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Abstract
This study describes the development of a new-Keynesian dynamic stochastic
general equilibrium (DSGE) model in which market-based intermediaries or
active investors have an interactive relationship with the ultimate borrowers
and lenders.

The theoretical analysis yields two important propositions related to
market-based intermediaries: first, the greater the active investor’s asset size,
the higher will be the expected net profits: second, the steeper the yield curve,
the greater is the asset size. These propositions together suggest that steeper
yield curves will yield higher net profits to active investors, which theoreti-
cally supports the views of Adrian, Moench and Shin [2010b], Cardia and
Woodford [2010] and Woodford [2010].

Next step is to perform empirical analyses based on the developed model: to
examine the propositions derived in this study, and to assess effects of the
presence of the market-based intermediary sector on the business cycle. We

will present the empirical study in the near future.
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I Introduction

It appears that since 2000, market-based intermediaries have played a crucial role in business
cycles, especially boom-bust cycles, because nonbank financial intermediaries have become
increasingly important sources of credit, particularly due to the growing popularity of securitiza-
tion, as pointed out by many studies such as Adrian and Shin [2010a, 2011a] and Woodford [2010].
In that case, is it possible that the market-based intermediaries substantially impact business
cycles? How would they do so? The research conducted on this issue so far has mainly focused on
the behaviour of these intermediaries?.

Recent studies tend to focus more on developing new-Keynesian macroeconomic models or
dynamic stochastic general equilibrium (DSGE) models, wherein financial institutions play a
crucial role and which allow for frictions that can impede an efficient supply of credit. Woodford
[2010], Adrian and Shin [2011al, and Gertler and Kiyotaki [2011] provide surveys of the recent
work in this area.

These models could be roughly classified into three groups. The first group focuses on financial
frictions that arise from the behaviour of borrowers, but does not consider the behaviour of finan-
cial institutions themselves. There are many studies that can be categorized in this group, for
example, Bernanke, Gertler and Gilchrist [1999], Christiano, Motto and Rostagno [2003, 2008, 2010],
Aliaga-Diaz and Olivero [2007], Goodfriend and McCallum [2007], Kobayashi [2008], Teranishi
[2008], Andres and Arce [2009], and Gilchrist, Ortiz and Zakrajsek [2009].

The second group takes into account the influences of the behaviours of both financial
intermediaries and borrowers on an economy; this group of studies includes Cuardia and Woodford
[2010], Gerali et al. [2010], Iacoviello and Neri [2010], and Verona, Martins and Drumond [2011].
However, the models in this group do not allow for the possibility that the intermediaries’
behaviour will be affected by changes in the price of assets which they hold, although some of
models regard the effects of changes in the value of assets pledged by borrowers as collateral-for
example, houses and capital-on the behaviour of intermediaries.

The third group considers all the factors stated above, that is, the effects of not only the
behaviour of borrowers and financial institutions but also of financial asset markets on the
economy. The research carried out by Adrian, Moench and Shin [2010b] falls under this group. In
their study, the researchers attempt to extend the standard new-Keynesian macroeconomic model
by introducing the concepts of the macro risk premium and the risk appetite relevant to
market-based intermediaries?. Their idea is derived from their vigorous studies related to

market-based intermediaries and definitely contributes to the development of the macroeconomic
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model. However, it is regrettable that the relationships among the macro risk premium, the risk
appetite and other macro variables such as real output and interest rates are specified ad hoc and
therefore lack a microeconomic foundation.

We have two objectives: first, to present a new-Keynesian DSGE model which will provide a
microeconomic foundation to the interconnections among the ultimate borrowers, ultimate lenders
and market-based financial intermediaries; second, to perform empirical analyses, using the U.S.
data, and to assess the influences of the market-based intermediary sector on business cycles.

This paper tries to attain the first objective.

O Model setup

In this section, we will consider a model economy composed of end-user borrowers, active
investors, passive investors, firms and the central bank, and describe the behaviour of these
agents. The framework of the economy follows that suggested by Adrian, Moench and Shin
[2010b].

The starting point for our analysis is a hybrid new-Keynesian DSGE model with sticky prices
and habits in consumption. Furthermore, we have further developed the standard model by
making several modifications as follows. First, it is assumed that there are three different types of
financial instruments-deposits, short-term bonds and long-term bonds. For trading in bonds, we
have introduced a financial friction that makes these different types of bonds imperfect
substitutes, as in Andrés, Lopez-Salido and Nelson [2004a, b] (henceforth, ALSN), Marzo,
Soderstrom and Zagaglia [2007], and Sudo [2010]. The friction reveals the endogenous term
structure of interest rates in the sense that there exists bi-directional feedback between the yield
curve and the economy.

Second, we will pay attention to the roles played by financial intermediary mechanisms and
leveraged mechanisms in the economy, similar to Adrian, Moench and Shin [2010b]. Active
investors play the role of intermediaries between end-user borrowers and passive investors. In
addition, they issue short-term bonds to purchase more long-term bonds while complying with a
minimum capital requirement. In this process, they make use of leveraged mechanisms such as
shadow banks in order to maximize their net profits®. The leveraged mechanisms will be
represented as a relationship between the active investor's assets and the endogenous term
structure of interest rates.

Third, a collateral constraint has been incorporated into the model. While end-user borrowers as
well as active investors raise funds by issuing bonds, the issues should be secured by using their

assets as collateral, as suggested by Kiyotaki and Moore [1997], Pintus and Wen [2008], Gerali et
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al. [2010], and Iacoviello and Neri [2010].

Finally, the model considers the concept of probability of default. For this, we can presuppose
two financial states of the economy: the first is the economy’s state during stable times, while the
second is its state during financial distress. Which state the economy is in depends on whether or
not the end-user borrowers reach a situation of financial distress, which will have chain impacts
on the behaviour of other agents, particularly the behaviour of active and passive investors.

In the following sections, we will present the objectives and constraints of different agents in the
economy, paying special attention to specifying the behaviour of end-user borrowers as well as

active and passive investors.

