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1 Introduction

The recent literature on monetary policy has exploited the New Neoclassical Synthesis.! These
models incorporate optimizing behaviour and rational expectations. They incorporate nominal
rigidities that allow monetary policy to have real and persistent effects in the short run, whilst
remaining consistent with the proposition of long run neutrality. This paper examines the trans-
mission mechanism of monetary policy within a new neoclassical framework that incorporates het-
erogeneous households. In particular, the paper examines the effects of a monetary policy action
on consumption, and tries to reconcile the responses of consumption of heterogeneous households

with the transmission mechanism of monetary policy within New Neoclassical Synthesis models.

New Neoclassical Synthesis models (NNS models for short) have the theoretical prediction that
real interest rates and the expected growth rate of consumption should be perfectly positively
correlated. Within this literature, a monetary policy action affects aggregate demand primarily
through its effect on households’ consumption expenditures. Central banks are assumed to target
interest rates when setting monetary policy, and these models typically equate the interest rate
within the consumption Euler equation to a money market rate. Hence, a monetary policy action
impacts households’ consumption-savings decisions, and has an impact on the economy through
its impact on expected consumption growth. A monetary expansion that lowers interest rates, is
thought to lower expected consumption growth as households increase consumption today relative
to the next period. This transmission mechanism leads to the observed increase in consumption

and output.

The prediction that real interest rates and consumption growth rates move together, has not been
bourne out in the empirical literature. This literature on monetary policy documents a ‘hump-
shaped’ response of aggregate consumption to a monetary policy action, implying a negative cor-
relation between real interest rates and aggregate consumption growth. Namely, a monetary ex-

pansion that lowers interest rates raises consumption this period, but increases consumption in

'The term “New Neoclassical Synthesis” was coined by Goodfriend and King (1997). Monetary models that incor-
porate this framework include Rotemberg and Woodford (1997), Clarida, Gali and Gertler (1999), Erceg, Henderson
and Levin (2000) and Woodford (2003).



the next period by more. Hence the growth rate of consumption increases. Canzoneri, Cumby
and Diba (2002a) and Ahmad (2004) have found the correlation between real interest rates and
aggregate consumption growth to be low, and often negative, across most of the G7 countries.
These observations pose a serious problem for NNS models that utilize this monetary transmission
mechanism, and equate the interest rate in the consumption Euler equation to a money market

rate.

The heart of the problem lies in an inability to reconcile the time series properties of interest
rates, consumption and inflation with the consumption Euler equation. Although both the asset
pricing, consumption and monetary literatures have identified a number of problems with the
consumption Euler equation using aggregate data, more recent investigations have found more
favourable results using micro level data. Attanasio and Weber (1993, 1995) have found evidence
that the consumption Euler equation fits micro level consumption data better than aggregate data.
More recently, Vissing-Jorgensen (2002) and Brav, Constantinides and Geczy (2002) have found
more reasonable estimates of the intertemporal elasticity of substitution within the consumption

Euler equation, using models that incorporate limited asset market participation.

This paper attempts to examine the role of heterogeneity within a NNS model. Rule of thumb,
or myopic households are introduced into a standard NNS framework with optimizing agents, in
a similar fashion to that of Campbell and Mankiw (1989). The benchmark version of the model
incorporates nominal inertia in the form of sticky prices, sticky wages and preset wages (on the
part of myopic households). However, results are reported for differing assumptions of price and

wage stickiness. There are four main findings.

First, the introduction of a small number of rule of thumb households into the benchmark NNS
model is able to yield a low correlation between the real interest rate and expected aggregate
consumption growth. In this case, myopic households set wages one period in advance and are
unable to observe the current period monetary policy and productivity shocks. I find that even

when there is a small number of agents who behave myopically, expected aggregate consumption



growth responds much more to the consumption profile of the myopic agents as their consumption

responses dominate those of forward-looking or optimizing agents.

Second, the correlations between interest rates and expected consumption growth rates are ordered
as follows. The correlation of either the nominal or real interest rate with the expected consumption
growth rate for myopic households is less than the correlation of either interest rate with the
expected aggregate consumption growth rate. Both of these correlations are, in turn, less than
the correlation of either interest rate with the expected consumption growth rate for optimising

households.

Third, I find that heterogeneity alone is unable to reconcile consumption, inflation and interest
rates with the monetary transmission mechanism in NNS models. The correlation between interest
rates and expected aggregate consumption growth depends to a large extent on whether myopic
households set their wages one period in advance. The correlation between interest rates and
expected aggregate consumption growth is very close to one when myopic households are able to
set wages after they observe current shocks. In this case, expected aggregate consumption growth
is dominated by the response of optimizing households, even when there are a large number of

myopic households present.

Finally, the results here find that wage inertia plays a greater role in generating persistence from
a monetary policy shock as compared to price inertia, and this is consistent with what is seen in
the literature, e.g. Christiano, Eichenbaum and Evans (2001). However, aggregate consumption
does not display a hump-shaped response under any assumptions of price or wage inertia. This is
consistent with the literature, which finds that models with time seperable preferences are unable

to generate a hump-shaped response, e.g. Fuhrer, 2000.

The remainder of the paper is organized as follows. Section 2 outlines a NNS model that incor-
porates informational inertia as well as sticky prices and wages. Section 3 outlines the calibration
methodology and examines the effects of productivity and monetary policy shocks and its impli-

cations for correlations between interest rates and expected consumption growth rates. Section 4



eliminates the informational inertia and provides some evidence on how the correlations are affected
by changing the assumption on whether myopic households are able to observe shocks. Section 5

examines the role that price and wage inertia play within the model. Finally, section 6 concludes.

2 The Economic Environment

The objective within this paper is to examine the effects of introducing heterogeneous households
into a NNS model, with a view towards reconciling the transmission mechanism of monetary policy.
In a NNS model where agents are only forward looking (i.e. do not incorporate any myopic agents),
a monetary policy action affects real variables in the economy through its impact on household’s
consumption-savings decisions. Consider the consumption Euler equation below arising in a stan-
dard NNS model that incorporates power utility. NNS models link the stance of monetary policy to
the interest rate found in the consumption Euler equation. With nominal inertia, a change in the
interest rate arising from a monetary policy action impacts expected consumption growth, which

leads to changes in actual consumption and output.

(Ct+1>a< P )
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However, problems arise in attempting to reconcile the time series properties of consumption, infla-
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tion and interest rates with the transmission mechanism outlined above. The empirical literature
on monetary policy documents a hump-shaped response of aggregate consumption to a monetary
policy shock. In addition the correlations between interest rates and expected consumption growth
have been found to be low, and sometimes negative across many of the industrialized countries
(see Ahmad, 2004). I introduce rule of thumb households into a standard NNS model with price
and wage inertia to try and reconcile two facts. First, the consumption Euler equation holds for
optimizing, or forward looking households, implying a perfect positive correlation between the real
interest rate and the expected growth rate of consumption for optimizing households. Second, the
model exhibits a low correlation between interest rates and expected aggregate consumption as

seen in the empirical literature.



This section outlines the key players within the model. The economic environment consists of a
perfectly competitive industry producing a final good, a continuum of firms producing differentiated
intermediate goods, heterogeneous households, and a central bank setting monetary policy. The
objectives and the constraints faced by these different agents are outlined next. All the key equations

are derived in the technical appendix (Appendix A) at the end of the paper.
2.1 The Firms

I assume that there is a continuum of monopolistically competitive firms, each producing a dif-
ferentiated intermediate good. These intermediate goods are then used as inputs by a perfectly

competitive industry who produces a single final good.
2.1.1 Final Good Firms

Final goods firms produces a final consumption good, Y;, at time t, using the intermediate goods
produced by other firms as an input. They combine the continuum of intermediate goods produced

by the intermediate good’s firms, j € [0, 1] using a constant returns to scale production technology:

vi= ([ i ) 1)

where 6 > 1, and Yj; denotes the amount of the intermediate good j, used at time ¢. The final
goods firms maximize profits (or minimizes costs), taking the final goods price, P; and the prices
of the intermediate goods, Pj; as given. This yields the set of demand schedules for the individual

intermediate goods:

along with the zero profit condition:

e ([ r00)”

Equation (2) suggests that the demand for the intermediate good j, is a decreasing function of the

relative price of the good, and an increasing function of aggregate output, Y;. Equation (3) can



be simply obtained by using equations (2) and (1). More detailed derivations can be found in the

technical appendix (Appendix A).

2.1.2 Intermediate Goods Firms

As mentioned above, the continuum of intermediate good firms produce differentiated products and
behave monopolistically. The production function for the representative intermediate goods firm,

7, is given by:

Vi = ZiK§ N ® (4)

where Z; is a productivity shock, K;; and Nj; are the amounts of capital and composite labour
services employed by firm j. These intermediate firms are assumed to rent capital and the composite
labour in perfectly competitive factor markets and hence, take wages and the rental cost of capital
as given when choosing the optimal amounts of capital and labour to employ. They solve a cost

minimization problem which yields the following optimality condition:

(6%

RIK;, = < : ) WiNj, (5)

where Rf and W; are the nominal rental rate on capital services and a wage index (to be defined
later) comprising of an appropriately weighted sum of household wages. Firm j's total costs at

time ¢ are given by RFK jt + WiNj; and this yields the following real marginal cost, s;:

= (5) () Tw ) ©
k_ RY

where ry’ = 7 and w; = %. The firm’s profits at time ¢ are:

(Pjt — Pist) Yju

Price Setting Intermediate goods firms are assumed to set prices by a method similar to the

one proposed by Calvo (1983). In each period, a firm faces a constant probability, 1 — &, of being



able to reoptimise its price, and this is independent across firms and time. This Calvo price-setting
mechanism captures firm’s responses to a variety of costs of being able to change prices. Hence, in
any given period, a measure 1 — ¢, of firms are able to reoptimise their prices whilst a fraction &,

are unable to do so.

Consider first, firms who are unable to reoptimise their prices. In this case, prices are updated
according to a simple rule. Here, following Erceg, Henderson & Levin (2000) and Yun (1996),
this simple rule is assumed to take the form that the old price is simply adjusted by steady state

inflation, i.e.:

Py = 0P, (7)

where Q = P/P_; is used to denote gross steady state inflation.?

A firm with the ability to reoptimise prices maximizes:

o0
max F; Z f’;AHkY-,Hk (PtQk — Pt+k5t+k> (8)
k=0

P =
subject to equations (2) and (6). In the equation above, P; represents the price chosen by firms
who are able to reset prices and with probability fl; , the price QF P, will be in effect in period ¢ + k.
Also, A; is the marginal value of a dollar to the households who own the firms, and this is treated
as exogenous by the firm. Hence, the equation above transforms the profits into utility terms and
so one interpretation of the equation above is that the firm maximizes the expected utility derived

from profits for its owners. The first order condition associated with the choice of P, for the problem

above is:

Et {Z é-I;)\t—‘rij’tJ'_k <ﬁtQk - Hth+kSt+k> } = 0 (9)
k=0
0

where p,, = -1

2 An alternative specification for Q could take the form: Q = m;_; as in Christiano, Eichenbaum & Evans (2001),
but this is not considered with this paper.



