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1. Introduction

It iswidely recognized that land prices have played an important role in influencing credit
market conditions, corporate investment, and output in Japan. Kiyotaki and Moore (1997,
hereafter K& M) formulate a theoretical framework in which the appreciation in the collateral
value mitigates credit constraints and thus amplifies fluctuations in investment and output
when land serves as collateral for loans.* A number of empirical researches provide evidence
to support the important role of the collateral channel, including Ogawa, Kitasaka, Yamaoka
and Iwata (1996), Ogawa and Kitasaka (1998), and Ogawa and Suzuki (1998).

Over the post-war period, annual growth rates of GDP and land prices look like showing a
positive correlation in Japan. Until the period of the asset price boom at the end of the 1980s,
the persistent appreciation in land prices has been associated with faster economic growth.
Meanwhile in the 1990s when one may call the “Lost Decade”, the persistent depreciation in
land prices has been associated with the slowdown in economic growth. The average annual
growth rates of GDP are 4.9% in the 1970s, 3.8% in the 1980s, and 1.5% in the 1990s, and the
average growth rates of nationwide land prices are 9.2%, 6.1%, and -1.7%, respectively.
Observing this time-series behavior motivates us to understand how the K& M transmission
mechanism works in the growing economy.

In this paper we extend the K& M model to an endogenous growth model and investigate
dynamic properties of a growing economy with binding credit constraint when land is used not
only as an input of production but also as collateral. A balanced-growth path (BGP) is proved
to exist when the credit constraint is binding when entrepreneurs who borrow money discount
the future more than investors who lend to them. The equilibrium interest rate is determined to

be smaller relative to an economy with no binding credit constraint. When borrowers discount

! Since the seminal work by K&M, ample studies investigate the interaction between asset prices, credit,
and output in the economy with binding credit constraint, including Edison et al. (2000) and Chen

(2001)



the future more and thus lenders discount the future less, the greater credit supply hasto be
adjusted by the smaller equilibrium interest rate than otherwise. The resulting discrepancy
between the equilibrium interest rate and the marginal product of capital is, however,

consistent with the equilibrium in the credit market because the borrowers' debt capacity is
limited by the liquidation value of land. This aspect of the equilibrium is contrasted with other
models of binding credit constraint, including K&M, Kiyotaki (1998), and Aghion et al. (1999),
al of which identify the economy with binding credit constraint as the one with a smaller
interest rate that is given exogenously.

In response to a once-and-for-all productivity shock, our model exhibits the propagation
mechanism among output, capital, bank credit, and the land price in terms of the growth rate.
Thisfinding is contrasted with K&M that derive the propagation mechanism in terms of levels.
The model’s tractability allows us to characterize the whole process of business fluctuations.
On impact, capital, the land price, and the equilibrium real interest rate show the procyclical
behavior. Additionally, the model’s tractability allows us to derive not only the qualitative but
also the quantitative finding. The growth-enhancing effect of capital and output is shown to be
greater in magnitude and is more persistent in the economy with binding credit constraint for
plausible parameters.

By theintroduction of aforeign asset into the model, the equilibrium with binding credit
constraint is divided into two regimes, depending on parameters. In one regime, the
equilibrium shows a BGP with the endogenous determination of the interest rate, whilein
another regime the interest rate is tied with the world interest rate and the equilibrium does not
show a BGP. The former regimeis more likely to emerge if either the productivity is high or
the world interest rateis low.

This paper is organized as follows. In Section 2 we present the basic model. In Section 3

we study a benchmark economy with no borrowing constraint. In Section 4 we investigate an



economy with binding credit constraint. In Section 5 we study the impacts of a one-tine
productivity shock on the dynamic of the economy. In Section 6 we introduce the foreign asset

with a constant interest rate into the model. Finally we conclude.

2. TheModd
Consider an economy consisting of two types of agents who live infinitely,

“entrepreneurs’ and “investors’. The measures of entrepreneurs and investors are both unity. A
significant difference between our model and K& M model is the production technology. We
describe the production function as

Y, = A_th’flLtf Ktl—_la ' D
where Y, isthe output of production at period t, K, ; and L,_, arecapital stock and land
which are used as inputs for production at period t—1, Kt_l represents the aggregate capital
stock at period t—1 that captures technological externdlities (e.g. Romer, 1986), and A _; is

the total factor productivity. Capital does not depreciate.

