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Abstract

Christiano et al. (2005) have shown that a standard medium-sized
DSGE model can successfully replicate VAR IRFs to a money supply
shock. This important result vanishes under limited asset market partic-
ipation. Further, even a moderate fraction of constrained consumers is
sufficient to dampen the real interest rate reaction to inflation, thereby
causeing instability. The introduction of a simple fiscal automatic sta-
bilizer restores stability and improves the dynamic performance of the
model.
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1 Introduction

New Keynesian business cycle analysis is characterized by optimizing agents
(households and firms), and by a number of nominal and real frictions in goods,
labor and financial markets. Due to its success in replicating estimated impulse
responses of key macroeconomic variables to a money supply shock, the Chris-
tiano et al. (2005, CEE henceforth) model is widely regarded as the epithome
of this approach.

Following a seminal contribution by Mankiw (2000), who introduced the
notion of heterogeneous consumers (savers and spenders), a second strand of
New Keynesian literature emphasizes the role of non-optimizing agents, i.e.
agents that adopt a rule-of-thumb and fully consume their current income (RT
consumers henceforth). Gali et al (2004, 2007), and Bilbiie (2008), showed how
RT consumers can substantially affect both stability and aggregate dynamics
of New Keynesian business cycle models. De Graeve et al. (2010) introduce
RT consumers to model financial risk premia. Empirical research cannot reject
the RT consumers hypothesis. Estimated structural equations for consumption
growth report a share of RT consumers ranging from 26 to 40% (Jacoviello,
2004; Campbell and Mankiw, 1989) More recent estimates of dynamic stochastic
general equilibrium models (Coenen and Straub, 2005; Forni, Monteforte and
Sessa, 2009) obtain estimates around 35%. Erceg, Guerrieri and Gust (2006)
calibrate the share of RT consumers to 50% in order to replicate the dynamic
performance of the Federal Reserve Board Global Model. Critics of the approach
might argue that the empirical relevance of RT consumers is bound to gradually
decline along with the development of financial markets (Bilbiie, Meier and
Miiller, 2008). In fact, increasing regulation in the aftermath of the 2008 crisis
(OECD 2009) is likely to increase the share of liquidity constrained households.

The paper brings together this two strands of literature. More specifically, we
investigate the robustness of the CEE model response to money supply shocks
when a fraction of households does not participate to financial markets. Our
proposed modification to the CEE model is quite simple, but has profound
implications. In fact we find that the model is dynamically unstable unless the
share of non-optimizing consumers falls short of 35%. In addition, the dynamic
performance of the model is dramatically affected even when the share of non-
optimizing agents is restricted to less than 30%, and its celebrated ability to
replicate the business cycle response to a monetary shock simply vanishes.

The intuition behind our results is rather simple. Under an exogenous money
supply rule, optimizing households’ consumption drives money demand and in-
terest rate dynamics. RT consumers generate a "Keynesian multiplier", weak-
ening the link between output and the nominal interest rate. Instability arises
when the wedge between output and consumption of optimizing agents is suf-
ficiently large. Two frictions play an important role in determining instability.
Nominal wage stickiness dampens the real wage response to shocks and substan-
tially weakens the multiplier effect of RT consumption decisions. The opposite
effect is induced by consumption habits, which limit optimizing consumers re-
sponses to shocks.



Since atheoretical VAR models suggest that some stabilizing mechanism
eventually forces the economy back to steady state when monetary policy is
exogenous, we explore whether a fiscal automatic stabilizer can solve the insta-
bility problem. In the original CEE model Ricardian equivalence obtains and
automatic stabilizers essentially play no role. In our framework they are quite
effective in driving RT consumption. In fact we obtain that the model now is
stable irrespective of the share of RT consumers, and the dynamic performance
of the system closely follows the original CEE model.

The rest of the paper is organized as follows: In the next section we describe
in detail the model structure, we then present the results concerning the model
stability in section 3. Section 4 proposes alternative ways to regain stability of
the model. Section 5 concludes.

2 The Model

We augment the CEE model to account for both Ricardian RT consumers. The
behavior of these latter agents is characterized by a simple rule of thumb: they
consume their available labor income in each period, and do not save or smooth
consumption over time. The key distinction between the two groups concerns
intertemporal optimization. Ricardian consumers’ choices take into account
future utility when choosing consumption and portfolio composition. Rule-of-
Thumb consumers spend their whole income every period, thus they do not hold
any wealth.