I End-user borrowers

1. Utility function and constraints

End-user borrowers basically behave like households; thus, they derive incomes from labour and
consume goods. In this analysis, we will assume a continuum of identical and infinitely living
borrowers, indexed by i1 € [0, 1], and a continuum of consumption goods, indexed by j € [0, 1],

which are produced by the firm j. These borrowers obtain utility from a bundle C.., given by

13
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where Ci,(j) represents the quantity of goods j consumed by the borrower in period ¢, and ¢ is
the elasticity of substitution across different varieties of goods. Moreover, during stable times, the
borrowers invest in housing by issuing long-term bonds which are zero—coupon bonds, and thus
obtain utility from their residential holdings as well.

As a result, during stable times, these borrowers have the period utility function of

U15(Cut, Cri-1, Nit, Sht, €n)
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where the subscript ‘p’ stands for stable times. In the utility function, Ss: denotes housing stock

holdings at the beginning of period ¢; Ni:, hours worked by the borrower in period ¢; 61,>0
inverse of the elasticity of inter-temporal substitution; x =0, inverse of the interest elasticity of the
demand for housing; ¢1,=0, inverse of the Frisch labour supply elasticity; and 4:>0, the habit
persistence parameter indicating the extent of habit formation. e represents the shocks to the

borrower's demand for housing in period ¢ and follows the process
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€ ht=0n€ hit-1 tEns, (3)
where ¢ n:=In(en:), 0»€(0, 1)and e ~ i.7.d.(0,0%).

The period budget constraint takes the form of

PN Bl Quu1= ) Su-) = Cuut - (Hur 1Bir+ QaiSh, (@)
where P stands for the price of the consumption goods in period # W., the nominal wage in period
I, Bi,+, long-term bond outstandings at the beginning of period £ ¢» € (0, 1), the depreciation rate
on housing stock; and Qu., house prices in period ¢ H,: represents the gross one-period nominal
costs of issuing the long-term zero-coupon bond and is calculated by H,_,=%, where Q.
represents the price of the long-term bond in period ¢. The budget constraint (4) implies that, at
the beginning of period ¢, borrowers sell their own house at price @ and repurchase long-term
bonds issued in previous periods at price Q.; at the same time, they issue the bond and purchase
a new house at the same prices, respectively?.

At this point, we introduce a collateral constraint, related to the issuances of long bonds, as

follows:
L eBi<lr0.s (5)
P[ t ’,‘—P; h h,tOh,ty

where R, is the gross nominal one-period interest rate and k» € (0, 1] measures the collateral
value of houses owned by the borrower. Since, as shown below, R, represents the interest rates
which are applied to the deposits of passive investors and the reserve of active investors, R:Bj,
indicates the minimum expected returns that investors would require on long-term bond
purchases. Consequently, the constraint (5) implies that the minimum required returns on
long-term bonds investment should be secured by the collateral value of assets owned by the
borrower. In other words, the constraint states that the amount of debt cannot exceed the
collateral value of the borrower’s assets discounted by the risk-free rate.

On the other hand, when borrowers are faced with financial distress with probability X; in
period £, they have to sell their houses at price Q.. and redeem their previously issued long-term
bonds Bi:-1. This is expressed by the equation

Qit(X—¢n) Shi-1=7H11-1Bi -1, (6)
where v € (0, 1] denotes the rate at which borrowers can redeem long-term bonds by disposing
of their own houses. Afterwards, during subsequent financial distress periods, the borrower will
not purchase a house.

Consequently, when the economy is in a state of financial distress, the period utility function is

1 [ o\ (e
Ul.a(Cx,:,Cx,:—l,Nf.z)=1_‘M<T;’_'l) —W, (7)
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where the subscript ‘d’ represents times of financial distress. The budget constraint is described as
1 s 1 R .
7[ Wth,k+ Qh,h(l - lh) Sh.k—1}= Cir +P_THl,h—lBl.k—1, if k=t,
k k
and
1 s .
'P_WkNl.k=C1,h, if k=>t+1.
k

Using equation (6), the budget constraint in financial distress is described by

1

P: W,Nf,g=C1,;, (8)

which indicates that end-user borrowers face liquidity constraints during times of financial

distress.
2. Optimality conditions and analyses
According to the above setup, the end-user borrower solves the following problem:

max E;iﬁi“[(l—X:+l)Ul.p<C1,t+t,Cl.H»l—1,Nf.r+i,5h,:+t,eh.t+i>

{C1,Nis,Sne,Bl)  1=0
+ X1 iUra(Crviy Crivi-1, N ss1)),
s.t. (L>[ WesiNi i +(1 _X:+i)[Bf,t+i+(1 - lh)Qh,t+iSk,l+i—l}]
Py
(9)
1 s
- cl,t+i_(P >(1 _Xt+l)(Hl,I+i—lBl,l+i—1+ Qh.H-l‘Sh,H-i):O
t+i
and
(Pl )(1_XH-i)(kth,Hish,Hi_Rt+iBf.t+i)20v 10
t+i

where the parameter 8; € (0, 1) is a discount factor and E: denotes the mathematical
expectations operator conditional on information available in period ¢. In what follows, for any
variable Z;, Z stands for a steady state of the sequence {Z,} and Z; represents a real variable in
terms of consumer price, that is, Z:=Z:/P..

Assuming that 01,,=014=01 and , @1,=@14= @1, the first-order conditions for the optimizing

problem given above can be written, in real terms, as follows:

C—’ﬂx l‘—ﬂ
Al.l=WV“(1;—lTl)_BlhlEl Tx}:_%m], (1)
(Nf,t)wlel,tW/h 12
. 1— X1
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—X
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where, II;=P,/P,-, and A, and A, represent the Lagrange multipliers for the budget constraint
and the collateral constraint, respectively. As shown by Pintus and Wen [2008], it can be proved
that, as indicated by equation (16), the collateral constraint is binding around a steady state, under
a condition imposed on the discount factors of the end-user borrower and the passive investor.