The preference of each of investorsis described as Z S'logC, ,where C, is
t=0

consumption at period t, £ e (01) isthediscount factor for future utilities, and E, isthe
expectation formed at period t. At each period, there is a competitive one-period credit
market, in which one unit of good at date t isexchanged foraclaimto R, unitsof good at
period t+1.

On the other hand, the preference of each of entrepreneursis described as

z (0B)' logCS , where C[ isthe consumption of the entrepreneur at period t,and 6<1
t=0

isassumed. Thecasefor @ <1 capturesasituation that entrepreneurs are more “myopic”
than investors.

Each of entrepreneursisinitially endowed with K, units of capital and one unit of land,



and each of investorsisinitially endowed with W, units of the final good. The total amount
of land is normalized unity. Only entrepreneurs have access to the production technology.
Investors earn interest income by lending their wealth to entrepreneurs. We assume that
061+ aA) >1. Asis obvious below, this assumption allows us to focus on a growing
economy.

We make a critical assumption about financial arrangement. We assume that there is no
enforcement mechanism to fulfill financial contracts between debtors and creditors. In this
society, lenders cannot enforce on borrowers to repay their debt unless the debts are secured. In
order to secure their debt, creditors can collect land that the debtor holds. Creditors cannot
seize output or capital of their debtors. In this environment, anticipating the possibility of the
borrower’s strategic default, the creditor limits the amount of credit so that the debt repayment

due at the next period will not exceed the value of land that the borrower possesses.

3. Benchmark Economy

We start with the analysis of a benchmark economy with no enforcement problem. In this
frictionless economy BGP exists only when both entrepreneurs and investors discount futures
at the same rate. Hence we focus on the case for 6 =1.

Throughout this section and Section 4, we investigate an economy in the absence of
uncertainty concerning the technology shock and assumethat A = A foral t’s.

In the frictionless economy, each of entrepreneurs chooses avector {CF,B,,K,, L}, to

maximize Z B'1ogCF  subject to the flow-of-fund constraint (FFC), given by
t=0

AKtoilLtj Ktl—_la + Bt - RBi—l 2 Kt - Kt—l + Qt(Lt - Ll—l) +CF J 2
given K,>0 and L,=1.Notethat B, istheamount of borrowing, Q, istheland price

atperiod t and R istheinterest ratethat isdetermined at t —1 andis promised to repay at

t. The sequence of eventsis described Figure 1.



Each of investors chooses avector {C,,W},-, tomaximize Z B'1ogC, subject tothe
t=0

budget constraint, given by
W =RW, -G, (3)

given W, >0, where W, isthe asset that the investor holds at the beginning of period t. We
obtainR =1+aA, using K, =K, and L, =1 ontheground that entrepreneurs are
homogeneous and that entrepreneurs only demand land. Investors earn interest income by
lending to entrepreneurs at the interest rateA . The first-order condition for land implies

Q1-a)AK, +Q.,=1+aAQ,, 4
whereweagainuse K, =K, and L, =1.

We characterize a BGP in the frictionless economy by

Ktl Vvtl
o 1+CZA, 5
K, - W B( ) (5)

given the two transversality conditions, !imﬂt(\/\/t/Ct):O and !imﬂt(Kt/Ct):O.

Solving (4) forward, using (5) and the no-bubble condition for the land price,

!im(1+ af)"'Q =0, wefinally obtain

" raANA-p)
Equations (5) and (6) jointly imply that there exists a BGP with agrowth rate of S(1+ atA)

on the wealth of investors W, , capital invested by entrepreneurs K, , and theland price.

4. Economy with binding Credit Constraint
Now we turn to the analysis of an economy in which there is potentially an enforcement

problem. As will be made clear, aBGP will exist also when & <1. Each of entrepreneurs

chooses avector {CF,B,,K,,L};, tomaximize ) (68)'logCF subject to the FFC given

t=0



by (2), and the borrowing constraint (BC) given by

R+lBt < Qte,t+lLl ' (7)

given K,>0,B,>0,and L,=1, where QF,, istheexpected land priceat period t+1
in which the expectation isformed at period t. Equation (7) states that entrepreneurs can
borrow the amount so that the debt repayment that is obliged to makeat t+1 will not exceed

the expected liquidation value of theland asof t.

