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Abstract

The aim of the dissertation is to investigate the implication of limited asset market
partecipation and habit formation in consumption for the monetary policy in new Keyne-
sian DSGE models. It emerges that the combination of this two ingredients has important
implication on the stability properties of the model and its performance in replicating the

business cycle dynamics.
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CHAPTER 1

Money Targeting, Heterogeneous Agents and Dynamic

Instability

1.1. Introduction

New Keynesian business cycle analysis is characterized by optimizing agents (house-
holds 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 Christiano 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 het-
erogeneous 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
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Miiller, 2008). In fact, increasing regulation in the aftermath of the 2008 crisis is likely to
increase the share of liquidity constrained households (OECD 2009).

The paper brings together this two strands of literature. More specifically, we investi-
gate 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 interest rate dynam-
ics. RT consumers generate a "Keynesian multiplier", weakening the link between output
and the nominal interest rate. Instability arises when the wedge between output and
consumption of optimizing agents is sufficiently large. Two frictions play an important
role in determining instability. Nominal wage stickiness dampens the real wage response
to shocks and substantially weakens the multiplier effect of RT consumption decisions.
The opposite effect is induced by consumption habits, which limit optimizing consumers
responses to shocks.

Atheoretical VAR models suggest that in the real world some stabilizing mechanism
eventually forces the economy back to steady state when monetary policy is exogenous.
Such a mechanism could be driven by fiscal policies. Indeed Andres et al.(2008) show
that automatic stabilizers reduce the volatility of RT consumption. We therefore explore
whether a fiscal automatic stabilizer can solve the instability 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.
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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.

1.2. The Model

We augment the CEE model to account for both Ricardian and RT consumers. The
key distinction between the two groups concerns intertemporal optimization. Ricardian
consumers’ choices take into account future utility when choosing consumption and port-
folio 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 implies 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 consumers’ demand for
money is derived from their portfolio optimization. Money holdings of Rule-of-Thumb
consumers correspond to their (firms-financed) nominal labour income, and are entirely

used to finance current consumption.

1.2.1. Households preferences

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

consumers. All households share the same utility function:

(1'1) Uti = EOZﬁt {ln (CZ - thi_l) — #(hi)l‘i’(bt + 1/Jq <q§')1aq}

+ ¢l 1-— O'q
where i : 0,7t stands for household type, ¢/ = %: represents households real money bal-

ances, C?! represents total individual consumption, b denotes consumption internal habits

and h! denotes individual labour supply.
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1.2.1.1. Consumption Bundles. C} is a standard consumption bundle

(1:2) Ci - [ / o dj] B

where 7 represents the price elasticity of demand for the individual goods.

p= ([ vera)”

is the aggregate consumption price index.

1.2.2. Firms

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

technology:
v (2) = (ke (2))" (he ()

where k; (2) 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

3 ha (2) = ( /0 () dj)

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

, wi\
(14) () = (W) hi (2
1 i\ 1—aw . 1/(1—ch) . .
where W, = ( Jy (W) dj) is the standard wage index.
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;.
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Firm z’s nominal total production cost is given by
(1.5) TCy(z) = RWihy (2) + (1 + Rk (2)
The real marginal costs are:

19 v (2) (%)

By
P -

wy

ko
poand ) =

where w; =
1.2.2.1. 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

P
P_s"

able to reoptimize, it adjusts its price to the previous period inflation, (1 + m;_1) =

The price-setting condition therefore is:

(1.7) pe(2) = (1 4+7m-1)"" pry (2)

where v, € [0, 1] represents the degree of price indexation.

All the 1 — ), firms which reoptimize their price at time ¢ will face symmetrical con-
ditions and set the same price ]St When choosing ﬁt 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 t + s will read as ﬁtnzg—&-s—l where IT; ;151 = (1 +m¢) oo. (L4 Tppso1) =

Piys—1
Py -

P, is chosen so as to maximize a discounted sum of expected future profits:

Ey Z (6)‘17)5 Atts (ﬁtnzﬁs—l - Pt+smct+s) Yers (2)
s=0
subject to:
B\
(1.8) Yys (2) = th_lH (M)
[%+s

where Y,? is aggregate demand and ), is the stochastic discount factor.
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The F.O.C. for this problem is

1-n ~_
- . (=) (W) "B (Pes)" +
(1.9) Etz (BAp) /\HSY;is =_n—1 m+1 5y —n =0
s=0 +7]Pt K -Ptis MCtys (Ht,::Jrsfl)

1.2.3. 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, Wtj , subject to (3.8). Each household i 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 A AN
(1.10) h;:/ Wj:/ —L hidj
0 0 Wt

Asin Gali (2007), we assume that the fraction of RT and Ricardian consumers is uniformly
distributed across unions, and demand for each labour type is uniformly distributed across
households. Ricardian and non-Ricardian households therefore work for the same amount

of time, h;. Individual labor income is

1 ] W] ~Ow
(1.11) hth:/ Wi | =+ hidj
0 Wi

We posit that the union objective function is a weighted average (1 — 6,0) of the utility

functions of the two households types. This, in turn, implies that with flexible wages

Wt (07 wlhfl
1.12 == =
(1.12) TR T a1 [(1=0) U (C? —bCp_y) + 60U (Ct —bCyy) |

1Under the assumption that wages always remain above all households’ marginal rate of substitution,
households are willing to meet firms’ labour demand.
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where =) represents the wage markup over the average marginal rate of substitution.

Q.
Qw

1.2.4. Ricardian Households

Ricardian households maximize utility subject to the following period budget constraint.

Budget constraints in nominal terms:

(]_]_3) Mt+l = Rt [Mt — Qt + (,Ut — ].)Mt] + A]‘ﬂg + Qt + Rfut/;‘t +

_ S r AN
0 t

Where M; is the total amount of money and (); represents households nominal cash
balances. R [M; — Q¢ + (1, — 1)M,] defines interest payments from firms which are sub-
ject 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 u,. Finally, 7, denotes time ¢ real
purchases of investment goods. The household’s stock of physical capital evolves as:

(1.15) kivr = (1—6) ke + 4 [1 -8 (Z—t)}

-1

(1.16) ke = uhy

where 0 and S respectively denote the physical rate of depreciation and investment ad-
justment costs.

The solution for the household problem closely follows CEE. The Euler equation is
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R
(1.17) A = BE N, —
T41
where
1 b
(1.18) b =\

Gy — b0y, Cpyy —bCF

Ricardian households money demand therefore depends positively on current consumption

and negatively on current interest rate.

(1.19) Volq) 7" = (R — 1) A

The following first order conditions describe demand functions for capital® and invest-

ment and the optimal degree of capital utilization.

(1.20) Pu . = BE, {)\o rfﬂutﬂ —a(utr1) + (1 = 6) Py }
' "t t+1

AY

The first order condition for investment is

NPue [1-5 () -8 (75) 2] +
2

(1.21) A= B BN 1 P {S’ <i> <i) }

(1.22) i =d (u)

2Pk/,t is the shadow relative price of one unit of capital with respect to one unit of consumption (Tobin’s
q)-
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Following CEE and SGU the investment adjustment cost function and the capital

utilization function are given by: *

@ (ue) = 1 (e = 1)+ 5 (= 1)°

1.2.4.1. Loan Market Clearing. The financial sector is characterized by a financial
intermediary that, at the beginning of the period, receives a money transfer (u, — 1)M;
from the monetary authority and M; — Q; 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

(1.23) WiLy = peMy — @y

1.2.5. 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.

(1.24) o =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 o’ (1),a” (1) > 0. Moreover the
parameters v; and 7, are fixed given that a’(u) = r* at steady state.
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1.2.6. 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:

j j Pt—]_ Yw ] y
Wi =W, Py = Wiy (m-1)™

where v,, stands for the degree of wage indexation. Just like firms, when choosing the
current wage, fV\VJt, 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

ﬂ.’Yw
~ trk—1
(1.25) Wiy = Wy | | —
i Ttk

Following Colciago(2008), the representative union objective function is defined as

(1L26) L' =3 (A (1 - ) U(CE) + UML) — Ulher)
s=0
Where U?, U are defined as in (2.1). Thus the wage-setting decision maximizes a
weighted average of the two household types utility functions, conditional to the probabil-
ity that the wage cannot be reoptimized in the future. The relevant constraints are (3.14),

(1.13), (3.26), (3.27).

The union’s first-order condition is:*

s
k=1 t+k

" s Yw w h¢l
N, H [ %0 t+s _ — 0
Ttk (O{w - 1) [(1 - 9) )\t-‘rs + 9)\t+s:|

k=1

S

- s o i 7T’Yw _ s
(127) (6)\1") [(1 - 9) )‘?—I—s + 9)\;3-5} h’?—&-s (wt+s) : (H - 1) |
=0

8b

_ 1 _
CT—bCyT, O, —bop

where A/},

It is worth noting that the combination of centralized wage setting and wage stickiness introduces an
indirect form of consumption smoothing for RT consumers.
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1.2.7. Aggregation

Aggregating budget constraints for each sector, we get the aggregate resource constraint:

K:Ct—FIt—‘—CL(Ut)Kt

where

1 0 1
(1.28) C, = / Citj) dj = / cr(j) dj + / Co0) dj = 6CT + (1 — 0)CY
0 0

(1.29) L=(1-9) /9 1) dj

(1.30) Ky = (1-0) /91 K°(j) dj

1.2.8. Monetary Policy

We assume a passive monetary authority which follows a simple rule for the money growth

rate
(1.31) py = 0.5, _1 + &4
where p1, = % and ¢, is an i.i.d. exogenous shock with zero mean and standard deviation

O¢
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1.3. Stability Analysis

After standard log-linearization®, it is possible to reduce the model to a system of just

dynamic equations in the form
(132) )/(\vt_i_l = A_lB ‘S(\Vt + Et

where the vector X contains the variables of the reduced system: )/(\'t = [frt Wy & l%t,l
and &, is a vector representing an exogenous shock, with zero mean and standard deviation
0., 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 -y, and 7, in order to have ‘;—l,’ = 2.01 as in Altig, et al. (2005)

5See Appendix A.1



Table 1

Parameter Value

0
b

Oe

1.3.1. Results

0.5

0.7
1.03-(0-25)
0.36

0.025

2.48
0.64
0.6
0.0324
0.0652
10.62

0.5393

0.15

25

Description

share of RT consumers

degree of habit persistence

subjective discount factor

share of capital

depreciation rate

price-elasticity of demand for a differentiated good
intratemporal elasticity of substitution between labor inputs
parameter governing investment adjustment costs
degree of wage stickiness

degree of price stickiness

parameter governing capacity adjustment costs
parameter governing capacity adjustment costs
money demand elasticity

preference parameter

indexation on prices

indexation on wages

preference parameter

std. deviation of the exogenous shock

The baseline version of the model is unstable. Stability is recovered only for § < 0.36 In

the following we check the robustness of this result to changes in 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
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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 0), 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 \,,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 0,1

Model2
Model 4

02

[ S S S S S T S S S S S O e
0 035 075 1

0s
Share af RT Cansumers ®

Figure 1: Determinacy Regions

1.3.1.1. Model 0. Using the relevant baseline parameters of Table 1, the model is un-
stable for 6 > 0.23. The threshold combinations \,, 6 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.
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From (2.11) and (1.19) 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 reacts
to Ricardian consumption and to an inflation increase. In log-linear form, interest rate

dynamics are described by

A

(133) R = (R—1)& —om(R—1)1m; =

(1.34) = (R—l)[ e 0e

51 _0] +0m (R—1) [ — (0501 +&)] +

(1.35) o (R — 1)1ty

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 base-
line 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. When
all agents are Ricardian this is offset by the interest rate reaction to consumption (Figure
2,s0lid line). By contrast, as shown in (1.33), RT consumers generate a "Keynesian multi-
plier 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 (f = 0.2) the link between output and the nominal interest rate is weakened

and substantial differences emerge in the dynamic performance of the model.