Considering a steady state of the economy, equations (12 and (14) imply the following, respectively,

A,=(N3)"(W) " >0, (1)
L=#711. 18)

As described in section V, a passive investor’s discount factor, B2, is assumed to be larger than B,

and equal to H7' in a steady state. Then,
1— ﬁlﬂz—l BiBz'=pB7 B —B1)>0;

hence, equations (17) and (18 indicate that
A2:>0,
which implies that the collateral constraint is binding around the steady state?.

We can derive the following proposition from the above first-order conditions:

Proposition 1: Weak or no collateral constraint would bush up the housing stock (i.e. residential

investments) in a steady state.

This proposition can be proved as follows. In a steady state, equation (13 implies that

Sh = { —(l_lh)ﬁJZl_khZz]a'h. (19)
Then,

63‘:. 1+x

m Q’h/lz >0

because Zz>0.

Furthermore, substituting equation (18 into equation (19), we obtain
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On the other hand, when there is no collateral constraint, the following equation can be derived

from the first-order conditions in the steady state®:
— Ak 1)=—
(S) =[1—(1—u>§]wl, @)
1]

where S} stands for the steady state housing stock without the collateral constraint. According to

equations @0 and @1,

_1-B.H,

Sit—(S3)" o [(1-:»%—/“],

e . . R =
which implies that if 2, is small enough to meet ku<(l—u.)?1—. then Si>S»".
1
The above argument indicates that in the case of weak or zero collateral constraints, borrowers
may issue more long-term bonds and increase their housing investment, which would lead to

financial as well as economic instability.

IV Active investors

1. Net profits and constraints

Active investors consist of banks, security broker-dealers and shadow banks such as asset-backed
security (ABS) issuers; hence, they play the dual roles of financial intermediaries and leveraged
investors. In these two roles, they raise funds through deposits and issues of short-term bonds
(ABS) to passive investors and allocate these funds in the form of reserves for the central bank
and investments in long-term bonds issued by end-user borrowers. Here, we can assume that the
short-term bond is a zero-coupon bond.

According to the active investor's behaviour, during stable times, the active investor's

(expected) net profits in period ¢ are defined as
Fo(BriBl1s,Bss)=(Ri—1)By+(Hi—1)Bl1—(Ri— )M, —(Hs—1)Bis, 22

where B, represents reserve outstandings at the beginning of period B¢,: represents holdings
of long-term bonds at the beginning of period £ and B, stands for short-term bond outstandings
at the beginning of period ¢ M, the value of which is given, represents the deposits accepted from
passive investors at the beginning of period ¢ Hs,: stands for the gross one-period nominal cost of
issuing short-term bonds and is calculated by HS,,=%. where Qs is the price of the short

bond in period #¥. In equation @2, it should be noted that the central bank grants the same interest
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rates to its reserves as to its deposits.
Furthermore, it is supposed that active investors are risk-neutral but face two constraints: a
budget constraint and a collateral constraint. The budget constraint is expressed as
R:B,(1+AC\)+HBf1:—RM,—H,B$=En, @3
where E, is the minimum capital (capital adequacy) requirement?-19, AC,,, which denotes the

cost function for investing in long-term bonds, is specified as follows:

AC =——‘v“ B"'/c —1)2 @)
M2 B, ’

B )
where v1,>0 and k., = El">0 are parameters and i ensures that the cost AC;: remains

r
steady!?. The implications of the cost function are that active investors perceive long-term bonds

as riskier assets, entailing a loss of liquidity in relation to their reserves, When active investors
invest in long-term bonds, they demand additional reserves (liquidity) to compensate themselves
for the loss of liquidity. In other words, the agents have self-imposed ‘liquidity requirements’ of
R(B,XAC,) from their long-term bond investment, where, because deposits are redeemed with
interests, it is assumed that the agents reserve the liquidity requirement multiplied by the same
interest rate, R,, as deposits'?.

The collateral constraint has the same implications as that on long-term bond issues-that is,
short-term bond issues should be secured by the active investor’s assets. Therefore, the collateral
constraint is described as

RB:<kyHB%,,, @5
where kss € (0, 1] measures the collateral value of the long-term bond holdings.

On the other hand, when end-user borrowers face financial distress with probability X, this
exerts a bad influence on the active investor's net profits and budget constraints. Based on
equation (6), if borrowers face financial distress in period ¢, the active investors would receive
7H.:B{,: instead of H,,B%,,. In that case, active investors would redeem all the previously issued
short-term bonds by an amount equal to kssyH, B, according to the collateral agreement 5.

Consequently, in the state of financial distress, the active investor's (expected) net profits in

period ¢ are

Fd(Br,:,Bf.l,:, i,t)=(Rt - l)Br,t+(THl,l - l)B'li,l,t - (Rt - 1)M1 '—(kbsTHl,tB‘li,l.t —Bi,;). 26
In addition, the budget constraint in period ¢ is given by
Rl'Br,t(l +Acl,t)+ THI,IBf,l,t —R:M,— kbsTHl,th.l,t'i‘Lt = Em, (27)

where L. denotes capital injections through the central bank to maintain the minimum capital
requirement.
Thereafter, during periods of financial distress, active investors only accept deposits and put

them in reserve accounts in the central bank. From these, they would gain net profits

23



Shoken Keizai Kenkyu, No.75 (Sep.2011)

(Ri+i—1) (Bya+i—M+)=(Ri+i—1)Em (i=1) and repay the injected capital L; by using these net

profits. Therefore, the active investor’s net profits continue to be zero during such periods.
2. Optimality conditions and analyses
Based on the above setup, the active investor solves the following problem:

max (1 _X:)Fp(Br,t,Btli.l,t, g.t)+Xth(Br.t,Bf,l.t,B§.t)

(Br1yB11,Bir)
st
R:B,(1+AC.,)—RM+Q1—X)H B 1:— He:B$)+ X Ay(1— ko) HiuBl 1+ L)=Em 2]
and