Solving for the entrepreneur’s problem, we formulate the following Lagrangean function

A(Cte1 Ke Lt Bt) = Z(@ﬂ)t“OgCtE
t=0
+ ﬂ’t{ AKtoil 11 Ktljla + Bt - R[ Bt—l - (Kt - Kt—l) - Qt (Lt - Lt—l) - CtE}
+ nt{QteleLt -R.,B}],

where 4, and 75, aretheLagrange multipliers. Optimal conditions are given by four

iret- iti oA — oA — oA — oA -
first-order conditions, AQE 0, AKt 0, ALI 0, and ABt 0, two

complementary slacknesses, 4, =0, 5%/1tzo or ﬂtxaAaﬂt:O,and n, 20,

C'Wy >0 or ntxa/y =0, and the transversdlity condition, lim A" A, K, =0.
on, on, T

When K, =Kiand L, =1 areused, first-order conditions are described as

A =(CH™, (8)
A g+ on), ©
%Qt - QL IR @A Q. 10)

and



A gpR,,. 11
ﬂ“_l (ﬂ1+1+ IB)R+1 ( )

The market clearing in the credit market requires the aggregate demand for credit to be equal
to the aggregate supply of funds, and is given by

B =W,. (12)
Finally, the investor’s optimal behavior remainsto satisfy
Wea
—= = : 13
W ﬁR+1 ( )

Now we are prepared to solve the equilibrium. It follows from (8) and (9) that

E
Ct+1 _
—F =

t

It follows from (9) and (11) that

031+ aA). (14)

OB(1L+ aA)=(Z—t+0ﬂ)R+1- (15)

+1

Equation (15) characterizes the condition under which the economy is (or is not)
credit-constrained. It is obvious from (8) that A4, >0 forall t >0, and thus (15) implies that
R <1+ A holdsif and only if 7, > 0. Two cases are to be distinguished: in one case

R <1+ A holdsand the BC given by (7) is binding with equality, and in the other case

R =1+ aA holdsand the BC given by (7) is not binding with equality.

Consider first the case when the BC given by (7) is binding with equality. Under the
assumption of perfect foresight, Q,, =Q,,, holds. Together with this, it follows from (9),
(10), and (11) that

1+aAQ =(1-a)AK, + MQM : (16)

+1

Combining the FFC given by (2) with the BC given by (7), together with K, = K. and

L, =1, leadsto
CtE = (1+ A) Kt—l - Kt + I:<_+1th+1 - Qt : (17)
The entrepreneur’s consumption is rewritten, using (16), as

CE =1+ AK,_,— Ak . (18)
1+ A

It follows from (14) and (18) that



1+ A

1K,
1+ A

1+ A
1+ AK, , ———
( ) t-1 1+(ZA t

Letting g =K, /K., bethegrowth rate of capital, rearrangement of (19) leadsto

(1+ A) Kt - +1
— 081+ ah). (19)

B+ a1+ A)(g) =1+ 6p)1+ A ——11: aysy

a A gt+l ' (20)

Further rearrangement of (20) leads to
i = L+ aA)(1+6B) - 061+ aP)* (g ) " = F(g/). (21)
The Function F(g) isincreasing, bounded above from (1+ aA)(L+6p) , and satisfies

lim F(g) =—o0.Letting g* =g, =g, bethe stationary growth rate of capital, there
g‘K -0

aretwo solutions, 981+ aA) and 1+ @A. Figure 2 illustrates the upward sloping curve
F (gtK ) that intersects the 45-degree line at two points. Since the higher stationary growth
rate 1+ A violates the transversality condition, the possible equilibriumis only around the
smaller stationary growth rate 5 (1+ aA) . Since the stationary state is dynamically unstable,
al the exploding paths violate the transversality condition. Hence the stationary growth path
with a growth rate of

g* =B+ ah) (22)

is the unique equilibrium. We now turn to the determination of the interest rate. It follows from

(12), (13), and the BC given by (7) that SR, = By _ Qe /R , and thus
Bt Qt+1/ Rt+1

Qt+1
PR = Q- (23)
It follows from (16) and (23) that
K _ A+ aA)@Q-p)
Q l-a)A

Equation (24) implies that capital and the land price grow at the same rate. It follows from (22)

(24)

and this aspect of the BGP that
Ky _Qa OB+ ah). (25)
Kt Qt
Combining (25) with (23) leads to the interest rate:

R =0(1+aA). (26)



Noticefinaly that R <1+ oA, whichrequires € <1. There exists an economy with
binding credit constraint only when entrepreneurs are more myopic than investors. Therefore,
if @ <1, theequilibrium is credit-constrained, and exhibits a BGP, where capital, the land
price, and the wealth of investors grow at therate 981+ aA) .

