the same extent, suggesting that steady-state

inflation expectations are not fixed to a target (consistent with Type 2).

3.1 Expectations Formation

Under learning, agents have a perceived law of motion (PLM) of form (4) and
specify and estimate the forecasting model of this form using least-squares
estimation with available data. Under imperfectly credible inflation targeting,
the two types of agents specify different forecasting models.

Type 1 agents recognize the steady state inflation rate and output gap as
(xl 7t ), respectively, by the central bank’s announcement of inflation target-

ing.2 Then, they specify and estimate the following forecasting model:

Yy = a1 + crwy,

where a; = (:L'I, ﬂ'I)/, c1 is a 2 X 2 matrix of coefficients for w;. Type 1 fix the

steady state parameter a; at the target (acI 7l ), estimate only the coefficient

parameter ¢q, and form their forecasts:
* I _1\/
Eltyt+1 = (‘T ) T ) )

where E7, is the operator of the Type 1 agents’ expectations at time ¢, which
may or may not be rational. Note that we do not need Type 1 expectations
in each period to coincide with the inflation target. If there are exogenous
shocks following AR (1), Ef,y:+1 deviates from the inflation target and fluctu-
ates around it. However, these extensions do not change our conclusions. To
simplify the discussion, we assume that Type 1 expectations in each period
coincide with the inflation target.

Type 2 agents do not believe or know the inflation target, but specify and

estimate the following forecasting model:

Yr = a2 + CoWy,

*Mehrotra and Yetman (2018) have shown that longer-term forecasts are better anchored
than shorter-term forecasts.
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where ay = (G/Qm,agﬂ-)/, and ¢y is the 2 x 2 matrix of coefficients for w;. In
contrast to Type 1, Type 2 must estimate all the parameters including the

steady state ao and form their forecasts:
E5yi1 = (a0, a2r)

where E3, is the operator of Type 2 agents’ expectations at time ¢.
The average of both types of forecasts form aggregate expectations in the
NK model:

Efyier = AELye1 + (1= A) By (9)
B Azl + (1= X) ag,
o+ (= Nag |

and the actual law of motion (ALM) around the targeted steady state is

B Axl + (1= )) ag,
%<&+34Aﬂ+u—»@ﬂ + Cruw,

where

A = 1 ag, -t ar! (¢, — 1) B= 1 ag, 11«
N I e RS I o R P
_ [ 1 ap ]

Cr = I:—/i 1]

3.2 Learning
As shocks follow iid processes, parameter as is estimated by the sample mean
of y¢, which is represented by a recursive algorithm:

ag = agg—1 +t (T (ags—1) — as—1),

where T (ag) is the map from the PLM to the ALM:

Al + (1 - N) agy

T(az) = A1+ By Al 4 (1= N age

The convergence of the algorithm is governed by the associated ordinary
differential equation (ODE):
d
o =T (a) —a, (10)
-

where 7 denotes the notional time.
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Proposition 2 The fized point of ODE (10) is equal to the targeted steady
state (5).

Note that the fixed points of the other parameters ¢y are C;. For the existence
of this steady state, Eq. (8) must be satisfied.
At the fixed point, the average of forecast (9) is equal to the targeted steady

state. The targeted steady state equilibrium is

I
Tt e

. *
Zt—EtTFt+1 = T

If the ODE is locally asymptotically stable, parameter as converges to the
fixed point under least-squares learning and the economy is determined by the
process (10). Under the assumption that shocks follow an iid processes, the
other parameter ¢y also converges to their fixed points (see Evans et al., 2008).
In this case, the targeted steady state is said to be locally stable under learning.

This steady state exists if the effective lower bound binds (8).

The ODE is locally stable if and only if its Jacobian has all eigenvalues
with negative real parts. The stability conditions imposed on the structural
parameters are as follows (see Appendix A):
AM1I=0(1—=A)+ak)

ok

Or >1— (11)

We find that the condition imposed on monetary policy parameter ¢ is re-
laxed by an improvement in the credibility of the central bank. In this sense,
the credibility of the central bank improves the expectational stability of the
targeted steady state. As Eq. (11) is less stringent than the Taylor principle

(¢ > 1),

Proposition 3 If and only if r + 7! — iV > 0, the targeted steady state (5)
exists and is locally stable under learning regardless of the degree of central

bank credibility.
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4 Low steady state

Next, we consider the steady state where the nominal interest rate is fixed
at the effective lower bound i; = i¥. We examine the stability of the steady
state in the presence of imperfectly credible inflation targeting. This situation
corresponds to that of many inflation-targeting countries, particularly Japan.
This is similar to Arifovic et al. (2018)’s assumption of a perpetual liquidity

trap.

4.1 Expectations formation

Suppose that Type 1 agents are informed of the steady states of the inflation
rate and output gap from inflation targeting. In this case, agents of Type 1
specify a PLM:

Yt = a1 + crwy,

where a1 = (a:I 7t )/; that is, agents fix the first element of a; at the inflation-

output gap target (xI 7l ) Then, their forecast is
/
Ef g1 = (:1:],71'1) .

Type 2 agents do not believe the inflation target, but specify the following
PLM:

Y¢ = a2 + coWy,

/ . .
where ay = (ags,a2:)" and ¢y is a 2 X 2 matrix of constant terms for w; and

agents must estimate (ag, c2). Then, their forecast is

B3y = (a2q, a9r)

Therefore, the average of both types of forecasts is

Ewyirr = AELyei + (1= X) ESyea

o[t (1 =N ag
T AT (1= M) ags

and the ALM on the zero lower bound is

B el + (1= \) ag,
Yp = <AU + By [ Al X (1 B )\) o + Cywy. (12)
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4.2 Learning

As v; follows an iid process, parameter as is estimated by the sample mean of
1y, which is represented by a recursive algorithm:
asy = asy—1 + (T (a24—1) — agi—1),
where
Azl + (1= ) ag,
Vel + (1 — )\) aor
The convergence of the algorithm is governed by the following ODE:

T(ag) = Ay + By

d
=T (ar) - a

The ODE is locally stable if and only if its Jacobian,
D (T (CLQ) - CLQ) == (1 - )\) BU - IQ.

has all eigenvalues with negative real parts. Appendix B proves the stability

condition:

A—(1—=X) (ar+ BA) > 0.

Proposition 4 The low steady state (6) is locally stable under learning if

)\>;ﬁ<\/(1—ﬁ+aﬁ)2+4a&ﬂ—(1—ﬂ+ou<c)>>O, (13)

otherwise, the steady state is locally unstable.

The lower bound of the condition is calibrated as 0.51 for (a,k,3) =
(1/1.45,0.77,0.99), 0.42 for (4,0.075,0.99), and 0.20 for (0.164,0.3,0.99). This
implies that the bound is highly plausible. If a part of agents believe in the
inflation target, the low steady state can be stable under learning. If all agents
believe the target, the fixed point of a1, does not exist, and the low steady
state does not exist. If no agents believe the target, the fixed point does exist,

but the stability condition of Type 2 agents is not satisfied.
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4.3 Fixed point

The fixed point of the ODE is

1 _
A1y (: Eikfﬁtﬂ) = 2l = (ﬁ> 7717

K

aix (= E{mi1) = 7w,
a(l— —A '
2 (= Fymet1) ZQJ+A—8—§tmﬁgn0+ﬂ“wW
_ ak+(1-6)(1-5(1-1N) ,
= U A H()\—(l—)\)(&fi—l-ﬁ)\)) (T‘—|—7rI_ZU)’
azr (= E5mi41) = 7r1+)\—(1—)(\y)ﬁ(a/<;+ﬁ)\) (r+7l — i)
1-B(1—-XN)+ak
A= (1=X)(ak + BA)

= 7V + (r+al —iV).

Note that (ags,asr) converge to (I‘U,T('U) as A — 0, but do not converge to
(xl,wl) as A — 1.