(1—X)kssH 1 :BS1:—R:B3)20. @9
The first-order conditions for the optimizing problem are described, in real terms, as follows:
—Aa,,R,II +%< g;',?:, K1~ 1>2+v1,,x1,,(8£,1,%x1,,— 1)( ,é;;)]=R,— 1, 30
(1—X)A4:R:=1—(Q1—X)1+As)Hsy, (&3

B, (TAY
- 1)1.1161,1/13.:Rt< B'f';’ K11 1)( B'xi';’ ) =1- [(1 _X:)(l +A3,t+kbs/14.t)+ 7’(1 _kbs)Xt(l +/13,r)}H1.:, 32
ot At

B, 2
R,B',.,[l + ”2"’ Bd," Kii— 1) ]= "+ R Mi+(1— X )Hs.BS—Hi.BY1.0)
LIt (33)
- ﬂl - kbs)XrBtli,'l,t _XlLllv
H
Bgftzkbs< RI;‘ )Bffl,h (34)

where As, and A, represent the Lagrange multipliers for the budget constraint and the collateral
constraint, respectively. It can be proved that, as shown in equation 64, the collateral constraint is
binding around a steady state under the condition of R>(1—X)H., based on equations 80 and 303

At this point, we should pay attention to equation 0. Denoting I (B, Bf.:, Bis, Ass, Asi) as
the Lagrangean of the optimizing problem, which implicitly represents the active investor's
expected net profits, we can show that aaTI;= —As,: . This indicates that —As: could be
interpreted as the shadow value of the active investor's capital (ie. equity). Meanwhile, equation

30 yields

_ R:_'l __1_
e ] ®

where
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=142 B ~1>2+v x (—B/”/c —1)( ”'> 86
- 2 \BY, "M et By, BY),

. B,
Setting Z'_<B"' )/cl I

3v1,

Vi=2H 21 40202~ D+ 1= (Z,——) +—(6 o1). 87

Consequently, for V. to be positive for all ¢, the condition 0<:,<6 must hold, which is quite

probable. Furthermore,

av:
a=3n(z-%) 39
and
d*v
d7?1=30” >0 (39)
3 , dV,
In equation @8, if Z,<+, that is, if B¢ lr>§l€1,lBr,t. then d7<0 This result, together with

equations 5, 37) and 9, suggests the following proposition.

Proposition 2: Under the condition of 0<v.,<6, the marginal increases in capital (i.e. equity) would
raise the expected net profits. Although rises in the active investor’s risky assets, B, might lead to

increases in capital, the larger risky assets would diminish the marginal increases in the net profits.

This proposition implies that the growth of the active investor's assets would push up the
(expected) net profits under the abovementioned condition on V1.

Furthermore, from the first-order conditions, we can derive a very important feature of the
model. This feature is stated as proposition 3.
Proposition 3: When X,=X for all t and X>1 hﬁis’ the active investor’s holdings of risky assets are
affected by the slope of the yield curve, and hence, the steeper the yield curve, the larger is its asset

size'?,

This proposition can be proved as follows. In what follows, for any variables Z;, we can define
z:=In(Z)).

Furthermore, with all variables z; defined as above, we can define
=22

where z=In(2).

Log-linear approximations of equations 80 to 82 with X, =X for all ¢ yield the following:
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A 1 ~ A A
A 3_;=ﬂ7’: + 01,1(1)'1‘.1,:—' br,l),
3“: _/7\’:"‘%{(1? 1)/1 /";s,t}y

—(1—X)H;

(ﬁ_l)m(;)(bi,—@,,t) (1 =D+ {1~ ko) XIR— 1)(1]?)13,

_ kbs[@]<@>ﬁ4,,.
R R

Substituting equations @0 and @) into equation @2 and rearranging the resultant equation, we

obtain

®R— 1)u“(1 kbs%‘—gg)(b ~bri)=(h1u—r)— kos%(lz’)(h“ —7).

Equation 84) implies that

RBY
HBY

kos=

Hence, substituting equation @4 into equation @3, we obtain

®- 1)011<1 g, gl,';’)(b b =(hi—r)— kbs%(’;‘)(h“ 7).

When H,, Hs and R are approximately equivalent, the budget constraint 3 implies that

BY\—B{—B,~HB{,—H;B{—R B,
1 v By 4 ¥o% 1 nd’ 7/ D DV
TX{E»H‘R(M *237)}‘@{7’(1—’2»93{,14‘1‘ —R Br].

@s)

“6)

Because M'>2B, would undoubtedly hold, equation @6) results in BY,—BY—B,>0 when X is

substantially small. Therefore, equations @5 and 46) bear out proposition 3. The proposition

theoretically establishes a relationship between ‘the macro risk premium’ and ‘the risk appetite’

advocated by Adrian, Moench and Shin [2010b], where the macro risk premium and the risk

appetite correspond to the slope of the yield curve and the active investor’'s asset size,

respectively, in the proposition!®

V Passive investors

1. Utility function and budget constraint

Passive investors consist of households other than the end-user borrowers and institutional
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investors such as mutual funds, pension funds and insurance companies; hence, passive investors
play the roles of consumers as well as funding sources in the economy.
In this study, we presume a continuum of identical and infinitely living passive investors

indexed by j» € [0, 1]. These investors obtain utility from a bundle C3, given by
1 =1
cz.,=[ IA cz.,w-%dj] «7)

where C:.(j) denotes the quantity of goods j consumed by the investor in period ¢.
These passive investors have the period utility function of

1 [ Ca )H’m_( 5)

l_Oz.h\Cg,’:—l 1+ o ’ “

UZ,I:(CZ.{, Ca- 1,N§,:)=

where k=p (stable times) or d(financial distress). N3, represents the number of hours worked by
the investor in period # 02,>0, the inverse of the elasticity of inter-temporal substitution: @220,
the inverse of the Frisch labour supply elasticity; and h2>0, the habit persistence parameter
indicating the extent of habit formation.