Consider secondly the case when the BC given by (7) is not binding with equality. It
follows from (9) and (10) that
1+aA)Q =1-a)AK,+Q,;. (27)
Therelation R, =1+aA followsfrom (15) with 7, = 0. Combining the FFC given by (2)
with (27) and the above relation leads to
@+ aA)(K,+Q,—B)— (K +Q-B)=CF. (28)
Letting E =K, +Q, — B, bethefirm’'sequity value, it follows from (14) and (26) that

(1+ aA)E[ — Et+1 —
LralE —F OB L+ ah) . (29)

From the analogous analysis as the economy with binding credit constraint, the unique

equilibrium should satisfy
E[+1 _
—= =001+ aA). (30)

Equation (30) implies that the firm’s equity value grows at therate 93(1+ aA) , while the
wealth of investors grows at therate f(1+ aA), whichisimplied by (13)and R =1+ cdA.
ConsideringaBGPinwhich K, Q,,and W, grow at the samerate, the equilibrium is
feasible only when & =1. Therefore, if € =1, the equilibrium is not credit-constrained, and
exhibits a BGP, where capital, the land price , and the wealth of investors grow at the rate

LA+ aA) . The equilibrium is summarized in the following proposition.

Proposition 1:
(Case A) Assumethat € =1. The economy is not credit-constrained. The equilibrium exhibits
aBGPwith agronthrate S(1+ @A) and the interest rate 1+ cfA.

(Case B) Assumethat & < 1. The economy is credit-constrained. The equilibrium exhibits a
BGP with agrowth rate 83(1+ @A) and theinterest rate (1+ aA) .

There exists aBGPin an economy with binding credit constraint when the equilibrium interest

rate is endogenously determined to clear the credit market. In other words, the endogenous

10



behavior of the interest rate allows the economy to grow on the BGP. A simple experiment
makes this point transparent. Assume that a permanent productivity shock arrives. A permanent
risein the productivity A leadsto arisein theland price, and allows borrowers to demand
more credit because the appreciation in land mitigates credit constraints faced by them. This, in
turn, drives the interest rate up, and allows investors to supply credit at higher speed. Therise
in A makes the resource allocation with higher growth rates of capital, the land price, and
wealth of entrepreneurs and investors sustainable. This theoretical finding is contrasted with
K&M, Kiyotaki [1998] and Aghion et al. [1999], al of which identify the economy with
binding credit constraint as the one with an exogenoudly given interest rate that is smaller than
the return of productive asset.

When borrowers discount the future more and thus lenders discount the future less, the
greater credit supply has to be adjusted by the smaller equilibrium interest rate than otherwise.
The resulting discrepancy between the equilibrium interest rate and the marginal product of
capital is, however, consistent with the equilibrium in the credit market because the borrowers

debt capacity islimited by the liquidation value of land.

5. Once-And-For-All Productivity Shock and Business Fluctuations

Having characterized the equilibrium of the economy with binding credit constraint, we are
prepared to explore anumber of implications of business cycles. We consider the response of
an unanticipated once-and-for-all productivity shock on the dynamics of the economy. We
assume that at the beginning of period T people experience a once-and-for-all productivity
shock from A to A" with A'>A.

We first examine the effect of the shock in the economy with no binding credit constraint.
We denote time subscript for A as necessity. For reference, it will be useful to express the

counterpart of (21) as the one with time subscript for A, i.e.,

(A+0A A+ A) oo (taA )M aA) AT AL
1+ A+l (1+ A+l) gtK

gtf—l = (1+6B)

Letting gtE = Eti be the growth rate of the firm’s equity value, (29) is rewritten, with
-1

11



0=1as
SA+aA )A+aA)g7) " -1+ )L+ aA)+ 95, =0. (31)
Assumingthat A- = A>A=A_,=A,=A,, =", itisstraightforward to find
Or., = B(L+aA). Introducing gr,, = AL+ aA) into (31) with t=T +1 leadsto
Or,, = AL+ aA) . Introducing further g, = AL+ aA') into (31) with t=T leadsto

gr =L+ aA).