The steady state forecasts are

Eiyi1 = (361,77[),, ) ;
I a(r4+m' —1 — —
[i1]+A—éjb«m+ZM[l ) M]

PW] Afr 7t =) [am+a—ﬁﬂl—ﬁa—xn]
v E(A—=(1=X)(ar+ [N)) kKlak+1—=0(1=)\)) '

ES Yt+1

™

The average of the forecasts of both types is

ol ] e =N+l =) 11—

{WI}+A—G—MQM+5M[ : }

[:CU]+ A(r+al —4Y) [(1ﬂ)(1ﬂ(1)\))+amﬁ(1>\)]
Y1 RO = (1= ) (as + BA) k(1=B(1-N) '

™

E'ypr =

At this steady state, Efi41 = i’ (that is, Type 1 agents do not know iV

and believes that the central bank can achieve i’ (less than V) consistent with

its inflation target 7/). From ESiy1 = iV, the average of nominal interest rate
expectations is:
E*ig = Ml +(1-2)Y
= iU—|—)\(r+7TI—iU).
Ifr+ 7l -V <o,
1 =17 > E*’it+1.
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This implies that interest rates are expected to fall (i.e., a downward sloping
yield curve).

Substituting these results into ALM (12), the steady state equilibrium is
obtained as follows:

Y = B3y + Cywy.

The steady state is equal to Type 2 expectations:

Yy = E;yt—i-ly

and the steady state real interest rate is

A1-=B(1-N) :
=N ant gy T )

Note that even if all agents form their expectations at the inflation-output

i — FE'm =1 —

target (A = 1), the low steady state is not equal to the targeted steady state.
The low steady state exists if the effective lower bound binds (8), that is,

iU>iI+qb,r(7T—7rl)

. K,
(r+x" i) <1+)\—(1—)\)(om+ﬁ)\)> < 0.

Proposition 5 Under stability condition (13), the low steady state (6) exists
if and only if

T'=pr4nl <iV. (14)

i

In summary, the low steady state exists under the stability condition (13)
and the existence condition (14). This suggests that a long-run liquidity trap
always occur when two situations occur simultaneously: first, the nominal
interest rate target i/ is less than the effective lower bound i¥; second, the
central bank is partly credible enough to ensure the stability of the low steady

state.

Proposition 6 If and only if the stability condition (13) and the existence
condition (14) are satisfied, the low steady state exists and is stable under

learning and has the following feature:

y = FByi1 < E'ye1 <yY < Ejye = o',

’i—E*Wt+1 >,
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The steady state increases and approaches the targeted steady state y! as
the credibility of the central bank improves.

If r+7f =iV <0,

dE* Y11
ot el 0
U
o _ y! ifa=1
Y= Voo A= (1—A) (ak+ BA) — +0°
and
dy dE§yt+1
A LA )
X a0

ak +1
—o0o f A= (1=X)(ar+ BA) — 40

1-6
yU+&+wk4%[a+ n} ifA=1
y = Egyt+1:{ .

Note that even if A = 1, y = Ejy;11 does not converge to y' because the

steady state is a liquidity trap.

4.4 Findings

These findings are consistent with empirical results in literature.

4.4.1 Existence of the low steady state

First, we find that if » + 7/ —i¥ < 0, the low steady state cannot exist under
rational expectations (see Benhabib et al., 2001), but it does exist under learn-
ing. This steady state may correspond to the secular stagnation hypothesis,
defined by Summers (2013, 2014) as a persistently low or negative natural rate
of interest leading to a chronically binding zero lower bound (ZLB) (theoreti-
cally see Eggertsson et al., 2019). This is a self-confirming equilibrium for Type
2 agents (y = E3y:+1). This steady state is more deflationary than that under
rational expectations (y < y"). The steady-state nominal interest rate reaches
the lower bound (i = V), but remains greater than the nominal interest rate
target (i = iV > i!). As a result, the steady-state real interest rate i — E*m; 1
is greater than the natural rate r. This leads to a more deflationary situation.
The real interest rate decreases as the credibility of the central bank improves

(d (i — E*me1) /A < 0).
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4.4.2 Stable liquidity trap

Second, we find that the low steady state can be expectationally stable if the
credibility of the inflation target A satisfies condition (13). If the central bank
is credible for Type 1 agents, their expectations are fixed at the target so that
Type 2 agents’ expectations formation governs the expectational stability of
the low steady state. If the inflation-output target is credible for some agents,
the low steady state becomes expectationally stable.

If the low steady state is stable, then a deflationary spiral does not occur.
The literature shows that the low steady state is not expectationally stable, so
that the economy diverges from the steady state unboundedly. Actually, real
economies do not exhibit a deflationary spiral. As a reason for this, Gorod-
nichenko and Sergeyev (2021) consider the existence of a lower bound on in-
flation expectations (the zero lower bound on inflation expectations). Instead,

our study assumes that people’s expectations are fixed by inflation targeting.

4.4.3 Upward bias in inflation expectations

Third, if the low steady state exists and is expectationally stable, the average
expectations are upward biased against the steady state, E*y;y1 > y. While
Type 2 agents form expectations based on available data, Type 1 agents believe
that the inflation-output target is the steady state of the economy. Central
bank credibility A increases the proportion of Type 1 agents and the upward
bias in inflation expectations (d (E*yi+1 —y) /dA > 0).

The upward bias is a typical feature of the empirical observations of in-
flation expectations. Afihoff et al. (2021) find that using Euro area data, the
unconventional monetary policy of the European Central Bank raised short-
term inflation expectations, but had no lasting impact on inflation or economic
activity in the Euro area. Gorodnichenko and Sergeyev (2021) find that in
low-inflation countries (especially Japan), households often form inflation ex-
pectations well above the inflation target and less deflationary expectations.
Hori and Kawagoe (2013) find an upward bias in Japanese households’ inflation
expectations in the 2000s. Weber et al. (2022) find evidence that firms’ and
households’ cognitive abilities lead to higher inflation expectations.

Capistran and Timmermann (2009) provide a preference-based theory that
explains biases in inflation expectations by using asymmetries in preferences.

Baqaee (2020) depends on ambiguity aversion. Afrouzi and Veldkamp (2020)
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provide a belief-based explanation that parameter uncertainty over positively
skewed distributions leads to a systematic upward bias in people’s beliefs about
inflation. Gorodnichenko and Sergeyev (2021) derive an upward bias by assum-
ing an exogenous zero lower bound on inflation expectations.

The novelty of our results lies in deriving the upward bias under imperfect
central bank credibility in the plausible expectations framework. Recent expe-
rience with unconventional monetary policies has cast doubt on the credibility
of central banks and their inflation-targeting policies. Adaptive learning mod-
els have been confirmed to explain the dynamics of recent inflation persistence
and inflation expectations. We show that in this situation, a upward bias in
inflation expectations can occur during periods of negative natural rates. This
finding is consistent with the upward bias observed after the global financial

crisis and during Japan’s past three decades.

4.4.4 Heterogeneous expectations

Fourth, the heterogeneity in expectations persists at a steady state. For the
targeted steady state, even if Type 2 agents do not believe the inflation target,
their expectations can converge to the targeted steady state in the presence
of Type 1 agents believing the target. On the other hand, for the low steady
state, even if Type 1 expects the realization of the targeted steady state in the
future, Type 2’s expectations converge to the low steady state. Heterogeneity in
expectations decreases in central bank credibility (d (Efyi+1 — E3yi+1) /dX <
0). However, a liquidity trap with imperfectly credible inflation targeting holds
heterogeneity under learning.

Long-term heterogeneity in expectations is observed in deflationary coun-
tries. Hori and Kawagoe (2013) find similar heterogeneity among Japanese
households. Hattori and Yetman (2017) confirm that the dispersion of infla-
tion expectations among Japanese professional forecasters is larger than in the
U.S. and Canada. Diamond et al. (2020) focus on the deflationary period since
1995 and find that Japanese households’ inflation expectations differ from each
other based on their individual inflation experiences. Our results are consistent

with these empirical findings.
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5 Simulation

We illustrate the stability of the low steady state under inflation targeting using
real-time simulations. We set deep parameters as («, 3, k) = (1/1.45,0.99,0.77),
¢, =157l =05, r=-1.0 A=0.7.

Figure 3 illustrates the instability of the equilibrium without inflation tar-
geting. We simulate the updating of the parameter estimates (a, ¢) in recursive
least-squares estimations and the corresponding paths for the temporary equi-
librium (x4, 7). The initial values for the parameters and equilibria are set at
the fixed points, each of which is indicated by the horizontal solid line in each
panel. A decreasing-gain algorithm is used in the simulation.® The shock vy
follows N (0,1).