In stable times, passive investors allocate their incomes for the purchase of short- and
long-term bonds as well as consumption goods and deposits. Consequently, the period budget

constraint in stable times takes the form of
1
_t(WtNg,t+Hl.t-lBg,l.t»l +HBéi+RuM+T)= Cz.:+%‘{B‘z’,z,f+B§.;+M,(l +ACwm,s)}, 49

where B$,: denotes the holdings of long-term bonds at the beginning of period # B, the holdings
of short-term bonds at the beginning of period ¢; and M, the deposit amounts, which imply
demand for money, at the beginning of period ¢. T: represents lump sum transfers, which include
dividends from firms and active investors of which the passive investors are the only owners, and
is derived by

L=pit-1ter, 60
where #=In(T), o+ € (0, 1) and &,1~1.i.d.(0,0?). ACm, is the cost function for investing in short-

and long-term bonds and is specified as follows:

_vas( M, N vaf MY
Acm,t- 2 gvtfz,s 1) + 2 (Bg'“/cz.l 1) ’ ‘ (51)

where v25s>0 and v,,>0 are parameters. £2,s>0 and £2,>0 are parameters ensuring that the cost
ACm, remains in the steady state; they are defined as k2s=B%/ M and k20=B%../ M.

The cost function has the same implication as that of the cost function AC:: on the active
investor's budget constraint 3. Hence, passive investors perceive both short- and long-term
bonds as riskier assets, entailing a loss of liquidity in relation to their deposits. When passive

investors invest in short- and long-term bonds, they demand additional money (ie. deposits as

27




Shoken Keizai Kenkyu, No.75 (Sep.2011)

risk-free assets) to compensate themselves for this loss of liquidity. In effect, the agents have
self-imposed the ‘reserve requirements’ (as described in ALSN [2004a]) of M;XACm,: on their
short- and long-term bond investments!¢.

On the other hand, when the end-user borrowers face financial distress in period ¢{—1, they
redeem the long-term bonds of yH:-1Bji-1 instead of repurchasing those of H;:-1Bj:-1, and this
causes active investors to repay the short-term bonds of kss7H1-1B%1,-1 instead of Hs-1B%:-1, as
explained above. As a result, in the state of financial distress, the passive investor budget
constraint in period £ is

S WiNs+ THui1Bsms+ husrHusosBlasms+ RisM i+ Ti) = Caut M 62
Afterwards, since passive investors will not invest in short- and long-term bonds, the budget
constraint in period ¢+:(:>1) becomes

1

P:+1M‘H' &3

1
H(Wl+lN§,t+I+Rl+l—lMt+l-—l+ Tt+i)= Cor+it

2. Optimality conditions and analyses

According to the above setup, the problem solved by the passive investor can be expressed as
follows:

©

)Et 2 é“[(l “Xt+x‘) U2,p(C2.t+l, Cor+i-1, Nz 1+ i)

max
(Cat,Ni, BL, B1o, M, i=0

+ X iUnal Casvts Carrim1,Nias )

1
.. (o JWer Voo Towib (U= Xis N Hosoi1Bbveio1+ i 1B s )

+ & iXewitHuri-1(RosBisrios+ Bbiisio1) F ResiciMisica) 54
—Couri—( o (Mori 1= X Blori+ Bhaas i+ MiriACn01)| =0,
where the parameter B; € (0, 1) is a discount factor and we suppose 82> 81 because the passive
investor is a lender whereas the end-user borrower is a borrower, that is, the lender is likely to be
more patient than the borrower. &:+; denotes a dummy variable which takes the value of one if
1=0 and zero otherwise.
Assuming that 0:5=024=02 and @2p=@2s=¢@2 the first-order conditions for the

optimizing problem given above can be written, in real terms, as follows:

Czi?
Asy=—rt——B.1,E
y (1—03) 27 245 ¢

CZ.ZA'—I‘T2

1-
2124
-0+

Cg'z'(l o9+1

(N3.) "= A5 W',
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cz.,=[W',N§.,+T',+(1—X,)(Hs, 1 ;I’ L Hy
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Bg,’t.z—x) M,

+7’XIEIHI.t(kbs +R:- 1, —-M, 60

~(1-x)|BY +Bzu+M’[1)58(1‘2:/52;_1)24_0“ seer1) ]}

where As: represents the Lagrange multiplier for the budget constraint, and II,= PPi—,l is the
aggregate inflation rate in period ¢

For the first-order conditions, it is important to pay attention to two points. First, according to
equation 69, the existence of the reserve requirement entails that money demand decisions are
taken based on the relative supply of riskier bonds. In particular, an increase in the relative
amount of riskier assets correspondingly raises the demand for money as liquid or risk-free assets.

Second, equations 67 to 69 imply the presence of an endogenous term structure relationship
between the one-period nominal interest rate and the one-period nominal holding return on
short- or long-term bonds. This feature is very important and is stated as the following

proposition.

Proposition 4: The term structure of interest rates, in terms of the term bremium between the
one-period nominal interest rate and the one-period nominal holding return on short- or long-term

bonds, is endogenously shifted by the modified ratio of money to each bond holding.

This proposition can be proved as follows. The log-linear approximation of equations 67 to 69

gives us

E[XS:H] 15:+hst E[Tftﬂ]— U2s<g,>(mt Ag,z)'*'%E:[fl\'tﬂ_;x], (61
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E{Asimi]-Asithi—Efim]=— Uzz(é{i)( :—3&‘,:,:)+$E:[Q;+l—;‘:} 6
E[ﬂs:ﬂ] 15r+h E[ﬂ'zn] 1- X)[vzs( bst)+U21( bZIt)} 63

By combining equations 63 with equation (61 or 62, we obtain equations 64 and 69, respectively.
A A M’ A~ A
hs,t =7+ Uz,s<§_§,>("11 - b?.t)
—(1- X){vz s( bs t>+1)2[( bZ,I.l>]+ﬁEt[l‘t+l_$l]. 64

~ N M’ A~ A
hit=r— Uz,l(——,,,)(m: - bim)
B;

1
X A~ ~
—-(1- X)[UZS( bst)+1)21( bZIl)] 1_)—(E:[1':+1_I:]. 65

It should be noted that one-period holding returns on the short- or long-term bond are affected
by the demand not only for the corresponding bond but also for the other bond. In these
equations, ;, is endogenously determined by the central bank, as explained in section IV.
Therefore, these equations lead to proposition 4; hence, the entire shape of the yield curve in
terms of the one-period holding returns is endogenously determined in the economy.