It follows from (12), (13) and R,; =1+ @A that %:%:ﬂ(lﬂxA).Sinm

t t

E, + B, = K, +Q, holds by definition, it follows that

Kt+1 + Qt+l

gt AaraA). ()

Qt+1

t

Letting ggl = be the growth rate of the land price, (27) is rewritten as

ﬁ _1+aA - O
Qt (1_ OK)A .
It follows from (32) and (33) that

(33)

BArA)Lrar)A,
BA+aP )AL+ Q+A, - gSz)A

Sinceitis straightforward to see g, = B(1+ aA), the growth rate of the land price at period
T +1 isfinally expressed as

02, = (34)

B+ A)1+aA)A
BA-A)Y+ A+ A

Or = (35)

We calculate g° by plugging the predetermined value of Kra _ (L= p)d+ah) , given by
Qray L-a)A

(6), into (33). Wefinally obtain g° = B(1+ aA).

We next turn to the determination of gtK . Equation (27) is rewritten as

O+ 92.(K /Q)™
1+ (K, /Q)™

It follows from (33) and (36) that gtK becomes a function of th,such that

=p1+cA). (36)

12



pA+aA A+ AL)—{fU+aA ) +1-a)A L}’

* = 1+aA - th ' 7
Substituting (35) into (37) leads to
K @+ A)
g =0+ . 38
Or., = B(L+aA) @A) (38)

We obtain the growth rate of capitdl a T as g = S(1+aA) by plugging

Kia _ @-8)A+aA)
Q, (-a)A

weobtain interest rates as R, =1+0A, R, =1+cA,and R =1+ cA. Note that

= B(l+aA) and

into (36). Using therelation R =1+ caA,

noneof variablesat T, K;, Q;,or R, reactsto any contemporaneous changein A .
Entrepreneurs who have the log-utility do not change their consumption/investment decision to
the change in the interest rate. The impact of the shock arises with a one-period lag.?

We turn to the analysis of the economy with binding credit constraint. In response to the
productivity shock, under the assumption of perfect foresight qul =Q,,, holdsfor any
t>T +1, and the consumption of entrepreneur isdescribed as (17) for t>T +1. However, at
T when the shock arrives, Qf_;+ =Q; will bein general violated. The entrepreneur’s

consumption at period T can be expressed as

CTE =1+ A DK, - K + R;i1QT+1 - +Q - QTe—l,T

= ALK K (@G, @)
Notice that the last term  (Q; — foﬂ) captures the gain (lose) from the unexpected change
in the land price. Sinceit is straightforward to find g, = 9B(L+ aA) , it follows from (21)
that

1+ A'
gT+l =B+ A)

(40)

?Both K; and Q will react to the shock to the extent that entrepreneurs have an incentive to
change their consumption/i nvestment decision to the shock. If, instead, the preference of entrepreneurs

is described as 2(9,8) —(C FY7(c#1), K, and Q, react totheshock.

13



which is qualitatively the same as the economy with no binding credit constraint. It follows

from (14), (17), and (39) that

@+ A) - A g

U - 051+ aA) (@
Ky-1 1+ A Qr_Qre—l,T .
@A g) -

Plugging (40) into (41) leadsto

ot = OPraA)Lt AL)
T+ A) -8+ aA)AG

Qr B Q?—l,T
K

T

(42)

where Ag; = . Noticethat Ag; >0 corresponds to the case when the debt

repayment is contingent on the anticipated land price, while Ag; =0 will correspond to the
case when the debt repayment is contingent on the realized land price.

It will be useful to examine first the case for Ag, = 0. Equation (42) then reducesto

Q+aA)1+ A
1+ A)

or =08 , which should be smaller than the growth rate of capital unless the

productivity shock would arrive, i.e., f(1+ aA) . In response to theincreasein Q;, the debt
repayment due at period T would rise, and hence entrepreneurs who find their smaller net
worth would have to shrink investment in capital.