This equation depicts the individual firm’s pricing behaviour. When prices are fully flexible, i.e.
§p = 0, equation (9) reduces to the condition that the firm sets its price, ]3t equal to a markup over
its expected marginal cost, P;s;. When some degree of price stickiness exists, i.e. {, > 0, the firm

sets P, to a markup over weighted marginal costs over time. Rearranging (9) yields:

0.)
k
Ey E Ep Mtk Ytk Ptk Stk

> k= PB
Pt::up go :MpPAt (10)
k k t
Z EpAtkYjt+k$2
k=0
where
> -0
PBy = E; Z&';Am (Qk) Pl Yok PevkSerk
k=0
= MPYY,NMC,+¢,Q °E,PByy (11)
o0
0
PA = E> &M (Qk) Pl Yk = N PPY, 4 €0 B, P A (12)
k=0

Finally, the equation that describes the dynamics for the aggregate price level is obtained from (3)

and is given by:
. =
P=[(1-&) B0+ ¢, (P )] T (13)

2.2 Households

There is a continuum of infinitely lived households, indexed by i € (0, 1) . Households are heteroge-
nous and belong to one of two different types, in a setup similar to that proposed by Campbell and
Mankiw (1989). Some recent papers have introduced rule of thumb agents into the New Keynesian
framework.?> The setup here is similar to that of Gali, Lépez-Salido and Vallés (2004). I assume
that a fraction of households, (1 — v) has access to capital markets where they can trade a full set
of contingent securities. In addition, they can accumulate physical capital, which they rent out to

firms. This subset of households are henceforth referred to as the set of optimizing households.

3See for example, Gali, Lépez-Salido and Valles (2004) and Erceg, Guerrieri and Gust (2003).



The remaining fraction, v, are rule-of-thumb or myopic households, and these labels are used
interchangeably throughout the paper. They are assumed not have access to capital markets, do
not own any assets and make consumption expenditures based upon their current labour income.*

The objectives and constraints faced by these two different types of households are outlined next.

2.2.1 Optimizing Households

Denoting optimizing households by the superscript ‘o’ to represent ¢ € (v,1), the measure (1 — v)

of optimizing households maximizes their expected discounted utility over their lifetime:

(C (LT
— K
1—-0 1+ x

max F; Z BTU(C2, L°) = max By Z gt (14)
T=t

T=t

where Cf and L¢ represent consumption and differentiated labour services for these households.
Each period, the optimizing household decides how much to consume C7; the amount to spend in
adjusting a portfolio of state contingent bonds, B;y1; how much capital, K7, ; to accumulate; the
amount of capital services to spend in supplying capital goods to the intermediate goods firms, Iy
and its utilization rate, u;. In addition, they also choose a wage, W to post to the intermediate

goods firms for their differentiated labour service.

These optimizing households receive income from labour earnings W L?, renting out capital services

RfKto , dividends from their ownership of the firms D; and the nominal return on asset holdings,

B;. W¢ and Rf represent the nominal wage and the (nominal) rental cost of capital in period

t, respectively. They also face a cost a (uy) K7, in terms of consumption goods, of employing a

utilization rate, us. a (.) represents an increasing convex function. Hence, the optimizing household
0

chooses C7, BY, 1, K¢\ 1, I, u; and W to maximize (14) subject to the labour demand schedule and

equations (15) and (16) below.

*There are a variety of reasons for the existence of these rule-of-thumb, or myopic households. Household’s may
consume out of their current income because of myopic behaviour, or due to their inability to access capital markets,
or because of binding borrowing constraints, or simply because of their ignorance about the possiblities to smooth
their consumption patterns over time.



P (C? + 1Y) + Er (At441Byy 1)

— WPLO + BY + (Rfut — Pa (ut)> K° + D (15)
o o Ito (0]
Ky =1 =08 Ky +¢ o K (16)
t

where Ay ;41 is the stochastic discount factor, and 9 (.) Ky represents capital adjustment costs with
the properties: ¢’ (.) > 0,9" (.) <0, (§) = §,¢' () = 1. All optimizing households are assumed
to face the same set of asset prices and have the same subjective probabilities of the states of the
world that can occur. Hence the stochastic discount factor is the same across all the households.?
The portfolio is assumed to contain a riskless asset, which is a bond that costs one dollar in 7, and

pays out R dollars in all states in 7 + 1, i.e.:

1

1=F [At,t-i-lRt] = Ey [At,t+1] = E

(17)

The remainder of this section discusses the first order conditions of the households, bar the wage

decision, which is discussed later in the section. The first order conditions for C} and By, are:

@) = MNP = A= D (1)
P
1 A
ME (Apir1) = BEMNt1 = B (A1) = " E; <5 :1> (19)

The variable )\; is the lagrange multiplier pertaining to the period budget constraint given by (15).

Combining the two yields:

1= RtEt [At,t+1] (20)

’Following Cochrane (2001, Chp 3), the price of a portfolio B of contingent claims, P(B) = 25 (§) B(€), where
& denotes the states of the world, ¢ () is the price of an asset which pays out one dollar in state £ in 7 + 1, and
B () is the number of such assets in the portfolio. Under the assumption that all optimising households have access
to the complete set of contingent claims, the payoffs in the portfolio can be written in a state-price density form:
P (B) = E[A (&) B (€)],where A is the stochastic discount factor.

10
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where Ay iqh = ik ( gg’“) ( Pik>. The equation characterizes the consumption-savings decision
t

made by the optimizing households. They have access to capital markets and assets which provides

them additional avenues to smooth fluctuations in their income over time, as compared to the rule

of thumb households.

Investment The first order conditions for I and K7, are:

—PA+ by () =0 = Py = () <II;) (21)
t

¢ = BE { [Rerlut-i-l —a (ut+1)} At+1

oo [0= 9+ 001 0 vl 0 (722)]) (22)

t+1
where the variable ¢, is the lagrange multiplier pertaining to the capital accumulation equation,
equation (16). The Euler equation (21), for investment, equates the marginal cost of a unit of
investment goods, P;A\; (in the sense of additional utility lost from lowered consumption), to the
marginal benefit from investing in an extra unit of capital, i.e. (;4 (.). Similarly, the Euler equation
for capital, (22) equates the marginal cost of spending an extra unit on K7, i.e. (;, to the return
from installing an extra unit of capital in terms of the consumption good - the right hand side of

(22). Combining these two equations yields:

PQy = E; {At,t+1 |:(R1]f€+1ut+l —a (Ut+1)>

+P11Q¢41 [(1 —8) + Py () = Yrpr (1) (%)” } (23)

t+1

where Q; = —— is Tobin’s Q.
¥:()

11



Capital Utilization In the model, only the optimizing households have access to capital markets
and face a capital accumulation decision. Hence, all the available stock of physical capital is owned

by the optimizing households. Capital services, K; are related to this physical stock of capital by:

Kt = (]. — I/) ’LLth (24)

The first order condition for the optimizing household’s capital utilization decision is:

At (Rf — Pta’ (Ut)> =0 = Rf = Pta' (ut) (25)

This equations states that the (nominal) marginal benefit from increasing the utilization rate, RF
must equal the (nominal) marginal cost from doing so, Pia’ (ut), at the optimum. It is easy to see
from here that changes in the utilization rate, u;, affect the real rental rate of capital, rf and hence

real marginal costs in equation (6).

2.2.2 Rule of Thumb Households

Denoting rule of thumb households by the superscript ‘r’ to represent i € (0, v), the measure v of
rule of thumb households do not have (or are simply unaware of their) access to asset markets.
As a result, they are unable to smooth their consumption patterns over time when faced with
fluctuations in their labour income. Following the setup in Gali, Lépez-Salido & Vallés (2004),

these rule of thumb households simply solve a static problem from period to period, i.e.:

€)' (L)
1—0 1+ x

max U(C{, L}) = max (26)

where C} and Ly represent consumption and differentiated labour services for the rule of thumb
households. Since they are assumed to be unable to access capital markets, their only source of
income is their labour income. Each period, they simply consume C}, which equals their labour

income in that period. Rule of thumb households are also assumed to belong to a union which posts

% As mentioned before, there are a variety of reasons why agents might undertake consumption expenditures based
upon their current labour income. The interpretation that corresponds most closely to the formal setup of this chapter
is that households have heterogenous discount factors, i.e. {8: 8, =0, Vi € (0,v) and 8, =8>0, Vi€ (v,1)}.

12



a wage, W/, to intermediate firms for their labour services and this is outlined next within this
section. Hence the problem for the rule of thumb households boils down to choosing consumption

to satisfy their period budget constraint:

PtCZ = WtTLt (27)

The wage posting decision of both the rule of thumb households and the optimizing households

follows next.

2.2.3 The Wage Decision

Labour Aggregator Following Erceg, Henderson and Levin (2000), all the optimizing house-
holds are assumed to be monopolistic suppliers of differentiated labour services. The rule of thumb
households are assumed to be members of a union, who sets the wage on their behalf, taking into
account the firm’s labour demand schedule. Furthermore, households of both types are assumed
to sell their labour services to a representative competitive firm. This competitive firm combines
the labour services from both optimizing households, L?, and myopic households, L} and then

transforms it into an aggregate composite labour input, Ny using the following technology:

1 ¢-1 $—1
= [ / L} di] (28)
0

where ¢ > 1, and L;; are the individual amounts of labour services, where the superscripts ‘r’ and ‘o’
refer to i € (0,v) and 7 € (v, 1) respectively. The perfectly competitive firm which aggregates labour
services faces an analogous problem to the final goods firm. The demand curve for household’s

labour services are given by:

Wi\ ~?
L?,t=< ) N, i€ (0,1) (20)



where W, is the aggregate wage rate. Under the assumption that this perfectly competitive firm
takes both the price of its output (i.e. the composite labour) and individual household wages, W ;

as given, the aggregate wage rate can be written as:

1 e
Wy = [ / Wi’t_‘bdi] (30)
0

All the households takes both N; and W; as given. The wage setting behaviour of both the

optimizing households and rule of thumb households are outlined next.

Wage Setting The wage setting behaviour of the optimizing households differ to that of the rule
of thumb households. Optimizing households set their wage similarly to the mechanism by which
the intermediate goods firms set prices. In each period, an optimizing household faces a constant
probability 1 —¢,, of being able to reoptimise its nominal wage, and this is independent across time
and households. Thus in any given period, a fraction (1 — &,,) of optimizing households are able to

reoptimise its wage, whilst a fraction £, are unable to.