OIn fact, by raising o, to 1500 from the baseline value of 10.62 it would be possible to obtain stability..
Note, however, that o, 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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Figure 2: Responses to a Monetary Shock

Figure 3 illustrates the effect of # on the impact responses of y, ¢°, 7, R and the real in-
terest rate to the monetary shock.The distance between y and ¢ is increasing in 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 incresing inflation response to # and is the key mechanism driving the system

towards instability.

p—

------- Real Interest Rate !

P
Nominal Interest Ratj ’

{10 a Positive Monetary Shock
T
N
I

i

Figure 3: Impact Responses to a Monetary Shock

1.3.1.2. Model 1. Adding the cash-in-advance constraint on firms. 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. 1.23). From
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the loglinearized version of the model (see Appendix 1), money demand from optimizing

consumers is given by:

1 (. R -
(136) qr = a (Ct — R— ]_Rt>

The market-clearing condition in the money market is

S

(1.37) hy + by = 5 (M1 + f1y) — =
Y Y

=0

Substituting 3.26, 1.36 into 1.37, we obtain:

. R-1, R—-1 M-Q, R-1 M, __
(138) Rt: R Cg—f— R Om QQCtt—TO’ma (0.5,ut,1+6t+mt_1)

Comparison between (1.38) with (1.33) shows that now the interest rate reacts to RT

consumption but no longer responds to inflation. Relative to model 0, the stability frontier

of the model is unaffected (Figure 1).

1.3.1.3. Model 2. Sticky wages. Wage stickiness dampens the real wage bill and

limits the output multiplier effect of RT consumers (Figure 4). 7 As a result, the stability

frontier of the model markedly shifts to the right (Figure 1).

4
p—y
==y

4= 4

Figure 4: Impact Responses to a Monetary Shock

See Colciago(2008) for a detailed discussion about the role of wage stickyness in in presence of ROT

consumers.
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1.3.1.4. Model 3. Endogenous capital stock. The inclusion of capital enhances the
beneficial effects of wage stickiness (Figure 1). The key role is played by variable capacity
utilization, which increases following the monetary shock. This, in turn, reduces labour
demand and the wage bill, dampening RT consumption and its effects on marginal costs

and inflation. (Figure 5).

Figure 5: Responses to a Monetary Shock

1.3.1.5. Model 4. Consumption habits. 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 mon-
etary shock (Figure 6a). This, in turn, limits the interest rate adjustment 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.
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Figure 6a x10° Figure 6b

Nominal Interest Rate (Habits)
+==+=+ Nominal Interest Rate (No Habits)

Figure 7: Responses to a Monetary Shock

1.3.1.6. Sensitivity analysis. As we pointed out in the previous section, habit per-
sistence in consumption strongly affects model stability by dampening the interest rate
response to Ricardians’ consumption. Coeteris paribus, lowering b to 0.65 ® enlarges the
stability area and model’s stability is guaranteed for 6§ < 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 robust to alter-
native 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

8 = 0.65 corresponds to the estimates in CEE(2005)
9Results available on request.
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the degree of investment costs does not significantly change the threshold of constrained
agents generating instability in this framework.

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

(Figure 8)."

Figure 8: Determinacy Region

Our intuition is the following: as 6 increases, the impact response of inflation grows
with 0, whereas the real rate response is unaffected (Figure 9). The response of the factor
driving forward-looking adjustment. i.e. jumps in Ricardian agents’ consumption and
investment, becomes weaker. As result, with indexation-induced persistence, the initial
inflation increase causes further inflation 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 inflation
reversal obtains irrespective of the real interest rate response, generating indeterminacy.

Intermediate degrees of price indexation, 0 < 7, < 1, have virtually no effect on

the determinacy region which is identified by 6 < 0.36 (Figure 11). For any 6 > 0.36,

1OVVage indexation plays no role in determining stability region. Simulation results available upon request.
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a threshold value v; extists, such that the model turns form unstable to indetermined.

Parameter

Degree of price indexation g,)

7, is decreasing in 0.

p (no indexation) Real interest rate (no indexation)

p (indexation) Real interest rate (indexation)

0.1

0.06—

A indeterminac:
«_instability
09~

Share of RT consumers ()

Figure 11: Determinacy Region
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1.4. 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 12, 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 nominal interest rate and wages, profits now fall on impact.

Figure 12: Responses to a Monetary Shock

1.5. Can we rescue the model?

In our model instability occurs because RT consumers do not react to the real interest
rate and, given their consumption rule, weaken the interest rate response to output dynam-
ics. Atheoretical VAR models suggest that in the real world some stabilizing mechanism
eventually forces the economy back to steady state when monetary policy is exogenous.

Such a mechanism could be driven by fiscal policy that, even in the passive form of
an automatic stabilizer may crucially affect RT consumption.'! In the following we check

this conjecture. To minimize modifications to the original CEE model, we assume that

1 Automatic stabilizer are those elements of fiscal policy which vary without requirement of discretionary
government actions (Auerbach and Feenberg, 2000). Van den Noord (2000), Fatas and Mihov (2001),
Mabbett (2004) Dolls, Fuest and Peichl (2009) document the effectivness of automatic stabilizers.
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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 — 'lZJt + ilt - t/a\l't

where
taxy = 7,4t

As we see in Figure 13, for plausible values of v, (7, = 0.55) the instability region shifts

1 12 is characterized by impulse

on the right. Moreover, this latter version of the mode
responses which are almost identical to the case of no RT consumers (Figure 14). 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.'®

a 05
Share of RT Consumers ()

Figure 13: Determinacy Region

12We simulate the model with § = 0.5
13This result is akin to the one in Andres et al. (2008)
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1.6. 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, macroeconomic
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 in driving our results. Further
research should investigate how different habits specifications, i.e. external habits, could

alter the model dynamic properties.
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1.7. Appendix A.1
1.7.1. log-linearized model

The stability analysis is conducted using a linearized version of the model presented 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:

(1.39)

R COA Crt
Ci=(1- H)EC;;

Crt R
0—w; +0—h
+ C Wy + C t
The next equations describe the market clearing condition and money demand
(1.40)

]tlt—FlZ)t:

M
Y

<I=

=<

(Mt—l + ﬂt) -

=0

M_QQt

Y Y

- R—1:0
(1.41) fro+ =N +

R—-1
m 7t =0
R Omdt
Marginal costs are given by

(1.42) me; = (1—a) (wt + Ra) +aif

The following equation combines firms’ F.o.c. with respect to production factors
(1.43)

ilt+wt+Rt:];}t_1+ (1-‘-&) ’T’Af
V2

Production function is given by

(1.44)

U = a]%t—l + 04% P

Lk (1 —a) by
72 '
Aggregate resource constraint

(1.45)
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RT consumption
(1.46) &t =y + hy
Euler equation

(1.47) A = Mg+ By — 7o

Households marginal utility of consumption

o __ Bb o (]‘ + /862) o b o
W48 N =TT a ™ T A -D a5
(1.49) M= bb ot (AL+55) + 0 ity

(=) (1—0) ™ (1=Bb)(1—b)" " (1—pBb)(1-0)

Investment decisions

1 . 1
(1.50) N S Y S R R

k@B (1+p) (1+5)

(1.51) Fipr + B (1 —08) Pussr — Py = Ry — Brivf, |
Capital accumulation
(1.52) ky = (1= 6) ky_y + 03

Phillips Curve

2

(ﬁt - Vpﬁ-t—l) = (1= BAy) M +5A, (ﬁt+1 - Vpﬁt> +B—" (ﬁ-t*‘l o /Ypﬁt)

1.53
(1.53) '
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11—,

money growth rate

(1.54) [y = My — My_1 + Ty



Wage inflation
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1.8. Appendix A.2

1.8.1. Steady State in the benchmark model

= (1 = BAy) 0hs — (1 = BAy) U,
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Relative to the CEE model, the presence of RT consumers influences the steady state

uniquely for what concerns households individual consumption level.

From equation 1.19 and 3.23, and assuming zero inflation steady state, it holds true

that
1
(1.56) R==-
B
1
(1.57) 3

From cost minimization problem come the equations:

a—1
(1.58) rk = mca(%)

me (1 — «) (%)a
R

(1.59) w =

Combining the last two equation we get the real wage computed at steady state

(1.60) me = - (%)M

(1.61) w = =) (%)
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Combining (3.38) and mc = 77T_lwe get the ratio:
1

K ™ p a=1
1.62 S
(1.62) h (an—l)

From the production function we get

Y K\*“
1. R el
(1.63) ’ (h)
and as
I K

The aggregate resource constraint reads as:

(1.65) Y=C+1

C
(1.66) l=o+

the aggregate consumption-output ratio is given by

C K (Y\ '

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

[ oo (Ss) o (S <™

so that

(1.68) K =
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Since RT individual consumption is given at steady state by
dt=wh

we can easily derive its relationship with aggregate consumption as

crt o\ 7! Y\
1.69 == -
1 = (7) ()
Total consumption is the weighted average of the two groups components:

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

From the latter, it comes straightforward

SR
-0 1-6C

(1.71)

Ql%

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
(1.72) (?:wh+T—?(H+rW{+U%—Dwm

where II are firms profits and are defined as

mc 1

(1.73) M= (1- F)y =(1- ;)y

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

(1.74) C=1-0)c"+0c" =wh+T+r*K + (R—1)wh



1.8.2. Steady State in the Simplest Version of the Model.

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

(1.75)

(1.76)

(1.77)

(1.78)

(1.79)

(1.80)

(1.81)

1
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CHAPTER 2

Rule-of-thumb Consumers, Consumption Habits and the Taylor
Principle
2.1. Introduction

The standard New-Keynesian framework is characterized by optimizing agents (house-
holds and firms), and by a number of nominal and real frictions in goods, labor and
financial markets. A remarkable strand of this literature has focused on the properties
that simple and implementable interest rate rules must fulfill in order to guarantee the
uniqueness of the rational expectations equilibrium and to maximize the social welfare
(see Woodford(2003), Schmitt-Grohe, Uribe(2004 and 2007))

Following a seminal contribution by Mankiw (2000), who introduced the notion of
heterogeneous consumers (savers and spenders), a second strand of New Keynesian liter-
ature emphasizes the role of rule-of-thumb consumers (RT consumers henceforth) which
fully consume their current income and do not participate to financial markets (Gali et
al. 2004, 2007). De Graeve et al. (2010) introduce RT consumers to model financial risk
premia. Empirical research cannot reject the RT consumers hypothesis. Estimated struc-
tural 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 empir-
ical 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

47
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the aftermath of the 2008 crisis (OECD 2009) is likely to increase the share of liquidity
constrained households.