As previously clarified, the low steady-state equilibrium is unstable in the
absence of inflation targeting. The constant terms of Type 2 as = (ags, az:)’
diverge from the fixed points and explode with equilibrium paths. This explo-
sion then destabilizes the updating of average a = (a,,a,) and coefficients c,
leading to further economic fluctuations.

Figure 4 shows the corresponding simulation in the presence of inflation
targeting, under which parameter a1 = (a4, a1-) is fixed at the inflation-output
target (.CCI ,al ) We see that inflation targeting stabilizes agents’ expectations
formation. The constant term parameters of Type 2 and the average a converge
to the fixed point. This leads to fast convergence of the other parameter

estimates, making the economy stable around the steady state.

6 Discussion

In light of previous results, what possible solutions can be considered for
Japan’s liquidity trap? One possible solution may be to raise the inflation
target. Proposition 5 suggests that if 7/ is as high as to violate the condition
(14), there will be no stable low steady state. In an economy with a low natural
rate of interest r, the inflation target should be raised by that amount so that
the targeted nominal interest rate i/ exceeds its lower bound V. This ensures

that the intended steady state is uniquely stable.

3Following Evans and McCGough (2020), we use a decreasing gain sequence with v, = ¢~ %%
rather than v, = t~! to increase the speed of convergence.
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Figure 3: Simulation without inflation targeting for (a,c) (top six panels)
and (z,7) (bottom two panels). “AL SS” and “RE SS” represent the fixed

point under adaptive learning and the steady state under rational expectations,
repsectively. (o, 3,r) = (1/1.45,0.99,0.77). ¢, = 1.5, 7! = 0.5, r = —1.0,
A=0.7.
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Figure 4: Simulation with inflation targeting for (a,c) (top six panels) and
(z,7) (bottom two panels). “AL SS” and “RE SS” represent the fixed point
under adaptive learning and the steady state under rational expectations, rep-
sectively. (o, 8,k) = (1/1.45,0.99,0.77). ¢, = 1.5, ©! = 0.5, r = —1.0,

A=0.7.
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Another possible solution is to make agents’ expectations formation flexible.
Equation (13) indicates that the low steady state is stable if many agents anchor
their expectations to the inflation target. Conversely, if agents deanchor and
update their expectations each period, the low steady state should be unstable,
making the intended steady state uniquely stable.

The recent upward trend in Japanese inflation can be explained by the de-
anchoring of people’s expectations. This may have been triggered by rising oil
prices and the depreciation of the yen, which may have led people to believe
that prices can fluctuate. Even if these fluctuations are temporary, the de-
anchoring of expectations may help the Japanese economy to leave the liquidity
trap and converge to the intended steady state.

On the other hand, since the Bank of Japan (BOJ) introduced inflation
targeting in 2013, no clear inflation was realized. The BOJ has sought to raise

%«

people’s inflation expectations by introducing “forward guidance,” “quantita-
tive and qualitative easing,” and “yield curve control.” However, market in-
terventions have been exclusively through government bonds, with only a few
interventions through risk assets. In contrast, since the global financial crisis
of the late 2000s, the Federal Reserve has actively intervened not only through
government bonds but also through risk assets such as mortgage-backed secu-
rities. While it would be prudent to exercise caution in implementing similar
policies immediately in Japan, it would nevertheless be beneficial to consider

them in order to bring an end to a quarter of a century of the liquidity trap.

7 Conclusion

This paper has re-examined the stability of a liquidity trap under adaptive
learning. We assume that the central bank announces an inflation target that
anchors agents’ expectations at the target. We examine whether the liquidity
trap steady state is expectationally stable in the presence of inflation targeting.
We also consider the case where the central bank (or inflation targeting) is
imperfectly credible such that agents’ expectations are imperfectly anchored.
We then examine how the stability of the liquidity trap is affected by the
degree of central bank credibility. In addition, we clarify the characteristics of
the liquidity trap.

This paper finds that the liquidity trap can be expectationally stable in

the presence of inflation targeting. The targeted steady state is always stable
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under learning regardless of the degree of central bank credibility, while the
low steady state becomes stable if the central bank is highly credible and the
natural rate of interest is negative. In the stable liquidity trap, the economy
exhibits an upward bias in inflation expectations and heterogeneous inflation
expectations. These findings are consistent with empirical evidence.

Future research will examine the stability of a liquidity trap in a situation
where agents fix their long-run inflation expectations at the level of the lig-
uidity trap. It is argued that Japan’s deflationary experience of more than
two decades has created a “social norm” that prices will not rise. We need to
clarify whether such a fixed expectations formation leads the economy into a

long-run liquidity trap.

Appendix

A Stability condition of the targeted steady state

The Jacobian is,

D (T (a2) — (az))

1 A — (akp, +1) 1—A a(l=XA)(1-p5o,)
— ard T 1 A 1—X—(ako, +1) a(l=X) (1 - pBo)
™ KA k(1—=2X) (I=XN)(B+akr) — (arkp, + 1)

The Routh-Hurwitz stability criterion suggests that the ODE is stable if

and only if the Jacobian has a characteristic polynomial,
det (vI — A) = 72 + a1y + ay,
in which ~ is either of the eigenvalue of the Jacobian and the coefficients satisfy
ag >0, a3 >0.

These provide

AL = B(1—A) +ar)

¢7r > 1-— Ok )
AI=p1=XN)+ar) (A—-XN(1-F+ak+206))
o > 1-— — .
oK 20k
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The second condition is redundant, and the first condition is a unique sufficient
and necessary condition for the stability of the ODE. This condition is more
relaxed than ¢, + A > 1 (that is, the condition under the announcement of

only the inflation target 7/).

B Stability condition of the low steady state

The Jacobian is,
D (T (CLQ) - ag) = (1 - )\) BU - IQ.

The Routh-Hurwitz stability criterion suggests that the ODE is stable if

and only if the Jacobian has a characteristic polynomial,
det (v — A) = 9* + a1y + o,
in which + is either of the eigenvalue of the Jacobian and the coefficients satisfy
ag >0, a;>0.
That is,
A—=(1=X)(ac+ BN > 0,

B+ ak—1

— 0.
B+ ak+1

These conditions are simplified as follows:

A>21ﬁ(\/(1ﬂ+am)2+4aﬁﬂ(1ﬂ+om)> > 0,

which is the unique sufficient and necessary condition of the stability of the
ODE.
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NTEY, BEFEROFFEKICIEBE RNEE > TV 5 (Bordalo et al., 2020;
Broer & Kohlhas, 2022),

ZIVE TR OBIERICHIE SN TE 2083, Rt 7 # — o Tl R
ITORF TR, HICENOZLHKT 5498 TH S (Romer & Romer, 2000, El-
Shagi et al., 2016) , T HIFICEET 20981 & < IZHK T, Batchelor (2007)
X GTREENCBIT 2 TRIAA T RTEEZ Y TN b, S F S F G & el
IZLE2—LT\W5%, Lamont (2002) & Lasteretal. (1999) 1%, Rf&~Z
2 — DT RFE OBIKAIITEN 2 FREE L, BERISAITEIOFELZ B 6 LT,
Loungani (2001) 1%, JoiEEF X O¥EGE LEICE T 5 %E GDP lEFE0%
BoORME 7 #—TRZ3Hh L7z, il BAZEO TR & TG srmed 2 Tl
% 9 2 0F9E (Benchimol, El-Shagi, 2020), T#l (E7213TFHIAT L v K)
B~ 7 B OARNHEEMEIZEAT 2R E I AL TWD 2 E 9 232 5l 24
%% (Bachmann, Elstner, Sims, 2013, Bloom, 2014, Rossi, Sekhposyan, 2015)
MENDHD,