Proposition 4 has two implications. First, equations 64 and 65 capture an essential feature of
Tobin’s [1969] framework which maintains that spreads between interest rates should reflect the
relative quantities of assets. Second, as shown in sub-section 2, the endogenous term structure
would affect the active investor’s holdings of risky assets, that is, the asset size. Hence, the
endogenous term structure of interest rates can provide a bi-directional feedback between the

active investor’s behaviour and the real economy (economic activities).

VI Firms, the central bank, and complete model

1. Firms

In this sub-section, we will illustrate the derivation of the hybrid new-Keynesian Phillips curve
(NKPC) 7.

As stated above, we assume a continuum of firms indexed by j € [0, 1]. Each firm produces a
differentiated consumption good Cf(j) in period #; however, all firms use an identical technology,

represented by the following production function:
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Cili)=AN )" 66

where we presuppose the absence of any capital accumulation in the firm!®. 4, denotes the level
of technology in period ¢, assumed to evolve exogenously over time as follows:

ar=pqai-1+e€ay,, 67
where a:=In(A/), pa € (0,1) and eq,+~1.i.d.(0, 03), which indicates a shock to the technology. N¢ (7)
stands for the number of work-hours hired from end-user borrowers and passive investors by
firm j in period ¢, and a € [0, 1] represents the share of capital in production.

It is assumed that all firms face an identical isoelastic demand schedule, in which they take the
aggregate consumer price level P; in period ¢ and aggregate consumption index C? in period # as
given. The demand schedule is described as follows:

cti)=(E52)"cx, 69

where P.(j) is the price of consumption goods j in period ¢, ¢ stands for constant price elasticity,

Cf=C;,,+C2,, and
1
1 TE
P,z[ IA P,(j)l-fdj]‘ . 69

Here, let us consider the Calvo [1983] model of staggered price setting with the following
modification. In the period between price reoptimizations, firms mechanically adjust their prices
according to some indexation rule, described as the ‘lagged inflation indexation’ by Christiano,
Eichenbanm and Evans [2005]. Formally, a firm that has the opportunity to reoptimize its price in
period ¢ with probability 1—7 sets an optimal price P; in that period. In subsequent periods (i.e.
until the firm has the opportunity to reoptimize prices again), its price is adjusted according to the

following rules of partial indexation to past inflation:

Pt+k|t=Pl+k—l|t(HH—k—l)w (70)
for k=1,2, .., and
Pr.r=P:, (7)

where P+ denotes the price effective in period ¢+ for the firm that last reoptimized its price in
period £, and w € [0, 1] is a parameter measuring the degree of indexation.
Combining the definition of aggregate consumer price 69 with the firm’s price-adjusting rules (70

and (7)), the aggregate consumer price dynamics are described as

@

_ - P; )1—5
1 e— a)_ 1-¢ —_

t 7]( t 1) +(1 ’7)<P,_1
Next, we will derive a firm's optimal price setting. A firm reoptimizing in period ¢ will choose

the price P; that maximizes the current market value of the profits generated, subject to a
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sequence of demand constraints and the rule of price adjustment. Based on the first-order
conditions pertaining to the firm's optimizing problem, we can derive the following optimal

price-setting equation:

2:—;1 =(1—p8n) i (ﬁﬁ)hE:[;i\CthH‘(zwk —;r) — w(;u k-1 —5:—1)]. @

k=0

where B € (0, 1) is a discount factor of the hypothetical aggregated consumers, as defined below,
and

meeeni=In(MC+1)—In(MC)
where MC .+ represents the real marginal cost in period ¢+ for a firm whose price was last set
in period ¢ v

Finally, we will derive the NKPC. By combining the firm's production function 66, demand
function 68 and market-clearing coqdition on consumption goods, we can derive the following
approximate aggregated production function:

ce=at+(1—anf, )
where n{=In(NY) and N{= _/; lN‘;’(i)dj. Based on equation (), an individual firm's marginal cost in

terms of the economy’s average real marginal cost can be defined as
1
mct=w,—p,—m(a;—ay;)—ln(1—a). ™)

Using equations (73 and (@), we can derive the following NKPC:

o w 1—n)A—8n)

_ ~ B -
= 1+wBIL:—1+ 1+wBEr77-'x+1+ 71+ wp) Omc, (76)
here @=—1—% <1 and
where O=1 —a+ae 2
;ﬂ\sz_/js,:L¢+a/\ _1+(p/\ (’ﬂ)

¢ )
T1—a 1—a™

Here, assuming that #1= h, and 61~ 02, we can approximately express 8, ¢ and A, as follows:

=Bt 2h -
(RS ol =N S )e)
_(EVC) ((FYE, ) ™
¢ <Nf><c \T\m\ T/
ﬁs.lz%ﬁl.t+%§5,l. 80

For the derivation of equations () to 0, see Appendix.
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2. The central bank

We assume that the central bank sets the one-period nominal (risk—free) interest rate as a policy
rate based on an augmented Taylor-type interest rate rule. The interest rate in period ¢, R:,
responds not only to the rate in the previous period, and to deviations of the output and inflation
rate from their steady-state values, but also to the ratio of the demand for money to the sum of
base money and capital injection to the active investor with financial distress. Formally,

R\_ (R [ (Y (YN ()]
ln<E>—pyln( 3 )+(1 m)[p,ln(ﬁ)+p,ln<7)+puln<6>]+eg,,, @81

where p, € (0, 1), p=>1 (for fulfilling the Taylor principle), p,>0 and p,>0. ¥, denotes the real
GDP in period ¢ and is defined as follows!9*