Consider next theinteresting case for Ag; > 0, which we should study in details. It

follows from (24) and (25) that & @-a)A
K (L+ak)(1-p)

Q?—l,T _ Q?—l,T Qr,l op (1— (04 ) A Q? aT

= . Note that the latter comes from the fact that ——— is
Kroa Q. Ky 1-p Q.

equal to the value unless the shock would arrive. Finally, Aq; isgiven by

Ag, QO XKy Q- 9pl-a)A
Ki Ky Ky (@+0A)(A-p) 1-p

(o)™ (43)

Plugging (43) into (42), and rearranging terms, the growth rate of capital at period T

® This case might be viableiif the timing of debt repayment is after the arrival of the productivity shock.

14



becomes

1s A PA-)A

« . 1-p
Gy = 0B+ aA) ;- (44)
1+ ) PA-a)A

1-p

The following is established.

Proposition 2: Assume that at the beginning of period T thereisan unanticipated
once-and-for-all productivity shock. The growth rate of capital at period T ishigher inthe
economy with binding credit constraint than without it if 88 + £ >1, and the growth rate of
capital at period T +1 issmaller in the economy with binding credit constraint than without

it.

Proof: We prove the former part by comparing g+ in (44) and gB(1+ aA) . Defining

1+ A
1+ A-{68(L-a) A /- p)

Together with this fact, the comparison leads to the former part. The latter part is

#(A) = #(.) isincreasingif andonly if 63+ f>1.

straightforward from the comparison between (38) and (40). Q.E.D.

Notethat €F+ >1 islikely tobemet sinceboth f and 6 are deemed close to unity.

We now turn to the determination of the growth rates of the land price. It is useful to express

Q__ WA gpgan & o A-DA
Ko @+aA)1-p) K (+eA)L-p)

the counterpart of (24) as

3_ l-a)A

= forany t exceptfor t=T . Itisstraightforward to see
K. @+aA1-p)

9%, = S(1+aA) . Further calculation leads to
KT

Q :Qr+l K —:6 1+ A' Mé
gT+l KT+1 gTJrlQT ﬂ( o ) (1+ A) A,l

(45)

15



and

o K 1+ A)—Hﬁ(ll_;‘)A

Q _ T K11 _ ~ —

O = K, Or Q. OB+ ah) A e A) BL-a)A (46)
1-p

The following is established.

Proposition 3: Assume that at the beginning of period T thereis an unanticipated
once-and-for-all productivity shock. The growth rate of the land price at period T ishigher
in the economy with binding credit constraint than without it if 64 + £ > 1, and the growth
rate of theland price at period T +1 issmaller in the economy with binding credit constraint

than unless the shock comes.

Proof: The former part is straightforward from the anal ogous proof with the former part of
Proposition 2. We prove the latter part by comparing g2, in(45) and B(1+ aA) . We

easily see g, in(45)issmalerthan GB(L+ aA) by caculation. Q.E.D.

We derive the interest rates, using (23) (R = 47'9°),asR,, =01+ aA),

L+ A) A a A)_eﬂ(ll—_ﬂa)A
R, =001+ aA')mK vand Ry =0(1+ah)— 1+ A) _pA-a)A :
1-p

Figure 3, 4, and 5 illustrate the dynamic behavior of capital, the land price, and the real interest
rate in the two economies in response to the productivity shock. The straight line illustrates the
behavior of the economy with no binding credit constraint, and the dotted one with binding
credit constraint. Any of three variables react only at period T +1 inthe economy with no
binding credit constraints, while all of them react at both period T and T + 1in the economy

with binding credit constraint.
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Onimpact, K;,, increasein both economies. Additionally, the effect of credit mitigation
is added in the economy with binding credit constraint. In response to the resulting risein Q;,
K; increases. The growth-enhancing effect of the productivity shock is more persistent in the
economy with binding credit constraint. Importantly, the impact of the shock begins one period
ahead when credit constraints are binding.

One advantage of endogenous growth model is its tractability. We compare the magnitude
of the cumulative effect of the shock between the two economies by calculating gy gr,, of

each economy.