ITHETIE, ZNETHI SN T Ad o> ORI DN AT S
TWD, T D DOFFERHALNIC LI=Dix, EOYIM - KREFE - RRFMEEE -
2L — MCBT 5 FHllX FIRE 7 MK T W) 2 ThbH, RERHE
WMET NN, ARFHETNANREOREFET NV EEANTH DL Z EBRINT
%72 (Coibion et al., 2018), EHXOMFFEANIER ZELODH DL, b DO
FOEZEORE B LOREFEICEERE T2, OV TEIREDO AT 4+ —v A
B A 5. 2 57217 T/ < (Kumar et al., 2023; Tanaka et al., 2020) . @ Z
HBI R E TS~ 7 o fRF 2R OER 25 S 23 & ) BRIZESNT
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VW% (Beaudry & Willems, 2022), FiloREE#REZ T =, ZHE TOHFE
TliE, BEEOHFERICBNTED L ) = a — ANEEREE 2 ] U, A2
MIESERBHD =2 — AT ED LS ITUST 20 BHLNI SN TE T,
Dovern et al. (2023) 1%, EFEDOKREHIIRARE TR EEB A O = — I /LG
(RIS D Z L AR L7z, Born et al. (2022a, 2022b) 1%, == — A& {3
BHEDI /7 n=a—ALRERERD~ I/ H=a—R|T5031T5H 2 LT, BEDAE
FEBLOEVRARNOMIFN I 7o =a— A Z@ERIG L, v7B=a2—X
(DRSS D Z & AFA LT, AARIZE L T, €O E R TR 4%
PEOREM-BE-AFELEHELTWD Z & BE KRB F 721325800 72 73
EHTAEETMERLAEE LRV ENREN TS (Tanaka et al,
2020), iz, BEHOBHIIBET DGR TEN LEAEROKETE ZHAT 5
Z & (Gennaioli et al., 2016) = FH O BRI OSBLE D Y EEORETT
o i b2 52 & (Ben-David et al., 2013) 23Rk S,

ETAD AREDORE by T O~ 7 a iRk THNZ DWW TH 5 L7
Aoy, 2 RE by 7o~ 7 o fRFICET 3 FRIAFHESINDS Z
EDPRD TIRER TH D & WO M FTREMOEIZERT 5, £ 2 T, AWFFET
(3. ARG FTE S FEREORLFICHER L TV HREHE 20 N KD HH%EE
O H BRI (edifil & feZefl) WD a=—2 77— 2 %FH LT, #&
'~y TORKTSG 2RO TR A REET 5, FE ETHZE L T HREE O
& EE. BRI OERENEED Fy 7 THY | bk LT-, 2>
RO ENODDHEVIRAN=Y U ThHhDHEZEZ LN TND, LIRS T HD
O TFRNE, e by TOMFER E WO BEERRICE EE O RWHEEZA
T 5, AT VU A b, REGRHERKE - == I X b BURIRER - &Y R72
EOHMELENT T —REEZOFERBED DL Z b, &fHGICBIT S
B2 - R 2T 560 EE 65, KR, HHRNEICRE 3 A K
Z T BAVIRWE AR E R IT, B E O T A2 WD Z LT i ok
ITEEZRBTHEREGEL EEXAHFOREITENENLTDAREENE, 20
KO —EERX~DREL WO BEND G BE Ny 7O T O RS EE
FFERLDIZT D2 EICITEREND D,

BAREZIZ, ROZEERALNCT D, —m A&, CEO TRIONT +—~
A H AR %, & DOFE, FEFRIZ X D WIFRFIB RO ZE RN AT D ietE 2 BE L T,
¥fia 40 (WEEEZFMMEINTAR JFLEE 2 el L Z O, (231 5) 12
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/\%‘éﬁ TRGEHITH, —mB ELT, THINEEN TH D)0 OMEIRRGEE 1T
TR OEGENMEZ, IFFIEROF TR O CTIRGES LD BE LGRS TH D, TH

ﬂAﬂmfkéﬂik%& BRE RO, THINAENTH L5E . 2O TRIE T3

VERCIRE TR ATRE R WA I L TER SN TER D 22D A T A2 b 12720

ZLEEEWT D, LEERoT, CEOTHINENTND Z LaRmBed 5 LIl
5o —H. BEMENENEINDHE. CEOTHIIFIAMERBHREFIHALENT
BOTUEEORMBS L, £121L. MM T AZHETHZ EE2EWRT D,

L7eh->T, CEO THIZFAT 2B imﬁfézgﬂﬁé LD,

AW TR ASmIILL T Ol Th o, — R BIZOW T, i@ ETRIONA T A
NSNS OOERZETRITER AL T 2 E2FFOZ &, ¥ XD TRl
= VAT ENIEIEED LN & REE TR OE D BRE L FRlZHT
T=ANZNZ L, ThhH, ZNHLDRRENOIL, FHEL W ORMIENL EF - T
CEO 1ZHFNZ BRI 72 THIZ H L TWA DT TR W EXgnd, F£7-.

CEO ORI FHRIZSEERI L L 52 55 D1E, BRMIEZNIFEERES TFRLRN

EWVOBERTORBENLELTWVWALEEZXDZENTED, _HBIZONT,
AR LR TN I, A2 DT RBR TRV & NTIVEREELE O

ZETHNTER E AN E 722 &, S 612, BLEORERIZEB W TEREM O
EFIIR NN E, THD, LD -> T, CEOTHID A% B HIWn R 5
L2 LR TIERL, MoFEREZZBE L ETHHETIXLERS D Z L HBRIB
b,

K LOWRITUU T DO LB Th D, H2HITIX, Sl InsG7T—% 0
FAAZIT O, FEI3ETIX. CEOFHID IR T y—~ v A& fird 5, #48 Tl
CEOTHINAHA TH BN EWFET 52O DM T iEwma RN+ 5, #5ET
TR RER L, T OERZ i D0 IAEHI TAITEOR w2 £ & . AWHZED
PRI 2 7R T,

2 FT—H

AWFIEClrE, AARRRF IR (LLT. BRR) DNEEFEOHFNIZHEL TWD
FEAEFAE] o BRI Z VW5, AROBEZFEILTYZHED - DI
12 HiZ 40 ADO#E b v 7« CEO WY, 2 5O 7 V—"1255F 5 1, HifRIX

U HREOMEER 1L, Bt 2RO E R E /20T IO X 2 BIEE ORI
EEEL T, AN RE 2 EBRICES,
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—ODTN—T70 20 N 200 CEO (ZRFED B O TR (sl & 2
) ZEHET 5, 9 —>0 20 A® CEO (1%, HARFEDO~ 7 o kit
(GDPERSLH/E L — ) OTPRIZEKET 5, AR, THIE EZEOH
H.BLOELDEEL &L HI22 =Y/ LR— e LTHEESND,

~ 7 ORRFEFEEICRT D EE BN L & IS8T A0, BRCEYRRET
HNZESE Y TH,

FETAERA] 13 1962 FEAEKDO L ONLHEE THWVTEY . 60 F2H 25
T A DFEMEDRH D RBFHETH D, AWIETIL 2023 FFEE TEEH DL, Z
DHFFEDFER LR — MIEEOGFE 2T T, BAREDZBIART TV
AN EOEMELEHLTEY m<FHMicNTWb, ZOMREDRIEZEHETH
HZ LT CEO IZosTAERILLEEZLNTWATZYD, 4 CEO 33EAH
(72 TR 2 RET 272 DI 20 ) EIREEND 3, LEDO X S RiERED
BENS, CEO X FHlZBERNCZ T IED DN H 0, f2H S Pl ER
CEO HHIZCE > THITONTb D TH DM, el &b A ¥ v 7 03MEl Nr 7273l
ELTRRMTAZEEZFALTNDEBZOLND, S HIT, Ykl XA O
BIRFRETH LA A Y v N Th D, MRAC, REFEHE - == /I XD
FEIIEIZEZ D LIS NZ2W oD [AAOFRND TE 700y & v ) [-EN 4
U5, £72, TRZERAET HEICHIE & 72 2 TRIBIRI O \EENAE v s, &7t
ERBFFZROWICE > TDORAY v h e D,

— T, BEMENSELNE TN D105 8085 5, BIEEHEDIT L
A ERBIL, BERD by TEESLHEGERT T 74 AHBHIC B ST g
AAZNRETH0ED CEO THD, TDwH, #iENT CEO 1T XTI L
EVRAR L ThDH D, FUOTHET HAREERH D, S HIT, FiF
OFITFNZHEH SN D &V RS EIKE 22 TRATE O FTREME S B 2 D
(Laster et al., 1999)., iz 1X. CEO IZHS DRI B AEDEREICEH x5 5
ORS00 LRV, fEEStD CEO 1T ICEEE L 5.2 /o0 & 9 I0E
B BB 72 T 2 3 2 WIREME B 5, PHAEXISR & L CEIEh/z CEO 132
NOBHDHEDRAN=Y U Thdld, BTG L THEENRY 7%
A5 2 LIS LIV, L= - T, CEO BT 5 A hErE