The RT consumers hypothesis bears important implications for model dynamics. Bil-
biie (2008) shows that, in a world of flexible nominal wages, a low elasticity of labor
supply combined with a sufficiently large share of non Ricardian agents leads to an equi-
librium where an interest rate policy based on the Taylor principle cannot ensure model
determinacy. The intuition behind this result is as follows. In standard models based
on optimizing consumers, satisfying the Taylor principle generates a substitution effect
from current to future consumption that is sufficient to rule out sunspot equilibria. By
contrast, RT consumers generate a "Keynesian multiplier" effect on demand shocks that
raises profits which are entirely appropriated by Ricardian agents. If the share of RT con-
sumers is sufficiently large, this wealth effect dominates the substitution effect induced by
the interest rate rule based on the Taylor principle. As a consequence, the standard mone-
tary policy rule cannot pin down the optimizing consumers’ choice to a unique equilibrium
path.

Recent contributions downplay this conclusion. Colciago (2007) introduces nominal
wage stickiness, finding that even a mild degree of wage stickiness dampens the Keynesian
multiplier effect generated by RT consumers and restores the standard Taylor Principle
even for a very large share of RT consumers. Ascari et al.(2010) show that the optimal
monetary policy is almost unaffected by the presence of RT consumers as long as nominal
wages are sticky.

In the paper we reconsider the issue and show that, just like wage stickiness under-
mines the wealth effect outlined in Bilbiie, other frictions may weaken the substitution
effect induced by a policy that follows the Taylor principle. In fact, this happens when
consumption habits enter the utility function. In addition, consumption habits affect the
marginal rate of substitution between consumption and leisure, leading to a more rigid

labor supply curve. Our simulations show that the combination of consumption habits
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and RT consumers has dramatic implications for model determinacy, resurrecting Bilbiie’s
inverted Taylor principle.

Another original contribution of the paper is the analysis of optimal operational simple
rules when RT households and habit formation in consumption are taken into account.
We are able to show that the higher the share of RT consumers the more important for
the optimal monetary policy is the stabilization of the wage gap, the variable that drives
consumption volatility for RT consumers. The combination of consumption habits and
RT consumers affect the dynamic performance of the model under the optimal simple
rule. Even a relatively small share of RT consumers is sufficient to generate a substantial
increase in volatility. When the share of RT consumers is sufficiently large to require an
inversion of the Taylor principle to preserve dynamic stability, optimal monetary policy
is forced to generate some "unconventional" impulse-response functions. For instance,
a favourable productivity shock is followed by an increase in inflation and by a positive
output gap.

The remainder of the paper is organized as follows: In the first section we present and
describe the model, in the second section we analyze the model stability properties under
different specifications of labor markets. The third and fourth section describe the optimal

policy problem and its implications. Section five concludes.

2.2. The Model

We consider a cashless small-scale New Keynesian model augmented for rule-of-thumb
(RT) or non Ricardian consumers. We assume a continuum of households indexed by i
€ [0,1]. As in Gali et al (2004) and (2007), households in the interval [0, 6] cannot ac-
cess financial markets. The rest of the interval (6, 1] is composed by standard Ricardian
households who have access to a full set of state contingent securities. The key distinc-

tion between the two groups concerns intertemporal optimization. Ricardian consumers’
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choices take into account future utility when choosing consumption and portfolio compo-
sition. Rule-of-Thumb consumers spend their whole income every period, thus they do

not hold any wealth.

2.2.1. Households preferences

All households share the same utility function:

1) vt = Y B i (0 - b -
l

t=o0
where i : o,rt stands for household type, C! represents total individual consumption b

denotes consumption internal habits and h! denotes individual labour supply.

2.2.1.1. Consumption Bundles. C! is a standard consumption bundle

22 a=[[ e a]”

where 7 represents the price elasticity of demand for the individual goods.

P = (/Olp(Z)tl_"djyin

is the aggregate consumption price index.

2.2.2. Firms

Goods are indexed by z € [0,1]. Good z is produced by a monopolist with the following

technology:
ye (2) = he (2)

Where h; (2) is the composite labor input used by each firm z defined as follows:

29 hi(2) = ( /0 () dj)
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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; (z), the optimal allocation of across

labor inputs implies
j wi\
(2.4) hi (z) = W, hi (2)

1/(1—aw)
> is the standard wage index. Firm z’s nominal total

where W, = (fol (Wtj)l_aw dj
production cost is given by

TCy(z) = Wihi (2)

The real marginal costs are:

(2.5) me; = wy

wy

where w; = B

is the real wage and P, is the consumption price index.

2.2.2.1. 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 + 7, 1) =

The price-setting condition therefore is:

(2.6) pe(2) = (L4 m1)"" proa (2)

where ~,, € [0, 1] represents the degree of price indexation.

All the 1 — ), firms which reoptimize their price at time ¢ will face symmetrical con-
ditions 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 t + s will read as ﬁtnz§+3_1 where IT; 1151 = (L 4+ 7)o (L4 Tgsm1) =

Piys—1
Py
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P, is chosen so as to maximize a discounted sum of expected future profits:

E, Z (5)\12)8 )‘t+s (énzﬁsq - Pt+smct+s) Yt+s (Z>

s=0

subject to:

Pt+s

Pl
(2.7) Yeys (2) = n&(i—ﬂii)

where Y,¢ is aggregate demand and ), is the stochastic discount factor.

The F.O.C. for this problem is

0 =) (I, ) " P (P +
(2.8) (5/\) /\t+s . ( 77)( ti+s 1) y " (Piys) _ 0
0

S—n—1 pnt1 Tp -1
5= 0BT PR mes (T )

2.2.3. Ricardian Households

Ricardian households maximize 2.1 subject to the following period budget constraint:

wi\
(29) Prr1Be = BBy + PAj + BDy — BC, + hf/ Wy (W ) dj
0 t

Where B; is a riskless bond, A;; and D; are respectively the net cash flow from
participating in state-contingent securities at time ¢ and firm dividends.

The solution for the optimizing household problem is standard. The Euler equation is

R
(2.10) N = BEN  ——
Ty
where
1 b
(2.11) — b =\

Cy = b0y, Cpoy — 0CY
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2.2.4. Rule-of-Thumb Households

As pointed out above, RT consumers neither save or borrow, in each period they entirely

consume their labor income.
1117 AN
w7 [ W,
2.12 crt=pd | L [=L dj
( ) t t /0 P, W, ]

2.2.5. Labor market

There is a continuum of differentiated labor inputs indexed by j € [0,1]. Each labor
market j is monopolistically competitive and there is a union j which sets the nominal
wage, Wtj , subject to (2.4). Each household i supplies all labour types at the given wage
rates ! and the total number of hours allocated to the different labor markets must satisfy

the time resource constraint

. 1 AT/ AN
(2.13) hi = / hldj = / —L hidj
0 0 Wt

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 uniformly distributed across
households. Ricardian and non-Ricardian households therefore work for the same amount

of time, h;. Individual labor income is

1 ] Wj —%w
(2.14) héW, = / W} Wt hédj
0 t

We posit that the union objective function is a weighted average (1 — 6,0) of the utility

functions of the two households types. This, in turn, implies that with flexible wages

1Under the assumption that wages always remain above all households’ marginal rate of substitution,
households are willing to meet firms’ labour demand.
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where =) represents the

Q.
Qw

W Oy wlhfl
2.1 = — =
B = AT )0 (G — b0wy) + 007 (O — 6O

wage markup over the average marginal rate of substitution.
Determinacy analysis in section (2.3) below will take perfect competition in the labor

market as a benchmark. In that case the individual labor supplies of the two groups will

differ:

Wy (hi)”

(2.16) wy = [U’ (CZ - 50571)]

Note that when habits are absent, b = 0, the labour supply of RT consumers is constant:
=y T
2.2.5.1. 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:

j j Pt—l Yw ] N
Wi =W, P, = Wiy (me-1)™

where v,, stands for the degree of wage indexation. Just like firms, when choosing the
current wage, /V\V/t, the optimizing union will anticipate that in the future it might not be

able to reoptimize. In this case, the wage at the generic period t + s will read as (in real

terms)
s Vw
™
~ | | t+k—1
(217) Wtys = Wy 7'('—
k1 t+k

Following Colciago(2008), the representative union objective function is defined as
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(2.18) L' = (Bh) {[(1=0)U(Cyy,) + 0U™(CTL,)] — Uhugs) }
s=0
Where U2, UI* are defined as in (2.1). Thus the wage-setting decision maximizes a
weighted average of the two household types conditional to the probability that the wage
cannot be reoptimized in the future. The relevant constraints are (3.14), (2.9), (3.26),
(3.27).

The union’s first-order condition is:

) ) . . N s ﬂ_fyw - —Qu
(219) (6)\1“> [<1 - 6) >‘t+s + 0)‘7&13} h?+s (wt+s) ’ (H ;:_k l) |
s=0 k=1 t+k
. ﬂjt f[ ﬂ-;fyj:kfl - Ay wlhfjrs -
ko1 Ttk (o — 1) [(1 —0) \is + HA:is]

1 Bb
Yerh

where A" | = crbr, T o It is worth noting that the combination of centralized

wage setting and wage stickiness introduces an indirect form of consumption smoothing

for RT consumers.

2.2.6. Monetary Policy

We assume a monetary authority follows a rule of the type:
(2.20) re = (m)%"

where r, = R; — 1 is the net nominal interest rate

2.2.7. Aggregation

Aggregate consumption C} is a weighted average of the respective variable for each house-

hold type, thus
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1 0 1
(2.21) C, = / Citj) dj = / cr(j) dj + /9 Co0) dj = 6CF + (1 — 0)CY
0 0

Aggregating budget constraints for each sector, after few manipulations we get the

aggregate resource constraint as
Yy =G

2.2.8. Steady State

As in Ascari et al.(2010) and Bilbiie (2008), we need to make the assumption of an efficient
steady state in order to study the welfare properties of the economy represented by this
model.