Optimizing Households:
As before in the case of the intermediate firms, consider first the measure of optimizing households
that are unable to reoptimise their wages. Their nominal wage is assumed to be updated period to

period according to a simple rule, where the old nominal wage is indexed by steady state inflation:

Wit =QW; 1 (31)

The problem for an optimizing household is outlined in section (2.2.1). Focusing on the wage
decision, an optimizing household with the ability to reoptimise its nominal wage, picks Wto to
maximize (14) subject to the firm’s labour demand schedule (29), and equations (15) and (16).
This yields the following FOC:

14
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T=t

W, Wy
=\ ¢
Q’T—tWO
A=) () [ ——L] N|p=0
+Ar | (1= 9) ( )( i )
Rearranging this expression for Wt" yields the following wage setting equation for optimizing house-
holds:
0o — —t _¢(1+X) 1
- B 6l | (52) T
<Wt> - P o Tt P —
B2, (6,07 {0 [0 e e}
W By
_ 32
where
& . QT—t —¢(1+x) 4
WB, = Et;(swﬁ) (W> N
1+
= (NtWtd)) X+£w59_¢(1+X)EtWBt+1 (33)
WA, = EtZ(gwﬁ)T’t{)\T [(Qf—t)1*¢W$NT}}
T=t
= MNWP + €80 PE,W Ay (34)
= _¢_

This equation depicts the wage setting behaviour of the optimizing households. When wages are
fully flexible, i.e. £, = 0, equation (32) reduces down to the usual labour-leisure tradeoff faced
by households. In this case, the households sets its real wage equal to a constant markup over
the expected marginal rate of substitution between consumption and leisure. When some degree
of wage rigidity exists, i.e. £, > 0, household’s analogously set the real wage based upon their
expected weighted discounted stream of their marginal rate of substitution between consumption

and leisure over time.

15



The Union’s Problem:

The wage setting process for rule of thumb households is slightly different. Rule of thumb households
are assumed to belong to a union which picks a wage to maximize the utility of their members.
The union is assumed to have similar preferences to the myopic household it represents and behave
in a static fashion. Since all the rule of thumb households are identical from the point of view of
the union, the union maximizes the utility for a representative rule of thumb household by posting
a wage every period. In this benchmark version of the model, I assume that the union sets wages
one period in advance and that they are unable to observe any shocks that hit the economy in the
current period. Later, in section (4), they are assumed to be able to observe the current shocks

when posting the wage.

The union’s problem is to try to maximize period utility subject to the budget constraint of the rule
of thumb households and the firm’s labour demand schedule, using lagged information. Let W[ be
the wage posted by the union. They solve the problem posed in section (2.2.2), i.e. substituting

(27) and (29) into (26):

. o\ -9
- 1 W\ (W
maXU(WtT) = max b <1—0) (P:> <th> Nt

1+x

~ —¢
K wy
_ N,
14 X Wt
Differentiating with respect to VT/[ and rearranging the FOC yields the following wage setting

equation for rule of thumb households:

Et—l |:Wt¢(1+X) Nt1+X:|

- (35)
Et—l |:Wt¢(1 )PtO'letlfo}

=\ 1tox+o(é—1)
(Wtr) = Myl
In this benchmark (- henceforth referred to as PSW) case, the union posts a wage W} to the firm
based upon its expectations aggregate wages, employment and prices. The equation that governs
the dynamics of aggregate wages is determined by aggregating (29) across households and imposing

(28). It is given by:

16



W, = < Olwl.{;d’di) e (v (W{)l_¢+(1 ) (Wt*)1—¢>”’ (36)

where ()10 = (1-&,) (W7) " +€,0% (Wiy)™ (37)

1-¢
and where W} = <11v IS (WZ"t> di>

2.2.4 Aggregation

Aggregation of the key variables across the two types of households can be achieved as follows.

Aggregate consumption and labour services are simply the weighted average of the two household

types:

1

L3, di

Cy = vC{+(1—-v)C} (38)
Lt = ’UL; +

Using equation (29) and defining (1 — v) (WC#)™?

1 1 o —¢ ;
— /i (I/Vzt) di, L; can be expressed as:
1 J—
L, = oL+ NW/ / (We,) ¢ di
v
= oL} + (1 —v) WS (WCy)™? (39)
~ —¢ _
where (WC)™ = (1-¢,) (W) " +&,97(WCr,) ™
For aggregate investment, I; and aggregate capital stock, only optimizing households have access to
capital markets and only they contribute towards the aggregate. Hence the aggregate capital stock

in given by equation (24), i.e. K; = (1 —v)w K7, and aggregate investment is similarly defined:

I = (1—v) I?.

17



2.3 Monetary Policy

The monetary authority targets interest rates in setting monetary policy. They do this by setting
the nominal interest rate every period according to a variant of the Taylor rule. I assume that the

monetary authority is a strict inflation targeter and does not care about the output gap:

Ty = (1 - ’Y'r) T+ re—1+ (1 - ’Yr) VTt + Et (40)

In the equation above, 7 represents the steady state real interest rate and e; ~ iid N(0,02) is
an interest rate, or monetary shock.” Hence, equation (40) states that the monetary authority
sets interest rates based upon what interest rates were set at the previous period and the level of
inflation today. Interest rates also move due to monetary shocks. Section 3.3.2 presents impulse

response functions of key variables arising from these monetary shocks.

2.4 Market Clearing

The final element of the model involves the market clearing conditions in the goods market and
factor markets. Market clearing in the factor markets implies that the following conditions hold,

for all ¢:

1
N, = / Njodj
0

1
Kt = / Kj,tdj = (1 — v)uthO
0

Ve = Y, foralljelo,1]

The first and second conditions respectively state that the total supply of composite labour (from
the labour aggregating firm) equals the total labour demanded at each firm and that the total
supply of capital equals the total amount of capital services demanded at each firm. The third
equation states that the supply of intermediate good j is equal to the demand for intermediate

good j, for all j € [0,1], at the final goods firm. The last equation says that the total supply of

TSimilar results are obtained to those within the paper if there is no interest rate smoothing incorporated within
the Taylor rule.
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labour services offered by households must equal the amount of labour employed by the labour

aggregating firm.

The final market clearing conditions are the labour market clearing condition, given by equation

(28) and the goods market condition:

Y =Ci + I} + (1 — U)(I (Ut) Kf (41)

The equation above shows that aggregate output, Y; is allocated between consumption, investment

and resources that are put towards capital utilization.®

2.5 Functional Forms

The following functional forms are assumed for the adjustment costs to investment and capital

utilization. For investment, the function ¢ (.) is given by:

WE AN RS SNy
K? Ky 2 \K?

where h is a constant. At the non-stochastic steady state, optimizing households only undertake
investment to replace depreciation of the stock of physical capital and it is easy to verify that

satisfies the properties outlined previously.

The function capturing the costs to capital utilization, a (u;), must satisfy two restrictions. First,
uy is required to be 1 in the steady state, and this value is pinned down by equation (25). Second,

it is assumed that a (1) = 0. The particular functional form is given by:

a(uy) = %nut (ug — 1)

where 1 > 0, is a constant set to satisfy w = 1 in the steady state equilibrium.

81t should be noted that the presence of price and wage distributions means that exact aggregation is not possible.
This is because total output involves price and wage dispersion terms that enter in Y; due to the Calvo price and
wage setting assumptions. However, as shown by Erceg, Henderson and Levin (2000), Yun (1996) and Christiano,
Eichenbaum and Evans (2001), these dispersion terms do not appear in a linear approximation of the resource
constraint about the steady state.
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3 Model Simulation and Results

The objective of this paper is to examine the transmission mechanism of monetary policy within
a NNS model that incorporates heterogeneous households with a view towards reconciling the
movements of interest rates, consumption and inflation. The benchmark version of the model
incorporates both price and wage inertia. This section of the paper discusses the calibration of
parameters used in the model and evaluates the model. Correlations are reported for different
assumptions of price and wage stickiness, although I focus on the sticky price and sticky wage
(SPSW) case. Correlations and descriptive statistics are reported within tables (2) - (4), whilst
figures (1) - (17) depict the effects of monetary policy and productivity shocks. However, the

calibration methodology is outlined first and this follows next.

3.1 Calibration of Parameters

The model is calibrated at a quarterly frequency. Table (1) summarizes the values used for the
parameters. The benchmark calibration incorporates no rule of thumb households. This is done
so that parameters may be chosen to replicate some stylized facts, although no serious attempt is
made to calibrate the model to any particular economy. The parameters are chosen such that in
the steady state, under this benchmark case with no rule of thumb households, the investment to
output ratio is approximately 15 percent. The consumption to output ratio, is approximately 85

percent.? In addition the ratio of capital to quarterly output is set to be approximately 6.

Considering the parameters associated with the household’s problem first, the discount factor § is
set equal to 0.99, which implies a steady state real annual return of approximately 4 percent. The
intertemporal elasticity of substitution over consumption expenditures, o, is set equal to 2. The
parameter in the utility function corresponding to labour services, , is set equal to unity, implying
a Frisch (or constant \;) elasticity of labour supply equal to 1. k, the weight that households assign
to the disutility arising from labour relative to consumption, is set equal to one. In addition, the

share of rule of thumb households, v, is set to be 0.25. This value is greater than 0.19, found by

9Since the model abstracts from the fiscal authority and the government sector, one interpretation of consumption
expenditures here, is that it is the sum of private consumption and government consumption expenditures.
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Jappelli (1990) for credit constrained individuals, but less than the value of 0.5 used by Campbell
and Mankiw (1989). As mentioned previously, rule of thumb households consist of both liquidity
constrained individuals and others who are either simply unaware of the opportunities to smooth
consumption intertemporally, or unwilling to do so. Hence I utilize a value of 0.25 to include both

these different types of myopic agents.

For the firm side, the share of capital is set equal to 0.25, which is a little less than what is typically
used in the literature, but due to the presence of monopoly rents makes the labour share of income
approximately equal to two thirds. The depreciation rate of capital is set to 0.025, which is widely
used in the literature and implies an annual rate of depreciation on capital approximately equal to 10
percent. The inertia in the log productivity process is set as in Canzoneri, Cumby and Diba (2004a)
to 0.923, who estimate it for the US between 1960:1 and 2003:2. The parameter 1, representing
adjustment costs to investment is set to 4. The parameter 7, representing the sensitivity of the

costs of capital utilization to changes in the utilization rate, is calibrated to ensure that a’ (1) = 7.

The elasticity of substitution across goods, 0, is set to 7 implying a markup, y,,, of about 17 percent,
which is greater than the 15 percent markup used by Rotemberg and Woodford (1997). However
this value falls within the range estimated by Bayoumi, Laxton and Pesenti (2004), who find it
ranges from 11 percent to 23 percent across sectors. The elasticity of substitution across workers,
¢, is similarly set to 7. The fraction of firms unable to reoptimise their prices in any given period,
§p, is set at 0.6 in the sticky price case. This implies that firms are able to reoptimise their prices
on average in under three quarters. This value lies between the value of 0.67 set by Rotemberg
and Woodford (1997) in earlier work, and the value of 0.5 set by Begnino and Woodford (2003)
more recently. The fraction of optimizing households unable to reoptimise their wages in any given
period, &, is set at 0.85, which is higher than the value of 0.75 typically used in the literature (see
Taylor, 1999).

With regards to the coefficients in the monetary policy rule, the weight on the lagged interest rate
(7,) and inflation (vy,.) are set to be 0.824 and 2.5 respectively. The weight on inflation is set a little

higher than what is typically found in the literature, due to recent results by Gali, Lépez-Salido
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and Vallés (2004). They find that the Taylor Principle is insufficient to guarantee the uniqueness of
the equilibrium. Setting a large weight on inflation allows us to abstract from the issue of ensuring

uniqueness of the equilibrium. Finally, the steady state gross inflation, €2, is set to 1.