Proposition 4: Assume that at the beginning of period T thereisan unanticipated
once-and-for-al productivity shock. The magnitude of the cumul ative effect of the shock is

greater in the economy with binding credit constraint than without it if

) @+ aA) 1+ A
0 > : (47)
1+ A.)_ﬁﬂ(j._—;)A 1+ A)_eﬂg-l__;‘)A

Equation (47) isrewrittenas 6°¢(A) > ¢(A). Since ¢(.) isincreasingif 68+ £ >1, this
inequality islikely to be met. The growth-enhancing effect tends to be greater in magnitude in
the economy with binding credit constraint than without it. Carlstrom and Fuerst (1997),
following Bernanke and Gertler (1989), calibrate an infinitely-lived-agent model with binding
credit constraint, and find that their agency-cost model replicates a sluggish and hump-shaped
dynamicsin investment in response to a productivity shock. Our finding shows that credit
constraints do not necessarily become a source of sluggish dynamic in investment, but rather
suggests that if the marketable asset is used as collateral, the economy with binding credit
constraint may lead to the greater business fluctuations followed by a spike in investment, asin

the standard RBC mode!.
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6. Introduction of a Foreign Asset

We have thus far analyzed the closed economy. Now we introduce the foreign asset with a
constant interest rate r into the model to satisfy A > r . This extension potentially alows
investors to have another investment opportunity. If &(1+ @A) >1+ r, nothing changes
because investors find it more beneficial to keep investing their funds in the domestic credit
market than to invest abroad. If @(1+ aA) <1+, investors now find it more beneficial to
invest abroad, and if the economy opens the capital account, the domestic interest rate will be
driven up until it isequal to theworld interest rate 1+ r . It follows from (13) that the wealth
of investors grow at rate S(1+r) . The derivation of g does not need the market clearing
in the credit market (12), and thus the growth rate of capital remains 65(1+ aA) . Sinceitis
smaller than the growth rate of the wealth of investors, the demand for credit is smaller than
the supply of credit that investors can afford to make and the interest rate is kept to be tied with
the world interest rate over time. The land price also grows at rate 3(1+ aA) .* The
equilibrium does not show a BGP. Finally, the difference from the closed economy is reflected
in the capital-land-price ratio, which is given by

K _ (+aA{A+1)- 681+ aA)}
Q A+r)(1l-a)A '

(48)

The simple calculation shows that the capital-land-price ratio in the open economy is greater
than that in the closed economy (given by (24)). By liberalization, the behavior of capital
remains unchanged, and the rise in the interest rate leads to a decline in the land price level.

The equilibrium is summarized in the following proposition

Proposition 5:
(Case A) Assumethat @ <1 and €(1+ @A) >1+r . The economy is credit-constrained. The
equilibrium exhibits a BGP with a growth rate 64(1+ aA) andtheinterest rate &(1+ aA) .

* The derivation is |eft to the Appendix.
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(CaseB) Assumethat € <1 and O(1+ aA) <1+r . The economy is credit-constrained. The
equilibrium does not exhibit a BGP. The wealth of investors grows at therate S(1+r) , while
capital grows at therare @B(1+ aA) . Theinterest rateis 1+r .°

By the introduction of aforeign asset into the model, the equilibrium with binding credit
constraint is divided into two regimes. In one regime (Case A) the equilibrium shows a BGP
with the endogenous determination of the interest rate, while in the other (Case B) the
equilibrium does not show a BGP with the interest rate exogenously given. Assume that a
permanent adverse shock to A happens when the economy isin the regime of Case A. Asthe
productivity declines, the equilibrium leads to declines in the growth rate and the interest rate
while keeping a BGP. If the productivity declines further beyond some critical level, the
economy switches to the regime of Case B in which the growth rate of capital show adecline
but the interest rate does not, and hence the equilibrium does not show a BGP.

In aso Case B, we can investigate the impact of the once-and-for-all shock. Asfor the
behavior of capital, the growthratesat T+1 and T +2 remain the same as Case A, but the

growthrateat T isgiven by

08— o) A

1- BO(L+aA)/(L+T1)
0B(1—a)A

1- BO(L+aA)/(L+1)

@+ A -

gy = 0B+ aA) (49)

1+ A) -

which may or may not be greater than (44), depending on parameter values. Assume that

A=0.03, A=004, r=0.01,and =6 =0.98. The L.H.S. in (44) is greater than

that in (48) if and only if o < 0.58.