Vi=Crit Cort(1=XShi—1—tW)Shi- 1) Q hr. 82
er. is a shock to monetary policy and is expressed as

€Rt=PRrER-1FER, 83

where px €(0, 1), and ex,~1.i.d.(0, o3). In addition, @, is defined as

=‘M"
¢‘_B’,,,+X,L’,‘

where L', is derived from equation ©7).
3. Complete model

To close the model, we need to specify the market-clearing conditions on consumption goods,

labour, and short- and long-term bonds. These conditions are expressed as follows:

Ci=Cii+Ca, &)
N{=Ni+Ni,., 8

=B, &)
Bii=B{1:+Bf.. &

In addition, we must decide the processes of house prices @ and the probability of default X,.
First, let us assume that the real house prices in period ¢ depend on previous ones and housing
stock, which is expressed by

Q=GR 1S 1e0ns, 89
where G>0, pun € (0, 1) and paz € (0, 1) are parameters, and oqu and Ege should be
Qan1t0ar2<1. eqn: denotes a shock to the real house prices and is expressed as

€ ght=Eqnt, ©0
where eg=In(eq,) and egn~1i.1.d.(0, o2).

Second, in order to link the process of (X} to the business cycle, we presuppose that
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X =XY/Y-1)"*, ()

where X € [0, 1] represents a steady state of the sequence {X/}, and p2>0 is a parameter.

VI Conclusion

In this study, we developed a new-Keynesian DSGE model in which market-based intermediaries
or active investors have an interactive relationship with the ultimate borrowers and lenders.

We could derive four propositions from the theoretical analysis. First, the collateral constraint on
end-user borrowers is likely to push down housing stock in a steady state. This implies that the
constraint controls residential investment. The second proposition is that, under a probable
condition on active investors’ investment, the marginal increases in capital would raise the
expected net profits. This proposition indicates that, when an increase in the active investor's
asset size induces a rise in capital, it pushes up the expected net profits. The third proposition
states that the active investor’s holdings of risky assets are affected by the slope of the yield
curve; hence, the steeper the yield curve, the larger is its asset size. This proposition, together
with the second one, suggests that a steeper yield curve is likely to yield larger net profits for
active investors, which theoretically supports the views of Adrian, Moench and Shin [2010b],
Cardia and Woodford [2010] and Woodford [2010]. Finally, the fourth proposition posits that the
term structure of interest rates is endogenously shifted by the modified relative amounts of money
and each bond that is outstanding. This proposition is consistent with Tobin's [1969] view.

Next step is to achieve the second objective stayed in introduction, based on the developed
model: to empirically examine the propositions derived in this study, and to assess effects of the
presence of the market-based intermediary sector on the business cycle. We will present the

empirical study in the near future.
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Appendix: Derivation of ;1\5,., B and ¢

Let us consider the agents that comprise the end-user borrowers and passive investors. We

assume that they have the following period utility function in stable times:

s 1 C 1-0p sl’—x (Ns)1+¢,
0AC. Cos N S en) =2 () o e Y @
and the following period utility function in times of financial distress:
1 / C; —04 (Nf)”w‘
UdCry Crs, Ni)=72 s\er ,> T+gr (A.2)

where C:=C1+ Car, Ni=Ni:+ N3, and all parameters are defined in the same manner as in the
main body of the text.
Following this, we can derive the constraints on the agents’ behaviour from the setup illustrated

in the main text. Hence, in stable times, the constraints are

S WNi+ QS+ Bt HorsBlirt ReiMos 4 T) (A.3)

=Cit+5- [Qh iShet Hi1Bio1+ B+ M{(1+AC ),
and
L rBi<lr0ns (A.4)
P‘ t l.t—P’ Rk, tOh,t, .

where Bi=Bj:— B%.:. On the other hand, in financial distress, the constraint in period t is given
by

1 .
P AWNi+hoy i+ R M+ T)) = C,+’%M,, (A.5)

where it is assumed that B} is equal to Bi%, denoting long-term bond holdings by active

investors. In period ¢+ (i>1), this equation becomes

ﬁ(W,HNfHJrR,H_IM,H_ﬁT,+,)=cm+ M. (A.6)

Py

Based on the above setup, the agent solves the optimizing problem. Supposing ¢,=0¢s=¢ and

©»=¢a= o, the first-order conditions on the optimizing problem suggest that

o c
Aer= Chu 77— BhE, Cthal)H] (A.7)
and
(N3)" =61, (A.8)
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where B € (0, 1) is a discount factor related to the agent’s utility, and Ae: represents the

Lagrange multiplier for the budget constraint.

1. The derivation of Es.:

In a steady state, equations (11), 65 and (A.7) become, respectively,

A1=Q1—B1hy) Cit-ri=ov-1 (A.9)
As=(1—Bsh,)Cs-+1=02-1 (A.10)
As=(1—pBh)CA~P1--1, (A.11)

Accordingly, around the steady state, it can be presupposed that

A=l —h)1—0)—1)er, (A.12)
}s,tz{(l_hz)(l—Uz)—l}zz,:, (A.13)
Ze=(1—h1—0)—1lcs, (A.14)

Substituting equations (A. 12) to (A. 14) into the market-clearing condition on consumption

goods,
E T o~ El N —52 S

A=—A1—0—12~T=hl—o)—1 " A= m)1—o)—17>" (A.15)
Assuming that

1=n1—0=0—=h)1—01)=1—h)1—0>), (A.16)
equation (A.15) becomes

EG,Iz%ElJ'*'%ES.L (A.17)
2. The derivation of 3
Equations (A.9) to (A.11) lead to the following equations:

11— {1 =h)1—01)—1e1=In(1—Bihy), (A.18)

s—{(1—h)1—02)—1c2=In(1—B2ho), (A.19)

36



How Does the Market-Based Intermediary Sector Affect the Business Cycle? — A Theoretical Consideration