In the paper we maintain the financial structure defined in CEE. This im-
plies that a cash-in-advance constraint is imposed on firms. The latter must hold
money in order to finance the wage bill before production is sold. Ricardian con-
sumers’ demand for money is derived from their portfolio optimization. Money
holdings of Rule-of-Thumb consumers correspond to their (firms-financed) nom-
inal labour income, and are entirely used to finance current consumption.

2.1 Households preferences

We assume a continuum of households indexed by j € [0, 1]. RT consumers are
defined over the interval [0, §]. The rest of the households, interval (6, 1] accounts
for Ricardian consumers. All households share the same utility function:

i _ o ot i iy W i1+, Yq i\l—c
U= B3 {In(CE 00 ~ R 0
where i : 0,7t stands for household type, ¢i = % represents households real

money balances, C} represents total individual consumption, b denotes con-
sumption internal habits and hy denotes individual labour supply.



2.1.1 Consumption Bundles

C} is a standard consumption bundle

ci = [/() dj}"wl 2)

where 7) represents the price elasticity of demand for the individual goods.
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is the aggregate consumption price index.

2.2 Firms

Goods markets are monopolistically competitive, and good z is produced with
the following technology:

ye (2) = (ke (2))° (he (2))°

where k; (z) defines the physical capital services obtained from households (see
section 2.4 below) and h; (z) is the composite labor input used by each firm z.
The latter is defined as follows
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where the parameter «, > 1 is the intratemporal elasticity of substitution
between labor inputs. For any given level of its labor demand h; (2), the optimal
allocation across labor inputs implies
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Firms are subject to a cash-in-advance constraint, i.e. they must borrow the
wage bill W;h; at the beginning of the period ¢ and have to repay it at the end
of the period at the gross interest rate R;.

Firm z’s nominal total production cost is given by

TC; (z) = RiWihy (2) + (1 + RF)ky (2) (5)

ey \ 1/(—aw)
) dj) is the standard wage index.

The real marginal costs are:

= (2) (2)
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2.2.1 Sticky Prices

Price stickiness is based on the Calvo mechanism. In each period firm z faces
a probability 1 — A, of being able to reoptimize its price. When a firm is
not able to reoptimize, it adjusts its price to the previous period inflation,

(1+mq) = g::;. The price-setting condition therefore is:

pe(2) = (1 +7-1)"" pro1 (2) (7)

where v,, € [0, 1] represents the degree of price indexation.
All the 1 — A, firms which reoptimize their price at time ¢ will face symmet-

rical conditions and set the same price P,. When choosing P, the optimizing
firm will take into account that in the future it might not be able to reoptimize.
In this case, the price at the generic period ¢ + s will read as PtHZ’; 1s_1 Where
Mpprso1 = (L4m) . (14 mpar) = Tt

ﬁt is chosen so as to maximize a discounted sum of expected future profits:
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where Y, is aggregate demand and ); is the stochastic discount factor.
The F.O.C. for this problem is
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2.3 Labor market

There is a continuum of differentiated labor inputs indexed by j € [0,1]. For
each labor input there is a union j which monopolistically supplies the labor
input j in the labor market j. .

Each union sets the nominal wage, W/, subject to (4). Each household 4
supplies all labour types at the given wage rate! and the total number of hours
allocated to the different labor markets must satisfy the time resource constraint

1 1 G\
hi:/ hgdjz/ <MV;?> hldj (10)
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1'Under the assumption that wages always remain above all households’ marginal rate of
substitution, households are willing to meet firms’ labour demand.




As in Gali (2007), we assume that the fraction of RT and Ricardian consumers
is uniformly distributed across unions, and demand for each labour type is uni-
formly distributed across households. Ricardian and non-Ricardian households
therefore work for the same amount of time, h;. Individual labor income is

hiW, = 1Wj AT hidj (11
t Wi = t\ ) )
0 t

We posit that the union objective function is a weighted average (1—0, 6) of the
utility functions of the two households types. This, in turn, implies that with
flexible wages

_ Wt o Ay %hfl
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where (aj’il) represents the wage markup over the average marginal rate of
substitution.

2.4 Ricardian Households

Ricardian households maximize utility subject to the following period budget
constraint.
Budget constraints in nominal terms:

Mt+1 = R [Mt - Q¢+ (Mt - I)Mt] + Aj,t + Q¢ + Rfut]%t + (13)
_ S AN
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Where M; is the total amount of money and @Q; represents the nominal
households cash balances. R; [M; — Q¢ + (11, — 1) M;] defines interest payments
from firms which are subject to a cash-in-advance constraint A;; and D, are
respectively the net cash flow from participating in state-contingent securities
at time ¢ and firm dividends.

Optimizing households own the physical stock of capital k;, and choose the
degree of its utilization, u;, that rent to firms at the real rental rate rF. The
term a (u;) defines the real cost of using the capital stock with intensity w;.
Finally, i; denotes time ¢ real purchases of investment goods. The household’s
stock of physical capital evolves as:

kiv1 = (1—08) ks + ¢ [1—5(“)] (15)
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where § and S respectively denote the physical rate of depreciation and invest-
ment adjustment costs.



The solution for the household problem closely follows CEE. The Euler equa-
tion is

R
A = BE; ?+17t+1 (17)
Tt4+1
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Ricardian households money demand depends therefore positively on current
consumption and negatively on current interest rate.

Volar)™7" = (Re = 1) A (19)

The following first order conditions describe demand functions for capital?
and investment and the optimal degree of capital utilization.

k
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The first order condition for investment is
NP [1-8 () - 8 () 7] +
i = Ei ; N2 (21)
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Following CEE and SGU the investment adjustment cost function and the
capital utilization function are given by: *

. . 2
¢ KR ¢
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2Py 4 is the shadow relative price of one unit of capital with respect to one unit of con-
sumption (Tobin’s q).

3Function S (-) satisfies the following properties. S (1) = S’ (1) = 0 and S” (1) > 0. These
restrictions imply the absence of adjustment costs up to a first order approximation around
the deterministic steady state.The function a (-), instead, is assumed to satisfy a (1) = 0 and
a’ (1),a” (1) > 0. Moreover the parameters v, and 7, are fixed given that a’(u) = r* at
steady state.



2.4.1 Loan Market Clearing

The financial sector is characterized by a financial intermediary that, at the
beginning of the period, receives a money transfer (1, —1)M; from the monetary
authority and M; — @, from Ricardian households. Part of this money stock is
lent to firms, who need to finance their wage bill. The rest is redistributed to
the Ricardian households. Loan market clearing requires that

WiLy = MtMt - Qt (23)

2.5 Rule-of-Thumb Households

As pointed out above, RT consumers neither save or borrow. It is worth to recall
that RT consumers also receive an amount of money at the beginning of the
period in form of wage bill and spend the whole amount of money by the end of
the period. Due to the labour market monopolistic structure, these agents are
entirely passive. In fact both their consumption and their within-period money
holdings are determined by union’s (wage) and firms (worked hours) decisions.

hi 1 w'tj —Qw j di
tfo I wy aj
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(24)

2.6 Sticky wages

In each period a union faces a constant probability 1 — A, of being able to
reoptimize the nominal wage. Unions that cannot reoptimize simply index their
wages to lagged inflation:

P
Py

where v, stands for the degree of wage indexation. Just like firms, when choos-
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ing the current wage, Wy, the optimizing union will anticipate that in the future
it might not be able to reoptimize. In this case, the real wage at the generic
period t + s will read as

S Yw

™
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Following Colciago(2008), the representative union objective function is de-
fined as

oo
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Where U?, Ut are defined as in (1). Thus the wage-setting decision maxi-
mizes a weighted average of the two household types conditional to the probabil-
ity that the wage cannot be reoptimized in the future. The relevant constraints
are (10), (13), (24), (25).

The union’s first-order condition is:

] s 7T’Yw — Oy
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of centralized wage setting and wage stickiness introduces an indirect form of

consumption smoothing for RT consumers.

2.7 Aggregation

Aggregating budget constraints for each sector, after few manipulations we get
the aggregate resource constraint as

Vi=Ci+ I +a(u) Ky

where
r [4 1
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1
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2.8 Monetary Policy

We assume a passive monetary authority which follows a simple rule on the
money growth rate
e = 0.5 1 + & (31)

where p, = Mj\ftl and e; is an i.i.d. exogenous shock with zero mean and
standard deviation o,



3 Stability Analysis

After standard log-linearization?, it is possible to reduce the model to a system
of just dynamic equations in the form

Xt+1 = AilB )?t + &¢ (32)

where the vector X contains the variables of the reduced system: )A(t =

ﬁ't QZ]t ét ]%t,1 mt,1 Rt it Pk:’,t iLt (jt :l)t i|, and Et is a vector

representing an exogenous shock, with zero mean and standard deviation o, to
the money growth rate.