3.2 Results

The model is solved numerically using Dynare (see Juillard, 2003) by taking first order Taylor ap-
proximations to the relevant model equations near a deterministic steady state. Two normalizations
are made to the nominal model outlined above due to convergence issues in finding a steady state.
First, the nominal model is converted into a “real” version by normalizing nominal variables with
respect to aggregate prices. Second, the wage setting equations, (31) - (37), are also normalized by
aggregate wages so that the variables are relative to aggregate wages. Details of the normalizations
can be found in the technical appendix (Appendix A) and the particular equations used to solve

the model can be found in Appendix A.7.

As mentioned before, the benchmark case presented within the paper incorporates both sticky
prices and sticky wages. The shocks faced by rule of thumb households here are unexpected. The
fraction of myopic households, v, is set to 0.25. I focus on interest rates and consumption since
the transmission mechanism of monetary policy (outlined earlier) works primarily through the
consumption Euler equation within NNS models. Table (2) reports the correlations between the
consumption growth rates of aggregate consumption, of optimizing households and of rule of thumb
households, with nominal and real interest rates. There are two main results which are outlined

below.

First, consider the correlations in Table (2) for the PSW case. The correlations between interest
rates and expected consumption growths are ordered as follows. The correlation for myopic house-
holds is less than the correlation with expected aggregate consumption growth, which in turn is less
than the correlation for optimizing households. This holds true for both nominal and real rates.
Furthermore, in the case of real rates, the correlation with the expected consumption growth rate

of optimizing households is 1, whilst the correlation with expected aggregate consumption growth
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is nearly half that at 0.628. The correlation of the real interest rate with the expected consumption

growth rate for myopic households is 0.525

In order to gain some intuition behind the correlations, it is useful to examine the impulse responses
of interest rates and expected consumption growth rates from monetary policy and productivity
shocks. These are plotted in figures (1) and (2). Consider the results of an expansionary monetary
policy shock depicted in figure (1). There it is possible to see that the response of nominal and real
interest rates is negative to an expansionary monetary policy shock, whilst the response of inflation
is positive. Consumption for both types of households increase, with myopic households increasing

consumption much more than optimizing households in the initial period.

The intution behind this result is as follows. An expansionary monetary policy shock that lowers
nominal interest rates, increases prices only a little, due to the presense of price inertia. Myopic
households are unable to reoptimise their wages since wages are set one period in advance for them.
As a result, real wages for myopic households fall by a greater amount when compared to the fall in
real wages for optimizing households, some of whom are able to reoptimize their wages. However,
the magnitude of the fall in real wages for either group of households is small, due to the presence
of price inertia. The fall in real wages leads firms to hire more workers and employment (for both
type of workers) and output increases. For both types of households, the increase in employment

offsets the decline in real wages, and hence their labour income increases.

Thus the observed difference in the consumption responses for the two types of households can be
easily rationalized. Myopic households simply consume the additional labour income. The relative
difference between the observed consumption responses of the two types of households, simply
arises because optimizing households are able to smooth consumption intertemporally and hence
allocate any increase in labour income between consumption and savings. Finally, the expected
consumption growth rates of both types of households fall with regards to a expansionary monetary
policy shock. Hence the results from a monetary policy shock imply that the correlations between

interest rates and expected consumption growths should all be positive.

23



Figure (2) shows the results of a (positive) productivity shock. A productivity shock leads to a
negative response for inflation. The central bank lowers nominal interest rates to stabilize prices,
but this raises real interest rates. With regards to the expected growth rates of consumption, the
initial response is positive for optimizing households, whilst it is negative for myopic households.
The response of aggregate consumption growth is also negative as it appears to track the response

of myopic households. The intuition in the case of a productivity shock can be seen as follows.

A positive productivity shock raises the marginal product of labour, increasing real wages a little
and employment and output a lot more. Real wages increase only a little due to the presence of
wage and price inertia, but they do increase for both optimizing and myopic households, since both
types of workers are perfect substitutes. They initially increase more for optimizing households
compared to myopic households, since a fraction of optimizing households are able to reoptimize
their wages, whilst the nominal wage is set in advance for myopic households. As a result, the
income effect of the increase in real wages means that both types of households consume more.
The effects on consumption and employment for the rule of thumb households are both greater
than that of optimizing households for the same reason as in the case of a monetary policy shock.
Optimizing households trade off consumption and leisure and smooth consumption by allocating
the increase in labour earnings between consumption and savings. Myopic households view the
productivity shock as unexpected, work more and simply consume the additional labour income it

generates.

The results here under a productivity shock have different implications for the correlations than in
the case for a monetary policy shock. Using real interest rates as an example, the results imply
that the correlations between the real interest rate with expected aggregate consumption growth,
and with the expected consumption growth of myopic households, should be negative. By contrast,
productivity shocks lead to a positive correlation between interest rates and the consumption growth

rate of optimizing households.

Table (3) allows the results from the impulse response functions to be reconciled with the corre-
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lations in Table (2).!° The correlations at the bottom of Table (3) correspond with the impulse
response functions in figures (1) and (2). As can be seen, a monetary policy shock yields a high
correlation between the consumption growth rates and the real interest rate. However, when
only the productivity shock is present, the correlation between the real interest rate and the ex-
pected consumption growth rates is actually negative for aggregate consumption growth and myopic
households. Only the expected consumption growth rate of optimizing households yields a perfect
positive correlation. Examining the variance decomposition shows that the real interest rate, the
expected aggregate consumption growth rate and the expected consumption growth rate for myopic
households responds primarily to a monetary shock. The expected consumption growth rate for
optimizing households responds more evenly between the two types of shocks. Hence, the overall
correlation between the real interest rate and the respective consumption growth rates in Table (2)

can be rationalized.

To summarize the results in this section, a low correlation is found in the SPSW case between
aggregate consumption growth and real interest rates when unions set wages one period in advance
and the effects of shocks are unexpected. The correlation with respect to the expected consumption
growth rate for myopic households is lower than that of the aggregate consumption growth, whilst
the correlation for optimizing households is correspondingly higher. Myopic households respond
to shocks by changing consumption to a greater extent than optimizing households. The follow-
ing section considers an alternative to the benchmark scenario examined within this section, by

assuming that the union is able to observe any shocks that hit the economy, prior to setting wages.

4 Contemporaneous Wage Setting

This section removes the structural wage inertia present within the model by examining the scenario
where the union is able to observe any shocks, prior to picking a wage, W{, to post to firms.
Denoting this case as the contemporaneous wage setting (- henceforth CWS) case, the problem

they face is analogous to the previous case where they were unable to observe any shocks when

'"Note: All the variables are in logs. With the exception of the growth rates, the remaining variables are HP-
Filtered, using a smoothing parameter of 1600, consistent with what is used in the literature for quarterly data.
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picking Wt”. However, now they pick the wage using contemporaneous information. Hence they

maximize:

N B —¢ -0
) 1 Wy Wi
maxU(Wt)—maX (1—0> <Pt> (Wt> Ny
N -0 1+x
K wy
- N, 42
14y <Wt> ! ( )

Differentiating with respect to W[ and rearranging the FOC yields the following wage setting
equation for rule of thumb households:

(Wﬂ 1+¢x+o(p—1)

; = Lk Ptlfathﬁ(XJFU) NXto (43)

The interpretation here for rule of thumb households is equivalent to the a flexible wage setting
case for optimizing households. In essence these rule of thumb households behave as if they are
flexible wage setters, thus reducing the total degree of wage inertia present within the economy.
The remaining equations within the model remain the same, since the assumption that unions set

wages in the current period means that only their wage setting behaviour has changed.

The results for this version of the model are depicted under the contemporaneous wage setting
column in Table (2) and (4) and in figures (3) and (4). Considering the correlations presented in
Table (2) first, they provide a similar picture as in the PSW case. The correlations between interest
rates and expected consumption growth rates have the same ordering. That is, the correlation for
myopic households is less than the correlation with expected aggregate consumption growth, which
again is less than the correlation for optimizing households. However, unlike the benchmark case,
when examining real interest rates, the correlation between the ex-ante real rate and expected
aggregate consumption growth is much closer to one. It appears that even when a quarter of the
population behaves myopically, optimizing households have a greater impact on the consumption

profile for aggregate consumption.
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The impulse response functions in figures (3)-(4) provide some insight as to why this is the case.
Figure (3) depicts the responses of interest rates, consumption levels and their growth rates arising
from an expansionary monetary policy shock. The responses are very similar to the benchmark
case. That is the response of both the nominal and real interest rate is negative to an expansionary
monetary policy shock, whilst the response of inflation is positive. Similarly, consumption increases
for both types of households, whilst the growth rate of consumption is also negative. However,
although the hump-shaped response of consumption is more pronounced under the CWS case
compared to the PSW case, the overall increase in consumption for rule of thumb households is
less than in the PSW case. Rule of thumb households increase their consumption in the CWS case

less than optimizing households do.

When examining the impulse response from a productivity shock in figure (4), the results are
mostly similar to the PSW case, with two exceptions. First, although the responses of interest
rates and consumption profiles for both types of households are similar to the PSW case, the overall
change in the consumption of myopic households is once again less than the response of optimizing
households. As with the results of the monetary policy shock under CWS, this is despite a much
more pronounced hump-shaped response for consumption. Under the CWS case, the consumption
response for optimizing households dominate in determining the profile for aggregate consumption.
The results imply a positive correlation between all three consumption growth rates and interest

rates under a monetary policy shock that is expansionary.

Second, the initial response of aggregate consumption growth and the consumption growth of
myopic households are actually positive under CWS, as compared to the PSW case, where they
were initially negative. In this CWS case, the results here imply a positive correlation between
consumption growth rates and interest rates. The correlations that arise only under a monetary
policy shock, or only under a productivity shock, are presented at the bottom of Table (4). Focusing
once again on the real interest rate, the correlation of all the consumption growth rates are close to
one under a monetary policy shock. Under a productivity shock, the consumption growth rate of

myopic households is low, and it appears to have negligible impact on the aggregate consumption
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growth rate.

The results under the CWS case can be rationalized with the results under the PSW case as follows.

Consider the aggregate consumption equation, given by (38):

Cy=vC{ +(1—-v)C7?

Forwarding this equation once, and dividing by C; yields:

Crs1 Cr\ (Cia cy 1
= _t 1— —t
Ct ° <Ct> < Ct t{1 =) Ct Cy
C CT‘ (o}
= Et< éf) — zl,tEt< éj1> +Z2,tEt< 51> (44)

where Z1; = v (%) and Zy; = (1 —v) (g—f) are the respective weights on the expected consump-

tion growth rates of myopic and optimizing households. Equation (44) links the expected aggregate
consumption growth to the expected consumption growth rates of myopic households and to the
expected consumption growth rate of optimizing households. It is easy to see from the impulse
response functions in figures (1) to (4) and equation (44) why expected aggregate consumption

growth responds the way it does to shocks, under the two versions of the model.

