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Abstract

How do frictions in asset markets affect business cycle dynamics? This paper ar-
gues that imperfect risk-sharing among heterogeneous households, due to frictions in
asset markets, amplifies price stickiness endogenously and consequently increases the
persistence and volatility of business cycles. The main economic mechanism is an idio-
syncratic wealth effect on individual household’s labor supply. This result provides a
way to understand two conflicting observations based on macro and micro data: (1) The
model is able to generate persistent aggregate dynamics, being consistent with micro
evidence of frequent price adjustments. (2) The model is consistent with large elasticity

of aggregate labor supply as well as small elasticity of individual labor supply.
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1 Introduction

How do frictions in asset markets affect the aggregate dynamics of inflation and output?
The main theme of this paper is that even a very small friction in risk-sharing, if com-
bined by a relatively small nominal rigidity, can have quantitatively non-trivial effects on
macroeconomic dynamics. More specifically the paper shows that imperfect risk-sharing
due to frictions in asset markets amplifies price stickiness endogenously and increases the
persistence and volatility of the business cycles. The main economic mechanism is an idio-
syncratic wealth effect on labor supply that makes each individual household’s labor supply
inelastic to a change in real wage, which in turn makes each firm’s marginal cost more
elastic to a change in the firm’s price and output.

Based on the result above, this paper studies and documents four important implications
for business cycle research. The first two are the implications for discrepancies between
micro and macro observations. The imperfect risk-sharing appears to reconcile the tension
between those two. I then discuss a couple of policy implications.

First, since imperfect risk-sharing model amplifies price stickiness endogenously (or,
equivalently, it generates real rigidity), the model can fit key aggregate time series data
with a more moderate degree of nominal rigidity relative to perfect risk-sharing models.
Consequently the model can be consistent with micro evidence of the frequency of price
adjustment, which has turned out to be higher than many macroeconomists had thought
(Bills and Klenow 2004). The model in this paper generates persistent aggregate dynamics
with only 1.78 quarter of price stickiness when we take the possibility of imperfect risk-
sharing into account. As a consequence, imperfect risk sharing can explain why monetary
policy shocks can have large and persistent real effects even when many firms update their
prices frequently.

Second, as stated in the first paragraph, the reason for real rigidity is a smaller individual
labor supply elasticity due to idiosyncratic wealth effects. The idiosyncratic wealth effects,
however, cancel each other out through aggregation across households. Therefore aggregate
labor supply elasticity needs not be identical to individual labor supply elasticity. I indeed
show that the macro elasticity is always larger than or equal to the micro elasticity, with
the equality being realized only when the risk-sharing is perfect. The estimated general
equilibrium model gives 0.35 for the micro elasticity and 3.18 for the macro elasticity, which
appears to be consistent with evidence at both micro and macro level.

Third, the main result provides a new channel through which improving financial mar-
kets leads to higher welfare. It is generally agreed that imperfect asset markets can have
adverse effects on the welfare of our society in two ways. First, people would be perfectly
insured against idiosyncratic income risks if asset markets were ideal. Second, a better asset
market would promote long term economic growth more efficiently. However the channel
presented in this paper is new because in principle we can think of the previous two channels

separately from business cycles. I show that asset market frictions affect welfare exactly



because they amplify business cycle fluctuations: for a given degree of nominal rigidity,
output, once either nominal or real shocks hit the economy, deviates from its efficient level
by a larger amount and for a longer period of time due to the real rigidity generated by
imperfect risk-sharing. This new channel therefore generates an additional source of inef-
ficiency, which is separate from those discussed in previous studies. The estimated model
predicts that, if there were no frictions in asset markets, the volatility of the U.S. business
cycles would be less than half of the volatility we currently observe.

Finally the output-inflation tradeoff has been an important subject of study because
it has implications for optimal monetary policy. I show that the real rigidity created by
imperfect risk-sharing is reflected in the slope of Phillips curve. The Phillips curve gets
flatter as frictions in risk-sharing get bigger. As a consequence, policy makers have to deal
with less favorable inflation-output tradeoffs, and potentially larger sacrifice ratios, when
financial frictions are more stringent.

I investigate the questions above by introducing an asset market friction into an oth-
erwise simple prototype New Keynesian (NK) model. There are several reasons that the
NK model is used as a starting point in this paper. First, the model and its extensions
have been the workhorse for the analysis of business cycles and monetary policy. Second,
the model is still simple enough for me to show the main result of this paper analytically.
Third, few papers have investigated the aggregate implications of incomplete asset markets
and heterogeneous households in the sticky-price framework.

The key features of the standard NK model include nominal price rigidity and mo-
nopolistic competition with differentiated products, each requiring a different labor skill to
be produced. Since labor markets are segmented for different types of products and the
households can be employed in different labor markets (perhaps because each household
has a different skill set), the households are heterogenous in terms of their labor incomes.
However, with complete asset markets, which is another standard assumption of the NK
model, in equilibrium the households become homogeneous in asset holdings and consump-
tion. Hence the model economy becomes identical to the economy with a representative
household who supplies every type of labor.

In contrast, when risk-sharing is imperfect due to some frictions in asset markets, each
household’s consumption depends positively on its labor income and thus on the wage rate
and output of the firm in which the household is employed. This feature of the model
makes the wage elasticity of labor supply smaller due to the wealth effect: for instance,
when the wage rate is high, household’s consumption level is also high, and consequently
the household has less incentive to supply labor.

To see how the wealth effect on labor supply influences a firm’s pricing decision, consider
a firm hit by a shock that reduces the firm’s marginal cost. The firm then has an incentive
to lower its price, which would induce more demand for its product. To produce more,

the firm would demand more labor hours, which would shift the labor demand curve to the



right. This would raise the equilibrium wage rate and consequently the firm’s marginal cost,
which might offset the initial decrease in the marginal cost. However, the later increase in
the marginal cost must be larger when there is a friction in asset markets because the labor
supply curve is steeper due to the wealth effect. The firm therefore decides to reduce its
price by a smaller amount than it would do if the asset markets were perfect. To summarize,
imperfect risk-sharing can explain inertial aggregate inflation and persistent business cycles,
even if firms change prices relatively frequently, because when firms change prices they do
so by a smaller amount.