We therefore assume that at the steady state firms are taxed by the Government by a
constant employment tax, 7, and then receive the money back through lump-sum transfer,
T = T%h. In this case steady-state firms profits are:

D=Y-(1-mh 7
(1=7)h7

The efficient steady state is characterized by perfect competition and zero profits. If this
is the case, it follows that C"" = C° = C and all households have the same marginal rate
of substitution between labour and consumption (M RS). Under the above assumption,

the equilibrium wage at the steady state is give by

MPL = (1 + p,) MRS

YT a0t

where 1, = —*%5 and p, = n—ﬁl are the markups in labour and good markets respectively.

Since M PL = MRS = 1 must hold at the efficient steady state, we need that

1
(14 pp) (14 pyy)
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The resulting value of 7 will lead to zero steady state profits and to equilibria in goods

and labour markets equivalent to those under perfect competition in both markets.

2.3. Stability Analysis

Given the model size, determinacy analysis requires numerical methods.
Parameters are calibrated following Christiano et al. (2005), technology process is

modeled as in Schmitt-Grohe, Uribe(2007):

TABLE 1

Parameter | Value | Description

b 0.7 degree of habit persistence
I5; 0.99 subjective discount factor
Ap 0.6 price stickiness

Aw 0.64 wage stickiness

Yp 1 indexation on prices

Y 1 indexation on wages

©; 1 preference parameter
(nil) 1.2 price mark-up

(a:i 0 1.2 wage mark-up

Pa 0.8556 | shock persistence

Oq 1 shock std. deviation

Our model encompasses previous contributions that investigated the impact of RT
consumers on the effectiveness of the Taylor principle, ¢, > 1 in (2.20), under different
labor market structures. To facilitate comparison we first discuss the case of a perfectly
competitive labor market, as in Bilbiie (2008). Then we introduce monopolistic competi-
tion under flexible wages. Finally, we consider the sticky-wage models of Colciago(2006)

and Ascari, Colciago, Rossi (2010).
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2.3.1. Competitive labor market

The white areas in Panel a of Figure 1 define the determinacy regions that obtains for
different combinations of 6, ¢, when the labor market is competitive and consumption
habits are absent. If the share of RT consumers exceeds a threshold value 6 = 0.48
determinacy requires an inversion of the Taylor principle: ¢, < 1. This broadly coincides
with Bilbiie (2008) who has shown that, for a sufficiently large share of RT consumers the
Taylor principle cannot rule out sunspot equilibria. The intuition behind this result is as
follows. Suppose that firms form an arbitrary expectation of future price increases and
therefore choose to raise the current price. The simultaneous (real) interest rate response
induces a substitution effect in the consumption decisions of Ricardian households: C7
is such that E;, {AC?,} > 0 (see equations 3.20, 2.11 for b = 0). If all consumers were
ricardian, this would allow a unique ACY < 0 consistent with convergence to steady state,
thus generating in ¢ a negative output gap sufficient to rule out the initial price increase
as a possible equilibrium. By contrast, in this model ricardian agents can react to the
real interest rate surge by choosing ACY > 0, because RT consumers induce a "Keynesian
multiplier" effect that raises profits which are entirely appropriated by ricardian agents. If
this wealth effect is sufficiently strong, i.e. the share of RT consumers is sufficiently large,
the choice of Cf such that E; {ACf,,} > 0, ACY > 0 may be consistent with the rational
expectation of future return to steady state. In this case C} confirms the increases in
current and expected inflation.

In Panel b of Figure 1 we show that determinacy regions remain almost identical when
habits affect consumption utility. In fact habits substantially modify both the substitution
and the wealth effects discussed above. To understand this, look at the log-linearized

versions of conditions 3.20, 2.11 and of 2.16 subject to 3.26.

1-6b)(1-b)

b o Bb 0

L+b+62 \ , <m) Ci1 — ((1—[3b)(1—b)> Cipat
(2.22) 1 D—b G = ) R
(1—=p5b)(1-0) +(—(1+ﬁb+ﬁb >c§+1+ﬁfﬂ—Rt
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5b . (1+802) .
T G | iy | Ot

b T
a1

(1+02)
P+ =gy 1D)

(2.23) hit =

From (2.22) it is easy to see that consumption habits reduce the sensitivity of ricardian
consumers to real interest rate changes, weakening the substitution effect that is crucial to
obtain determinacy under the Taylor principle. Equation 2.23 shows instead that habits
weaken the wealth effect induced by RT consumers’ choices. In fact, when b = 0 the
labour supply of RT consumers is constant and their consumption decisions are driven
by the wage rate which increases if Ac¢f > 0. If b > 0, then iL’t”t negatively correlates
with the wage rate. This happens because habits induce RT consumers to behave in
a forward-looking manner, taking into account that an increase in their current income
will also raise next-period habits with adverse effects on future utility. Consumption
habits therefore reverse the standard labor supply reaction to a wage rate increase when

consumers are non-Ricardian. As a result the Keynesian multiplier effect generated by RT

consumers is now weaker.

Competitive Markets, full indexation, habits

Figure 1a: Determinacy Area
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Competitive Markets, full indexation, no habits

0.75

0.5

0.25

o

Figure 1b: Determinacy Area

2.3.2. Monopolistic wage setters

Consider now a monopolistically competitive labour market. Condition (2.15) charac-
terizes labor market equilibrium if nominal wages are flexible. Determinacy regions for
b =0, b > 0 are reported in Figure 2, panels a and b respectively . From a compar-
ison between panels a of Figures 1 and 2 we see that, relative to the case of no habits
and perfectly competitive labor market, monopolistic competition lowers the share of RT
consumers that requires an inversion of the Taylor principle. This happens because the
labor supplies of the two households groups coincide and consumption choices of ricardian
households directly affect the labor supply of RT consumers. As a result, the Keynesian
multiplier effect induced by RT consumers is unambiguously stronger than under perfect

competition

1—

6(1+50%) A=0)(1+682) o | (1-0)8b o
-0 ) Wt~ TTana—n ¢ T T -b T

63b rt (1-0b o ob rt
Tt T T -1 T T ab i1

0(1+5b2)
(¢h*‘ﬁiﬁaﬁfw>

(2.24) hy = bt =
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given the expectations

(1+ b
v~ (o g 1)

Introducing habits in the monopolistic competition model dramatically lowers the
threshold value of 6 that triggers an inversion of the Taylor principle. Relative to the
perfect competition-cum-habit case, this happens because habits weaken the substitution
effect triggered by real interest rate changes, but no longer induces the negative response

of RT labor supply to a real wage increase.

Unionized Markets, flexible wages, dexation, no habits

1

075 -

025

Figure 2b: Determinacy Area

2.3.2.1. Sticky wages. Colciago (2006) and Ascari, Colciago, Rossi (2010) show that, in
a model without habits, wage stickiness is enough to wipe out the wealth effect identified
in Bilbiie (2008), thus restoring the effectiveness of the Taylor principle (Figure 3, panel
a). The intuition behind this result is very simple. Sticky wages dampen the real wage
response to an aggregate demand increase and unambiguously limit the Keynesian multi-
plier effect of RT consumers. Panel b of Figure 3 shows that wage stickiness plays a much
lesser role once consumption habits are introduced. Under our parameter calibrations,
determinacy requires an inversion of the Taylor principle when the share of Rule-of-thumb
consumers reaches 42%. As pointed out above, habits play their crucial role by weakening

the substitution effect associated to real interest rate movements.
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Unionized Markets, sticky wages, full indexation, no habits

Figure 3a: Determinacy Area

Unionized Markets, Sticky wages, full indexation, habits

0.25 7

o©

Figure 3b: Determinacy Area

2.4. Optimal Simple Implementable Rule

In this section we turn to the analysis of the optimal simple monetary policy rule as
the one in (2.20) , given the determinacy constraints of the model. Our interest here is to
identify a policy space that minimizes deviations from socially efficient outcomes. To this

end we first identify the solution to the social planner problem.

2.4.1. Social Planner Problem

It should be noted from the outset that the two household groups have symmetrical pref-

erences, but have different access to financial markets. As a result, from the social planner
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perspective, the consumption and worked hours responses to shocks should be identical
for the two groups. In addition, the social planner faces an intertemporal problem due to
internal habit formation.

The social planner problem can be summarized as:

0 (log (c" = beyl) — 725 (7)) +

max F t
CRAN N ! Zﬁ 1—0)(1 0 _ beo Y he 1+¢;
t=0 + ( ) (log (Ct thl) T+, (h?)

subject to the following constraints which represent the composition of aggregate con-
sumption and labour supply, the aggregate resource constraint in which in equilibrium

total output must be equal to total consumption and the firms’ production function:
0 + (1 —0)c) = ¢

Hh:t + (1 — (9) hf = hy
Yy = G
Yy = aihy

The resulting Lagrangian is given by:

0 (10g (cft = beft) = 725 (")) 4+ (1= ) (log (¢ = bep,) = 25 ()™

cun =[O0 + (1= 0) ¢ — ar (Oh7" + (1= 0) )]

max L = F; Z Ik
t=0

The first order conditions to the social planner optimization problem are the following

oc S S
act ’ (cf{t — bcﬁl) (c{il — bcgt)
86 : ;—(1—0)L:)\t(1—6)
Oc; (cfy1 — be?)

oL

ot
oL
Ohy

- /\t9

. 'lb (h:t)d)l = )\tat

I
o

= 0:¢(h)" = \ay
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which imply that A" = h{.

In loglinear terms:

pb rt (1+80%) b .
A=) (=0 (=) (1=0" A=) a—p ™
Bb 0 (1+80%) b o
(1—pb)(1- b)ctH B (1—p0b)(1 —b)ct + (1—8b) (1 — b)ct_l =\
)\t - ¢ht — Qg

It is easy to demonstrate that c¢? = ¢ = ¢, = y, for every b < 1°.

We therefore obtain:

(1+pv?) . b . b
<¢+ (1 —5b) (1—5))‘% (1 pb) (1—b)y”1+ (1—pb)(1—0)

Yyiatlo+)a

The efficient level of output y; which would have been set by a benevolent social
planner is therefore the result of an intertemporal choice, it depends on past and future
level of output and it is a decreasing function of habit persistence (the more we consume
today, the less utility we will have tomorrow) and a function of the technological process.

The social planner finally set the efficient wage equal to the marginal productivity of

labour,i.e.

(2.25) wy = ay

In figure 4 we show the efficient output dynamics in response to a technology shock. The
"hump-shaped" response is due to the habit formation in households’ utility function.
Since the RT consumers have the same preferences as optimizing households, their presence

does not affect the social planner optimal behavior.