In the PSW case, although v = 0.25, the impact of myopic households on expected aggregate con-
sumption growth, Zi, is much larger than its counterpart for optimizing households, Zs ¢, under
both types of shocks. Figures (1) and (2) show that under the expansionary monetary policy shock,
the increase in consumption for myopic households is approximately five times the increase for op-
timizing households, whilst under a productivity shock myopic households increase consumption
nearly three times as much as optimizing households. Hence the response of the expected consump-
tion growth of myopic households dominates the response of the expected consumption growth of
optimizing households in determining the response for aggregate consumption growth. However,
under the CWS case, figures (3) and (4) show that the optimizing households increase their con-

sumption approximately two and a half times (averaged between the two types of shocks) as much,
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compared to myopic households. Hence, it is clear to see that impact of optimizing households on

expected aggregate consumption growth, Zs;, clearly dominates in equation (44).

The magnitude of the change in the levels of consumption also shed some light on the overall corre-
lations. The large overall correlation in the sticky price and sticky wage case in Table (2) can clearly
be attributed to the difference in the magnitude of the changes in consumption, arising from the
shocks, between the two types of households. Under the CWS case, it appears that the growth rate
of consumption of rule of thumb households has relatively little impact on aggregate consumption.
The growth rate of consumption of optimizing households clearly dominates. The results within
this section appear to suggest that merely introducing heterogeneous agents is insufficient to recon-
cile consumption, inflation and interest rates in terms of the transmission mechanism of monetary
policy. Heterogeneity by itself cannot reconcile the low correlation observed between real interest
rates and expected aggregate consumption growth. The key features are wage and informational

inertia that help to reconcile this low correlation.

5 Importance of Wage Rigidity

This section attempts to gauge the sensitivity of the results to specific assumptions made within the
model. More precisely, it examines the relative importance of nominal inertia on the correlations
within the model. The relative importance of wage inertia compared to price inertia can be seen
from the correlations in Table (2). Comparing the correlations under the alternative cases of price
and wage rigidity highlights an interesting point. Cases (II) and (III) show the correlations between
the interest rates and expected consumption growth rates when wages are flexible. Case (IV) shows

the results in the case where wages are sticky, but prices are flexible.

The results appear to suggest that wage inertia is very important for obtaining a low correlation
between interest rates and expected consumption growth for myopic agents. Both the CWS and
PSW cases yield a low correlation between interest rates and expected consumption growth for
myopic households, only when wage rigidity is present. When the only source of nominal rigidity

is price rigidity (SPFW - as in case III), the correlations are very close to one. Moreover, price
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stickiness does not yield persistent responses to a monetary policy shock, and this can be seen
in figure (16) which plots the response of output, investment, employment and consumption to
monetary policy shocks under the benchmark and contemporaneous wage setting cases. This result
is consistent with the findings in the monetary policy literature, e.g. Christiano, Eichenbaum and

Evans (2001)..

In addition, a negative correlation is observed between interest rates and the expected consumption
growth rate of myopic households, when wages are sticky and prices flexible under the contempo-
raneous wage setting case.!’ However, no case yields a negative correlation between interest rates
and expected aggregate consumption growth, as was found by Canzoneri, Cumby and Diba (2002a)
and Ahmad (2004). The result in the previous section provide an explanation for why this is true.
When unions set wages contemporaneously, the negative correlation found for myopic households
in the flexible price, sticky wage (FPSW) case does not translate through to the correlation for
expected aggregate consumption growth, since the expected consumption growth for optimizing
households dominates the response for the expected consumption growth for myopic households. It
is for this reason that expected aggregate consumption growth mirrors the expected consumption

growth of optimizing households in all four cases: FPFW, SPFW, FPSW and SPSW.

6 Conclusions

This paper examines the transmission mechanism of monetary policy within a NNS model that
incorporates heterogeneous households. Standard NNS models without heterogeneous households,
link the stance of monetary policy to the interest rate in the consumption Euler equation. They
equate the interest rate in the Euler equation to the instrument of monetary policy. A monetary
policy action then has an impact on real variables in the economy through its impact on household’s
consumption-savings decisions. This monetary transmission mechanism has the implication that

real interest rates and expected consumption growth should be perfectly correlated. Recent results

1YWhen the Taylor rule does not incorporate interest rate smoothing, wage inertia is sufficient to generate a negative
correlation between the consumption growth rate of myopic households and both nominal and real interest rates under
the full information case. However, those results are not presented here.
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by Canzoneri, Cumby and Diba (2002a) and Ahmad (2004) find the correlation to be low, and
often negative across the majority of the G7 countries. Moreover, the movements of interest rates,
consumption and inflation implied by the monetary transmission mechanism cannot be reconciled

with the hump-shaped response of aggregate consumption, documented in the literature.

The motivation for incorporating rule of thumb households within an NNS model is due to recent
findings that the consumption Euler equation holds much better using micro level consumption
data (see Attanasio and Weber, 1993, 1995). Other findings by Vissing-Jorgensen (2002) and
Brav, Constantinides, and Geczy (2002) report similar results where they obtain plausible values
for the parameter for intertemporal substitution by fitting the consumption Euler equation using
households that carry assets. This paper focuses on the correlations between real interest rates and
expected consumption growth rates to try and reconcile consumption, inflation and interest rates

with the consumption Euler equation.

There are three main findings within the paper. First, I obtain a correlation of 0.628 between
the real interest rate and expected aggregate consumption growth in the benchmark version of
the model with nominal inertia. Second, the corresponding correlation between interest rates and
expected consumption growth for myopic and optimizing households are lower and higher than
this, respectively. Third, heterogeneity by itself is unable to reconcile movements in interest rates,
consumption and inflation with the monetary transmission mechanism. The key features of the

model that yields a lower correlation is wage inertia.

These three results can be rationalized with the following observations. When monetary policy
shocks are unexpected in the presence of nominal inertia and preset wages, both aggregate con-
sumption and its expected growth rate respond much more to the corresponding profiles for myopic
households, leading to a low correlation between interest rates and expected aggregate consump-
tion growth. However, when myopic households are able to observe monetary policy shocks prior
to setting wages, aggregate consumption and its expected growth rate respond much more to the
corresponding profiles of optimizing households, and the correlation between interest rates and

expected aggregate consumption growth is close to one.
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The results within the paper go some way towards reconciling the transmission mechanism of
monetary policy in NNS models with observed empirical facts. Incorporating heterogeneity provides
a greater understanding of how different households respond to shocks. The results here appear to
suggest that heterogeneity can compliment the existing literature and may provide a new avenue

to achieve a greater understanding of the transmission mechanism of monetary policy.
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Tables

’ Parameter | Value Description
a 0.25 - Share of capital
15} 0.99 - discount factor
Yy 0.824 - smoothing coefficient on lagged interest rate
Y 2.5 - inflation coefficient in monetary policy rule
1) 0.025 - depreciation rate
0 7 - elasticity in goods aggregator
K 1 - coefficient for disutility of work
&p {0,0.6} | - Calvo price setting parameter
(fraction of sticky price firms)
¢w {0,0.85} | - Calvo wage setting parameter
(fraction of sticky wage optimizing households)

) 0.923 - inertia in productivity process
o 2 - inverse elasticity of substitution
0] 7 - elasticity in labour aggregator
h 4 - investment adjustment cost parameter
X 1 - inverse Frisch elasticity
v 0.25 - share of myopic agents
n 0.0702 - parameter in capital utilization cost function
Q 1 - (gross) steady state inflation

Table 1: Parameters Used In The Model
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PSW CWS
Nominal Real Nominal Real
Interest Rate | Interest Rate | Interest Rate | Interest Rate
Case I: Sticky Prices and Wages
Expected Aggregate Consumption Growth 0.6175 0.6278 0.7679 0.9797
Expected Consumption Growth - Optimizers 0.8813 1 0.879 1
Expected Consumption Growth - Myopic 0.5329 0.525 0.2515 0.6759
Case |l: Flexible Prices and Wages
Expected Aggregate Consumption Growth 0.8563 0.9881 0.9976 0.9971
Expected Consumption Growth - Optimizers 0.9256 1 1 1
Expected Consumption Growth - Myopic 0.8515 0.9866 0.9892 0.9881
Case llI: Sticky Prices and Flexible Wages
Expected Aggregate Consumption Growth 0.9097 0.9693 0.8154 0.9925
Expected Consumption Growth - Optimizers 0.9501 1 0.8799 1
Expected Consumption Growth - Myopic 0.9056 0.9656 0.7932 0.9872
Case IV: Flexible Prices and Sticky Wages
Expected Aggregate Consumption Growth 0.5977 0.6618 0.9965 0.9959
Expected Consumption Growth - Optimizers 0.9965 1 0.9999 1
Expected Consumption Growth - Myopic 0.5214 0.5901 -0.0459 -0.0538

Notes:
1. Share of myopic agents, v = 0.25

2. PSW - Benchmark Case (Union sets wages 1 period in advance)

3. CWS - Contemporaneous Wage Setting Case

Table 2: Correlations Between Expected Consumption Growth Rates And Nominal And Real
Interest Rates
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MOMENTS

VARIABLE MEAN STD. DEV. VARIANCE
Nominal Interest Rate 0.0101 0.0025 0.0000
Inflation Rate 0 0.0026 0.0000
Ex ante Real Interest Rate 0.0101 0.0028 0.0000
Agg. Consumption 0.1517 0.0155 0.0002
Consumption - Optimizers 0.1868 0.0128 0.0002
Consumption - Myopic 0.038 0.0327 0.0011
Exp. Agg. Cons Growth 0 0.0079 0.0001
Exp. Cons Growth - Optimizers 0 0.0021 0.0000
Exp. Cons Growth - Myopic 0 0.0314 0.001

VARIANCE DECOMPOSITION (in percent)

& €m

Nominal Interest Rate 47.46 52.54
Inflation Rate 61.08 38.92
Ex ante Real Interest Rate 21.49 78.51
Agg. Consumption 58.97 41.03
Consumption - Optimizers 74.6 25.4
Consumption - Myopic 33.64 66.36
Exp. Agg. Cons Growth 22.41 77.59
Exp. Cons Growth - Optimizers 43.36 56.64
Exp. Cons Growth - Myopic 26.94 73.06
CORRELATION

Nominal Real

Interest Rate | Interest Rate

Only Monetary Policy Shock Present

Exp. Agg. Cons Growth 0.8104 0.8738
Exp. Cons Growth - Optimizers 0.9883 1
Exp. Cons Growth - Myopic 0.7607 0.8313

Only Productivity Shock Present

Exp. Agg. Cons Growth 0.2997 -0.3065
Exp. Cons Growth - Optimizers 0.7721 1
Exp. Cons Growth - Myopic 0.1723 -0.4343

Table 3: Descriptive Statistics of Consumption Growth Rates Under The Benchmark Case
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MOMENTS

VARIABLE MEAN STD. DEV. VARIANCE
Nominal Interest Rate 0.0101 0.0025 0.0000
Inflation Rate 0 0.0027 0.0000
Ex ante Real Interest Rate 0.0101 0.0028 0.0000
Agg. Consumption 0.1517 0.0114 0.0001
Consumption - Optimizers 0.1868 0.0128 0.0002
Consumption - Myopic 0.038 0.0071 0.0001
Exp. Agg. Cons Growth 0 0.0019 0.0000
Exp. Cons Growth - Optimizers 0 0.0021 0.0000
Exp. Cons Growth - Myopic 0 0.0019 0.0000
VARIANCE DECOMPOSITION (in percent)
€ €m