26— {(1—h(1—0)—1)c=In(1—Bh), (A.20)

Calculating (%) x (A.18) +<%> X (A.19) — (A.20) for both sides of these equations under the

assumption in (A.16), and using the relationship applied to :1\1, jis and ;l\s in (A.17), we obtain

In(1—ph)= (%)ln(l —Bih 1)+<%>In(l — Bzh). (A.21)

Presuming not only that Bk, Bihy and B:h: are all small but also that k, and h are around h,
equation (A.21) indicates that

w-(Bhe(B

3. The derivation of ¢
Log-linearizing equations (12, 66 and (A.8) around the steady state, we obtain the following

equations, respectively:

o= A+ ws, (A.23)
(Pz;;i,t =/1\5.1 +/w\t. (A . 24)
oni=letw. (A.25)

Next, calculating (%) x (A.23) +<%> x (A.24) — (A.25) and using the relationship applied to A1,
Asand Ae in (A.17), we obtain

N E N\ C raY
gonf=<-:’>qomf,:+<%><pzn§.,. (A.26)
On the other hand, since Ni=N$,+ N3,
=it s, (A.27)
Substituting equation (A.27) into equation (A.26) and rearranging the resultant equation, we get
Nf El )As ( Ni Ez )’\
(quo C¢1 Nnit NS(D C(Pz N2t ( )

In order to maintain the relationship in (A.28) for all ¢,

®m,_C o BT
Ns Efpl quo ?‘pz

As a result,
~(FA ) =T E )
(2 ) (=L =2 (=2 ) A.29
¢ (Nf)(C “\T\mAT ) (4.29)

37



Shoken Keizai Kenkyu, No.75 (Sep.2011)

Notes

1) Works from the theoretical viewpoint include, for example, Danielsson, Shin and Zigrand [2009] and Adrian and Shin
[2011b]: those from the empirical viewpoint include, for example, Brunnermeier [2009], Adrian, Moench and Shin [2010a],
and Adrian and Shin [2010b].

2) Adrian and Shin [2011a] explain these concepts in detail.

3) In this study, it is supposed that the shadow banks are composed of asset-backed security (ABS) issuers, finance
companies, funding companies, and agency- and GSE-backed mortgage pools, where ‘GSE’ is an abbreviation for
‘government-sponsored enterprises’. For a comprehensive and up-to-date description of the shadow banking system, see
Pozsar et al. [2010].

4) 1t is implicitly assumed that borrowers not only demand houses but also supply them. Furthermore, we assume the
presence of some suppliers other than borrowers, for example, homeowners by inheritance.

5) For example, the quarterly data on 10-year zero-coupon yields by the Federal Reserve System (FRB) indicate that H
was around 1.014 during 1990:Q1 and 2010:Q3. Meanwhile, Iacoviello and Neri [2010] suggest that the impatient
household's discount factor, B, is 0.97 for the U.S. Therefore, it could be said that the data pertaining to the U.S. bear out
the condition of 1—8:H,>0.

6) When there is no collateral constraint, the borrower's discount factor, Bi, should be equal to Hr".

7) For example, using the federal funds rate and the 10-year zero-coupon yield for the U.S., R/ H, is calculated as around
1.0018 from 1990:Q1 to 2010:Q3. Meanwhile, Iacoviello and Neri [2010] suggest that the values of ¢4 and kx are 0.01 and
0.925, respectively. These data and parameter values support the condition that &s<(1 — )R/ H..

8) This implies that at the beginning of period ¢, active investors repurchase short-term bonds issued in a previous period
at a price Qs,, while they simultaneously issue the bond at the same price.

9) Equation @3 and definition 4 imply that in a steady state, RB,+H BY/—R M—H;Bi=En. From the viewpoint of an
optimal capital-to-assets ratio, ¢, the capital adequacy requirement is expressed as =¢, where, for example,
¢= 0.08 according to the Basel Accords.

10) From the viewpoint of a value-at-risk (VaR) constraint, as suggested by Adrian and Shin [201la], we should
incorporate 7H.B%.: instead of H:.Bf{.: into the budget constraint @3 , because if end-user borrowers face financial
distress, they can repay 7H:..Bf%.: to active investors. However, since our model explicitly considers the probability of
default, it adopts a normal budget constraint in stable times.

11) The parameter vy, is conceptually similar to ks in Gerali et al. [2010], which indicates an adjustment coefficient on the
quadratic cost that the bank pays whenever the capital-to-assets ratio moves away from the optimal value (in our
context, ¢).

12) In this study, since we do not consider a capital increase for the active investor, we can regard the liquidity
requirement as playing the role of a kind of capital adequacy regulation.

13) For example, using the 3-month TB rate and the federal funds rate for the U.S., R/ Hs= 1.0006 from 1990:Q1 to
2010:Q3. Consequently, the collateral constraint is binding around a steady state for any X € [0, 1.

14) This study defines the slope of the yield curve in terms of holding returns instead of interest rates. The validity of this
definition is given in Appendix A of Sudo [2010].

15) Adrian, Moench and Shin [2010b] state that when the financial intermediary’s balance sheet constraints are loose, the
risk premia are compressed. Their argument seems to contradict proposition 3. This is because they relate the
intermediary’s balance sheet size to the time difference in the weighted combination of yield and credit spreads (ie.
7.—7:-1 in their context), whereas we associate it with the term premium of holding returns (i.e. 7/+1—7 in their context).
Proposition 3 is consistent with Woodford's [2010] view that a larger credit spread encourages financial intermediaries to
increase the supply of credit.

16) The cost function has another implication in that this functional form of ACm, guarantees non-zero demand for these
riskier assets, in terms of the passive investor budget constraint, under the condition that all vzs, v2., K25 and K2, are

RB,+HB!

positive.
17) For further details, see, for instance, Sudo [2010].
18) In equation 66, Ci(j) and N¥(;) are interpreted as per capital in period £ for firm j.
19) According to the definition of Y., the monetary policy implicitly takes house prices (ie. asset prices) into consideration.
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