2This result is not surprising given the nature of the social planner problem and the identical preference
scheme for the two agents’ types.
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Figure 4: Social Planner Response to a Technology Shock

2.4.2. The central bank welfare function

We assume, as in Bilbiie(2008) and Ascari et al. (2010), that the central bank maximizes
an average of the two groups of households utility functions weighted for their relative

size. The period welfare function is therefore given by:
(2.26) We=01[U (a') = V(Iy")] + (L= 0) [U () = V(h7)]

where 2 = ¢} — bci_,. Moreover, given the unionized structure of the labour market, we

have that h¢ = hl' = h; and the welfare function reads as
(2.27) W, = 0U (z7") + (1= 0) U(x]) — V(hy)

We derive the central bank loss function as a second order approximation to (2.27)
around the efficient steady state. For sake of simplicity, we restrict our analysis to the no

indexation case, i.e. 7, =", =0 3. The derived loss function takes the following form*:

(2.28)

1(1-8b) X, (1= 0) =y (@0)* + 0 (1) +

_2L8=pY +t.ip.+ O (||€]]*)
2USDT | vopp e () + 2 (1)~ 201+ 9) s

L=
K
3Simulations show that indexation plays no role in determining the optimal policy Proof available upon

request.
“Derivations are available in appendix
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_ (1-BA)(1-Aw)

A-BA)(-Dy) .
! Aw

where k), = "

and 7}’ represent the real wage inflation. All
the variables in (2.28) represent deviations from the efficient steady state. Rewriting the
loss function in terms of deviation of the variables from the efficient levels resulting from

the social planner solution it yields

(2.29) ] )
<¢+ =i b)) (wi™)" + <2¢+m> vy +
6 ap\2 b2 ap 2
T o )+ amma 00)
ad 2 ap > 0 gap)2
1—jb)1 2yl e wI®)? +
L= — ( @ )_Zﬁt (1-Bb)(1-b) Jt—1Jt—1 (1—Bb)(1—b) (1— 9)( ) _i_tip
(1_b) 2 — gap,_ gap __ gap, x4
- Bb)(l nYt Vi1 T [ ,Bb)(l w9t Y
*, 9a; 2b 0 a a
- (- ﬁb)(l b)ytyf 1 (1—Bb)(1—b) (1— 9)wtg P+
+a (mp) 4+ L (m)” = 2(1 4 ¢) ay™

The central banker problem consists in finding the interest rate response to inflation which
minimizes the welfare loss function subject to the behavior of households, firms and social
planner.

We study the optimal responses to a technology shock a; searching for the coefficient

on inflation which minimizes function (2.29) in the interval [-5, 5°.
ap = Puat—1 + €t

It is worth to notice that in (2.29) the higher the share of RT consumers the more important
is the wage gap stabilization for the optimal monetary policy. When 6 = 0, RT consumers
do not matter, (2.29) real wage gap stabilization is not an objective. The reason why wage
gap stabilization is so important is that this variable drives consumption volatility for RT

consuiners.

>The restriction on the interval [-5,5] is driven by the idea that rules characterized by stronger interest
rate reaction to changes in inflation are unlikely to be implemented in practice (see for further examples
Ascari et al.(2010) and Schmitt-Grohe, Uribe(2004,2007) .
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Figure 5: Responses to a Technology Shock

Figure 5 displays the dynamic responses to a technology shock when the optimal policy
is implemented. Gap variables represent the deviations between the variable responses and
the efficient responses resulting from the welfare optimization problem of a benevolent
social planner, in a non-distorted economy.

It is clear that the presence of RT consumers in the economy significantly affects the
dynamic responses to a technology shock. When only optimizing agents are present in the
model (red dashed lines), the response of both nominal and real interest rate allows the
policy maker to minimize both price and wage dispersion ensuring a volatility in output
and consumption close to zero. Introducing a small share of RT consumers (green dotted
line) which is still compatible with the Taylor principle, we observe that the fall in wage
bills affect RT consumption which decreases together with the output gap. This, in turn,
lowers inflation. The central banker will therefore decrease the interest rate in order to
dampen inflation volatility.

Things change when we allow for a share of RT consumer which is big enough to require
an inverted Taylor principle. Now, in order to obtain the dynamic stability of the economy,
the central banker does not try to contract the consumption of optimizing agents when
inflation increases. The Keynesian multiplier effect generated by RT consumers weakens
the central banker ability to stabilize the economy. The system is characterized by a

positive output gap and by an increased gap in both RT and Ricardians’ consumption.
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This happens because the real interest rate still responds negatively to the shock, due to
the inversion of the Taylor principle. As discussed in section 3.2, habit formation in a
unionized labour market dramatically increases the wage elasticity to output movements.
The increase in output generated by a positive productivity shock, increases labour demand
and wages. The latter responds more strongly when habits are allowed and pushes up RT
consumption generating a multiplicative effect on output. The output gap is therefore
markedly higher. Notice that dynamics of the real interest rate under the inverted Taylor
principle is quite similar to the one characterizing the economy where the share of RT is
small enough to guarantee stability under the Taylor principle.

The importance of habit persistence in magnifying the response of RT consumers and
therefore the implemented monetary policy is visible by contrast in figure 6. Here we
display the model’s responses to the same technology shock when habit formation is not
present in the households utility function. As in Ascari et al., RT consumers no longer

play a significant role in determining the economy’s optimal response.
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Figure 6: Responses to a Technology Shock

2.5. Conclusion

We have studied the interactions between consumption habits and RT households for
what concerns both the stability of a New-Keynesian model and the optimal setup of a
simple and implementable monetary rule. It emerged that when habits are taken into

account, the presence of a share of financially constrained consumers cannot be ignored by
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the policy maker. A sufficiently large share of RT consumers requires an inversion of the
Taylor principle. In addition, RT consumers affect the dynamic performance of the model
under the optimal monetary policy even when the share of RT consumers is limited.
Further research will focus on a deeper analysis of the optimal policy. We are going to
check the robustness of the results to different policy rules. We will also investigate how
fiscal policy may contribute to stabilization. Finallly, our analysis will be extended to a
medium scale new-Keynesian model accounting for capital accumulation and additional

real rigidities, as in Christiano et al. (2005).
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2.6. Appendix

2.6.1. Loglinearized equilibrium conditions

2.6.1.1. Unionized Labour Market. The stability analysis is implemented using a
linearized version of the model presented 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:

o rt

(2.30) &= (1—0) =& +o—e
c c

Marginal costs are given by

(2.31) me; = Wy

Production function is given by

(2.32) 0= hy

Aggregate resource constraint

(2.33) U =Ct

RT consumption

(2.34) &t =y, + by

Euler equation

(235) ;\t - 5\t+1 + Et - ﬁt+1



73

Households marginal utility of consumption

o __ Bb . — (1+662) ° b c°
(2.36) A= A=A (=0 " =B 1—0" " 1=8y)(1=b "

it /Bb Crt _ (]_ + 6[)2) CTt b Crt
(2.37) A = (1—-6b)(1—0) ™ (1—-pb)(1—0)" * (1—-5b)(1—b) "

Phillips Curve

2

1 ip (ﬁ't — ’Ypﬁt—l) = (1 — Bep) mey + ey (7ATt+1 — ’Yprt) + ip (ﬁtﬂ - ’Yprt)
€p l—¢p

(2.38)
Taylor Rule
(2.39) Ry = o + o

Wage Setting

1 2 “ A
<1_5w + Bliﬁw) Wt = 613‘2111 wt+1+
2 A
- (5510 + ﬁliﬁw) i1t

2 A
+ (Bewu + Briicy, + 15 ) fet

(2.40) = (1— Bew) ohe — (1 — Bew) ¥,

—_Ew — _Ew T
T, Wt—1 = 7 TwTt-1

2.6.1.2. Competitive Labour Market. Under perfectly competitive markets, hy #
he + kit and in detail
hy = e%ﬁﬁ? +(1-90) %ﬁf
where
¢hil? = A{ + 1y

it = 5! +
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2.6.2. Welfare-based Loss Function (Internal Habits)

We derive the welfare-based Loss function following step-by-step the method used in Ascari
et al.

Households’ utility function:

i 530 ) - 1200

14+ ¢,
or
i - t (Xi,t)lia _ P, 146,
Ut_EO;ﬁ { 1—_o 1+¢I(Lz,t)
where
X = Cyp — bCiys
(2.41) Wi =0[U (Xgt) = V(Lre)] + (1= 0) [U(Xoy) — V(Loy)]

since L,y = L,y = Ly

(2.42) Wi = 0U (Xpt) +(1=0)U (Xoy) =V (L) =

(2.43) = U(Xy) =V (L)

remember that
Yi.—Y;

1
v, Y + —y?,t + 0[2]

2

A second order approximation of U (Xg;) delivers

U
U (XRﬂg) ~ U(XR) +UXR(XR,t —XR) + % (XRJ —XR)2

0
OU (Xre) = 0[U (Xp) + Ux (Xng = Xn)l + 5 [Uxpxn (Xrs — Xr)?]
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1 0 1
QID(XRJf) ’10 ID(XR) + X_R(XR’t —XR):| + = |:—— (XR,t _XR)2

Xpi— X X, — Xp)?
Oln (Xny) — Oln (Xp) ~ KR = XR) 0 (Xre = Xn)

X 2 X2
with crra
X' 1—0o
UXit — ( 7/7t)
’ 1—0
0
OU (Xns) = 0[U (Xr) + Uy (Xng = Xp)l + 5 [Uxpxn (Xt — Xr)?]

1 0
0 [U (XRJ) — U (XR)] ~ HUXR (CL‘Rﬂg + 51‘?%7)5) XR + §UXRXRX]22 [‘T‘%?,t}

1—-0
01U (X~ U (X)) = 057 (s + 157 )

for Ricardians

(1-9)
2

(1—0)In(Xoy) ~ (1—0) |In(Xo) + XLO (Xou — X())} + {—Xi]% (Xt — Xn)?