=il

2 1962 5 1964 FOFHA TliE, 30 ADRRE My 7" NEIEL T,
3 CEO IZ P HIZHE M L7-#21C B fR A EIRRAM AN R E BN BR, — B L7 Tl
EIEL THEEE 5280385 (Inoue et al., 2012),
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NEW, £72 . CEO IR LT BV R A=Y L LTHE THH T TRL,
FEICRESNDOIREL WV ORMO T TSI HICHEIZR L AEtErH 5, CEO
FHDO PN Z > TR ENE LSV EEBEZDHREENRH D720, MEOF
Wz s T 2O TR RN TRIZEES 52200 L, 1THERIZIET
HINIE Lo = E D MERGESILD Z 13720, L, PRI E KE SR
AR AE N %@fﬁﬂﬂ T D MENE L Db ENR, ORI, [F—ilik
NTR7ZSE. CEO TRIIIEE L WATREER & 5,

AP SN ZM}HL“C XEENRET VEHNTHOWEAT 5 72, HERIZ D 2 L
Eo CEO YHlZ W5, £, PEORIEHR T CEO Tida, =a /I A b
AT TV AN THLIZD, ZNHDRIZEZE Y T ANGENT S, U EX
D Y 7F 1170, CEO % 227 N& iR e 35, X 1134 CEO O
[FI4 %A R LTS, < D CEO X200 4 BOEZIZE EE-TEY, FY
[FEEL 5 BRETH D, —FH T, mREEEIL 32 8], 20 [AlZi#8 2 5 [EHKO
CEO % 4 AFIET %, X 213 CEO OEEMM A R L TWD, 728, 21:6%7“
I3 A ARERT TRCHR S BLI) DREZE B Z VT R4 TG 2E L IFRIESEI
I C. flEE A FEMA (Basic materials) ESNLAY (Processing) (2. éE;@L%
Z 43 (Finance) &% dfth (Non-manufacturing (excl Finance) (2. 4738
L7z, 227 A®D CEO @ 5 6 40% RN &R ¥ D CEO Th 5, SflELERV:
FERIEFEIT 20%BOTE 2 LD TR Y, FERIEED CEO 2 60%x iz 56
Lo TG, BUEFEITFMMD 10%58R, TR 20% B H%F-L 2> TN D,
CEO DREFEMRIITEBRENHRINIL < oo TTW D b DD, FEbE N RIE
(LD BZMIERFEMB LD 20, R EARDEEMELE REFEL
TWRNZ EDRGN D,
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3 FPHINRT p—~ R

AHEITIZ, CEO @ B EERM TR O 7 4 —~ > 22 #lT 5, £3. H
POEERRAE TN I BB E & LD 2 DOKETITONTWDLDT, ZhE %
NEIVRERFEROBABEICRF 2 U #— 2 (Zfe=R) [ZEB L= BT, 7
T 5, ZAUTT U FVHIRN 60 LA EICB XS Z ENSTRIOAYEEN 1000 HE
225 40000 AR HKEE RES B D720 TH D, FEMHEITONTIE,
BRIFERDOKMEIZ T D4 HOKEIZK T2V X —v Z3HE L, ZOREHEE
I 2 AR & LTz,

X 3 1L FHME & FAEE 2 FRYI TR TS, Sp@idkEE Tl E F 0%
BEEZ R LTS, MR EEfa & N7 VAR 2 b < IR Che s E O SEREE 1
FIADE L 7o TWWD, FTHEIZOWTIE, £<® CEO 2NFEMEEE FES
GERTFH) 22FETTED GEDFH) B FEEIcBibnTinsd, 2S%/1(b)
IR ZETH & FOFEBEEZRL TS, FEREMEITIFEAEDETY AT AT
B, THIL~ATFTALERDZENMIZEAETH Y, FEETH & FEISERT
W E 72 1T > FRIOBH A DFEREICI T > E D BbIL D 2 LRV, IEE T, i
ZETHI L B2, BREERAM A EAMEm 2R Lz 1970 FREEN BN T VAR
BECHRMARES T L 1990 FF TiHmb Pl 725 Z 3% <, 1990 4
VABERRAT DMK U 72 REHNC DWW TR Pl E 72 2 Z E MZ W2 E R0 D,
DFED N EF N LY RICH D & XL, REE b RHE S/ NI FE 5 —
JC, BRI TR R Ly RIZh D & 23 @il b Rl b KICFHm 3 2 8m
WD Z LNy D, T, BRFRERTRICOWTHEICR O L5 G
SIERMNZ T PRI, B EICTERTH) EEATHD (Dovern &
Jannsen, 2017; Loungani, 2001),

WIZ, FPRANT +—< 2 A2 REBHN 2 THRRERECTH 2 FFHIRR A
(MFE) . F#ifxtinzg (AFE), FHEEReZE (RMSE) CTHRT 2, £7.

%?EU%E%@ it =Yy t - i ,====» ::?y ====0i%%1ﬁi
T2\ TR A D FERR AL i ====I% CEO i OixmfE £ 723 ZE T 23K

L. tITAEELERT, 758, £ PHRAERET
MFE; = 2 %1 1 ey,
MAE; = 137_1|eic|.

RMSE, =2 [ST_, e?,.
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Bl 4 FEENFZ LICENTNDO TRRRERELZ R LD TH D, /1L
(a) OFEMETHZ RS &, @fts FZMTUO MFE (I~ A1 F R LRoTED,
R 72 A2 A 2R STV D, —J7, £ OfFERNESE &N TR RER IS
WD 72 TR Z HTEA RSN TO D, WTIOFEEIZEB W TEH MFE Ok
TORESII/IENZ LD, U FAHBEETRSD & FHINSA 7 RITRE
<7, WIZ, AFE ZR D E, WTNOEEIZBWTY 10% % % 5 THIFAE
WAELTNDZ ENnD ., FEEMCLDIZELREL W EBNy0 5, MFE
DAERHME /NS N & EHbE D & FHITEY 10%BRE TSN D 03 D F
T—HR2 Z L1372 & D, RBIZHMUVEDZEN EHIE ERE W)
572912, RMSE ###B3 5, WTHOEEIZB W TH RMSE 1% AFE 7
R ICRERMEZE S TIW RN &b, PRI KE <A d r—
ZEZNEELL BN L b nDd, b (b) ORI &ETH & X
LR HHIE AR LTV D, $7:IZ MFE 2B TH 5, T X TOREEIZB
TMFE i3~ A F2LRoTHBY, BMRTRHTHDL, EHIZ, ZORED 3%H
5 5% & EfE TRl (1%AN) £V b REWV, AFEIZOWTIL, &REfEXL D b
PTOCKRERMETHY ., EEICLDZEND ST ERY, RMSE (oW TiE, &
ALY HORRE L, I REL PRIZSNT I — AR 5 Z L0355,
FCHMTRPEFED RMSE OIINRKRE N &b, INLEMPEEZED CEO 123
WTHREZMETHZRELSHATHLONRND Z EARBEIND,

VIEXY . CEO @ BRSO PRI NT 4 —~ o AZBHT 5L LITFO
FICEEODZEMTED, (1) wEMETRHONLT 2T E N, (2) HEHET
NI R & 7224 T A% R0, (3) Ikl « HZMETHl L b ITHERHE T
L0%IRDFEAEN B 5| (4) EFENZ L D2 FHAT 4 —~ U AFTZFRIFEREL R
W, (5) EMETHOZ D BWREL FREINT T —ANZLN, ZHHDFERDG
X, HHAE LW ORI S & 5 - T CEO 13N B THIZH L T b b
FTIERNWZ &350 5= T, Eafl Tl & Sl Tl D25 2 B> T
THEB 2D XD G EICEBIN R T EZ TR S5 L EZ LN DI,
KEZMETHPABRTHL ZENERERTHDL Z ENREIND, 2F D, CEO
ORI RB L L 52 HNDD1F, IZZIEERELS TR LARNE
WO ERTORBIENDELTNDEBEZDZENTE D, £2, ¥MEMICE D
TR T =< ADZENRRKRE LN E1E, CEO X TR & ZIZH N
DY A7 Z#BE LT, MEO TR ZREE TR 2 TR & BIZ 3 2 rTREMED
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BWEEZLHZENTE S,

4 HPRMERE

CEO @ H & FEIRAM T2 5 RIS RREE S 728012 SEATHFFE T — IR
S5 Mincer-Zzarnowitz & EEMERE (Mincer and Zarnowitz, 1969; Sinclair et al.,
2010; West and McCracken, 1998) ZH\ 5, MZ & E MR E1X

Ye = fit = Bo + Bifie + €cis

EHEEL, Bo=0LB =0 WO IRERFAMRET 22 & TITH, ZOMREIL—
FRINIERFRRETIT D 2 LN TE D, o # 0DHLE, THIT —EDOIR TRAZEZ FFo
ZEERET D, B+ 0DGE. THERZEIL., TRIFRA TR TH > 21F
WMEMBEALTWD Z &R Ensg, FIMHREREREZ HWTTRIFRZEN T X
TYT A ZICTPRITE S Z L1220 R ATREZ2 18 WS DR TR W
BRTWRNWZ Ll d, LERS T, WTFRhORENREr L ERICER D
Ay THIXEHATRWZ L 2R3 5, 728, AU TIL, FRIRE R CHIH AT
RERiFEHE LCTRIAEAREZSE LTS, TR A CHIHA TR EFRIZIT S
EIERBEENBZONDLEOD, FFEDEREZRIEST HZ LIX—MIZHEH LW,
ZDRH, SEIERFAFRERBERIITRNZKB I TS B2, THIAK
ZRIHAREREM AR T 22 E LTHWD Z &8, JEITH%E T e
INTnb,

AWFRTHND T =2 I T N T AR "R T % DT, CEODBHITE
ROVEENREEZOEENRET VEHNTHEZITY, S HIC, AIHITRIN
IZCEO TP Z BB L T, BEREOHEEITITI n Ak 7 2 a3 O
(Zxf L Crfi 72 Driscoll and Kraay (1998)D ik & W%, F£7-, EEHRET IV
VDT Enn, MO RWVEREZHEEET VITINZ 5 Z E R TERY,
AWML TS I — IR Z BT ETHIH7D, HETTMIZEDDH Z
ENTERY, ZHUE, BIFEIO PRI T 4 —~ U A TEMMOZRNRKE 20
ZEWRINTEZETHLIBREELYLEIND EEZEZBND, L L, T T
AR RENTHDHI EHBE LT, LRROMENFEORINIERX L TELE
AR Z PRS2 Z L IXTE RV, 22T, @Y ULV TOHEEIIZ T, ¥/
TELIIMZREZEITS 2L LT 5,
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5 HEERE R

# 11 BRI O e @l TR BT 2 MZ BEDRRE R L TW\WDH, —
BREOHNTERERMDOY T NVORERERLTND, FRREDHERZ AL L AE
KUE 1% CIREGRZ A L TWD Z &b, EETHOAEMEITENSIND
ZEWIND, DFED . CEO FHNIE, TR ORI ATRE 722 1f i & 2R 191 F
ALTWARNWZ &, o, THICAA T ARGEND Z EWRBEND, B,DHE
EMEIZIEOETH Y | @ E TR FRIOMM 2R H 5 Z ENREN5, 2
X, PRRNT 4+ —~ U ADHITRIFER EEANTH D, — 7., BLOHEEEIZHA
DIETH Y | MHE T LZ 1 REDOMEE oo TS, THIN 1%KRA > b EA
T5EIFEFER TR TPHRRENELDZ EERLTWD, DFED | &
ETHNRRKEWNEE, ZOTFRNTEK E R DEMNH Y . ZOTRFAZEIL TR O
RE S EFRBEIZR D,

WIZ, 4 DI TR L ORSRE LD, 2R L FERIC, 4 DO¥EMTN
ZHICBNTTPROAEMEITIEAN SN D, AEMEL WO BE2 L, CEO THIC
ZEXTRNZ LRI DD DND, By DHEEMIZ DOWT D & | Sl ZE OHEE S i
HLREW—FH, INTHEOREEMR /N 7> TEBY, PRI T 43—~ ADHT
RLUTEAER EMRESNTH S,

# 2 13 AR ZE T HIZE T 2 MZ BEDRKRE R L Tnd, 2%
fi, 4 DOF¥EFT X T TTROAREMEITENIND, Z OERITHEETH & [F
HTHV, CEO THNX, TR CHIAAREZ2 EH 2 =R AR LTz
Tl F PHNCAA T ARG END Z EDNRBEIND, Lo DHEEMIZIEDAE
THY ., KM THLER FHIOBERRSH 5 Z EAREND, 2 ORERITTHIS
T A=<V ADETRIEBREEENTHY . RSl TR 0D T J O &
IR R CTd D, — 77, B OHEEME I T I m B T & FERICAEDIETH Y |
HoMEidbRteh 1 REOEE LTS, Fio, KLZETHICEALTH, %
FEICEDEWNIA NN b 0005, ULEXY | R ZETENX, Z6F b
RFPWERDBANPGFIEL, TRIDBKRZWVIZEWRERDBRANKREL 252
LRSI ND,

Btz BRI AN BT 2024 DO B — 7 DI HHIO Y —27 TH % 1989
LRI & 1990 LRI o TN E 50T THOMTEAT 5 4, ZHud, BRI

4 RRIER M LR IR TY o TNV A G5 T T2 3 B Db AR AT L [RER DA R DMFH 4L
120 B AR THNC DN T, SR 3@ Tl s B NI Rk T
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DENE « B, NTIVAREE L W O AARRTE, RERE SRR L 5 2 7ok
) CEO O TN E S B LIENEH LN T 572D TH 5,

# 3 T 1990 EFiE OREETHIZ SN TO MZ REDOFERZ R L TW5,
WTIOH T A, EREICB DT EEMEIIEA SN TN D, By & B OHEE
EIZDOWTIE, FECHEMORE XL HIZER 1 OFREMRESNTH D,
L7723 o> T, EflE ROV T, ST VEREELIZIC CEO THIORHEN K& <
BAL L= EH Z LT TERn, £ 4 T 1990 FRi#E ORKZMEFRIZOWTO
MZ BEDFEREZ R L TS, WTEhoW o 7 VIR, (/MICkB 0 TH AT
FEHINTWDRIZINETORREFRRTH D, By B DHEEMILE HIZA
DIETHDHZ EIXINETOMEELEFEETH DD, BoPHEEMD K X 13 1990
FERIR CRRDEEHRMT AN TE S, FlzIX, 1989 4LIRTO 2 ¥ CTIX
4.7 THDHMN, 1990 FLA% TIE-22.7 ERELBAH L TWD, ZoMEmIE 4 2
TR TTRERCTH D, ERFAOHEEMO AN S | N T IVERBERIZ TRIASA T
ANEVBRITIR -T2 ERREND, LEER-> T, HEMHETRNZONT, FKE
EF & ITRHREGI, R TVEREE S CEO IO ZEAL LTz 2 L AR S
N2,

U bEOHEER R AT S L, LToX ) RfwmeGssncesd, (1)
CEO o HF YR FRIZHIR, 2 A2 RO TN TRY, (2) el Tl
MREVED & ZIZEWMRTRE 2R H D, (3) LM THIZZELE D
WK E IR DN D FICKREVEIZEBRTH & 7225, (4) ST IVAREELLFE
DI TENTE K & 72 DN E - 72, (5) ERMOZERITA LR,

IO, INETIELNLRERNS, CEO FHIEZFIHT 2BEOR-ERZ R
XD, TP EEETHNICOW T, TR K E VT EBBIRR THITRD 5
AR @S S ICHEBENMLETH D, Flo, RZETHNCOW T, RFRoM
N ZZ b2 bl KT & 7225 aTREMEDN B, CEO PRIl A & E, HZefl L
SIBBI 72 TR & e D ATREMEICHERE 2 O WER S D, GEMENERNIND
FERNO RIS HE LT, CEO FRIIFIH ATRe 72 i 8 A 2 =aIFIH LT
WRWEBETFT bND, 2F V., CEO Tl A% B IR 2 2 1345
KTIE e, thotEREZZBE L7 ETRHHTALERS D Z EBTRBEND,

HINEAZE (2B 22 5 C&7= (Dovern & Jannsen, 2017; Loungani, 2001), 2T,
W SR EB M FE BT 7E S SR E L CE T e R E B AHC DWW e s R &
1R 3 G R e X b
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#1: MZ BEDFER: « FEfi

Non-
All Finance Basic materials Processing
manufacturing
Forecast -0.921*** -0.812%** -0.916%** -0.971*** -1.040%**
(0.149) (0.187) (0.154) (0.170) (0.181)
Constant 14.38%%* 13.02%** 14.41%%* 14.83%** 15.52%%*
(3.062) (3.965) (2.999) (3.261) (3.330)
F-Test 23.12 14.54 18.96 17.31 17.51
(0.000) (0.000) (0.000) (0.000) (0.000)
Observations 1170 448 249 180 293
Number of
227 90 49 27 61
groups
Within R? 0.219 0.166 0.215 0.271 0.273

Notes: #E5LPNIE Driscoll and Kraay (1998)1Z J A= HEGAE . *%% ** and *1% 1%, 5%, and 10%
THE. F-Test OfEINIT p . FERIEFE (Non-manufacturing) (21343 (Finance) 135
ESAYAN

# 2 : MZ BEDRER « el

Non-
All Finance Basic materials Processing
manufacturing
Forecast -1.168%** -0.888%** -1.276%** -1.235%%* -1.403%**
(0.263) (0.230) (0.276) (0.348) (0.386)
Constant -14.41%%* -10.78%** -15.44%%%* -16.35%** -17.75%**
(3.396) (2.399) (3.780) (4.706) (4.960)
F-Test 9.99 10.29 10.86 6.41 6.70
(0.000) (0.000) (0.000) (0.003) (0.002)
Observations 1170 448 249 180 293
Number of groups 227 90 49 27 61
Within R? 0.157 0.102 0.209 0.181 0.176

Notes: # 1 I1Z[A C.
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MEANEZERE D5 DN EENE ., BEREF O~ 7 o fRF Tl BUF - K
FFAERERE O~ 7 afRFE THZR ENRB 2 6D, £, NTVLSIMT S H AR
[TIERE R A X SPEBFET 5, FlxiX,. 2 EOFA vy ay s, A
G ~DOBAT. 0ERE L ORI TatCT o7 wigfatk, 20000 WIS IT
NTNEZOREE, ReREHK, RONMEERGHE, 7/ I7 X, aalike
METFOLND, ZNOLONENRY 3 v 7 ORBEZRV RV ETYH, THIOE
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% < DIGEMITEIC &> T, BRAA~DOFEDPKRMIZ R T2 Z RS Tw
Do FEATHIIETIX, Mk RE (RERDH 28N ORHMFRREED 1% 2 A L7
& EDORMMOZEAR) ZHEEST D Z %<, DI —A 12k DH &,
7R RIKITA 1| TH D, —J7, VAT A I T, TEY g v
NEPEMFS IS5 X D58 E, FFEOMEIKGFET 5, PIE, FEY 2 v 770
FYERMICESETREND GG, GEMBITHMEDOTEIZT Th RO
LY 720, EILVRES<S A2, 2HLET 7 AT AT
RIS BFECR IZB T D HEICEmBT 2 << AR Tk, BAST
PR s Sotdh A EGIREERE (ETF) ORBIQRERA &V O BREREZM MY
2o

H#RIZ, 2010410 4 5 H. ETF DEANDFEZ YD TREK LIz, TDRE
TIE, HEEHESMBORO—R & LT, ETF R EDBREEL B AN L BUR %
BEtd 2 & LCune, HEffZa iz 7z AgUE, 2010 4 12 AIZ ETF OB AN % B
L. ZO% 10FELEIZHI > T, AT 5 ETF OB A 2 (i 5§ 22
BLoob, HANEMKE LT, 2021 4 3 A RIS ORARHIFREIL 51.5 JKH
THY, ZTHUTERFDO AARDOHF LA RRAHTY T - T WEE— I B 5 FAT
HHRADRHIFREED 7% LA b, FFEIRRIHIFREE D 10% LA EICHE 32,

,97,



HERARAET S ETF DIF L A EE, HREERAGTES (TOPIX) & HRRPFEIREAT
(B# 225) W) OO FEEREBEOWNTFANENFv—2 L LTW5D,
TOPIX [ZFENRRHIAAZEIN BT OFF T, BRI B3G5 2131 T X T8
aERRE LTE 7, —J7, BROEENTIEANIC 225 S O O B <
HY, ZOUTA MNIFMIREEIZILAE L TR, 20720, HEED B
HE) ETF 2 A3 2 &, HERD ETF 408 U CRMERICIRA T 2 BHA Rl AEIC
O DEIGICIE, BB TIELSERNAE LD EIChD, ZoM., BRRELK
flild. ETF B AN Z IO TIHE LB HATD 2010 4F 9 H R 5 2021 4 3 AR

(23U EIC ER L, Lavs, HREEIRRMRIE TOPIX LV & R& < L&
L7z, 29L&t HEEO ETF EANITHKMZ KE < ED D & OBREN
RENTE, £ Leb & T, AHRIT 2021 4F 3 HRAZ © > THRE 225 1H#E)
ETF DB AN AZ# T Lz, UL, HEEIEA L7z ETF 2 —H)78 Al L Tk
Tod, KIRE L TEEHO B R 225 8 ETF 28 A L T\ 5

AfTIE. BEIC K D ETF A OREEA P LT 5720, RHliFREEIC 56
5 HERAA OB S DRI TR 5 2 L 2FIHT 5, BEMICIE, XR—2F
VAHTTTIEL 2010 4F 9 R 5 2021 42 3 AR E TOMBIOF]EY  (E721%
FRER|EIY) 2, 2021 4 3 HREFE ORI 5D 5 HRRAREOEISIZA]
RT 5, ORI, BEEEERHWT, WAERICRHLT S, 22 TEERO
%, HERIZ L D B ETF OB AN TREE TOREID Z VWD Z L TH 5.
H &2 E) ETF OB AN TRIOMKAMIL, HIRIZ XD RROBE AT 5
MG OMREZ KM LT L ZBEZ b 50, FALRERITED X9 e MffEn, L
oo T, AR THWEFERL, Bl 2WEBkO B ANBIFO L K&
T2 el HEORAEDPKEAREIVICEZ B2 HEET 522 &M
HETH D,

AKFaOfERIE, HIIZ XD ETF A DOZIRDPIEFICRE W LR LTV D,
N—=2 T A OEYFHIIC LU, M REITA 6 THY ., FEMKICHD S H
RORELEN1%HRA > N ERT DT L2, FlEIY 23589 6% 44 > MMEXTIIZ
HL b, KEOF—Z T DL O LRI, BERORAHEREZ AT
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PRARRZ BR < BATH RS & O TR L2854, AT 8~9 & D
AR &I olo, HEE S REUL, SEATAFRICI T 2 BURIR e HEEE L 0 b
DT E, M2 T, HERD HRREY) ETF OB ANEZK T LTrH 9 5 AR,
FIEY ORERIE A B D> T, HRFIE D 1235 < Fama-Macbeth (1973)[E])F
RETRRA RHTIE, R—AT A VT ORERBERTH D Z L E R T DI
53, Bl AR AT 5, HERO ETF RADOEENKEI W LT, 2R
RO TR LB SN TN D Z EICER L TW D AREMER & 5,
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HAGRIT ORIRAE L RO RHIRY2FIE Y -
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202449 H

®E

HASRITIZ, 2010 FELARE 10 2L Ri2H72 v . Hifk 225 72 & OfRiFE R d#EN 5 R
&5t (ETF) #EANTE 72, BUETHEEA L. ETF [T—Ul2AI SN THE 5T, 2021
3 HRIFRTT, BERDMRAT 5 ETF (X, HGEE—EBOTFEIRIHIAAEED 10% 28 2 TV
oo HEE 225 O U A FOFHMERFEIZEES] L TV RN &2 E RIS, FMREEI 5D 5
HER O MR 22 R LLRIXERIBAIC L o TRESRAR D, 29 LI RYEREE Y 3
7 DEBEEHOLNCT D700, KFRON—RT A U5 Tlidk, ETF B AN DRI DF
FOHRITH S 201049 HERD B, HERD B 22538 ETF OB ANEZHK T L7- 2021
3 HRE TOBWHI O BRFERE ) ~DRE AL | BAEEEE W THEE LTz, £ ORER,
iR RENL 6~9 FRETH D Z L ARSIz, T, EBIEHR ORHMEREEIC 5D 5 H 1
DIRF D 1%RA 2 bEm<ien e, FEITH 6~9%RA v MaE bl & x gk
T 5, HESNTREIT, KER EOT — % & W EATHEIC X 5 MR 72 HE EfE o
1 X0 BIEDITE, £72, B 225EE ETF OB ANK TH%O 9 » A, FlEIY OK
LT Do 7o, ARFIBIY Z2 AW HEE 72 EOBMAIT O RIL, X—2F 4
ST ORERE T H D Lol

JEL /3 fE3% 5« E52. E58. GI2

XU KT AF A, WA, FHEROGRECE, LS

CARERE, —RMEENG O B I MRHIOWFFEB AL A 5 T TAT o 72 FSE (Ichive (2024)) (235
W=D Th D,

P BB EFRRAR RS . hichiue@keio.jp
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1. IXU®HIZ

% < DEFEFFIZ L - T, BMASOFEBIRMMCEET 2 2 ARSI T
%, SATHRETIE, MR (BEZE1H 28R ORIREED 1% %A LT
& X OMOZEAER) ZHEET H Z &34, Gabaix and Koijen (2022)53T > 7=
FATHIED Y —_A I L D &, WA RMKRKITN 1| THD ', —FH, 77
A FURABRIC IR, BEY 3 v 7 BNEEMRIC G 2 DL, HEOME
KT T 5, BlxiE, 8T a v IRV EHICASETRINDGAE, EFE
A ZBUEDTREIZT TR FPROFTBE TR G KT 5720, EITL Y K&
7%, T9 LT 74T ZAOMFRCIEHAE BRI T 2 BRI E R
T 5L ARTIE, AARSATIC L DRRMEFE o F354%155¢ (ETF) O
BRI RA &0 ) BRFEREZFIAT 5,

H#RIZ, 2010410 H 5 H. ETF DEANDFHEZ D TREK LIz, TDRE
T, EEHRERMESRO—B L LT, ETF R EO@MEREL BEANDBR %
BT 2 & LCune, #2427z AEUE, 2010 45 12 AIZ ETF OB AN % B
ML, ZOH% 104 Bl o T, BEAT D ETF QBSR4 (] 1 48
BLoob, HANZMGE LTz, 2021 4 3 H RIS ORARHIFREIE 51.5 JEH]
THO ., ZHUTEEEDO BAROHFLRI 2R Thd - 72 HEE— ISR 1T 5 AT
FHRADEHEFRERD 7% L0 E FFEIRREHIAREE D 10% 2L BICFH S35 2,

HERPIRA S ETF OIT & A E1E, REEKMIFEZE (TOPIX) & H &Rk
(H#E 225) &) OO EHEBFHOWThpaEXrF~v—7 L LTn5o,
TOPIX L/ EMARHIRAEMES O80T, HGEE—IC BT 5131 TR TO#
WERE LTE e, 07, BRCEENTIEANIC 225 S O R O B ©

! Gabalx and Koijen (2022)72%5% U TV 5 X 912, MiEREUZITNWS OO ERRDERN & D,
AFTIE, 7 RBICERE Y TS, ZOEFRIL, Ichiue (2024) TFELSFHI LTV 5,

2 BAPEER R X D &L 2021 4 3 AR BARICEIT %2 ESHEoRHME%E T 808 JKH
Thoto, —h., HiE—H Tk, ESEEMEIL 2,000 22, FBITEAERORHMERREE T
723 JkH (B ADE B D 89.4%) U@oto 2B, HEGEARISIPTIE 2022 4 4 A
WRE— 2 & T B %X %2 Fiis XKy I Him L7,
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HO. ZOUZA MIRFBREEICLE L TRy, 207, BERNEREY
HE) ETF 2 A3 2 &, HERDS ETF 408 U CRHEERICIRA T 2 BED Rl AE I
EODEIBICIE, B TIEL2ENAE LD LT, ZoM., BRRELK
flild. ETF B AN Z A1 TIHE LB A ATD 2010 4F 9 R 6 2021 4F 3 JK

I3ELLEIC ER Le, Lavh, ARSESMRANIE TOPIX LV K& < k5
L7z 3, 29 L2 b, HERO ETF B AT Z K& <ED D L DR
MRENTE, £9Lcb & T, HEEIZ 2021 53 AREZ b - T HfE 225 8E)
ETF DEANEHT Lz, Lol BEIFIEA L7 ETF 2 —858A1 L T
7o, IR E LTEEO AR 225 8 8) ETF 2 0RA L TV 5

AR TIE, BERIC KL D ETF IRAOEEZA ST 5720, RHlFREIS 5
L HERRAFOFNG NEMNE TR 5 Z L2 MM 5, BRMICIZ, X—2 7

YOHTTTIEL 2010 4F 9 AR5 2021 4F 3 AR E TOWRAIOF]E Y (£72i%
FEAED) Z 2021 4 3 H KRR ORHEFERIC S D 2 A RRAEO IS IE

w35, EORRICIX, BEEAEE AW, WAEMKIZRLS S, ZZ CTEHERD
%, HERIZ K D B ETF OB AN TR E TOFIEID ZHW5 Z & TH D,
H#&F2EE) ETF OB AN TRIOMKMIL, FIRIC XD FROBE AT 5
THOMRZ KM LT B2 6N, TALEITZED LS iff Tz, L
Teo T, ARTHOWZFIEL, Bl SR OFEROE AR OEELZ KX
ZTHZ e, ARORAPKARIEBIVIZE R T B e HEET 2 2 LA
ETH D,

1 X, FIEY GeEoiE h—2 v 2 —2) Zftdh, HERA R (AR
OREHFEO FERRHTREEIC 5D 2FE) ZREE LT, ZhdoBRE A7
bDOThHD, T—AHWEOFHMITIE 48 LFE SHLZRI NV, BAE 2021
3 HRIEO BRRELE S, KRR TH 2, Z o6
F9. BREEERASGHO AREALLENRRE IEL DN TND Z RS

32010 4F 9 HRND 2021 4F 3 HRIZT T, BRI 3.1 %, TOPIX I% 2.4 {2 E
217,
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b, Flo, ARFEERSGFICIER T2 &, BEREAHEREOIZ ERE D A
N2 EHRINTND, AKFRTIX, ZOmE ORRREREZRFHITHREET 5,
AFEOFERIT, ARICK D ETF RADOENBIEFICKENT LR LTVD,
N—=2 T A OEIFHHIT LAUT, MHEREITHR 6 TH Y, FERKIZHD DA
FROMA RN 1%RA >~ EF7T2 T L1z, FlEY 2349 6% B A > MExtic
FL b, KEOT—XIZBET 5% O LRI, BERORALREREZAD
TRARZ BR < BITHE ARSI L ORI CHRE LIE5A . BT 8~9 & 0
ERER & Mo T, HEE SNToREUT, BATHRICH T 52BN HEEHE LY
FD0MTE, IR T, BEEN HRRFEY ETF OB ANZE T LTHH 9 5 HH,
FEIY DRERIZA AL > T2, ARFEID (ZH-5 < Fama-Macbeth (1973)[E1)7
EETRRA ROHTIE. N—AT A VO OREPERTH D Z & E2RT DA
5. Bl m A aRAtT 5, HERO ETF R OREBRRKE W ik, 2
RO CHHGE E R S TWD Z SN L TW D Al REtER H 5,
ARORIZLL T 0@ THh D, 6 2 B CIIeiritzezs—1 45, & 3
i CIXHERD ETF EANEZBEEL L. 4 4 HiCik A RIC X D EBIEHH O R A% %
HET D, & 5 HITIERNR—ZAT7 A VERET VIO T L, fRERT, H
6 HilkfEmm Cd D, MEOHFIDT=D, T XTOHHILFIE S TN,
Z AT DU T Ichiue (2024) % Z IR S 7200,

2. SEATHA

FRERITOE EE ANICET 28T, 7 e —RE X by 7 B ERBKG]
SN TW5 (D'Amico and King (2013)) . 7= —2hF & 13X, EBEOEANKFICE
FHEEMB OIS E EFESND, 7o —2h R %, BICEGN R mEMER I
9~ R B A R L TV D ATREME RN B 5, —F . 7 —2RiE, kR
ITOEERNONR W/ IMEET DAL H 5, BlxIX, BER ANOTE
DFFEZIT T, HHENTTICZD X ) REANOEELHE Y AL TND
N

Yt FEEOBEANUT T DM ORISITTTV S Liveyy, ZO7), SEAT
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