® When the economy is not credit-constrained( & = 1), the analysisistrivia. Since 1+ cA>1+r is

always satisfied, nothing changes by the capital account liberalization.
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7. Conclusion

In this paper we extend the K&M model to an endogenous growth model and investigate
dynamic properties of a growing economy with binding credit constraint when land is used not
only as an input of production but also as collateral. The developed model exhibits the
propagation mechanism among output, capital, bank credit, and the land price in terms of the
growth rate. The model’s tractability allows us to derive interesting qualitative and quantitative
findings. This analysiswill be developed in severa directions. First, it isinteresting to extend
the model to allow for investors to hold land, for example, for housing. The enriched model is
expected to reproduce the observed behavior of the economy more accurately. lacoviello
(2005) calibrates the U.S. economy based on a version of the K&M model in which land is
alocated between entrepreneurs and investors.

Second, it is worthwhile examining the possibility of debt renegotiation when the economy
faces the adverse shock. When the adverse shock arrives, the liquidation value of land will
depreciate bel ow the promised debt repayment. The borrower will have an incentive of
renegotiating debt repayment down until the depreciated liquidation value of land. This
situation may be captured by the caseof Ag; =0 in Section 5, where the debt repayment is
contingent not on the anticipated but on the realized land price. It will be valuable to pursue
the asymmetry in the effects of the shock according to whether people face either the positive
or the adverse shock. Sakuragawa and Sakuragawa (2007) investigate the VAR-based impulse
responses and observe different impacts of the land price shock to other variables between
before and after around 1990 in Japan.

Third, although the credit constraint is thought of one source of inertia of the economy in
the literature of business fluctuations [e.g. Carlstrom and Fuerst (1997)], our finding show a
contradictory finding that credit constraints do not necessarily become a source of inertiain

investment, but rather may lead to the greater business fluctuations followed by a spikein
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investment. This finding suggests that investment dynamics will be influenced by the
marketability of assets used as collateral in the financia contract. This aspect of collateral may
have an important insight on the role of credit constraints in business fluctuations

Fourth, it isinteresting to examine the effects of government interventions. Sakuragawa
and Sakuragawa (2006) study the impact of land taxation on the economy with binding
collateral constraint and find several interesting results that would not arise in the economy
with no constraint.

Fifth, it isinteresting to extend the devel oped framework to a monetary model or
multi-country model with international lending and borrowing. Our model with the
endogenous determination of the interest rate will provide a useful framework to study the
effect of the monetary policy or the integration of credit markets.

Finally, it isinteresting to use the developed model to replicate the Japanese economy. To
what degree our model reproduces the boom in the 1980s with appreciationsin land prices and

the lump in the 1990s with depreciations is an important topic.

Appendix: The Calculation of Section 6
It followsfrom (16) and R,,=1+r that

1+ oA
(L-a)AK, = 1+ aA)Q ~—-Q,, (A-1)
1+r
It follows from (A-1) and (22) that
1+ oA
1+aA)Q -—22Q,,
11++ C = 0B+ aN (A-2)
A+aAQ, - FQ
Using g2, = % rearrangement leads to
t
02, = (L+1)+ 081+ aA) - 6B+ aA)(L+1)(g) . (A-3)

When g°=g°=02,, 9°=6B1+aA),or=1+r.Since g% =1+r violaesthe

transversality condition,
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g° = 981+ aA) (A-4)
is the unique solution. Finally, it follows from (A-1) and (A-4) that

K @+aA{(@+1)- 681+ aP)}
Q A+1)1-a)A '

(A-5)
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Figure 1: The sequence of events
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Figure 2: The Existence of the Growth Path
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Figure3 Dynamic behavior of Capital in responseto productive change
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Note) The straight line illustrates the behavior of the economy with no binding credit

constraint, and the dotted one the behavior of the economy with binding credit

constraint.
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Figure4 Dynamic behavior of theland pricein responseto the productive change

92

A

B+aA) ;

L+ah)

v

v

T-1 T T+1 T+2
Note) The straight line illustrates the behavior of the economy with no binding credit

constraint, and the dotted one the behavior of the economy with binding credit

constraint.
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Figure5 Dynamic behavior of theinterest ratein response to the productive change
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Note) The straight line illustrates the behavior of the economy with no binding credit
constraint, and the dotted one the behavior of the economy with binding credit

constraint.
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