(1-0)In(Xos) — (1 —0)In(Xp) ~(1-10) (Xoi—Xo) (1-0) (Xou—Xo)

X, 2 X2
(1—0)In(Xo,) — (1—60)In(Xp) ~ (1—0) (XO’;(; Xo) ; ) (XO’;(?% Xo)

or in crra

(L= OV (Xod) = U (Xo)] = (1= ) X5 (0, + 5 e,

recalling that

Xit=Ciy —bCip
we have that it can be rewritten in terms of consumption as:

1 b 1
1-0b

(Ci,t - bci,tfl)



and therefore

1
= (Ci,t - bci,t—1>2

fe T )y

X+ can be approximated to second order by

Xiy— X N 1,
— = =X
X; LT gt

so that

1 Ll b Ll 1,
it — —— | G =C; — — | Ci— =Ci_ — =T,
T it 1 . b it 2 ,t 1 . b =1 2 t—1 2 ,t

the following equations

(1= ) [U (Xow) - U (Xo)] = (1 — 6) X5 ( 1o “mé,t)

l1—-0
01U (Xgt) — U (Xg)] ~ HX}{" (xp%t + 5 x%jt)
become

(1 - 9) [U (XO,t) -U <X0>] ~ (1 — (9) Xé*U 1-b (CO,t + §CO,t) —+

b 1.2 1,..2
1% (CO,H + ico,t—l) —3%0¢ T

(1-0)[U(Xoy) —U(Xo)] ~(1-0) X5 5 (cop + 5¢5.,) +

1—0,.2
2 xO,t

b 1.2 o .2
1% (CO,t—l + §Co,t_1) —32Togs

1 (ep, 4+ 12 )+
OU (Xgt) — U (Xp)] ~ QX}%—U 1-b ( Rt T 3 R,t)

b 1
T1-b (CR¢—1 + Ecé,t—l) - %x%%,t
Approximation of U(L;) delivers

ULy = 1 flaﬁz (L)
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U(Lt) = U(L) + UL(Lt — L) + —(Lt L)
L(Li7t)1+¢l ~ L(L)qul + %(Lym (Lt _ L) + @(L)@—l (Lt . L)2

L(Li,t)1+¢l _ L(L)Pﬂbz ~ %(L)d)l (Lt _ L) + @([J)@l (Lt o L)2

U (g - (D) o (D)L — (D)L

# (M) e e

U(L) ~ U(L) = (L)L + (L o2
U(Ly) = U(L) = ULl + %ULLQZSZZ?
U(L,) —U(L) = ULL (lt + @zf)

U(L) —U(L) = U,Ll, + %L%?

U(L) —U(L) = ULl + WLQ)% Li?

U(L;) —U(L) = UL, + ULL%ZE

U(L) = U(L) + Us(L — L) + %(Lt L)y

U(L,) —U(L) = ULl + W)l( LY 22

U(L)) —U(L) = ULl + M( LY 2L

7
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U(L) = U(L) + Usl(Ly — L)+ P20y (12 + 12— 2LL)
_ _ 2
U(L) =U(L)+ U, (LtL Dy UgL (L LQL) L?

1
U(L) = U(L) = ULl + UL L3I} + %ULL (%)

U@J—U@%ZML(Q+1;@ﬁ>

Summing all the terms

1 1.2
77 \Co, + 5¢C +
W, =W = (1-6)X5° 3 (o + 3. +

b 1.2 o2
1% (CO,H + §CO,H) —2%04
1 1.2
- 15 (ere + 5¢R) +
+0X 5 +

b 1.2 o .2
~ 1% (CR,t—l + §CR,t_1) — 2TRt

1
~U.L (lt + 2@12)

or, given that steady state consumption and hours worked level are identical for the two

groups of agents

= (cor+ 24 ,) +
W,—W = (1-6)UxX s (cos t200) +

b 1.2 g,..2
1% (CO:H + ico,tfl) —3%0y
1 1.2
15 (cre + 3¢k,) +
+0Ux X +
0,2
CRt—-1 1 3 CRt 1) — 5TRy

)

_L
—b

—UrL (lt +
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1 12
— (o + 5¢C +
M/t - W = (1 o 0) Xl—a 1-b ( t 2 O,t) n
_1313 (CO,FI + %CQO,t—l) - %x?),t

1 1.2
7 \CRt + 5c +

b 1.2 g,.2
T 1-p (Cth—l + ECR,t—l) — 5TRy

1
UL (zt L1t lf)

2

From the economy production function we know that

Ly =y +dys +dpy — ay

_0p

where d,,; = log fol (%) dj is the log of the wage dispersion and d,,; = log fol (%) di
is the log of the price dispersion. Both terms are of second order and therefore they cannot

be neglected in a second order approximation. Notice that
= G+ duwy + dpe — @) = 4 + 0} — 2y,

thus

1 1.2
— (ot + 5¢C +
W,—W = (1—9))(1—0 lb( t 20,t) n

b 1.2 o,..2
~1%p (CO,t—l + Eco,t—l) —2To

1 1.2
—7 \CRt + 5c +

b 1.2 o,..2
1 (CR¢—1 + ECR,tfl) — 2TRy

Yp + dys + dpy — ap+ .
—Ur L + tip

+12 (g2 + a? — 2y,a4)



or

W,—W = (1-6)X'° w7 (Cou+ 50e) +
W = (1-

b 1 .2 o ,..2
-5 (CO,t—l + §CO,t—l> - §x07t

5 (cre + 5¢R,) +

+6)X1—0 +
—% (CR,t—l + %C%z,t—l) - %ﬁ?,t
Y + dw,t + dp,t —ap + 1%15th+ ;
+ tip

—ULL
+i5% — (14 )

5 (coq + %CQO,t) +

Wt_W — (1—9)X170-
125 (co1 4+ 5¢B-1) — §7,

1 1.2
1-o 5 (Cre + 3¢k) +
+60X
b 1.9 g2
10 (CR,t—l + ECR,t—l) ~ 2VRe

Yt + dw,t + dp,t —agt ;
_U,L + tip

+527 — (L+ 9) iy

=5 (cot + 5¢b,) +
2

1-b

1 1.2
i (Cre+ 5¢R) +
+0Ux X
b 1.2 g 2
—125 (Cre1 + 56Ru1) — $7hs

yt + dw,t + dp,t - at+ .
_U,L + tip

+5%7 — (1+ ¢) yeay

b 1.2 g
—15 (co—1 + 5¢b1) — 520,

+

+

_|_
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o] 1 1.2
13 \Cot + 5C04) +
w - S0 guex| et .
t=0 125 (Cop-1+ 560 ,-1) — 520,

1 1.2
13 \Crt T 5CR,) T+
LU X 1 b( 2 R,t) +

b 1.2 o,..2
1 (Cth—l + ECR,t—l) — 2TRt

Y+ dyy + dpy — ap+ ,
—Ur L + tip

+#th — (1+¢) yray

Wi—W = (1—8b) f: {(1 —0) ﬁUXX ((co,t + %cgt) - b)%xst)] +

t=0

o0

+(1— Bb) {(9) —UxX (<CR,t + %cgt) —(1- b)%xgt)} +

t=0

— + .
—Z |:ULL (yt%—dw,t—i—dpt—at—i-Tgbyf (1+¢)ytat)] —|—th

t=0

W,—Ww = “‘?Elb_ﬁb UXXZK<COt+ cOt> (1—b)2x0t)]+

e(l_b UXXzK(th+ th)—(1—b)%x§“)}+

—ULLZ [(yt+dw,t+d,,7t+ ;QZ) ; (1+¢)ytat>] + tip

> (1 — Bb) 1 o
Wy,—W = UxX(1-90 Z[( 1_61) <Co,t+§czo,t)—§x2o,t>]+

t=0

> 1— /b 1
+UXXQZ {(( 1 _Bb) (CRt+ §C2R,t> - 5‘@?@)} +
t=0

- + .
_ULLZ|:<yt+dwt+dpt+ 2¢2 (1+¢)ytat)}+t2p

t=0

Q
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since UxX = UL =UsC and MRS = MPL =1 at the efficient steady state

W, - W = X7(1-9) i K((lf—i[;) <c0,t + %cgt) - %xat)} +

t=0
l1-o - (1—pb) 1, 0 o ]
+X79 ;ZO [( A=) CRt + 3CRt | = TRy | +
( = Ye + dw,t + dp,t"‘ .
t
= b Z o + tip
=0 +22y; — (14 ¢) meay |

Wi—w (=) [ (=0 (cort o)t |

+6 (cR,t + %c%}t)

g g
— (1 — 9) Ex?),t — 951’%775 +

- ((11__5;;) <yt + dw,t + dp,t + ! _‘2_ ¢ 2 (1 + ¢) ?/t%) + tlp
Wy —-W 1— (b
.o (g ((1 _Bb))) yp — (1=90) %x%,t - 9%1'??@ +
-~ ((11__5;;) (dws + dpy) + ((11__5;;) (1+ ¢) yeas + tip

Sy7 +0 gl:gabg)%x%),ﬂL
W,—W  (1-pb) e, o
U~ (=b) | Ty athe + (dust+dpe) + | 1P

—(1+ ¢) yay

1-b o
: o) %.%2 +(1-0) ((1_,313) Ex?),t—'—
Wy—W  (1— b e |
Do~ =) | HOimsthe 2 ()4 | P

+% (70)? — (1 + ¢) yeas

y (1—0) x?) +
W, — W (1 —Bb)

UoC ~ a=p | s
+%%w> L+ 6y
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substituting x;, with its definition in terms of output and rearranging we obtain

W, —-WwW

(1—p5b)

UcC

which can be rewritten in terms of gap variables as

Wy —W

(1=

(1—pb)

N | —

UcC

(1-10)

2.6.3. Robustness

Determinacy with no indexation on prices and wages (7,

N | =

¢yt

1

pb)(1-b)

b2

TaEa D

+ (2¢ + W) vyt
+ iy s (W) +
gy (W) + s 2+
+mr e ()
Y Y — Y Yt
e et AR Sl vy R v LA AR
+2 (7)? 4 L (7)) = 2(1+ ¢) ayf
= 0,7, =0)

Vi + algwit

20
(1 9) WAy

yt271 + mwtfl—i_

20
g Wt-10t-1

YilYr—1 + (l;fg)wtwt—l"i_

ap\ 2
(¢*‘@f§5@ w)(ygp) -

+

+

2b
- (1=Bb)(1-0) e
(1 g)wtat 1 (1 0) atWi—1
+3 (my )2+ Hlp (Wf)Q —2(1+ @)y

+

+ tip

+ tip
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Competitive Markets, habits, no indexation

2.6.3.1. Competitive Labour Markets. Habits in Consumption

Conpetiive Markets, no habits noindexation

075

No Habits in Consumption

Unionied markets, flexible wages, no indexation, habits b=0.7

2.6.3.2. Unionize Labour Markets. Flexible Wages, Habits in Consumption
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Unionized Markets, Hexible Wages, No Indexation, No Habits

025

Flexible Wages, no Habits in Consumption

Unionied Markets, sticky wages, no indexation, habits b=0.7

Sticky Wages, Habits in Consumption

Unionized M arkets, sicky wages, no indexation, no habits

Sticky Wages, no Habits in Consumption



CHAPTER 3

External vs. Internal Habit Formation in Consumption: When

it Matters.

3.1. Introduction

Habit formation in consumption has become a key ingredient in New Keynesian busi-
ness cycle literature. Typically, in New Keynesian business cycle models consumption
habits are introduced to generate "hump-shaped" impulse responses of output and con-
sumption to demand and supply shocks. The empirical success of habit formation in
consumption in fitting the data has been widely accepted and recognized.