Given the complexity of the system, numerical methods are the only way to
study its determinacy properties. In table 1 we present the parameters chosen
for our baseline simulations. They follow CEE(2005) and Schmitt-Grohe, Uribe
(2004) with the obvious exception of the RT consumers share, which is set at
0.5, as in Gali (2004). The parameter governing the degree of habit persistence,
b, is set at 0.7, as in Boldrin et al. (2001). We calibrate the parameters v, and
~4 in order to have ‘Z—/,/ = 2.01 as in Altig, et al. (2005)

Table 1
Parameter Value Description
0 0.5 share of RT consumers
b 0.7 degree of habit persistence
15} 1.037(0-25)  gubjective discount factor
«a 0.36 share of capital
1) 0.025 depreciation rate
n 6 price-elasticity of demand for a differentiated good
Qyy 6 intratemporal elasticity of substitution between labor inputs
K 2.48 parameter governing investment adjustment costs
Aw 0.64 degree of wage stickiness
Ap 0.6 degree of price stickiness
Y1 0.0324 parameter governing capacity adjustment costs
Yo 0.0652 parameter governing capacity adjustment costs
Om 10.62 money demand elasticity
O 0.5393 preference parameter
Yp 1 indexation on prices
Yo 1 indexation on wages
@ 3 preference parameter
Oc 0.15 std. deviation of the exogenous shock

3.1 Results

The baseline version of the model is unstable. Stability is recovered only for
0 < 0.36 In the following we check the robustness of this result to changes in

4See Appendix A.1
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the model parameters and, at the same time, investigate the economic factors
behind it. Given the size of the model, and the variety of nominal and real
dynamic frictions it is very difficult to understand the mechanism through which
the presence of rule of thumb consumers generates instability. To facilitate
intuition, we begin with a very simple version of the model (model 1), where
capital is fixed, wages are flexible, there is no habit in consumption and no cash
in advance constraint on firms. We shall use this very simple model to sketch
our interpretation of the instability result, which points at the weak response of
the interest rate to output and inflation when monetary policy is exogenous and
some consumers are non-Ricardian. Then, we introduce frictions in the following
sequence: cash-in-advance constraint, wage stickiness, investment adjustment
costs and variable capacity utilization, consumption habits. We will show that
our interpretation is robust to these additions, and that the effect of each friction
on stability depends on how it impacts on the co-movements of nominal interest
rate and output.

To simplify presentation, we consider the combinations of price stickiness
and share of RT consumers (parameters A,,0) that define the stability frontier
for each of the versions of the model considered. Our results are summarized in
Figure 1, where we show how the stability frontiers shift when new frictions are
introduced.

Model 3

Model 1

ness 1)

Model 4

Degree of Price Sticki

Figure 1: Determinacy Regions

3.1.1 Model O

Using the relevant baseline parameters of Table 1, the model is unstable for
6 > 0.23. The threshold combinations A,, 0 that define the stability frontiers
tend to move in opposite directions: an increase in price stickiness requires a
fall in the share of RT consumers.

From (18) and (19) it is easy to see that in this simple version of the model,
the nominal interest rate is driven down by a money supply shock, but positively

11



reacts to Ricardian consumption and to an inflation increase. In log-linear form,
interest rate dynamics are described by

R = (R—1)& —0pm(R—1)1hy = (33)
— (R—1) [19:9 - 196}9} b om (R—1) [ — (0501 +2,)] +(34)

—om (R— 1)y (35)

where R denotes the steady-state value of the gross nominal interest rate.

Note that the interest rate response to current inflation is very weak. In our
baseline simulations o, (R — 1) = 0.0792. ® The weak interest rate response
to inflation is a structural feature of a policy regime based on an exogenous
money supply rule. In standard models, where all agents are Ricardian, this is
offset by the interest rate reaction to consumption. This is shown in figure 2
(solid line), where all consumers are Ricardian and consumption coincides with
output. By contrast, as shown in (33), RT consumers generate a "Keynesian
multiplier effect" on the initial surge of the Ricardian households and produce
a wedge between output and consumption of Ricardian consumers, the variable
that drives nominal interest rates in the model. Dashed lines in Figure 2 show
that even with a small share of RT consumers (§ = 0.2) the link between output
and the nominal interest rate is weakened and substantial differences emerge in
the dynamic performance of the model.

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

me c Real interest rate

Figure 2: Responses to a Monetary Shock

In Figure 3 we depict the impact responses of y, c®, m and R as functions of
0. The distance between y and ¢° is increasing in #. Note that inflation also

5In fact, by raising o, to 1500 from the baseline value of 10.62 it would be possible to
obtain stability.. Note, however, that oy, is the inverse of the income elasticity of money
demand, and that this would be in sharp contrast with consolidated empirical evidence and
theoretical work. Several studies find an income elasticity between .5 and 1 (Choi and Oh,
2003; Knell and Stix, 2005).
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grows with 6, whereas the nominal interest rate adjustment remains constant.
The growing output "multiplier effect" associated with an increasing share of
RT consumers and the apparent inability of the nominal interest rate to react
to the stronger output response is the key mechanism driving the instability
result.

on Impact to a Positive Monetary Shock
Y

0.15
Share of RT Consumersd)

Figure 3: Responses on Impact to a Monetary Shock

3.1.2 Cash-in-advance constraint on firms (Model 1)

The cash-in-advance constraint implies that, in addition to Ricardian consumers
money demand, we must now consider firms demand for money, i.e. the wage
bill (see eq. 23). Money demand from optimizing consumers now is given by:

Gt = é <é§) - RR—IRt) (36)
The market-clearing condition in the money market is
. M N Q
ht+wt:MiQ(Mt—1+ﬁt)—MiQ@t (37)
Y Y Y 7Y

art

Substituting 24, 36 into 37, and taking into account that ¢ = lgjg — 61729,
we obtain the following expression for the nominal interest rate Ry

. R—-1/( 74 oet R-1 M-Q., R-1 M . I
he="5 <1fe1_te> 7o g g omg OBkt E )
(38)

It is interesting to note an additional (positive) effect of RT households’
consumption decisions on the interest rate, but the latter no longer responds to
inflation. Relative to model 0, the stability frontier of the model is substantially
unaffected.
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3.1.3 Sticky wages (Model 2)

Wage stickiness dampens the real wage bill (only a fraction of wage setters
can react to current inflation) and limits the output multiplier effect of RT
consumers (Figure 4). 5 As a result, the stability frontier of the model markedly
shifts to the right (Figure 1).

on Impact to a Positive Monetary Shock

05 1 1 1 1 1 1

0.3
Share of RT Consumers @

Figure 4: Responses on Impact to a Monetary Shock

3.1.4 Endogenous capital stock (Model 3)

The inclusion of capital enhances the beneficial effects of wage stickiness (Figure
I). The key role is played by variable capacity utilization, which increases fol-
lowing the monetary shock. This, in turn, reduces labour demand and the wage
bill, dampening RT consumption and its effects on marginal costs. (Figure 5).

6See Colciago(2008) for a detailed discussion about the role of wage stickyness in in presence
of ROT consumers.
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Figure 5: Responses to a Monetary Shock

3.1.5 Consumption habits (Model 4)

We return to the full model by adding habits on consumption in households’
utility functions. The stability frontier now markedly shifts to the left (Figure
1).

Habit significantly dampens Ricardian households consumption in response
to the monetary shock (Figure 6a). This, in turn, limits the interest rate ad-
justment to the monetary shock (Figure 6b). In Figure 7 we show that habit
increases the wedge between output and Ricardian consumption reaction to the
shock, thus confirming our intuition about the cause of model instability.

15
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Nominal interest rate (Intemal Habitg)
+=+++ Nominal interest rate (No Habits)

Figure 6: Responses to a Monetary Shock

no habits intemal habits

0.1

p—y o
....... y H ©
B ey

Figure 7: Responses to a Monetary Shock

3.1.6 Sensitivity analysis

As we pointed out in the previous section, habit persistence in consumption
strongly affects model stability by dampening the interest rate response to Ri-
cardians’ consumption. Coeteris paribus, lowering b to 0.65 7 enlarges the stabil-
ity area and model’s stability is guaranteed for 8 < 0.47 If we shift the degree of
habit persistence to 0.8, that is, the value estimated in Fuhrer(2000) and Erceg
et al. (2006) we see that the model is stable for # € [0,0.19). Our results are ro-

7b = 0.65 corresponds to the estimates in CEE(2005)
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bust to alternative plausible values of x € [0.5,5], ¢, € [0.5,10], o, € [1,100]%.
Given the calibration on the other parameters, changing the values for money
elasticity, the Frish elasticity and the degree of investment costs does not signif-
icantly change the threshold of constrained agents generating instability in this
framework.

The intriguing role of indexation The last robustness check concerns wage
and price indexation to past inflation. When we impose no indexation, i.e.
Yp = Yw = 0, the stability area remains almost unaffected whereas outside it
the model is stable but undetermined (figure 8).

A indeterminacy]

Eg
80|~

70~

v

60|~

50~

a0~

Degree of Price Siickiness ()

30~

20

10

0 50 60
Share of RT Consumers (q)

Figure 8: Determinacy Region

Our intuition is the following: as € increases, the impact response of infla-
tion grows with 6, whereas the real rate response is unaffected (figure 9). The
response of the factor driving forward-looking adjustment. i.e. jumps in Ri-
cardian agents’ consumption and investment, becomes weaker. As result, with
indexation-induced persistence, the initial inflation increase causes further in-
flation growth, a wage run up and instability. Without indexation, the initial
inflation surge is always reversed with an almost monotonic pattern (figure 10).
This happens because the inflation increase eventually cuts down the real wage
bill and disposable income of RT consumers. This, in turn, implies that infla-
tion reversal obtains irrespective of the real interest rate response, generating
indeterminacy.

8Results available on request.
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p (no indexation) Real interest rate (no indexation)

p (indexation) Real interest rate (indexation)

Figure 9: Responses to a Monetary Shock

Figure 10:Responses to a Monetary Shock

4 Dynamics

We analyze the model responses to a monetary shock when the share of RT
consumers is just below the threshold which would generate instability. As
shown in figure 11, the dynamic properties of this model are upset when a
relatively small share of RT consumer is considered in the economy. Aggregate
consumption strongly rises on impact, and the hump-shaped dynamic response
disappears. The multiplier effect of RT consumers reverses the nominal interest
rate response, which turns positive on impact. Given the stronger response of

18



nominal interest rate and wages, profits now fall on impact.

Real interest rate P w

Figure 11: Responses to a Monetary Shock

5 Can we rescue the model?

Atheoretical VAR models suggest that some stabilizing mechanism eventually
forces the economy back to steady state when monetary policy is exogenous.
We have shown that replicating this result in a microfounded model accounting
for even a limited share of RT consumers may be difficult. Since instability
is given mainly by the limited interest rate response to output dynamics, we
check whether a fiscal automatic stabilizer can solve the problem. To minimize
modifications to the original CEE model, we assume that households must pay
a lump sum tax whose amount, in turn, depends on the aggregate output gap.
By definition, ricardian consumers decisions are not affected by this tax. To the
contrary, RT consumption is modified as follows:

é;t = TZ)t + ht — taxt

where

taxy = v, 9t
As we see in figure 12, for plausible values of v, (v, = 0.55) the instability
region shifts on the right. Moreover, this latter version of the model ° is char-
acterized by impulse responses which are almost identical to the case of no RT
consumers (figure 13). The mechanism of this taxation is similar to the one of
the keynesian multiplier on income, the fluctuations are reduced poportionally
with the increase in taxes.!”

9We simulate the model with @ = 0.5
10This result is akin to the one in Andres et al. (2008)
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6 Conclusion

We embodied limited asset market participation in a well known medium scale
New Keynesian framework. We showed that when monetary policy is conducted
following an exogenous rule on the money growth rate, the model is unstable
for a limited share of Rule-of-Thumb consumers. The reason of this instability
is that RT consumers behavior multiplies the response of output to a money
supply shock, which cannot be restrained by the monetary rule. To restore
dynamic stability we need to embed a fiscal stabilizer. This modified model
maintains the dynamic performance and the consistency with empirical which
characterized the original CEE framework based on a representative agent. A
key result therefore is that, under limited asset market participation, plausible
macromodels models should explicitly account for fiscal policies, at least in the
simple form of automatic stabilizers.

We found that consumption habits play a key role inn driving our results.
Further research should investigate how different habits specifications could alter
the model dynamic properties and how a proper fiscal setup can further improve
the model’s performance.

21



References

[1]

[11]

David Altig & Lawrence Christiano & Martin Eichenbaum & Jesper Linde,
2005. "Firm-Specific Capital, Nominal Rigidities and the Business Cycle,"
NBER Working Papers 11034, National Bureau of Economic Research, Inc.

Andres, Javier & Domenech, Rafael & Fatas, Antonio, 2008. "The stabiliz-
ing role of government size," Journal of Economic Dynamics and Control,
Elsevier, vol. 32(2), pages 571-593, February.

Bilbiie, Florin O., 2008. "Limited asset markets participation, monetary
policy and (inverted) aggregate demand logic," Journal of Economic The-
ory, Elsevier, vol. 140(1), pages 162-196, May.

Bilbiie, Florin O. & André Meier & Gernot J. Miiller, 2008. "What Ac-
counts for the Changes in U.S. Fiscal Policy Transmission?," Journal of
Money, Credit and Banking, Blackwell Publishing, vol. 40(7), pages 1439-
1470, October.

Michele Boldrin & Lawrence J. Christiano & Jonas D. M. Fisher, 2001.
"Habit Persistence, Asset Returns, and the Business Cycle," American Eco-
nomic Review, American Economic Association, vol. 91(1), pages 149-166,
March.

Campbell, J.Y., Mankiw, N.G., 1989. Consumption, Income, and Interest
Rates: Reinterpreting the Time-Series Evidence, in NBER Macroeconomics
Annual.

Richard Clarida & Jordi Gali & Mark Gertler, 1999. "The Science of Mon-
etary Policy: A New Keynesian Perspective," Journal of Economic Litera-
ture, American Economic Association, vol. 37(4), pages 1661-1707, Decem-
ber.

Lawrence J. Christiano & Martin Eichenbaum & Charles L. Evans, 2005.
"Nominal Rigidities and the Dynamic Effects of a Shock to Monetary Pol-
icy," Journal of Political Economy, University of Chicago Press, vol. 113(1),
pages 1-45, February.

Choi, W.G. and S. Oh 2003, “A money demand function with output uncer-
tainty, monetary uncertainty, and financial innovations,” Journal of Money,
Credit and Banking, 35: 685-709.

Coenen, Giinter & Roland Straub, 2005. "Does Government Spending
Crowd in Private Consumption? Theory and Empirical Evidence for the
Euro Area," International Finance, Blackwell Publishing, vol. 8(3), pages
435-470, December.

Colciago, Andrea, 2006. "Rule of Thumb Consumers Meet Sticky Wages,"
MPRA Paper 3275, University Library of Munich, Germany, revised 27
Apr 2007.

22



[12] De Graeve, Ferre & Dossche, Maarten & Emiris, Marina & Sneessens, Henri
& Wouters, Raf, 2010. "Risk Premiums and Macroeconomic Dynamics in a
Heterogeneous Agent Model," Working Paper Series 236, Sveriges Riksbank
(Central Bank of Sweden).

[13] Christopher J. Erceg & Luca Guerrieri & Christopher Gust, 2006. "SIGMA:
A New Open Economy Model for Policy Analysis," International Journal
of Central Banking, International Journal of Central Banking, vol. 2(1),
March.

[14] Forni, Lorenzo & Monteforte, Libero & Sessa, Luca, 2009. "The general
equilibrium effects of fiscal policy: Estimates for the Euro area," Journal
of Public Economics, Elsevier, vol. 93(3-4), pages 559-585, April.

[15] Jordi Gali & J. David Lopez-Salido & Javier Valles, 2004. "Rule-of-Thumb
Consumers and the Design of Interest Rate Rules," NBER Working Papers
10392, National Bureau of Economic Research, Inc.

[16] Jordi Gali & J. David Lépez-Salido & Javier Vallés, 2007. "Understand-
ing the Effects of Government Spending on Consumption," Journal of the
European Economic Association, MIT Press, vol. 5(1), pages 227-270, 03.

[17] Knell, M. and H. Stix 2005, “The income elasticity of money demand: A
meta-analysis of empirical results,” Journal of Economic Surveys, 19: 513-
533.

[18] Jacoviello, Matteo, 2004. "Consumption, house prices, and collateral con-
straints: a structural econometric analysis," Journal of Housing Economics,
Elsevier, vol. 13(4), pages 304-320, December.

[19] N.G. Mankiw, The Savers—Spenders theory of fiscal policy, Amer. Econ.
Rev. 90 (2) (2000) 120-125.

[20] OECD 2009 "The Financial Crisis. Reform and Exit Strategies"
http://www.oecd.org/document,/20/0,3343,en 2649 34813 43726868 1 1 1 37467,00.html

[21] Stephanie Schmitt-Grohe & Martin Uribe, 2004. "Optimal Operational
Monetary Policy in the Christiano-Eichenbaum-Evans Model of the U.S.
Business Cycle," NBER Working Papers 10724, National Bureau of Eco-
nomic Research, Inc.

[22] Frank Smets & Raf Wouters, 2003. "An Estimated Dynamic Stochastic
General Equilibrium Model of the Euro Area," Journal of the European
Economic Association, MIT Press, vol. 1(5), pages 1123-1175, 09.

23



7 Appendix A.1

7.1 log-linearized model

The stability analysis is conducted using a linearized version of the model pre-
sented above. Lower case letters from now on denote the log of the corresponding
variable or their log deviations from the steady state.

Aggregate consumption is defined by:
c° Y Crt crt R
=& +0—=w+0—h 39
ctthot e (39)

The next equations describe the market clearing condition and money demand:

Ci=(1-10)

M R Q@
ht‘f'wt:MYQ(Mt—l‘f'ﬂt)—MYQQt (40)
Y Y Y Y
- R—-1.0 R—-1
Rt + R )‘t =+ R Omqt = 0 (41)
Marginal costs are given by
T/Tl\Ct = (1 - Oé) (’Lz)t + Rt> + Oé’f‘A,iC (42)

The following equation combines firms’ F.o.c. with respect to production factors
iLt+12)t+Rt :]%t—l + <1+%> ff (43)
Y2
Production function is given by

Ge = a1 + a1k 4 (1= a) by (44)

Y2

Aggregate resource constraint

. i, cC. k
§ = Chp+ oy L (45)
Y Y Y2 Y
RT consumption .
et =y + hy (46)
Euler equation
At = Appa + Rigr — T (47)
Households marginal utility of consumption
b (1+ Bb?) b
)\O — (] _ (9 (] 48
Caema-n T a-ma-n Taoma-pi W
b 1+ Bb? b
)\;‘t — ﬁ rt ( B ) Tt 4 C;t—l (49)

(T—B0)(1-0) " 1-B)(I—b)" " (1-8b)(1—0b)
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Investment decisions

1. 1 B
i — Py — ip—1 — <241 = 0 50
CTREEH T T W o0
#er1 + B (1= 6) Poypr — Por g = Riyr — Brief,, (51)
Capital accumulation R .
kt == (1 - 5) ktfl + 5’2,5 (52)
Phillips Curve
A A
P (7 — vpfre—1) = (1 — BAp) Mer+BAp (Frea1 — vp7e) +8—2 (Fregr — v 7e)
1-=Xp 1-X
(53)
money growth rate
My = Ty — M1 + (54)

Wage inflation

A2 N .
(ﬁ + 517&) Wy — B Wi+
2
— (Bhw + B2 ) A+
A2 N
+ (ﬁkmw + 8% Ve ﬁ;“w) Tt

Aw  n _ A -
T-A, Wt=1 = T3 TwTt-1

= (1= BAuw) phy — (1= BAu)

(55)

8 Appendix A.2

8.1 Steady State in the benchmark model

Relative to the CEE model, the presence of RT consumers influences the steady
state uniquely for what concerns households individual consumption level.
From equation 19 and 20, and assuming zero inflation steady state, it holds
true that 1
R=— (56)
B

rk:%—1+5 (57)

From cost minimization problem come the equations:

o mm@)a_l (58)

B mc(lfa)(ﬁ)a
wo o= #’L (59)

Combining the last two equation we get the real wage computed at steady state
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rko N\
= — |- 60
me " (h) (60)
™" (l-a) (k
= — — 61
o= w (i) oy
Combining (60) and mc = 7’Tfllwe get the ratio:
K k %
r n o
—=|—— 62
h ( o= 1> (©2)
From the production function we get
Y K\“
I 63
= () (63)
and as 7 X
— == 64
The aggregate resource constraint reads as:
Y=C+1 (65)
c 1
l==+—=
vy (66)
the aggregate consumption-output ratio is given by
C K (Y\!
1 -5= (=
Co1ot (h> (67)

The equation for the optimal wage allows us to derive the hours worked at
steady state as

(52 oo () -+ ()2

so that

K
K==—h 68
5 (68)
Since RT individual consumption is given at steady state by
ct=wh

we can easily derive its relationship with aggregate consumption as

£ (6 ()"
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Total consumption is the weighted average of the two groups components:
C=(1-60)c+0c" (70)
From the latter, it comes straightforward

c® 1 6
=~ (71)

c 1-66 1-60C
Optimizing households consumption at steady state is given by the sum of
labour income, firms profits return of capital and returns of money rents to

firms:

1
T (II+7*K + (R — 1) wh) (72)

where II are firms profits and are defined as

¢’ = wh+

mc 1

I=01-=)y= (1—;)11 (73)

with p representing firms markup over prices. Thus optimizing agents are the
richer the higher share of RT consumers.
Aggregate consumption can be finally rewritten as

C=(1-60)+0c" =wh+T+7"K + (R-1)wh (74)

8.2 Steady State in the Simplest Version of the Model.

In case of no cash in advance the steady state is described by:

1
R==
B
Y C (75)
Y = pt™@ (76)
"t =wh (77)
Wt o o ’l9 —1 o l
i—a) =me=—5— = (78)
C MO‘) h™ = w (79)
a Mo‘)hla wh (80)
aailh%

[(1-0) % + 604

C=(1-6)c+0c"
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