I introduce a friction in asset markets following the same approach taken by Schulhofer-
Wohl (2007). I include a convex transaction cost in the households’ budget constraints,
which makes transferring resources between the households costly. With the transaction
cost, the households transfer their resources to insure the income risks by a smaller amount
than they otherwise would. Consequently, consumption insurance is less than perfect: a
typical household relative consumption fluctuates in the same direction as its relative in-
come. This is true even when there exists a complete set of state contingent financial
securities. Although one could view that the transaction cost is a shortcut to generate im-
perfect risk-sharing, I nevertheless take that approach for three reasons. First, it provides
me with the simplest and cleanest way to derive my results. Second, alternative ways of
modeling asset market frictions would not change the main insight of this paper as long as
a household’s relative income fluctuations result in relative consumption fluctuations as a
result of the imperfect asset market institutions.! Finally in my view, the other approaches
are not obviously more realistic.

In the real world, asset markets are not ideal in one way or another, and we often
observe that people with bad income shocks also suffer from reduced level of consumption.
So the asset market imperfection itself is less controversial. It is quantitative importance
that is more controversial. The quantitative importance of the imperfect asset markets
and of the less ideal risk-sharing on aggregate dynamics are still being debated and has
been one of the main research areas. A number of papers have focused on how relaxing
the assumption of complete asset markets and a representative household affects aggregate
dynamics quantitatively. This research agenda is relatively young, but is growing rapidly.
Important early contributions include Huggett (1993), Aiyagari (1994), and Krusell and
Smith (1998). However up to my knowledge, few papers have analyzed the implications of
imperfect risk sharing on inflation-output dynamics and the Phillips curve in a sticky-price
framework.

This paper is also related to the literature on real rigidities. Early contributions include
Ball and Romer (1990), Kimball (1995), Basu (1995), Bergin and Feenstra (2000), Altig et
al. (2004), Eichenbaum and Fisher (2007), Woodford (2005) and Carvalho (2006). Chari

'Lee (2007) shows the same result assuming a different financial market institution. In that paper, the
asset markets are incomplete and risk sharing is imperfect becuase the households can trade only one type
of assets: riskless bonds.



et al. (2000) also emphasize the importance of endogenous stickiness. They argue that
sticky-price dynamic stochastic general equilibrium (DSGE) models need to amplify the
price stickiness endogenously to explain persistent aggregate dynamics with a reasonable
degree of nominal price stickiness.

These two literatures, the literature on imperfect risk-sharing and on real rigidities
have been important research ares in macroeconomics, but they have been developed rather
separately. This paper argues that there could indeed be a connection between the imperfect
risk-sharing among heterogeneous households and the real rigidity: the imperfect risk-
sharing is a new source of real rigidity.

The literature on the labor supply elasticity at the micro and macro levels is another
line of research related to this paper. This paper provides a bridge between the research on
the elasticity and the literature on real rigidity, recognizing that a source of real rigidity can
also provide an explanation for the apparent tension between the micro and macro labor
elasticity. The closest to my work is Chang and Kim (2006) in that they also identify house-
hold heterogeneity and imperfect risk-sharing as a main driving force for the reconciliation.
The economic mechanism in this paper, however, is different.?

The rest of the paper is organized as follows. In the next section, I develop a baseline NK
model with asset market frictions and present the main theoretical results. In the following
section, I take the model to the U.S. data and document some gquantitative implications
of imperfect risk-sharing using the estimated NK model developed in the previous section.

Section 4 summarizes the findings and concludes.

2 Model

I describe the model economy in this section. The model is similar to the standard NK
model in Woodford (2003, chapter 3). The only difference is the existence of a cost of
transferring resources among the households as in Schulhofer-Wohl (2007). As a result, the

households are not able to insure their income risks perfectly.

2.1 Households

There is a continuum of industries indexed by i € [0, 1], each of which produces a different
type of product. Each industry ¢ is represented by one firm called type-i firm. Different
labor skills are required to produce different types of product, that is labor skill is industry-
specific. In each industry i, there is a representative household called type-i household.
The type-¢ household possesses a labor skill specialized exclusively for industry ¢, and thus
supplies labor service to type-i firm.

Type-t household maximizes the following discounted expected utility function:

2 A more detailed literature review will be added here.
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where Cy(i) denotes type-i household’s consumption, H;(7) denotes the hours of labor ser-
vices supplied to industry i, I'; and Z; are preference shocks common to all households,
is the discount factor, v is the elasticity of labor supply and o is the coefficient of relative
risk aversion. The preference parameters 1) and o are non-negative and g € (0, 1).

The household’s dynamic budget constraint is given by

PCy(i) + By [Qu41Beg1 (1) + Fro® (Ci(i), Xo(i))=Bi (i) + Wi (i) Hy (i) + 1L, — BT,

Vv
real transaction cost

where P, denotes aggregate price level, Wy(i) is competitive wage rate in industry i, T} is
lump-sum tax and II; is the aggregate profit of the economy, II; = fol I1;(i)di. A household’s
total income at time ¢ is the sum of labor income Wy(:)Hy(i) and capital income II;. T let

X (i) denote type-i household’s total after-tax real income at time ¢:

W, (i)Hy (i) + 10, — BT,

X (1) 2}

Unlike labor income, the households’ capital incomes and the taxes are not idiosyncratic.
Every household holds the same mutual fund so that the economy’s total profit is equally
distributed among the households, and the government collects the same amount of tax
from each household. Consequently, the income differential between any two households is
entirely due to a difference in labor income. The equal capital ownerships and taxes are
simplifying assumptions that do not affect the main results of this paper.?

Households can trade nominal securities with arbitrary patterns of state-contingent pay-
offs. In budget constraint, B(i) denotes type-i household’s holding of one period state con-
tingent nominal securities and @41 is a stochastic discount factor. At time ¢t when the
household makes its portfolio decision, By41(7) is a random variable that can have different
values depending on the state realized at time ¢ + 1. Households completely specify whole
distribution of By;1(4) at time ¢, taking the market prices for the state-contingent payoffs
as given.

Making consumption different from its income is costly. If a household’s consumption
Cy(7) is different from its income X;(7) then the amount ¢® (C(i), X (7)) of consumption
good is taken away from the household’s resource. I assume ¢ > 0. An important special
case is when ¢ = 0. The model presented here is then the same as the standard NK model.
Following Schulhofer-Wohl (2007), I let the transaction cost function ®(-) have the following

3In the model, the steady state values of the profit and tax are zero. Consequently they do not have first
order effects on a household’s income anyway. Therefore, up to first order approximation, we can regard that
X:(7) contains only idiosyncratic part of the household’s income. Again, this assumption is not necessary
for the result of this paper.



form:

2
o (C,X)= % <log)0() :

However, the specific function given above is not necessary because any convex transaction
cost would give the same result.

Type-i household’s first order conditions are

PCy(i)7 {1 4+ ¢Pc(Ci(4), Xe(4))} Dega
P 1Ciy1 ()7 {1 + 6P (Crq(4), Xig1(2)) } Iy

oL+ 6Pc(Cili), Xe(0)} - _ Wild) o)
1= 00x(Ci(0), X)) '~ B

where ®¢ and @ x are the partial derivatives of ® (-) with respect to the level of consumption

o=t () ()

_ 0 Cy(i) Cy(7)
X =5% T X0 <1°g Xt(i)) '

= Qt.t-l—l: (1)

Hi(1)¥Cy(4)

and income:

The gross nominal interest rate R; is determined by R, L= E; [Qt1+1] as R, 1'is the
price of portfolio in which By;1(i) = 1 for every state of the economy at time ¢ + 1. The

equation R; ' = E; [Qr+41] and (1) together yield a consumption Euler equation

R;' = BE;

PCy()7 {1 + ¢@c(Ci(i), Xe(9)} T } ' (3)

P1Ci11(9)7 {1 + 6P (Crpa (1), Xig1 ()} T

One can show that in the case of no transaction cost where ¢ = 0, the economy is
characterized by perfect consumption insurance. Especially with a normalizing assumption

on the distribution of the households’ initial wealth, one necessarily obtains from (1) that
Cy = Ct(z) = Ct(]) Vi,j € [07 1] ’ (4)

which should hold for every time period ¢ and also for every possible state of the economy.
In this case, (2) should instead be
L — Wt )
Hy (i) CIE, = P”. (5)
t
However, (4) no longer holds when ¢ is positive. A household relative consumption is
higher when its relative income is higher, and consequently cross-household consumption
distribution departs from the efficient distribution that would be realized when ¢ = 0.
Comparing (2) and (5) provides an idea of how the asset market friction leads to a
greater degree of real rigidity. In the case of imperfect risk-sharing, type-i household’s

consumption Ci(i) depends positively on labor income, thus real wage W%E@ as well as labor



hour Hy(i), which makes the wage elasticity of labor supply smaller due to the wealth effect.*
As mentioned in the introduction, the less elastic labor supply makes the firm’s marginal
cost depends more negatively on the direction of price change, and as a result the firms
would not change the prices as much. On the other hand, there is no such idiosyncratic
wealth effect in the case of perfect risk sharing since each industry is so small relative to
the whole economy that a change in the industry wage rate Wf,ﬁfi) or labor hour H(i) do
not affect directly the aggregate consumption Cj.

The equilibrium conditions can be log-linearized around the symmetric non-stochastic

steady state. The log-linear approximations of (1), (2) and (3) take the form

1

(i) = crq1 () + P (G414 Tog1 + 7 — Yer1) + ", (z4(i) — 2e41(3)),  (6)
wi(i) — pe = Y~ (i) + oy (i) + &, (7)
c4(i) = Brera (i) — Uid) (re = Bimert + Br (v — 7e1)) + (;jﬂ(ﬁE (2e(i) — 2141(0)), (8)

where I use the lowercase letters to denote percentage deviations from the steady state.®
From (6), one can derive an analytical expression for a household’s consumption as a

function of its idiosyncratic income and aggregate output.

Proposition 1 Up to the first order approximation, a typical household’s consumption

function can be expressed as a weighted sum of the idiosyncratic and aggregate incomes,

W

c(i) = (i) + (1 - “’) e, (9)

1+w 1+w

where y; is aggregate output (,which is equal to the aggregate consumption c; in equilibrium),

and the parameter, w is the ratio of transaction cost to risk aversion,

w=¢/o.

The proof of this (and all other results) is in the appendix. The result is intuitive. A
household’s consumption, ¢;() responds more to x(7) relative to y; as the transaction cost,

¢ increases. The equation (9) gives the elasticity of consumption to idiosyncratic income

4Note that the marginal rate of substitution,
o {14+ ¢P@c(Ci(i), Xe(7))
{1 = 92x(Ci(2), X:(4))

is an increasing function of Cy (7). And C¢(7) is an increasing function of X;(z) and thus H;(z) and Wy(3)/P;.
Since M RS:(i) = W:(i)/P; in equilibrium, it can be easily shown that the supply of labor hours H¢(i) is
less sensitive to the real wage We(7)/P;.

®For instance,

MRS (i) = He(i)¥ Cy(d)

t

e
}

ct(1) = log Cy (i) — log C,

where C' is the common steady state level of consumption of households.



and thus provides an idea of how large a given ¢ is, in the context of consumption function.

An alternative way of writing the equation (9) is

(i) = 7ot ). (10)

The variables with superscript R, cf*(i) and zf¥(i), denote type-i household’s consumption
and income relative to the aggregate consumption and income. The equation (10) indicates
that a household’s relative consumption moves in the same direction with its relative income
as long as ¢ is positive and ¢f*(i) = 0 when ¢ = 0.

Schulhofer-Wohl (2007) estimates the ratio of transaction cost parameter to risk aversion,
w and shows that a reasonable value of w should be in the range of 0.117 to 0.205 if one
accounts for the heterogeneous risk and time preferences among the households. If one
does not account for the heterogeneous preferences as in this paper, the estimated w is
much larger and it can be greater than 0.5. As noted by Schulhofer-Wohl, his estimate of
transaction cost parameter is considered one of the smallest. In this paper I assume small
values for w prior to the estimation, to be conservative.b

To have an idea of the magnitude of w, let us consider a couple of examples. If w = 0.2,
the equation (10) implies that a household’s consumption would be higher by only 16.7%
than the economy’s average consumption, if its real income were larger by 100% than the
economy’s average income. Put it differently, the relative standard deviation of relative
m is only 0.167. Another way to put it is that the
correlation between a typical household’s consumption and aggregate consumption (and

consumption to relative income,

income) is 0.833 while the correlation between a household’s consumption and its income
is only 0.167 (see equation (9)). Therefore, according to this estimate, the transaction cost

is indeed very small and people seem to share risks quite well. Even a larger value, Sl(lCh a)s
std((cf(3)

w = 0.5, does not appear to lead to an unreasonably large transaction cost since (=R ()
t

is only about 0.33.

As mentioned above, the wage elasticity of labor supply is an important factor that
determines the degree of real rigidity that a model generate. Combining the consumption
equation, (9) and a household optimality condition (7), we can derive a household’s labor

supply schedule.

he(i) = 1 [wi (i) — pe] — 19 — X2&es (11)
where
~ _ ow o 1
p= e Xg = e Xo= 7 5o
e e e

The wage elasticity 1 is decreasing in w (and ¢). Therefore the firms in industry ¢ would

face a steeper labor supply curve if there were a financial friction, and consequently the

SFor instance, I consider 0.14 as the most probable value for w before I actually estimate it, taking the
model to aggregate time series data.



firms’ marginal cost would be more sensitive to a change in price and output of the firms.

Note that even when the Frish elasticity of labor supply % is very large, the model can
endogenously generate a quite small elasticity, ¢. This fact might reconcile the discrepancy
between the elasticity of labor supply at micro level and at macro level. By aggregating
(11) over the unit interval and then using the equilibrium condition, h; + w; — pr = yi, we

can obtain the following aggregate labor supply curve,’

ht = ¥(wt — pt) — Yoy — PE;. (12)

Therefore, for a given Frish elasticity of labor supply, v, the elasticity of labor supply at
micro-level is always smaller than the macro elasticity as long as there is some financial
friction.

I summarize the observations that we just made in the following proposition.

Proposition 2 Up to the first order approximation, a typical household’s labor supply
schedule is given by (11) and the aggregate labor supply schedule is given by (12). The
wage elasticity of individual labor supply is decreasing in risk-sharing friction, w whereas
that of aggregate labor supply does not depend on the friction. Moreover, the former is

smaller than or equal to the later, that is,
<y
holds, with the equality being true when w (and ¢) is equal to zero.

2.2 Firms

This subsection describes the supply side of the economy. As mentioned above, there is a
continuum of industries indexed by i € [0, 1], each of which produces a distinguished type
of product Y;(7). In each industry 4, there is a representative firm called type-i firm.

The differentiated products {Yt(i)}ie[o,l] are used to produce final consumption good Y%,
through a CES technology given by

"The aggregate hour and wage are defined as
H = Hq(i)di,

0

The aggregate labor supply curve also can be obtained by simply integrating (7) over the unit interval.
We will see that the total profit is equal to zero in the steady state. Consequently, up to first order
approximation, the aggregate labor income must be equal to aggregate output, i.e. hy + ws — pr = yz.

10



where 6; denotes stochastic elasticity of substitution between different types of goods. I

assume 6; > 1. The corresponding price index P; for the final consumption good is

1 =
P = </ Pt(i)letdi> ,
0

where P,(i) is the price of type-i product. The optimal demand for each type of good is

Yi(i) = (Pjéf))_et Y. (13)

then given by

Type-i firm’s production function is given by
Yili) = AcHi (i), (14)

where A; denotes the level of economy-wide technology.
As a benchmark case, I first consider the economy in which all prices are flexible. Type-i

firm chooses its price, P;(i) that maximizes its profit,
(i) = (1 = 1) B ()Y (i) — Wi () Hy (i)

with the given technology (14) and the demand function for its product (13). The govern-
ment collects a sales tax, with a fixed rate of 7 = %, where 60 is the steady state value of
0. The presence of sales tax makes the equilibrium output in steady state to be efficient.
I assume that the tax revenues are wasted.®

If the prices were flexible, the firms would choose a common optimal price and the house-
holds choose a common level of consumption. The natural output, the level of aggregate
output that would be realized with flexible prices, is then given by

et |
}/tN _ St—lAt(r-&-w_l':' otyp—1

= s

where S; = wﬁf)ﬁ denotes the stochastic mark-up. Note that if the markets were

competitive the mark-up would not show up in the equation and the output produced
1491 1

=T " oo =T
E = A7t =, 7" . The natural

would always be equal to the efficient level of output, Y,

output thus can be expressed as
}/;/N — S;l}/'tE

8 These assumptions, that the government collects sales tax and that the tax revenues are wasted, are not
necessary for the results of this paper. But they are often convenient to have, especially when one takes the
model to the welfare analysis. In this paper, the presence of the tax makes algebra a little easier and leads
to a cleaner expression of the reduced-form equilibrium conditions. But the results would be essentially
unchanged without the tax.

11



Taking log gives

14! 1
N R e LE

E
= Y — St

The equation above shows that the natural level of output can be different from the efficient
level of output in the presence of the stochastic mark-up.

As emphasized by Lee (2007), when there is no idiosyncratic shock and the prices are
flexible, the asset market imperfection by itself does not make any difference, not only for
aggregate dynamics but also for cross-sectional distributions. In the absence of idiosyncratic
shocks, every firm charges the same prices and produces the same amount of outputs.
Consequently, the households’ incomes are symmetric and there is no need for the asset
markets at all. Then the aggregate dynamics would not be effected: the natural output Y,V
does not depend on ¢.

However the result above does not hold under sticky prices. When the prices are not
flexible, even the aggregate shocks act like idiosyncratic shocks as the timing of price adjust-
ments are not synchronized among the firms and consequently the labor incomes across the
households are different. Therefore the equilibrium outcome in principle should be different
where there is a friction in asset markets.

Following Calvo (1983) and Yun (1996) I assume the firms adjust their prices with
probability 1 — o each period. A firm that re-optimizes at time ¢ choose the optimal price

P} (i) that solves the following profit maximization problem:

max E; Z o' Qt pk e (),

t

where

Ton(i) = (1= 7)PH@)Yirn (i) — Wosn(6) Hupi i)
() Ok (i * (i =0tk
O X0 <P()> mk—W”““(P“) Yier.

Py, Agrk Py,

The first order condition is

Ly ZO‘ Qttvk <Pt ( )>9t+k Yick {Pt*(i) - St+kVVt+k(i)} =0. (15)

Py Aty

By loglinearizing the first order condition above, I can obtain the generalized NK Phillips

curve which nests the case of perfect consumption insurance as a special case.

Proposition 3 Consider the heterogeneous household model with imperfect risk-sharing

described in this paper. The aggregate output and inflation must satisfy a Phillips curve (or

12



an aggregate supply relation) of the form

Tt = BEim41 + K (@/t - Z/tE) + Hs

where

B
a Q@ 1+0(¢_1+07) ’

w4y

= l+w—ow’

The reduced-form of the Phillips curve therefore remains the same as the baseline NK model.
Howewver the slope of the Phillips curve, k gets smaller, for a given degree of nominal rigidity,

a, as the degree of the transaction cost ¢ gets larger as long as ¢ < -75.

The proof is outlined in the appendix. The residual term p, = & (a + wil)_l St is
proportional to the stochastic mark-up, and is often called a "cost-push shock" in the
literature. The inequality ¢ < ~%5 is a condition that makes ~ positive and thus makes the
slope, x smaller. If the inequality does not hold, the Phillips curve gets steeper. Intuitively
when the transaction cost is too large, the wealth effect is so large that not only the labor
supply curve becomes less elastic but also the sign of slope switches to be negative: the
households supply less hours when the real wage is higher. Since I view this is rather an
unusual case, I will focus only on the case in which the transaction cost is non-negative but
not too large; i.e. 0 < ¢ < ﬁ

Figure B plots the slope of the Phillips curve for ¢ € [0,1.5] and o = 3. In the special
case in which ¢ = 0, the slope of the Phillips curve would be exactly same as the one in the
benchmark perfect risk-sharing model. On the other hand, if ¢ is 0.6 so that w = 0.2, then
the slope is only about one third of the slope under perfect risk-sharing.” If a higher value
of either o or ¢ were used, then the slope would get even smaller. This suggests that the

real rigidity due to the asset market friction can be substantial.

2.3 Government

Assuming the government does not issue the state-contingent assets, the government budget

constraint should be
R D1 + P,Gy = Dy + PT; + TRY;,

where Dy is government’s risk-less bond supply, Gy is government expenditure, and P;T; and
TP;Y; are the tax revenues from the households and the firms respectively. For simplicity 1

assume
Gt:TY;g, Dt:(), Tt:()

Figure B uses the benchmark parameter values: o = 0.5, 8 = 0.99, 0 = 3, ¢ = 3 and § = 6. These
numbers are also used as the prior means in a later section.

13



Monetary policy is characterized by a Taylor rule:
1- T
P, o Y, by (1=p)
P4 Y

exp(my).

R, =pB'RI",

2.4 Equilibrium

Equilibrium is characterized by allocation of the resources and prices that satisfy the house-
holds’ optimality conditions and budget constraint, the firms’ optimality conditions, the

monetary policy rule and finally the market clearing conditions:

1 1
/ (Cui)+6k (Cy(d), X,(i))} di + Gy = Vi, / By(i)di = 0
0 0

for every time ¢ and every state of the economy.
In the log-linear approximation, however, if we were only interested in the dynamics of

the aggregate variables {y;, 7,7}, then the three familiar equations

1
Yy = By — p (re — Eymepr + v — Erveg) s (16)
T = BEma+k(ye—yE) + w (17)
re = pre1+ (L= p) {dame+ by} +mu, (18)

would completely determine the dynamics of those variables. The first equation is the ag-
gregate demand equation (or the IS equation) and it can be derived by integrating the
households’ Euler equations (8) over unit interval. The second equation is the generalized
Phillips curve and the third equation is a log-linearized Taylor rule. The system of the
equilibrium conditions looks exactly same as the standard NK model except the slope of
the Phillips curve & is a different function of structural parameters. This suggests that once
we correctly adjust the slope, the imperfect risk-sharing does not play a role as long as
one’s focus is only on the aggregate dynamics up to the first order approximation. Espe-
cially one does not have to keep track of the cross-sectional distribution of the households’
consumptions and asset holdings.

Finally one can also study dynamics of two labor market variables, hours and real wage,

by adding two more equilibrium conditions,

we—pr = Y oy +&, (19)
Yyt = ar+ he (20)

The first equation can be obtained by aggregating the households’ intra-temporal first order
conditions and aggregating the firms production functions yields the second equation. To

summarize, the equations (16), (17), (18), (19) and (20) determine the equilibrium time
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paths of {y¢, m¢, 7e, b, we — pi}

3 Applying the model to the U.S. business cycles

The previous section presented the simple NK general equilibrium model and discussed the
main theoretical result. In this section, I take the model to the U.S. data, estimate the
model and use the estimated model to answer several questions of interest. How large is
the asset market friction implied by the model and the data? Is the estimated friction
implausibly large or small? How does the presence of the asset market friction affect the
estimate of nominal rigidity implied by the model? Is the estimated elasticity of labor supply
consistent with both micro and macro evidence? How much does the friction matter in term
of persistence and volatility of business cycles? Does it matter at all? Put it differently, how
much could we moderate the business cycles if we improve the financial market institutions

so that people can share the risk better, while other things being equal?

3.1 Estimation

The questions of interest above are quantitative in nature. It therefore is necessary to
choose a set of model parameters to make the model useful for answering those questions

and performing a counterfactual analysis.

3.1.1 Exogenous Process Specification

First of all, I specify the stochastic exogenous processes to complete the model. 1 as-
sume that the two preferences shocks and the technology shock follow independent AR(1)

processes whereas the cost-push shock and monetary policy shock follow independent IID

processes:
Yt py 0 0 0 0 Vi1 oy, 0 0 0 O Eqt
&, 0 p 0 00 &1 0 o¢ 0 0 O et
at = 0 0 p, 0O ai—1 + 0O 0 o, O 0 Eat
Ly 0 0 0 0 O i 0 0 0 o, O Ept
my 0 0 0 0O mi—1 0 0 0 0 op Em,t

This is a conventional specification in the DSGE literature.

3.1.2 The Data

Being consistent with the equilibrium conditions (16), (17), (18), (19) and (20), I take the
model to fit the five quarterly aggregate time series data of the United States: real output,
price inflation, interest rates, labor hours and real wages. I use the nonfarm business sector

output as a measure of output and its price deflator as a measure of price levels. The
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total hours and real compensation per hour from the nonfarm business sector are used as a
measure of hours and real wages respectively. The effective federal funds rate measures the
nominal interest rate. The sample period is from 1986:Q3 to 2008:Q4. Since the size of the
model economy has been normalized to one, I divide the real output and the hours by the
total civilian non-institutional population over age of 16. I detrend the real variables using

a linear trend and demean the nominal variables.

3.1.3 The Likelihood Function and Bayes Theorem

The model has seventeen parameters. I let A denote the vector of parameters

/
A= (/8707 ¢7 97 a,w, ¢7r7 (byapr?prwpgv pa70u7 O"W 0'570-0“ Us)

I estimate the model taking the Bayesian full-information approach that exploits restrictions
imposed by general equilibrium of the model economy. With the Bayesian approach, we can
incorporate our prior belief about the structural parameters A with estimation by specifying
a prior distribution f(\). Given the data set X”, the model gives the likelihood function
F(XT|X). Then the posterior distribution of X is determined by Bayes theorem:

FEXIIN N FEIIN N

Ty _
FAXD) =70y =TT f(Ndx

Since it is impossible to obtain the analytical solution for the posterior distribution
FAXT), 1 simulate the posterior distribution by Markov Chain Monte Carlo method.

3.1.4 The Priors

For most parameters, the prior distribution follows the convention in the literature of
Bayesian DSGE estimation. The prior distributions are summarized in the first four columns
in Table 2. T impose dogmatic prior on two parameters # and 5. I fix the discount factor
B to be 0.99 throughout this paper. I also set 6 to be 6 so that a firm’s mark-up, in the
absence of the sales tax, is 20 percent in the steady state.

Even with a fixed (0, 3), there is an identification problem between the measure of
nominal rigidity a and the measure of financial market friction w because only the slope
of the Phillips curve contains the two parameters. But unlike the previous two parameters
(0,8), I do not fix them because they are the key parameters of interests in this paper.
Instead, to overcome the identification problem, I specify informative priors for a and w
based on the information external to the data used to estimate this model. The in-frequency
of price change parameter, «, follows a beta distribution with support of [0,1]. Both the
prior mean and mode are 0.5 and standard deviation is 0.15, which implies a 95% region
of [0.2, 0.8]. This prior choice is based on the recent empirical studies of frequency of price

change. The mean w is set to 0.2, with standard deviation of 0.1. The prior mode w of
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is only 0.14. I assume a small friction as a priori to be conservative but I do not exclude
completely the possibility of larger or smaller w.

The preference parameters have relatively diffuse priors, which reflects the wide variety
of estimates for these parameters. Both the elasticity of labor supply, 1 and the coeflicient
of relative risk aversion, o have prior mean of 3 and standard deviation of 1. A high value
of the elasticity of labor supply is often assumed in business cycle models. For instance,
the early RBC models often assume 1 = co. But some models use a much smaller number
based on the estimates at the micro-level data. The prior mean of v is large enough, being
consistent with the business cycle literature, but its relatively large standard deviation allows
the case of either much larger or smaller . For the risk aversion parameter o, people often
use relatively small values such as 1, 2, or 3. But much larger values are also used in the
literature. Also the estimated o is often quite large. Rabanal and Rubio-Ramirez (2005)
estimate a similar model and report that the estimate of ¢ is in the range of 4.5~8.3. This
observation leads me to specify a somewhat diffuse prior.

Finally, the priors for the exogenous shocks and Taylor rule parameters are quite stan-
dard.

3.1.5 The Posteriors

Next to the summary of priors, the last two columns of Table 2 show some key moments of
the posterior distributions. Figure 2 shows the prior and posterior densities. In most cases,
the estimates are in line with the previous studies that estimate the baseline NK models,
and the data appears to be informative for the parameters.

Both the coefficient of relative risk aversion and the elasticity of labor supply are rela-
tively large but they are in reasonable ranges. The exogenous variables are quite persistent,
which indicates that the model still does not have sufficient internal propagation mecha-
nism. This is expected because the model is still highly stylized even after the new source
of propagation, the imperfect risk-sharing, has been added to the model. 1 deliberately
have the model abstract from such features like habit persistence in household expenditure
and past inflation indexation in firms price setting, often included in the medium-scale NK

DSGE models, in the effort of making the model as simple and transparent as possible.

3.2 Implication for Nominal Price Rigidity

The two most important parameters of interest in this paper are the nominal price stickiness
«a and the measure of asset market friction w. The posterior mean of « is 0.57 which is
smaller than the typical estimates in the Bayesian DSGE literature. It implies that the
average duration of price contracts is 1.78 quarters, which is consistent with the recent
evidence by Bills and Klenow (2004). They report that the median duration of prices is
about between 4 and 6 month. On the other hand, another recent study by Nakamura
and Steinsson (2008) reports that the duration should be around between 8 to 11 month.
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The difference between the two studies comes from the fact that Nakamura and Steinsson
exclude the price changes associated with temporary sales whereas Bills and Klenow do not.
There is not yet wide agreement regarding how one should deal with temporary sales in
macroeconomic studies. In my view it is reasonable to regard Bills and Klenow’s estimate
as a conservative evidence and Nakamura and Steinsson’s estimate as a liberal evidence on
the nominal price rigidity.

The small estimate of « is due to the presence of asset market friction. Since imperfect
risk-sharing due to the friction in asset market generates real rigidity, the model does not
need an implausibly large degree of nominal rigidity to explain the persistent aggregate
dynamics. The estimated « is much larger when I impose a restriction ¢ = 0 (i.e. w = 0).
In that case the posterior mean of « is 0.78 which implies the average duration of price
contract is more than one year. Figure 3 shows the the posterior distribution of « in those
two cases. The figure also shows the posterior distribution of the price duration implied by
«. We can see that in the case of imperfect risk-sharing, the support of duration is roughly
given by the interval (0.5Q, 5Q). On the other hand the support of duration is roughly (2Q),
8Q) in the case of ideal risk-sharing. For the asset market friction w, I obtain estimate of
0.22 with standard deviation of 0.09. I view this is a quite small number and is consistent
with one of the most conservative estimate based on micro-data (Schulhofer-Wohl, 2007).

In conclusion, the model, even in its basic form, can fit the major U.S. aggregate data
while being consistent with the micro-level evidence of nominal price rigidity and risk-

sharing friction.

3.3 Implication for Elasticity of Labor Supply

In the case of perfect risk-sharing, where we can think of a fictional representative household,
the macro-elasticity and micro-elasticity of labor supply are identical. However, as noted in
a previous section, the micro-elasticity should be smaller than the macro-elasticity in the
imperfect risk-sharing model.

At the posterior mean, the elasticities are given as

171 = 0.35 (the wage elasticity of individual labor supply)
¥ = 3.18 (the wage elasticity of aggregate labor supply).

Therefore the model can reconcile the discrepancy between the estimate of elasticity from
micro and macro studies.
3.4 Impulse Responses

In this and the following subsections, I document the quantitative importance of the small
friction in risk-sharing found in the previous section. To do so, I assume the model is a true

data generating process (DGP) and compare the DGP with a counterfactual model, called
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"ideal risk-sharing model", in which the households enjoy perfect consumption insurance.
The ideal risk-sharing model are exactly same as the DGP, including the driving forces (the
exogenous shocks), the characterization of monetary and fiscal policies, and the structural
parameters, except there is no transaction cost, ¢ = 0.

Figure 4 shows the impulse responses of the output gap, inflation, nominal interest rates,
hours and real wage to one-standard deviation shocks to the five exogenous variables at the
posterior mean. Not surprisingly, every shock has larger and more persistent effects on
the output gap whereas inflation is less responsive to the shocks when there is friction in

risk-sharing.

3.5 Implication for Business Cycles

The impulse responses shown above suggest that the friction in risk-sharing might have
a big implication for the business cycles. The relevant measures for the severity of the
business cycles include the volatility and persistence. I use the standard deviation and
autocorrelation of output gap as a measure of volatility and persistence of the business
cycles.

Figure 5 shows the autocorrelation functions of output gap at the posterior mean, and
Table 3 reports the corresponding numerical values. They suggest that the business cycle
would be much less persistent if people were insured against the idiosyncratic income shocks
perfectly. Table 4 reports the standard deviations. Just like the persistence case, the
business cycles would be much less volatile under ideal asset markets. In the ideal world,
the volatility would be only 47% of that of the less-ideal world.

This result has a policy implication. Improving financial market institutions in the
direction of a more efficient risk-sharing have additional benefit of moderating the business
cycles on top of those benefits that have already been established in the existing studies,

for example a more efficient long run growth.

4 Conclusion

In this paper, I have shown that an apparently small friction in risk-sharing can amplify
the persistence and volatility of business cycles in a nontrivial way. The main mechanism
is the idiosyncratic wealth effect on labor supply that is induced when firms change their
prices.

An immediate consequence in the equilibrium equations is that the Phillips curve be-
comes flatter, which in turn have implications on the model-implied duration of price con-
tract. Another consequence in the equilibrium equations is the de-coupling of micro and
macro elasticity of labor supply. These two consequences enable the model to fit the ag-
gregate data while being consistent with micro evidence of nominal price rigidity and labor

supply elasticity.
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I have shown that the asset market friction is having a quantitatively large effect on the
business cycles of the United States. If the asset markets were perfect, both the volatility
and persistence of the business cycles would be much smaller. This result suggests that
improving the financial market institutions may be important in moderating the business
cycles. This is a new advantage of better financial markets in addition to more efficient
economic growth and better insurance against idiosyncratic income risks.

The model has a testable prediction: other things being equal, the business cycles of
a country with larger financial frictions should be more persistent and volatile. A careful

cross-country empirical analysis would be an interesting future research.
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Appendix

A Proof
A.1 Proof of Proposition 1

From (6) one can derive the following equation:

F0) = > alt ) = efla (i) — a0 1)

which must hold for every time period ¢ and for every state of economy. The equation (21)

implies that ¢*(i) — #’ﬁ(ﬁmf(z) should be some constant. Let

¢ R

Ry- .

¢ (1) — x;' (1) = z, 22

Fo) - 2 alt) 22)

for some constant z. Then it is necessary that z = 0 because fol cl(i)di = 01 zfi(i)di = 0.
Using the relation, xy = ¢; = y;, we can obtain

w w
) = N+ (1- —— 23
c(4) 1+th(2)+ < 1—|—w> Yt (23)

from (22).

A.2 Proof of Proposition 2

Start from the household’s intra-temporal first order condition,
wt(z) — Pt = ’l/}ilht(’l‘) + O'Ct(i) + ft.

Substituting (23) into the equation above gives

14w

wi(i) — pr = v he(i) + o L “

(i) + <1 - w) yt] +&

Note x4(1) = wy(i) — pr + he(7). Plugging this into the equation above and solving for hy()

gives the labor supply curve.

A.3 Proof of Proposition 3

Loglinearizing a firm’s first order condition (15) gives

Er Y (aB)* () — peys] = Br Y (aB)* [wisk (i) — arpr + si4k — pros]
k=0 k=0
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= E; Z (aB)* [ B (i) + o (D) = arr + Epop + Seik]
k=0
=E ) (@B)* [ yrn(6) + oerrn (i) — (L + ¥ arn + Epp + Sttk)
k=0

=E Y (@B [yl () + ocf (i) + (0 + 9 yeen — (14 ¢ Darsk + Spp + Se4k]
k=0
(24)

The household’s intra-temporal first order condition,

wi (i) — pr = W he(i) + oci (i) + &,
can be written as
wit(i) = ¢~ R (@) + ocf (i)
Add rf(i) (= yf'(i)) to both sides,
wit(@) + h(6) = (L+ 97 1) yf'(0) + ocfi(i).
—_———
=z{(i)
From the proposition 1, we have ¢ff(i) = H%xﬁ(z) Replace 2 (i) with wf (i) + hf(i):

w

Q) = T Tufi) + )
= oo (a0 ul@) +oeli)]
Solve for cft(i).
e (i) = yyi' (i), (25)
where
_ w1497
Y=

1+w1—01+%

By substituting (25) into (24), I can rewrite the linearized first order condition as
o0
Eq Z (@B)" [P} (i) — Pesr] (26)
k=0
oo
= Lk Z (aﬁ)k [(1/’_1 + 07) Z/ﬁk(z) + (@ + v Dy — L+ Hagr + Sk T+ 5t+k:] )
k=0

Note that linearizing the demand function gives

yﬁk@ = —0[p; (1) — prkl (27)
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Then substituting (27) into (26) gives
(1+60w " +0v)E D (ef — Detk) (28)
k=0

- 1+t 1 1
= (U + ¢—1)Et ;0 (Q,B)k Yt+k — <0:11,/21> Qi+k + <0_+¢1) ft—&-k + (0‘—|—¢1> St+k

g

=Ytk —Yiip

It is now a standard procedure to obtain the following Phillips curve from (28):

iy = BEimi1 + K (yt — Z/?) + s

H{ﬂ—aﬂl—mﬂ} o4yt
B o 1—1—0(7#714—0’7)

p =k (o + wil)_l St.

where
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Figure 1: The Slope of Phillips Curve

Table 1. The Slope of Phillips Curve

6] the slope, [ Fgme i < 100 (%)
0 0.5611 100%

0.3 | 0.2806 50%

0.6 | 0.1530 27.3%

0.9 | 0.0802 14.3%

1.2 |1 0.0330 5.9%

1510 0%
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Table 2. Priors and Posteriors

Prior | Prior Mode | Prior Mean (Std) | Posterior Mean (Std) | 95% HPD
o |a | 267 3 (1) 3.67 (0.77) [2.75, 4.70]
v |G| 267 3 (1) 3.18 (0.96) [2.04, 4.47]
o, | B 0.67 0.8 (0.2) 0.82 (0.02) [0.80, 0.85]
p, | B 0.67 0.8 (0.2) 0.94 (0.015) [0.92, 0.96]
pe | B 0.67 0.8 (0.2) 0.996 (0.002) [0.994, 0.998]
pe | B 0.67 0.8 (0.2) 0.92 (0.02) [0.89, 0.95]
o, |16 |1 2 (2) 2.19 (0.56) [1.60, 2.89]
oe |1G |1 2 (2) 3.15 (0.60) [2.44, 3.96]
oo | IG |1 2 (2) 0.65 (0.05) [0.58, 0.71]
om | IG | 0.125 0.25 (0.25) 0.14 (0.012) [0.13, 0.16]
o, |1G |1 2 (2) 0.32 (0.03) [0.28, 0.36]
¢, |G | 0045 0.125 (0.1) 0.06 (0.02) [0.0315, 0.0889]
¢. | G 1.47 1.5 (0.2) 2.03 (0.19) [1.80, 2.28]
a | B 0.5 0.5 (0.15) 0.57 (0.11) [0.41, 0.70]

IG 0.14 0.2 (0.1) 0..22 (0.09) [0.12, 0.34]
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Figure 5: Persistence of Output Gap: Autocorrelation Functions
Table 3. Persistence
Imperfect Risk-Sharing | Ideal Risk-Sharing

corr (T, Yi—1) 0.8021 0.6056

corr(Jt, 2) 0.6450 0.3758

corr (s, Yi—3) 0.5426 0.2415

corr (s, Yr—a) 0.4582 0.1624

corr (Y, Yi—5) 0.3938 0.1155

corr (Y, Yi—6) 0.3442 0.0873

corr (T, Gi—7) 0.3056 0.0700

corr (T, Ui—s) 0.2752 0.0589

note: ¢ denotes the output gap, the deviation of output from its efficient level, ¥ = ¢ — yF.

Table 4. Volatility

Imperfect Risk-Sharing | Ideal Risk-Sharing

The Ratio

std(g) = 0.5336

std(g) = 0.2515

92515 x 100 = 47.13%
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