However, the way habit in consumption is modeled in theoretical models is still source
of debates. While consumption habits are deemed a key ingredient of modern business
cycle models the modelling choice for consumption habits seems arbitrary. Some authors
(Christiano, Eichenbaum and Evans (2005) ,CEE henceforth; Amato and Laubach (2004);
Fuhrer (2000)) adopt "internal" habit formation (that is, complementarity between indi-
vidual present consumption levels and individual past consumption levels), others (Smets
and Wouters (2003), Ravn, Schmitt-Grohe, and Uribe (2006) prefer to model "external"
habits (complementarity is between current individual consumption and aggregate past
consumption). Dennis (2009) shows that different way to model habit formation are in fact
equivalent up to a log-linear approximation for what concerns the business cycle behavior.

In the paper we show that this conclusion is not robust to the introduction of a minimal
degree of agents heterogeneity. Indeed important differences arise concerning dynamics.

Following a seminal contribution by Mankiw (2000), who introduced the notion of het-
erogeneous 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

86
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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.

In this paper we consider together RT consumers and consumption habit formation.
We shows how the choice between internal and external habit formation leads to a com-
pletely different dynamic response to demand or supply shocks when a very small share
of RT consumers are considered. The intuition is very straightforward. When habits are
external, the felicity of the optimizing agents is affected by the consumption level of the
rest of the population. Moreover, agents do not internalize anymore the fact that present
consumption influences the agents’ future utility. Ricardians’ intertemporal decision are
no determined by RT behavior and the link between consumption and the real interest
rate is weakened. Our simulations show that this has dramatic implications for model de-
terminacy even for a RT consumers close to 10% of the population. The model dynamics
under the hypothesis of external habit formation do not seem anymore consistent with the

empirical literature.
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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 dynamic

performance in section 3. Section 4 concludes.

3.2. The Model

We consider a cashless version of a last generation medium-scale DSGE model a la
CEE (2005) augmented for rule-of-thumb (RT) or non Ricardian consumers. The behav-
ior 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. Ricar-
dian 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.

3.2.1. Households

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

alternative specification of the utility function, the first one:

(3.1) Vi B8 {111 (CF -0t - T2 (z§)1+¢t}
t=o !

represents the case in which habit formation in consumption is "internal", where 7 : o, rt
stands for household type, C} represents total individual consumption and [! denotes

individual labour supply.



89

Otherwise, when we assume "external" habit formation in consumption, the house-

holds’ utility function will be described by:

(3.2) Ui=FEY f {m (CI = bCyy) — %(@Hm}
t=o l

where C}_; represents the level of aggregate consumption in the previous period.
3.2.1.1. Consumption Bundles. C represents the demand of a bundle of differentiated

consumption goods and it is defined as

1 g1 71%1
(3.3) Ci = [ / e dj]
0

where 7 represents the price elasticity of demand for the individual goods.
At any period t each households optimally choose the consumption bundle minimizing
the cost of purchasing the combination of individual goods:

1
(3.4) min/ pjtCit dj
0

Cjt

subject to

n

L p—1 n—1
(3.5) { / cjt”dj} > C,
0

The solution of the problem is given by the following equation

N\
(3.6) Cjt:(%) Ct

1

where P, = ( fol pjlt_ 77dj> s the aggregated price index.

3.2.2. Firms

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

technology:

yi (2) = au (ke ()% (he (2))°
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where a, represents the technology process: a; = p,a;—1 + € and is € is a ¢.7.d. random
variable with zero mean and variance o2,.

ki (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

@) = ([ o= a) ™

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 of across

labor inputs implies

39 () = (%) ae

S B VAC :
where W, = ( fo (VVtJ) d]) is the standard wage index.

Firm z’s nominal total production cost is given by
(3.9) TC, (2) = Wihy (2) + (1 + RME, (2)

The real marginal costs are:

e (3 ()

1+RF
P, -

A

k_
proand ) =

where w; =
3.2.2.1. 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

P

able to reoptimize, it adjusts its price to the previous period inflation, (1 + m;_1) = Py

The price-setting condition therefore is:

(3.11) pi(z) = (L4 ma)”pra(2)
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where v, € [0, 1] represents the degree of price indexation.

All the 1 — ), firms which reoptimize their price at time ¢ will face symmetrical con-
ditions 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 t + s will read as EHZ@;S,l where IT; ;1601 = (1 +7m¢) oo. (L + Tpps-1) =

Piis—1
Py

P, is chosen so as to maximize a discounted sum of expected future profits:

Ly Z (BAp)° Alys <ZStHZ§+s—1 - Pt+sm0t+s) Yers (2)
s=0
subject to:
Pl
(3.12) Yers (2) = Yﬁks (%)
t+s

where Y% is aggregate demand, A/ is the marginal utility of income for Ricardian house-
holds (i.e. the value of an additional dollar for Ricardian consumers), 3 is the stochastic
discount factor.

The F.O.C. for this problem is

1-n ~_
> , 1 —n) (L5 1) "B (Pes)"+
(313)  Ey_ (BA) MY, R o |70
s=0 +nP " Ptqus MCtys (Ht,I;Jrsfl)

3.2.3. 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, Wtj , subject to (3.8). Each household i 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

1Under the assumption that wages always remain above all households’ marginal rate of substitution,
households are willing to meet firms’ labour demand.
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. 1 AT/ AN
(3.14) hi = / hldj = / —L hidj
0 0 Wt

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 uniformly distributed across
households. Ricardian and non-Ricardian households therefore work for the same amount

of time, h;. Individual labor income is

1 ] Wj ~%w
(3.15) hW, = / W} Wt hédj
0 t

We posit that the union objective function is a weighted average (1 — 6,0) of the utility

functions of the two households types. This, in turn, implies that with flexible wages

(3.16) wy = DG il

= ay — 1 (1_0> é‘f—i_eU/Cv'rt

(@u—T)

where represents the wage markup over the average marginal rate of substitution.

3.2.4. Ricardian Households

Ricardian households maximize utility subject to the following budget constraints. The

)\gwt

Lagrangian multipliers are respectively A\;, A\;q;, and o

Nominal budget constraints:

B
(317) 1 —|f+f1f + -Pt (Og + Zt) = Bt + At + [Tfut —a (Ut)} Ptkt + h?Wt + -Pt (Dt - Tt)
t

where P; defines the consumption price level, h¢W¥; is time t nominal labour income, A;
is the nominal net cash flow from participating at time ¢ in the union-wide state-contingent

security market, D, represents firms’ real profits. B; denotes time ¢ holdings of riskless
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nominal bonds issued by the government. R; is the nominal interest rate on bond issued
at time t. 7; defines real lump-sum taxes.

Optimizing households own the physical stock of capital k;, and rent it to firms at
the real rental rate . Furthermore, owners of physical capital control the degree of its
utilization, u;. The term a (u;) defines the real cost of using the capital stock with intensity
uy. Finally, ¢, denotes time ¢ real purchases of investment goods. Following Christiano et
al (2005) and Schmitt-Grohe and Uribe (2005), the household’s stock of physical capital
evolves as:

(3.18) kovr = (1—6) ke + 4 {1 -8 (z—tﬂ

14—1

(3.19) ke = ughy
where 0 denotes the physical rate of depreciation and the function S introduces investment
adjustment costs.

The solution for the household problem yields the Euler equation:

(3.20) 1=(1+R)ESp (%1)
t

where A/ represents the marginal utility of consumption for Ricardian consumers and
takes two different forms depending on the habit formation type. If habits are internal we
have that households internalize the fact that current consumption level may affect future
utility, so that

1 b

N — f—————
(] 0 ) ()

(3.21) =

If habits are considered external, households’ marginal utility of consumption depends

only on current and past consumption level, i.e. households do not internalize the effects
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of current consumption levels on future utility:

1

f —beia

(3.22) =

Moreover, under external habits, the Ricardian equivalence and the permanent income hy-
pothesis do not hold even for Ricardians households since their intertemporal consumption
choice will now depend on lump-sum taxes and wage bills?.

The following first order conditions describe demand functions for capital® and invest-

ment and the optimal degree of capital utilization.

k
o Tii1Ut+1 — a (ugyr) + (1 —0) P11
(323) Pk/,t = ﬁEt { t+1 + )\?

The first order condition for investment is

(32 T e i
aPeen |5 () (42)]

it it

(3.25) ry =d (u)

Following Christiano et al. (2005) the investment adjustment cost function and the

capital utilization function are given by:
Z.t K
S|l— ) ==
(i) =5
_ Y2 2
a(ug) =y (ue — 1) + == (uy — 1)

2In fact ¢,y = 0ct | + (1= 0)e% | = O(wi—rhy—1 — T—1) + (1 — )b,
3Pk/,t is the shadow relative price of one unit of capital with respect to one unit of consumption (Tobin’s
q)-
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The function 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(l)=0and a (1),a"” (1) > 0.

3.2.5. Rule-of-Thumb Households

As pointed out above, RT consumers neither save or borrow. Due to the labour market
monopolistic structure, these agents are entirely passive. In fact both their consump-
tion and their labour supply are determined by union’s (wage) and firms (worked hours)

decisions.

: wi\ T
rt h% fol <w_i> wg d]
(3.26) = 2

3.2.6. 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:

i (P g %
Wt = Wt_l m = Wt—l (ﬂ-t*l)

where Y stands for the degree of wage indexation. Just like firms, when choosing the

current wage, Wt, the optimizing union will anticipate that in the future it might not be

able to reoptimize. In this case, the wage at the generic period ¢ + s will read as (in real

terms)
_ T 7T1>5~<+k—1
(327) Wi s = Wt H W
k=1 '

Following Colciago(2008), the representative union objective function is defined as
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(3.28) L* = (B3) {[(1 =) U(CE,) + 0U™(CiL,)] = Ulhess) }
5=0
Where U?, UI'* are defined as in (3.1) or (3.2). Thus the wage-setting decision maximizes
a weighted average of the two household types conditional to the probability that the wage
cannot be reoptimized in the future. The relevant constraints are (3.14), (3.17), (3.26),
(3.27).

The union’s first-order condition is:

nd s 7T>~< —Qu
(3.29) ()’ [(1 —0) N+ 9)\;13} hfﬂ (W)™ (H t+k—l) _
=0

s b1 Ttk
S X hd)l
N, H Tevk—1) _  Qw Vil s _—
ko1 Ttk (o — 1) [(1 —0) \is + ‘”‘:is]
where A" = ——L_— — B _ if habits are internal or \] = ————. It is worth
eyt —beyt | eyt —bey t cft—bey—1

noting that the combination of centralized wage setting and wage stickiness introduces an

indirect form of consumption smoothing for RT consumers.

3.2.7. Government

Government flow real budget constraint is given by

(1+ Ry)

T41

X1 = B Xi+gi— Ty

where g, represents the government spending and X is the level of public debt.