Nominal Interest Rate 47.78 52.22
Inflation Rate 59.69 40.31
Ex ante Real Interest Rate 22.08 77.92
Agg. Consumption 77.53 22.47
Consumption - Optimizers 74.74 25.26
Consumption - Myopic 91.75 8.25
Exp. Agg. Cons Growth 41.9 58.1
Exp. Cons Growth - Optimizers 43.83 56.17
Exp. Cons Growth - Myopic 60.82 39.18
CORRELATION

Nominal Real

Interest Rate | Interest Rate

Only Monetary Policy Shock Present
Exp. Agg. Cons Growth 0.9758 0.9977
Exp. Cons Growth - Optimizers 0.9882 1
Exp. Cons Growth - Myopic 0.8852 0.9456
Only Productivity Shock Present
Exp. Agg. Cons Growth 0.4508 0.9188
Exp. Cons Growth - Optimizers 0.7653 1
Exp. Cons Growth - Myopic -0.3365 0.3446

Table 4: Descriptive Statistics of Consumption Growth Rates Under The Contemporaneous Wage
Setting Case
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Figure 1: Impulse Responses From An Expansionary Monetary Policy Shock Under The Benchmark
Case With Sticky Prices And Sticky Wages

37



x10°  Nominal Aggregate x 10° Agg. Cons

0 Interest Rate 0.015 Consumption 0
-1
-0.5 0.01
-2
-1 0.005
-3
-1.5 0 -4
0 10 20 0 10 20 0 10 20
x10°  Inflation x 10°  Consumption x 10” Consumption
10 - Optimizers 2 Grow th - Optimizers
8 0
-1
6 -2
-2
4 -4
-3 2 -6
0 10 20 0 10 20 0 10 20
4 .
x 10 Real Consumption Consumption
5 Interest Rate 0.03 - Myopic 0.01 Grow th - Myopic
0 0.02 0
-5 0.01 -0.01
-10 0 -0.02
0 10 20 0 10 20 0 10 20

Figure 2: Impulse Responses From A Productivity Shock Under The Benchmark Case With Sticky
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Figure 3: Impulse Responses From An Expansionary Monetary Policy Shock Under The Contem-
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Figure 16.a: Impulse Responses From An Expansionary Monetary Policy Shock With Sticky Prices
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A Technical Appendix - Derivation of Key Equations

The technical appendix here derives the key equations in the model. The notes for the firm’s
problem, and the Calvo (1983) price and wage setting follow the notes prepared by Canzoneri,
Cumby and Diba (2002b, 2003).

A.1 Firms

e Continuum of monopolistically competitive firms producing a differentiated (intermediate)

good.

e Perfectly competitive final goods industry producing “bundled” final consumption good using

intermediate goods as inputs.

e Calvo Price Setting - a fraction (1 — §p) have the opportunity to reoptimise their prices.
A.1.1 Final Goods Firms Problem

Final goods firms produce a final consumption good, Y;, at time t, using the intermediate goods
produced by other firms as an input. It combines the continuum of intermediate goods, j € [0, 1]

using a constant returns to scale production technology:

1 oy N\ oo
Y, = ( / Y, ; dj> (A.2)
0

where Y ; is the quantity of intermediate good j used as the input. The final goods firms maximizes
profits (or minimizing costs), taking the final goods price, P, and the prices of the intermediate

goods, Pj; as given. This yields the set of demand schedules for the individual intermediate goods:

P\ !
Yi=|-2] Y
It < Pt > t

along with the zero profit condition:

1

1 -0
Pt == </ leted2>
0 ?
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For a given firm, j at some point in time s, solve the dual problem first to derive the price index,
Ps. Show that, by definition, Ps is the minimum cost (or price) of a unit of the “bundled” good,
(%)
-1 \ -1
Y = <f01 Y’ dj) . Let the total cost or expenditure, E = fol P;Y;dj. The firm then minimizes
(dropping time subscripts):
0

1 1 91 -1
mink :/ P;Y;dj subject to Y = </ Y, 9 dj) =1 (A.3)
j 0 0

J

The first order condition is:

CENENC AL

_1 1 6;1'ﬁ
<o ([

o—1
From the constraint, since, Y = 1, it implies fol Y] % dj = 1. Hence:

1
Pj = UY g
1

1 0-1
PjY = v or equivalently P;Y; = vY * (A.4)

Hence, P is the minimum cost/expenditure (- Value function) of one unit of the consumption good’s

bundle, i.e.:

6—1

1 1
PEminE:/ Pijdj:v/ C(j) v di=v
Y; 0 0

To show that P fits its definition:

Integrating over all the different types of goods:
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1 91 1
U1_0 / Y] 0 dj — / le—ed]
0 0
1-6

1
= v :/ le_edj
0

1 =
= P= :</ P.l_edj>
0 J

Next, solve the Primal problem to derive the individual and aggregate demand curves:

N 1
maxY = </ Y. ? dj) subject to / P;Y;dj = E
Yj o’ 0

where E is an arbitrary, but fixed level of expenditure. Writing the Lagrangian as:

[4

1 0—1 9—1 1
)= ([T a) " o (B [ pra)

Hence the FOC are the same as before, but ¢ = % = %. However, here, Y # 1:

e ([ T

_1 N
= er =yt ([ u)

So, since ¢ = %

A.1.2 Intermediate Goods Firms

(A.5)

(A.6)

Intermediate good j € (0, 1), is produced by a monopolist who utilizes the following production

technology:

48



Yji = ZiK$ N (A7)

where Z; is a productivity shock, Kj;; and N;; are the amounts of capital and composite labour
services employed by firm j. These intermediate firms act competitively with regards to input
prices, and take wages and the rental cost of capital as given when choosing the optimal amounts

of capital and labour. Dropping the j subscripts:

TC = [r?i]{[lRfKt + W3 N; subject to Zth‘Ntl_a >Y,
tiVt

This yields the following FOCs:

Rf = auZKP'N}T (A.8)
Wy = (1-a)uZiKEN (A.9)
Y = ZKSNe (A.10)

Equations (A.8) and (A.9) imply that:

(07

RFK; = <1 ) Wi N; (A.11)

Using equation (A.10), this yields the optimal K}, N; as functions of «;, W, R* and Y, i.e.:

_ 1
o Y, \T=
RFK, = W,
P (1—a> t<Zth‘>
a w1y, 1-a\ R Y,
! [(1—a> Rf} 2t and N K o >Wt Zt (A.12)

Plugging K} and N} back into the objective function, yields the Total (nominal) Cost function
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TC(RE, W;,Y;):
TC; = R{K},+WiN},
o (o I (GO
- e[ (5
- (@) w () %

(Rf)athfa &
a®(l—a)l-2"Z,

Hence nominal marginal costs are obtained by varying Y;, i.e. 8;% L

1 a
Py = 2 (Rf) wl-e (A.13)
1 a
and real marginal costs s; = th_l (rf) wi™ (A.14)

_ RY
where & = a®(1 — a)'7®, rf = 7 and wy = %.

Note:

e Intermediate firms make zero profits in the steady state. So WLOG, set Z; = 1 or you can

introduce a fixed cost which can be calibrated to ensure profits are zero in the steady state.

e The labour demand curve is derived in a similar way when looking at the wage setting scenario.

A.1.3 Calvo Price Setting

e Staggered price setting: Within each period, every firm faces a constant probability (1 — §p)

of being able to reoptimise its nominal price.
e The ability to reoptimise its price is independent across firms and time.

e Each period, a measure (1 — §p) of firms are able to reset prices whereas a fraction §,, are not

able to.
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A firm with the ability to reoptimise its price, maximizes:

[o.0]
mﬁaXEt > N kY sk (Qkpt - Pt+l~c3t+k:) (A.15)

b k=0

subject to

P\ !
YVii = (2] Y A.16
it < 2} ) ¢ (A.16)

1 a

st = 3 (rf) wi (A.17)

The first order condition associated with the choice of ]3t for the problem above is:

> B ~ —0
(1-190) Eth];)\t-s-k (Qk>1 ’ ( B ) Yigr + ..

P,
=0 t+k

o0
—0 .
.+ OE; Zﬁ’;km (Qk> PO P s = 0
k=0
This implies

o] 00 ~ —0
6 QFp, Py
E Nk QY + ——F kA < ) Yiksir =0 (*
tkzofp k8 Yk + 7 tkz_ofp ek B p, ) YerkSeek (*)

1 > . 0 s
== (Et DGRk P — o By Zf’;AHm,HkPHksHk) =0
t k=0 k=0

= Ej {ng)\t+kyj,t+k <Qk13t - Mth+k8t+k)} =0 (A.18)
k=0
0

where p, = -1

Rearranging (*) above, the expression for P; can also be written (following Canonzeri Cumby and

Diba, 2003) as a ratio of difference equations and in terms of the final goods Y;,j and Pyyj. This

is done by dividing (*) through by ]St_¢ and rearranging. This yields:

oo
—0
Eq ng)\t—kk (%) PP Yk PrkStqn .
s k=0 ¢
Fe=my e 0 —Hp PA;
EpY A (28) 77 P, Y, QF
k=0

(A.19)

o1



where

[e.e]
—0

PB; = Eth];)\Hk (Qk> Ptﬁm+th+kst+k

k=0
= MPYY\NMC,+¢,Q °EPB;yy (A.20)

e -0

PA = B (Qk) Pl Yy
k=0

= MPIY, + 0P EPA (A.21)

The dynamics of the aggregate price level are given by:

1

! 1-6 =0
P = U Pj,tdj]
0

[i (&) e (o) Ry

k=0

‘ L

Lagging P, by one period yields:

-

Py = [Z (1-¢,) 'fp (Qk> eptl:lefk
k=0

Hence,

_ 1

Bo= |(1-¢) P”’+Z — &) gp<9k) TRl

L k=1
_ (1 . gp) Pl 0 +£le GZ gp é—s (QS)I 9Pt1 s@ X =
L s=0
- (1 —&) P70+, (QPtfl)l_e] = (A.22)

A.2 Households
e Continuum of infinitely lived households, indexed by i € (0,1).

e Fraction (1 — v) of households are optimizing households: are able to access asset markets,

own the capital stock in the economy which they rent to firms.
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e Fraction v of households are rule-of-thumb, or myopic households: maximize period utility

each time period.

e Optimizing households offer differentiated labour services, and hence are monopolistic wage

setters.

e Myopic households are part of a union, which negotiates a wage on their behalf (period to

period).
A.2.1 Optimizing Households i € (v, 1)

Denoting optimizing households by the superscript ‘o’ to represent i € (v, 1), the optimizing house-

hold:

00 00 -0 1+x
CO LO
max E, Z BTHU(C2, L°) = max By Z BTt ( 17'_) . /<;( lT—l)— ., (A.23)
T=t T=t
C’(rjv Bg—&—la K:—l—l
Iga ut, W7(-)
subject to:

P (C? + 1) + E- (Art41Byy 1)

= WL+ BY + (Rbu — Pa (w)) K7 + Dy

IO
o= A=0K+v¢ <Kt> Ky (A.24)
t

o\ —¢
LY = (Wt> Ny (A.25)

where w; is the capacity utilization rate, ¥’ (.) > 0,%4"” (.) <0, (§) = §,%' (§) = 1. The optimizing

household chooses C7, BY, 1, K7, 1, I, u; and Wy to maximize (A.23) subject to (77)-(A.25). Writing

the Lagrangian as:
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Wwo — 1+x
e B e <<W7) NT)
¢ Z b -0 " 14y

T=t

+ A {W:LT + B2+ (R’:uT — Pra (uT)) K°+ D,

I‘I? (0] (o}
- PG I~ By (BB | + ¢ -0 K () e - K |

T

This yields the following first order conditions:

. Co)~°
Cto : (Cf) = )\tPt = )\t = ( tf))t (A26)
A
f+1 : E; (_)\tAt,tJrl + ﬁAt+1) =0 = E; (At’tJrl) = FE; < ;\-:1> (A27)
/ ! IO
B PG =0 = Pov= ¢ () (A.28)
t
Kf+1 N {_Ct + (Rfﬂut—s—l —a (Ut+1)) Aty1 + /BCt-H (1 —9)
, I ]
G |1 () + P () (“2) .Km] }
(K1)
= G =PE { <R1]€€+1ut+1 — Piiia (Ut+1)) At41
/ 2
o [0 4000 O = v 0 (552 )] | (A2
t+1
k ! Rf !
up N {Rt — P (ut)] =0 = 5 =0 (ut) (A.30)
¢
where Ey (As441) = =. Combining equations A.26)&(A.27):
} Rt
1 E, B(CPa) " Poi _ B<Ct+1>_0< B )
Ry (O Cy P
= 1=RE; [At,t-‘rl] (A31)

and (A.28)&(A.29):
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P
i ()

= [BE, { (RffuT —a (u7)> At41

—i-]m [(1 —0) + Yy (1) — ¢;+1 () <II§:H }

ie. BQr = FEy {At,t—i-l |:<Rf+1ut+l - Pt+1a(ut+1)>

FPeaQuin (1= 9+ ¥ () = ¥ ) (é;)” } (A.32)

where Ay = ik (’\’5;7:’“) = gk (Cioitk)ia ( Ly > and @y = ﬁ() is the shadow value of installed

Py e

capital, namely, Tobin’s Q.

A.2.2 Rule Of Thumb Households i € (0,v)

Rule of thumb households are unable to access capital/asset markets. As a result they solve a static

problem. Each period they choose Cf (taking W/ and L] as given) to maximize:

cntT (It

maxU(C{,L;) = max = 1+ , (A.33)
subject to : PCy = W[ L] (A.34)
W’f‘ _¢
Li=(--] N A.35
= (W) (.39

The solution to this static problem for C} is:

T Wr T
Ct:<P:>Lt

A.3 The Wage Decision

A.3.1 Labour Aggregator

All optimizing households are assumed to be monopolistic suppliers of differentiated labour services.

The rule of thumb households are assumed to be members of a union, who sets the wage on their
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behalf. Furthermore, households of both types are assumed to sell their labour services to a
representative competitive firm. This competitive firm combines the labour services from both
optimizing households, L{, and myopic households, Lj and then transforms it into an aggregate

composite labour input, N; using the following technology:

Nt = g( ;aL?)

1 ¢ $—1
= [/ Lz.j dz’] i€ (0,1) (A.36)
0

where ¢ > 1, and L;; are the individual amounts of labour services, where the superscripts ‘r’ and
‘o’ refer to i € (0,v) and i € (v,1) respectively. The perfectly competitive firm which aggregates
labour services faces an analogous problem to the final goods firm. The firm minimizes its total

expenditure,

1 1 ¢-1 %
rriinEL = / Wi +L; ¢di subject to Ny = </ Lif di)
0 o

This yields the FOC:

where v is the Lagrange multiplier. Since the bundler is competitive, the minimum expenditure

EZEWt:"}/:
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o\ ¢

which is the demand curve for household’s labour services. Integrating (A.37) across ¢, and imposing

(A.36) yields:

o-1 Wi\ @D e
ie. L] = (W:> N, ?
1 -1 1\17¢ ¢ r1
= | L) di= t) N, ? / w0 di

1 =
= W, = ( Wi{t‘i’di) (A.38)
where W, is the aggregate wage rate. This assumes a perfectly competitive firm that takes both

the price of its output (i.e. the composite labour) and individual household wages, W as given.

A.3.2 Calvo Wage Setting

e Staggered wage setting: Each period, an optimizing household faces a constant probability

(1 —¢,) of being able to reoptimise its nominal wage.
e Ability to reoptimise their wage is independent across time and other households.

e Each period, a measure (1 — ¢,,) are able to reoptimise wages, and a measure £, are unable

to.

e Wages are indexed for optimizing households who are unable to reoptimise their nominal

wage. The indexation is: W¢ = QW

Optimizing Households
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Let Wto represent the nominal wage chosen by an optimizing household with the ability to reoptimise
its nominal wage. They pick Wy to maximize (A.23) subject to equations (??), (A.24) and the

firm’s labour demand schedule (A.25), i.e.:

00 1-0o 1+
B Co) (LO) X

ma ET§ : T—t ( T _ pT
W;X T:tﬂ [1—0 I+x

((52) *)

14+ x

= maxETZ(fwﬂ)T_t —K
wy T=t

st © P (CP+ 1))+ Er (A1 Bfy)

o

~ -
~ W,
= WP ( t > N: + B + (Rfut — a(ut)) K? + Dy

Wi

IO
and f+1:(1—(5)Kf+w(K’fo) K}
¢

Writing the Lagrangian as:

r—tyiro\ —@ I+x
e ((Q WTWt> NT)

. T—t _
Lo ETTZ:;(fwB) K TTx

+ A [(Qf—t)1‘¢ (v7) TN, + ] }

This yields the FOC:
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© r—tyiro\ ~° X
ie. Er Z (gwﬁ)T_t { <Q W:/Vt ) N7 ["@é;o —Ar [(¢ -1) QTt]] }

A
where L is given by (A.37). Dividing by (¢ — 1) and (Wto) and rearranging yields:

E, i €. 5) [H <¢ f 1> ((Qv;j>¢ NT> X (Qv;_t>¢ N, <Wt°) —(1+x¢)]

= E; Z (gwﬁ)T_t {AT
T=t

Rearranging and solving for VNVtoz

B Y (6,87 [(Qvat > PR +X]
B 3 68 A [ e wen, |}

where p,, = % Following Canonzeri, Cumby and Diba (2003), this expression can be re-written

(Wto) e Folby, (A.39)

as a ratio of two difference equations:

= o\ 1t+ox WB
(Wt) _—— <W Ai) (A.40)

where

W By

E-Y (€87
T=t

r—t\ —(1+x)
(Q t> X N1+X]
W, T

1+
- (Ntwgf’) Y e, B EW B, (A.41)

B> @ o @) wen] )

= MNWP +€,8Q PE,W A (A.42)

WA,

Union’s Problem
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Rule of thumb households are assumed to belong to a union which picks a wage to maximize the

utility of their members. Let W[ be the wage posted by the union in maximizing:

l—0o

~ = N\ ¢
) 1 Wi\ (W
maxU(Wt> = max F; 1 <1_0) <Pt> (Wt> Ny

5 _ 14+x
— K Wtr d)Nt
1+ X W,
The FOC for W{ is:
W\ W\ YN,
By [(1-9)(C1) " B! (W ) Ne - (L) (=) (W ) e S
t

' SN0 L ey s
ie. By [(1 — ¢) (Wt> pr o= Nl
- N —1-6(14)
o (W7) Hppar X)NtHX} —0

Dividing through by ¢ — 1 and rearranging yields the wage setting equation for the rule of thumb

households:
=\ I+éxto(e—1) E, \WD,
/ = T A.44
(%) ol B WE, (A-44)
B, \WE;, = FE;_4 |:Wt¢(1—0)Pta—1Nt1—a:|
Thi . . o 1+¢x+o(p—1) . . .
is can be re-written in real terms by dividing through by P, | which yields:
= I+¢x+o(e—1)
oy Ltoxto(e-1) _ [ Wi _ Ey_ywd; A5
() (Pt1> 'uwﬁEt,lwet (A.45)
where
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Ey WD,

EBiawdy = ————
(14
P
W, >¢(1+X) 1t
= E,_ N, X
t—1 _(Ptl t
. '<Wt>¢(1+x)< P, >¢(1+X) TS
- T\ R Py t
- E,_, 'w;ﬁ(1+x)7rf(1+x) Nf”}
Similarly,
B WE
Brwer = —giom-a
t—1

Etfl _Wj’(l*f’)Pto’letlfo‘]

1—0 —(1—0o
P p-0)

1
_ B, <Wt )¢(10)< P, >01 o
- I Py Py t
)

= B _wf(l_g 7T§¢_1)(1_U)Ntl_a}

Aggregate Wages

The aggregate wage level is given by equation (A.38):

W, = ( / Wi %) < / Wi Cdi+ / Wi ¢dz>
_ <v (Wtf)1_¢+/vl (W)l ¢dz>
Let
(1—v) (Vv;’)lfq5 _ / eyt ai (A.46)
Then
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W - (U(yr)lﬁu—wiu—gw)gz () (m)w)
k=0
_ <v (W{)l_d)+(1—v)<wt*)1—¢>lld’ (A.47)
where
Wi = S a-ees (28) 7 ()
k=0
= a-g (W) gt wry) (A48)

A.4 Aggregation

Following reasoning to that above aggregate labour supply can be expressed as follows:

1
L = / Lidi
0
v 1
0 v
i 1 Wz‘ot —¢
ULt “v‘/; < Wt ) Ntdl

1
= oLl + W/N, / (We,) % di

= oLl + (1 —v)WZN, (WCF)™?

where

1
a-owen e = [yt

and (W)™ = (1-&,) (W7) " +e,07 (Wor,) ™ (A.49)
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A.5 Real Version of the Model

The nominal variables in the model can be converted to real terms to avoid the price indeterminacy

issue that arises with the monetary authority pursuing an interest rate rule. Let A= P, pr = %

and ji; = Piu,. The following equations can be rewritten utilizing the substitutions above. For the

price setting, equations (A.19)-(A.22), P, is given by

where

PB;

P, LB

(o]
—6
PB; = E Zf';/\t+k (Qk) PtﬂkY;+th+kst+k
k=0

e —0
PA = E> &M (Qk) PP, Y, QF
k=0

Dividing P, through by P; yields:

where

PB; 0 N ok K\ 0 o
—5 = BBy e () Pl Y Prenser
t k=0

[e's] B ) 6
Ey Z €'§At+k (Qk) < gk> YitkSttk
k=0

< S, -0 ( P\’
AYese + Ey Zfl;AHk (Qk) < " ) YiikSttk
k=1

Py
AtY;fst

—0 - kA k =0 (P o P ’
+£,82 Etz Ephit1+k (Q) —— | YiriikStr14k P,

prd Piiq
0
Py
b
< J2) > p t+1]
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Similarly, pa; can be written as:

PA -0
pay = Pt?; = PgEtZ§p)\t+k( k) Pl Yk
¢

S P,
= Et ZélgAt'HC (Q ) ( t+k> <P ) }/;H-]g
P btk
= E Y &l (9 P, Yt+k
k=0
(;;) ZEI;AHHk (Qk) <t+1+k> Yit1+k
k=0

Piq
0—1
Py
( j2) pat+1

The aggregate price setting equation can be divided through by Ptl_e and written as:

= MY+ prI_eEt

= MY+ 6,0 E,

Pt179 _ (1 _ ép) Ptl—e + é—p (QPt—l)l_e
Ptlfe PtlfO
P 1-6
~1—6 t—1
= 1=(1-¢)p +§p<Q Pt)

The price level can be eliminated from the FOC’s within the household’s problems as follows:

()7 =&
won (%52 st -
A= ¢y ()
¢t = BE: { (rhur —a(ue)) Reva + G [(1 8+ iy () = Bt () ( fi)] }
()7 = fu
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The wage picked by optimizing households can be rewritten in a similar fashion to the price set by

firms, i.e. given

(Wto> Lkex . (Wwfiz>

where

o Qr-t —¢(1+x)
WB, = E Y (£,8)" <W > NIx
T=t T

w4, = E i €A 2 [0 P

~ 1+¢px
Dividing (W;’) through by PlFX;

where

WRB B & . Ot —¢(1+x)
wbt _ ¢(1+tx) _ Pt ¢(1+X)Et2(§w/8) t T ) N;JFX
Pt T=t T
et L B w; P #(1+x)
T=t
1+x
- ()
_ P > _ i\ — 1+x
+£,60 900, (;f) > @ (@) Y (V) ]
/=t
14+x P,
= (Ntwf)) + &, R, [( gl) wbtﬂ]

Similarly, wa; can be rewritten as:
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A (@)Wl PEN |

WA > .
wa; = Pt1+¢X7t — Pt1+¢XEtZ (€087 "

Pt¢>(1+x) gt Pt¢(1+X)
Lrox N —t Ar [(QT_t)1_¢ wfpfilNT}
= Pt Et 2 (éwﬁ) Pt¢(1+x)

= E ) (8" {A

T=t

()10 <¢><Z>¢_1NT]}
()

The other key equations are the aggregate wage equation, and the respective labour supply equa-

= Aw!N, +£,80' R,

tions for the optimizing and rule of thumb households. Consider the aggregate wage equation:

W= (W) ()

Dividing through by Ptlfq5 yields:

wtl_¢ :”(wt) ¢+(1_”) (wt)l_¢

where

x\ 1—¢
s\1—¢ W,
(i) = (P:>
-9 /- 1-¢
S0 () (72
1-¢
- a-en e re e (T )

With regards to the labour supply for the two types of households:

Ly = New (wf)~*

Ly Ntwf (wc?[)_q5
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where

*\ —9¢
we)* = (M)
= p-e) (W) v (Wop )

—¢
= - e (B )

The “real” wage setting equation for rule of thumb is given above, by equation (A.45).

A.6 Price/Wage Inflation Version Of The Model

The model can also be written in a price/wage inflation version. This was done due to nonlinearities
in the wage nexus which meant that the model was not able to converge to a steady state. This
version of the model involves the wage nexus. Dividing the wage setting equations through by W;
instead of P; so that wages for the optimizing and myopic households are written as relative wages

( - relative to the aggregate).

The wage picked by optimizing households can be rewritten in a similar fashion to the price set by

firms, i.e. given

(Wto> Lkex . <V[W/§Z>

where

1+x
WB, — (Ntwj’) + €, 807900 B, W B,y

WA, = MNWS+€,80 P EW A

~ \1+¢
Dividing (W;’) * through by W +x.



where

W B o1 & o Ot —¢(1+x)
= W¢(‘1+tx) =W MRS (€)™ [< W, > Ne ™
t T=t
oo (1+x)
T— —t\—o(1 WT
_ EtZ(fwﬁ) ¢ (Q t) d(1+x) NTHX <V[/'t>
T=t

o
= NP, B0, <Wt“) > (@B (@)Y NT”X]

Wt T=t+1

_ Nt1+x 4 fwng*¢>(1+X)Et [(P;_l> wbt+1:|
t

Similarly, wa; can be rewritten as:

r—t\1—¢ @
WA, 0 N ES i g oA
- 2B
way T t 2 (€wB) o

= By (€O {AT
T=t

= ki Z (€w5>7_t {AT
T=t

= AywiNy 4 €,80 B,

Wir1)?
W, wat+1

The other key equations are the aggregate wage equation, and the respective labour supply equa-

tions for the optimizing and rule of thumb households. Consider the aggregate wage equation:

. 10 -
W= o (W) T4 (- (W)

Dividing through by Wt1_¢ yields:

@ 1\ .
1= Zt = 1— *\1—¢
o(BEL) s a-n )
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x\ 1—¢
(W)™ = (W)
Wy

WS 1k (28)' 0 ()

k=0

1-¢
w0 = a-g) a0 () (i)

Wy_
W, =1

With regards to the labour supply for the two types of households:
~r\ —
()
Wy
LY = Ni(wef)™®

where

. wer\ ¢
(wct) ¢ = <th)

= W) (W) et (o)

—¢
C 1) )P e, (W) (wef_1)~

A.7 Contemporaneous Wage Setting Case

In the contemporaneous wage setting case, the union is assumed to be able to observe any shocks

prior to setting the wage. Let W[ be the wage posted by the union in maximizing;:

max U (Wg")

. N N
1 wr\ (W K Wy
- N, - N,
max<1_0> (H)(M) t T+ X (Wt t

The FOC for W} is:
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=0 (A.50)

¢
(1=9)(C))° P, <tt> N —# (L)

N
- (8) (oo [

)(

Dividing through by ¢ — 1 and rearranging yields the wage setting equation for the rule of thumb

households:

~ N\ l+ox+o(o—1) o o
(W[> X — wa‘fPtliUWj)(X—i_ )NtX+ (A51)

1+¢>x+a(¢ 1)

This can be re-written in real terms by dividing through by P, which yields:

=\ Héxto(e—1)
(,LD;)1+¢X+U(¢*1) - (Vvt>

W, d(x+o)
= '[,Lwl{ (_P:) NtX+U

= (@) = s (1) PO N (A.52)

The wage inflation version of this equation is obtained by dividing equation (A.51) through by
Wt1+a(¢fl)+¢>x:

=\ Lro(e—1)+ex
(u;r)1+0(¢—1)+¢x _ wi
t Wt

MwK/Ptl_a Wt¢(X+O')NtX+O'

(Wt)1+0(¢—1)+¢x
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B Steady State Equations

Let A, = P\, jr = % W = b, 0§ = Y and wf = 3£ Equations D1-D8, F1-F8, H1-H12 and

E1-E14 are the key equations used to find the steady state:

B.1 Definitional Equations (D)

Model equation Steady State
0 0
DLy =57 Hp = g1
D2. p, = % Hoy = %
D3 Act - (%) - (5 ACf =
D4 Qi = (1—h%ACt) Qr=1
D5 AQ, = (%) AC, AQs =0

D6. Aﬁl = /~\t+1(rfut - %77“15 (ug — 1))) INX? =rk
D7. AY = AQ, AY =1

DS. @ =(a)"(l-a) " ®=(a)*(1-a)™

B.2 Firm Side (F)

Model Equation Steady State
Fl. Y, = ZK¢N! Yy = KJ?‘N}_“
F2. InZ;=plnZi_1+e.y Zy =1 with In Zy = 0;
F3. K = (125) wily oK = (125) wN

a -«
Fios =07tz () () T =t () )0
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Firm Side (F) Cont...

F5.

Fé6.

F7.

F8.

B.3

HI1.

H2.

H3.

H4.

Hb5.

He6.

H7.

HS.

H9.

H10.

D “pgﬁ
pby = AYis + prfeEt [(P}tl)epbtﬂ}
par = MY, + QB [(Pt“y_lpatﬂ]
1_(1_§p)~1 9+€p< tl o
Optimizing Households (H)
Model Equation
()7 =M
RE [ s] =1
A =P
Qr'¢ =M
AQ; = BE; {Aﬁ1 +AP[(1-0) - 3hACE,,
and in the steady state, this equals...
()" = i, ()
why = N4 £, 807000 B, [ (P2) by
way = Awi Ny + ELB *F, [(W” >¢ wat+1]
Kfoy = (1) K7 + (5 — JwAC?) Ky
Rf = Pinuy (ut - %)
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Steady State
(C°)7 =A

Rp =1
A=X=(Co)°

(=A=(C)"

+hAC; 4 ( Kif

)]}
1:B(rk—|—1—5)
(@) = hop, (12)

wa

N1+X

_ 1
wb= 153




B.4 Rule of Thumb Households/ Union (H)

Model Equation Steady State

H1l. CF =alL! Cr =Ly

~ B Ei 1 w¢<1+x>7r?(1+X)N1+X
H12. (wl)1+¢x+0(¢ 1) [t t t ]

:lu‘ ot —0o — —o —0o
N v

and in the Steady State this equals...

o [wf(1+x)7r<tz5(1+x)Nt1+x]

~r\1+opx+o(p—1) _
wh =u, K
(wy) Hoy Et_lI:wf(l—v)ﬂ.£¢—1)(1—0)Ntlfo-]
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B.5 Aggregate Equations, Monetary

(E)

Model Equation

El. l=u (%.%)1_(1)4-(1—1)) (wp)'~?
E2.  (wf) 10 =(1-¢,) @) ¢+ ..
£, 010 (Wﬁl)l*d’ (wr )™
E3. Ci=vC{+(1—-0v)C?
E4d. Ny=L;=vLl + (1 —v) LY
E5. L] = NW (v"vg)fq5
E5. LT =N, (&))"
E7. L = N; (wef)™?
E8. (we)™?=(1-¢&,) (@) %+..
.+ Ewad’ <WV§/—;1)_¢ (wcz‘fl)fd)
E9. Ki=(1—-v)uKy
E10. I;=(1—0)I?
Ell. Q= 7=
E12. Wt:ln(Pil)
E13. m=(1—v,)7+~,r—1+ ...
ot (L =) Ve (e = %) + Emt
El4. Y, =Ci+ L+ (1 —v)a(uy) K7

B.6 Full Information Version

Policy and Market Clearing Conditions

Steady State

1= (@) "+ (1 —v) (w)?

C=vC"+(1-v)C"
N =vL"+ (1 —v) L%
L= NW* (W) -
Ir = N (@) *

L° = N (we*)™?

Y=C+1

In the full information version, the following equations are replaced:
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Model Equation
(,lz)tr)l'f‘O'(d)_l)"l‘d)X — /’Lw"iwg_thX—’—a

EL 1=o(@])" "+ (1-0v) @)

%1
<
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Steady State

(@) T =

mwf‘thXJrU

L=v (@) + (1 —v) (w)'