We assume that taxes are set following a rule as

by = Gple1 + Pyt

Xe_ Xi—1
7 — A P Py _ A~ —
where £, = LT, = 2-=L and g, = 99



97

g: is assumed to follow an exogenous AR(1) process

gt = PgYt—1

where 0 < p, < 1.4

3.2.8. Monetary Policy

We assume a monetary authority follows a rule of the type:
(3.30) Ry = @m0+ 0,y + €f
where £/ is a policy shock

el =Pt T &

and is €}” is a i.i.d. random variable with zero mean and variance o2, .

3.2.9. Aggregation

Aggregate consumption C} is a weighted average of the respective variable for each house-

hold type, thus

1 0 1
(3.31) C, = / Citj) dj = / crt(j) dj + / Co0) dj = 6CF + (1 — 0)CY
0

0 0

Aggregate investment and capital stock are given respectively by

(3.32) L =(1-0)I}

(3.33) K, = (1-0)K?

4We calibrate the model holding throughout the paper the condition for non-explosive debt dynamics
which is satisfied when o
g

>
o T+ p,
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Aggregating budget constraints for each sector, after few manipulations we get the aggre-

gate resource constraint as

Y}:C't+]t+a(ut)Kt+Gt

3.2.10. Steady State

From equation 3.20 and 3.23, and assuming zero inflation steady state, it holds true that

1
(3.34) R = 3
(3.35) rk:%+(5—1

From cost minimization problem come the equations:

(3.36) = mca (%)a_l
(3.37) w = me(l—aq) (%)a

Combining the last two equation we get the real wage computed at steady state

(3.38) me — g(%)la
(

(3.39) w = TV (%)

Combining (3.38) and mc = %We get the ratio:

K rk 9 =
(3.40) B (E_ﬁ y 1)
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From the production function we get

(3.41) % _ (%)a

and as
(3.42)
The aggregate resource constraint reads as:

(3.43) Y=C+1+C

C
(3.44) 1=

the aggregate consumption-output ratio is given by

C K/Y\ "' @&

From the government budget constraint we get the ratio

T 1 X G
R —— 1) — + —
Y I6; Y Y
The presence of ROT consumers influences our steady state uniquely for what concerns

aggregate consumption and its components. Since ROT individual consumption is given

at steady state by

ct=wh-r1

we can easily derive its relationship with aggregate output as

crt Y\' 7
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Total consumption is the weighted average of the two groups components:
(3.47) C=(1-60)c+0c"

From the latter, it comes straightforward

__1 8 &
1-60 1—-60C

(3.48)

Ql%

3.2.11. Calibration

Parameters are mostly calibrated following CEE and Schmitt-Grohe, Uribe (2007). We
calibrate the steady-state debt-output ratio to be equal to 60% and the public spending
to be the 20% of total output. Setting an habit persistence parameter, b, consistent to the
empirical evidence (see Fuhrer (2000), McCallum and Nelson (1999), Boldrin, Christiano
and Fisher (2001) or Christiano, Eichenbaum and Evans (2005)), i.e. between 0.6 and 0.9,
RT steady state marginal utility of consumption would turn negative in case of external

habit formation. We avoid this inconsistency setting a lower lever of habit persistence.



Parameter Value

(3.49)
71

Yo

0.53
0.99
0.36
0.025
1.2
1.2
2.48
0.6
0.64
0.0324
0.000324
1

1

1

0.1
0.33
1.5
0.05

0.1
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Description

degree of habit persistence

subjective discount factor

share of capital

depreciation rate

price mark-up

wage mark-up

parameter governing investment adjustment costs
price stickiness

wage stickiness

parameter governing capacity adjustment costs
parameter governing capacity adjustment costs
indexation on prices

indexation on wages

preference parameter

taxes response to changes in public debt

taxes response to changes in public spending
policy response to changes in inflation

policy response to changes in output

share of RT consumers

3.3. Business Cycle Characteristics

As shown in Dennis (2009), under the assumption of homogeneous agents, internal

and external habits produce similar model responses to shocks. We replicate Dennis’s

results in Figures 1 — 2 : the differences between model responses under internal rather

than external habits are negligible when no RT consumer are present in the economy.

The intuition behind this result is that the low intertemporal elasticity of substitution
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Figure 3.1. Figure 1 (technology shock)
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Figure 3.2. Figure 2 (monetary shock)

yields similar interactions between consumption and real interest rate regardless the habit
formation type. In this case we compute a cross-correlation coefficient (when a monetary
shock occurs) between Ricardian consumption (output) and real interest rate of —0.9299
(—0.8822) when habits are internal and —0.9309 (—0.8844) when habits are external.

The choice of internal rather than external habits turns crucial when we assume that
a (even very small, i.e. 10%) share of the population does not participate to financial
markets.

Figures 3 — 4 display the model responses to different shocks under the two different

habit formation specifications when RT consumers are taken into account.
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The model dynamics under internal habit formation does not seem affected by the
small share of RT consumer in the economy (too see this point, compare green dotted
lines of figure 1 — 2 with those in figure 3 —4) , but the responses to shocks under external
habits changes quantitatively and qualitatively as soon as RT consumers are introduced.

The source of this alteration in model dynamics lies in the respective euler equations.
Under internal habit formation the model euler equation is described by equation (3.50)°.
Ricardians households consumption intertemporal choices are not affected by RT con-

sumers and the resulting elasticity between consumption and real interest rate is (given

the expectations): —% and does not depend by the share of RT consumers 6.
. Bb+ (1+ pb%) . b . b X
o 0 0 _ E.¢°
R RN ) R s R 2 R N T
(1-pb)(1-0) (1-pb)(1-0) -

(3.50)

Etﬂ't+1 -

b+ (1+ 62 b+ (1+p62) "

If we in turn consider external habit formation, RT consumers become crucial in deter-
mining Ricardian households consumption choices. The respective euler equation is given

by equation (3.51)

b(1—6) bo<s o<
(351) & = — ol — =0+
‘ L+b(1—0) """ S +b(1-0)S """ S+b1-0)S"
1 < —b e
+ —F¢ + = € OEA T co < OR
-0 T g g T T Erui—0g

It emerges that now Ricardian consumption depends on both current and past RT
consumption level and its elasticity to real interest rate is increasing in the share of RT
consumers #. This property leads to model dynamics which are in sharp contrast with
those under internal habit formation and, more important, with the empirical evidence
(see Dennis (2009), CEE (2005), Smets and Wouters (2003)).

Intuitively, these differences stem from the basic concept of habit formation. It is

indeed natural that under external habits the felicity and therefore the consumption choices

SHatted variables represent log deviation from the steady state.
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of Ricardian consumers crucially depend on the consumption of the RT. From this it is
interesting to note that, given that RT consumers are (indirectly through the wage setting)
sensitive to real interest movements, the higher the share of RT present in the economy,
the higher the elasticity of Ricardian consumers to interest rate movements. This is what
triggers the differences in the dynamics of the model depending on the habit formation
assumed.

We focus now on the model dynamic properties when a monetary shock occurs (figure
4). The computed cross-correlation coefficients between Ricardian consumption (output)
and the real interest rate under internal and external habits differ consistently and are
respectively —0.9414 (—0.8758) and —0.4362 (—0.6704). The interaction between RT
consumption and Ricardians consumption choices results in a dampened reaction of Ri-
cardians consumption to changes in interest rate and therefore a lower correlation between
output and interest rate.

External habit formation leads to a higher marginal utility of consumption, given the
level of the latter. Wages are more elastic and a technology shock (figure 3) determines
therefore an increase in consumption for optimizing agents, an increase in wages and a
decrease in labour supply. A positive shock to the interest rate (figure 4) under external
habits determines a fall in RT consumption which is internalize by Ricardian agents. Since
current RT consumption enters in future Ricardians marginal utility positively, a fall in RT
consumption makes Ricardian households more willing to consume today. The response
of Ricardian agents to a monetary shock is therefore reverted together with the whole

dynamics of this framework.

3.4. Conclusion

We have shown that the choice of external rather than internal habit formation become
extremely important when a very low degree of heterogeneity is allowed. A medium
scale New Keynesian model yields different responses to demand and supply shocks in

presence of RT consumers when we consider internal rather than external habit formation.
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Figure 3.4. Figure 4 (Monetary Shock)

Moreover, under external habit formation, the impulse response functions generated by the
model are in contrast with those we can find in the empirical literature Further research will
focus on testing the robustness of our results under a generalized CRRA utility function
and on studying the influence of the habit formation type for model stability. The reverted
model dynamics under external habit formation induce us to believe that the determinacy
properties and therefore the optimal policies derived in this framework may be strongly
affected by the habits type. Finally we are going to test if automatic fiscal stabilizer may
reduce the difference produced by the specific habit formation set-up and lead to a better

empirical performance
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3.5. Appendix

3.5.1. Loglinearized Model

Aggregate consumption is defined by:

. . ctwh wh ™ - ctor
(3'52) Ct = (1_9)6075 +66Ewt+eﬁaht_065tt
Marginal costs are given by
(3.53) me, = (1 — a) iy 4 ot

The following equation combines firms’ F.o.c. with respect to production factors

V2

Production function is given by

(3.55) G = ey + a2/ 4+ (1 a) by

Yo

Aggregate resource constraint

. i,  cC, k
(3.56) = -0+ —C + ’ylﬂ—rf + ggt
Y Y Y2 Y Y
RT consumption
. wh 7 . - T
(357) Ctt = E (wt + ht> — Ett

Euler equation

(3.58) A, = A1 + Ry — T
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Households marginal utility of consumption under internal habits

o_ Sb 0 (1+p80*) b .
(3.59) N = A T A T A
(3.60) At — pb " (L+80) o b

1—BY(1—b) " X80 (L—b" " (1—4b)(1—b) A

Households marginal utility of consumption under external habits

o_ b T o
A= gCH T T
i b T
At = c;t - th 1 c;t — bctt
Investment decisions
1 1 p
3.61 wW——Pyy———t 1 — ————%.1 =0
(361 T M T K e L
(3.62) Fipr + B (1 = 08) Puysr — Poy = Ry — Brivk,
Capital accumulation
(3.63) ky = (1= 6) ky_y + 00

Phillips Curve

2

A . . _ X X A . .
(364) 1 _p)\ (7Tt — ’ypﬂ't_l) = (]_ — 5/\1)) mct+ﬂ/\p (7Tt+1 — ’)/pﬂ't)‘i‘ﬁl _p)\ (7Tt+1 - ’}/pﬂ't)
P P




Wage setting

(3.65)

22N - |
<ﬁ + 5ﬁ> Wy — ﬁll\_iiwwt-i-l‘{’
2 A
~ (Br+ B2 ) At

A2 N
+ (ﬁ)‘wfyw + 51_Kw Yw + 13?11;) T+

>\w "N _ )\w -
-2, Wt=1 = 125, TwTt-1

= (1= BX) e — (1= Ba) (1)
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where {Dt represents the loglinearized weighted average of the tho households marginal

utilities of consumption.

The government budget constraint is given by:



