
 
 
 
 

DISCUSSION PAPER SERIES 

 
 
 

     ABCD 
 

www.cepr.org 
 
 

Available online at: www.cepr.org/pubs/dps/DP7484.asp

 www.ssrn.com/xxx/xxx/xxx
  

 
 
 
 
 

No. 7484 
 

NON-SEPARABLE PREFERENCES 
AND FRISCH LABOR SUPPLY:  
ONE SOLUTION TO A FISCAL  

POLICY PUZZLE 
 
 

Florin Ovidiu Bilbiie 
 
 

  INTERNATIONAL MACROECONOMICS 
 
 

 



ISSN 0265-8003 

NON-SEPARABLE PREFERENCES  
AND FRISCH LABOR SUPPLY:  
ONE SOLUTION TO A FISCAL  

POLICY PUZZLE 

Florin Ovidiu Bilbiie, HEC School of Management,  
Paris School of Economics and CEPR 

 
Discussion Paper No. 7484 

October 2009 

Centre for Economic Policy Research 
53–56 Gt Sutton St, London EC1V 0DG, UK 

Tel: (44 20) 7183 8801, Fax: (44 20) 7183 8820 
Email: cepr@cepr.org, Website: www.cepr.org 

This Discussion Paper is issued under the auspices of the Centre’s research 
programme in INTERNATIONAL MACROECONOMICS. Any opinions 
expressed here are those of the author(s) and not those of the Centre for 
Economic Policy Research. Research disseminated by CEPR may include 
views on policy, but the Centre itself takes no institutional policy positions. 

The Centre for Economic Policy Research was established in 1983 as an 
educational charity, to promote independent analysis and public discussion 
of open economies and the relations among them. It is pluralist and non-
partisan, bringing economic research to bear on the analysis of medium- and 
long-run policy questions.  

These Discussion Papers often represent preliminary or incomplete work, 
circulated to encourage discussion and comment. Citation and use of such a 
paper should take account of its provisional character. 

Copyright: Florin Ovidiu Bilbiie 



CEPR Discussion Paper No. 7484 

October 2009 

ABSTRACT 

Non-Separable Preferences and Frisch Labor Supply: One Solution 
to a Fiscal Policy Puzzle 

This paper proposes a theoretical explanation of the empirical finding that 
private consumption increases in response to an increase in government 
spending. The explanation requires two ingredients. First, labor demand 
expands (e.g. prices are sticky). Second, general non-separable preferences 
over consumption and leisure should be such that Frisch labor supply 
elasticity is lower than the constant-consumption elasticity; this implies that 
constant-consumption labor supply shifts left. Existing empirical evidence on 
the relative magnitudes of the two elasticities supports this hypothesis. The 
parametric conditions under which the result occurs are consistent with 
restrictions of concavity and non-inferiority of consumption and leisure. 

JEL Classification: D11, E21, E62 and H31 
Keywords: fiscal policy, frisch elasticity of labor supply, government spending, 
non-separable preferences, private consumption and sticky prices 

Florin Ovidiu Bilbiie 
HEC Paris Business School  
1 rue de a liberation   
78351 jouy-en-josas cedex   
FRANCE   
   
   
Email: bilbiie@hec.fr   
 
For further Discussion Papers by this author see: 
www.cepr.org/pubs/new-dps/dplist.asp?authorid=157637 

 

Submitted 25 September 2009 

I thank Jess Benhabib, Giancarlo Corsetti and Martin Uribe for useful 
discussions and comments. 
 



Non-Separable Preferences and Frisch Labor Supply: One
Solution to a Fiscal Policy Puzzle*.

Florin O. Bilbiie**

HEC Paris, Paris School of Economics and CEPR

Abstract. This paper proposes a theoretical explanation of the empirical
finding that private consumption increases in response to an increase in gov-
ernment spending. The explanation requires two ingredients. First, labor
demand expands (e.g. prices are sticky). Second, general non-separable pref-
erences over consumption and leisure should be such that Frisch labor supply
elasticity is lower than the constant-consumption elasticity; this implies that
constant-consumption labor supply shifts left. Existing empirical evidence on
the relative magnitudes of the two elasticities supports this hypothesis. The
parametric conditions under which the result occurs are consistent with re-
strictions of concavity and non-inferiority of consumption and leisure.

Keywords: non-separable preferences; fiscal policy; government spend-
ing; private consumption; sticky prices; Frisch elasticity of labor supply.

JEL codes: D11, E21, E62, H31.

1. Introduction

This paper proposes a simple explanation of a recent puzzle regarding the ef-
fects of fiscal policy shocks. The puzzle pertains to the positive response of private
consumption to an increase in government spending (and the associated positive
comovement between consumption and hours worked) found by i.a. Blanchard
and Perotti (2003), Fatás and Mihov (2001) and Gali, Lopez-Salido and Valles
(2004) for US data and by Perotti (2005) for OECD countries. Standard, fric-
tionless business cycle models using separable preferences over consumption and
leisure cannot generate either of these observations since they imply that taxation
used to finance the spending has a negative wealth effect that translates into an
increase in hours worked and a fall in consumption (e.g. Baxter and King (1993)).
Indeed, with flexible prices and non-increasing returns, equilibrium is always on
the (downward-sloping) labor demand curve, even if preferences are non-separable.
Bilbiie (2008) shows that general non-separable preferences that satisfy concavity

*I thank Jess Benhabib, Giancarlo Corsetti and Martin Uribe for useful discussions and
comments.
**Assistant Professor, Department of Finance and Economics, HEC Paris Business School, 1 Rue
de la Liberation, 78351 Jouy-en-Josas cedex France. Email bilbiie@hec.fr.
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and non-inferiority of consumption and leisure will always imply that the constant-
consumption labor supply curve: (i.) is upward sloping and (ii.) in response to
an increase in taxation, will always shift right. This implies that in response to a
government spending shock, consumption will always fall and hours will increase.

The idea exploited by this paper is to generate the increase in private consump-
tion using two ingredients. The first is to induce shifts in (rather than movements
along) the labor demand curve for instance by assuming that prices are sticky, so
that some firms have to adjust quantities in face of a demand increase. The second
is to use general non-separable preferences that ensure that in response to the labor
demand expansion, the constant-consumption labor supply shifts left. The latter in-
gredient is equivalent to assuming that the Frisch labor supply (derived for a given
marginal utility of consumption) is less elastic than constant-consumption labor
supply. Empirical evidence based on both micro (Kimball and Shapiro, 2008) and
macro (Schmitt-Grohe and Uribe, 2008) data provides support for this condition.

The intuitive explanation of this mechanism is as follows. The simplest case
obtains when marginal utility of consumption is constant,

UC (Ct, Lt) = UC (C,L) ,

so that Frisch labor supply is invariant to any shock; this occurs in equilibrium
under either of three assumptions studied in text1.

The increase in Gt induces, by the resource and technology constraints Yt =
ZtF (Nt) = Ct + Gt, an increase in hours for a given level of consumption. For
the increase in consumption to be an equilibrium, i.e. for marginal utility of con-
sumption to stay constant, given the fall in leisure, the cross derivative UCL needs
to be negative. That is because the increase in consumption would induce a fall
in marginal utility, fall which can be counteracted (given the fall in leisure) if and
only if marginal utility is decreasing in leisure, i.e.

(1.1) UCL < 0.

Otherwise put, the Frisch elasticity of labor supply to real wage needs to be lower
than the constant-consumption elasticity. When the real wage increases (due to the
demand expansion coming from sticky prices), the household needs to be willing to
work relatively more hours to keep her consumption constant than she is to keep
the marginal utility of income constant.

This paper elaborates on this point, by finding the sufficient conditions for
an increase in private consumption and hours worked to obtain simultaneously in
response to a government spending shock. I compare these conditions to the restric-
tions imposed on the utility function by requirements of concavity, quasi-concavity
and non-inferiority of consumption and leisure and find that these restrictions are
not violated under sticky prices. This is in contrast to the case with flexible prices,
whereby an increase in private consumption only occurs for parameter values that
imply that consumption is an inferior good, as shown formally by Bilbiie (2008).

It should be mentioned that a related explanation has been recently proposed
in independent work (of which I have become aware after writing the first draft
of this paper) by Monacelli and Perotti (2009). These authors also use a model
with sticky prices and non-separable preferences of a certain functional form2 to
study the response of private consumption to government spending; they then go
on to studying empirically-relevant models featuring habit formation and capital
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accumulation that can quantitatively fit VAR evidence on the effects of govern-
ment spending shocks. This paper is different in that it uses fully non-general
preferences and finds the minimal set of restrictions under which such preferences
generate an increase in private consumption in response to government spending,
while satisfying restrictions of concavity and non-separability. Furthermore, this
paper unveils the link between Frisch and constant-consumption labor supply elas-
ticity that drives the positive impact of government spending on consumption, and
explains this mechanism by means of labor market equilibrium. Finally, this paper
consists of an entirely theoretical exercise in the simplest possible model, whereas
Monacelli and Perotti’s setup (which features habit formation and physical capital)
is rich enough to be suitable for a proper empirical evaluation exercise. Neverthe-
less, the generality of our framework allows us to derive testable implications on
preference parameters that are compared to existing empirical evidence in Section
5.

Section 2 introduces a plain vanilla Non-Keynesian model with fully general
non-separable preferences. Section 3 describes the general non-separable prefer-
ences by means of just three parameters, and derives the restrictions on these
parameters imposed by requirements of (quasi-)concavity of utility and noninfe-
riority of consumption and leisure. That section also contains a comparison of
Frisch and constant-consumption labor supply. Section 4 finds the conditions un-
der which an increase in private consumption occurs in response to government
spending, under flexible prices, sticky prices and no intertemporal substitution,
and sticky prices in general. I provide intuitive explanations based on labor market
diagrams and discuss the empirical plausibility of the main requirement (1.1). Sec-
tion 5 assesses the plausibility of the condition that Frisch elasticity be lower than
constant-consumption elasticity based on micro and macro empirical studies and
on preference specifications widely used in macroeconomic studies. Section 6 con-
cludes and places this paper in the literature by relating it to alternative resolutions
of the same puzzle. The Appendix contains some technical derivations pertaining
to the non-inferiority conditions and to the Slutsky decomposition used in text.

2. Non-separable Preferences in a New Keynesian Model

In this section, I outline a monopolistic competition model with imperfect price
setting that features fully general non-separable preferences but is otherwise com-
pletely standard. The representative household maximizes the expected discounted
value of future utility, where the momentary utility function at t is of the general
non-separable form:

U (Ct, Lt) ,

where Ct is consumption, leisure is Lt = 1 − Nt, and Nt are hours worked. The
consumption basket consists of a constant-elasticity of substitution aggregator of

individual goods j, C
θ−1
θ

t =

Z 1

0

Ct (j)
θ−1
θ dj, where θ > 1 is the elasticity of

substitution.We assume that utility is increasing in both arguments UC > 0, UL >
0, UCL = ULC 6= 0 and U is concave, i.e. UCC ≤ 0;ULL ≤ 0 and UCCULL −
(UCL)

2 ≥ 0.3. Quasi-concavity (which is implied by concavity) requires that
the bordered Hessian be negative semidefinite, i.e. 2UCULUCL − UCC (UL)

2 −
ULL (UC)

2 ≥ 0.
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The household works and receives labor income, saves by buying riskless, one-
period, discount government bonds Bd

t+1 that cost (1 + It)
−1 and deliver one unit

of account next period, receive profits Dt from the firms and pays lump-sum taxes
Tt; the budget constraint is:

(1 + It)
−1Bd

t+1 + PtCt = Bd
t +WtNt +Dt − Tt.

Maximizing lifetime utility subject to the budget constraint, taking prices as given,
we obtain:

Lt : UL (Ct, Lt) = UC (Ct, Lt)
Wt

Pt
(2.1)

Bt+1 : UC (Ct, Lt) = β (1 + It)Et
1

1 +Πt+1
UC (Ct+1, Lt+1)

The government chooses an exogenous stream of spending Gt, and finances
it via lump-sum taxes Tt and the issuance of one-period, risk-free discount bonds
Bs
t+1

4:

(1 + It)
−1

Bs
t+1 + Tt = Bs

t +Gt.

We assume that the government spending basket has precisely the same composition
(aggregator) as private consumption.

Each of the differentiated goods j ∈ [0, 1] is produced by one monopolis-
tic firm who employs labor using a non-increasing returns to scale technology:
Yt (j) = F (Nt (j)) , where F satisfies standard Inada conditions, F (0) = 0, FN > 0,
FNN ≤ 0, limN→∞ FN (N) = 0, limN→0 FN (N) =∞ 5 . Each firm maximizes prof-
its Dt (j) = Pt (j)Yt (j)−WtNt (j) by choosing its own price Pt (j), subject to the
demand constraint Yt (j) = (Pt (j) /Pt)

−θ
(Ct +Gt) , where Pt is the welfare price

index P 1−θt =
R 1
0
Pt (ω)

1−θ dj.We introduce sticky prices by following Calvo (1993)
in assuming that each period, firms face a constant probability α (independent of
history) that they have to keep their prices unchanged. The fraction of firms not
adjusting prices will hence be, by a law of large numbers argument, also equal to α
(while the remaining 1−α firms adjust their prices). As is by now well understood
(see the exhaustive textbook treatments of Woodford, 2003 and Gali, 2008), this
price-setting framework implies an aggregate inflation dynamics equation that is
often labelled the ’New Keynesian Phillips Curve’. This is outlined in the loglin-
earized version of the model below. Defining a measure of (average) aggregate real
marginal cost Λt/Pt

Λt
Pt
≡ Wt

PtFN (Nt)
,

we can write aggregate labor demand, using the definition of average gross markup
as the inverse of real marginal costMt ≡ Pt/Λt as:

(2.2)
Wt

Pt
=

FN (Nt)

Mt
,

where the dynamics of markupMt depend on the specific price-setting scheme and
will be discussed in the loglinearized version of the model below.

Equilibrium is completed by requiring market clearing for labor and bonds
Bs
t+1 = Bd

t+1, and implies -by Walras’ Law- that the goods market also clears: Yt =
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Ct + Gt. The model is closed by specifying a monetary policy rule; for simplicity,
we choose a Taylor rule that includes a response to expected inflation6:

1 + It = β−1 (1 + EtΠt+1)
φπ .

Finally, note that in the flexible-price equilibrium which we shall denote by a
star superscript (whereby all firms are able to adjust their prices, α = 0), the only
optimality condition of firms is simply the constant-markup rule:

1 =M W ∗t
P ∗t FN (N

∗
t )
,

whereM = θ/ (θ − 1) is the desired markup.
In order to obtain analytical results, I solve the model by loglinearization in

the neighborhood of a non-stochastic steady-state. Specifically, consider a steady
state whereby all variables are constant and government spending is zero G = 0→
C = Y , which greatly simplifies the algebra without affecting the main conclusions.
The intratemporal optimality condition (2.1) combined with labor demand (2.2)
delivers the share of labor income in total income:

(2.3)
UL
UC

=
W

P
=

1

MFN →
UL
UC

N

C
=

WN

PY
=

ζ

M ,

where ζ ≡ FNN/F. From the definition of profits, we obtain that the share of profits
in steady-state output is:

D

PY
= 1− WN

PY
= 1− ζ

M .

I take a first-order approximation to all optimality conditions, letting small
case letters denote percentage deviations from steady state, e.g. for any variable
Xt we have xt ≡ (Xt −X) /X . The only exceptions from this are inflation and
interest rates (which are already in percentage points), and government spending,
whose steady-state value is assumed to be zero G = 0, therefore gt ≡ (Gt −G) /Y
. The Euler equation becomes:

(2.4)
UCCC

UC
ct +

UCLL

UC
lt =

UCCC

UC
Etct+1 +

UCLL

UC
Etlt+1 + it −Etπt+1

The resource constraint, production function and time constraint are respectively:

yt = ct + gt → ct = yt − gt,(2.5)

yt = ζnt,(2.6)

lt = − N

1−N
nt = −

N

1−N

1

ζ
(yt − zt) ,

which substituted in the Euler equation (2.4) deliver:

yt = Etyt+1 −
UCCC

UC

1

σ
(gt −Etgt+1)−

1

σ
(it −Etπt+1)(2.7)

where σ ≡ −
µ
UCCC

UC
− UCLN

UC

1

ζ

¶
governs intertemporal substitution in aggregate demand (or the inverse elasticity
of aggregate demand to interest rates).

The intratemporal optimality condition (2.1) loglinearized around the steady
state yields:



6 FLORIN O. BILBIIE**

(2.8)
UCLC

UL
ct +

ULLL

UL
lt = wt +

UCCC

UC
ct +

UCLL

UC
lt.

Using the time constraint that relates hours worked to leisure, we find the constant-
consumption labor supply:

ϕnt = wt − γct, where(2.9)

ϕ ≡ UCLN

UC
− ULLN

UL

γ ≡ −UCCC
UC

+
UCLC

UL
.

As usually, ϕ is the constant-consumption labor supply (inverse) elasticity and γ
measures the income effect. With general non-separable preferences, we therefore
have three parameters to calibrate or estimate: ϕ, γ and σ. Restrictions on these
parameters are discussed in the following section.

An approximation of firm’s marginal cost delivers (λt denotes percentage devi-
ations of real marginal cost Λt/Pt):

(2.10) λt = wt + ηnt,

where η ≡ −FNNN/FN is the elasticity of the marginal product of labor with
respect to labor. This can be regarded as a labor demand curve for a given level
of marginal cost; shifts in this curve will occur through endogenous changes in
marginal cost λt for instance because prices are sticky. Under the Calvo price-
setting scheme, the dynamics of inflation are governed by the ’New Keynesian
Phillips Curve’ (see Woodford, 2003 or Gali, 2008 for a by now standard textbook
treatment):

πt = βEtπt+1 + ψλt,(2.11)

where ψ =
(1− αβ) (1− α)

α

ζ

ζ + θη
.

Replacing into (2.10) the production function (2.6), resource constraint (2.5),
and constant-consumption labor supply (2.9), we obtain the schedule relating out-
put to real marginal cost:

(2.12) λt =

µ
γ +

ϕ+ η

ζ

¶
yt − γgt,

which substituted into (2.11) would deliver the Phillips curve in terms of output.
The model is closed by the loglinearized monetary policy rule:

(2.13) it = φπEtπt+1.

The four equations (2.7), (2.12), (2.11) and (2.13) fully determine the dynam-
ics of output, inflation, marginal cost and nominal interest rates in response to
government spending, which is assumed to follow an exogenous AR(1) process,
gt = ρgt−1+εt; once the paths of these variables have been found, all other variables
are easily determined by using the other equilibrium conditions. Before studying
the effects of government spending though, it is useful to build a compact framework
for thinking about non-separable preferences.
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3. A Toolkit for Analyzing Non-Separable Preferences

This section derives restrictions on the deep parameters pertaining to non-
separable preferences imposed by requirements of concavity and non-inferiority of
consumption and leisure. Following Frisch (1959), I first define a new parameter
governing utility acceleration between consumption and leisure as:

ν =
UCLN

UC
.

Note that once the three preference parameters ϕ, γ, ν have been set (by cali-
bration, parameterization, or estimation), together with the technology parameters
M and ζ, the elasticity of aggregate demand to interest rates σ is determined since
σ = γ − ν (M−1) /ζ. Also, there is a one-to-one mapping between the ’original’
preference parameters and the newly introduced ϕ, γ and ν since ULLN/UL = ν−ϕ,
UCCC/UC = νM/ζ − γ.

The choice of these parameters is restricted by requirements of concavity and
non-inferiority, as emphasized in the following Proposition.

Proposition 1. The utility function is concave and consumption and leisure
are non-inferior if and only if the following parameter restrictions hold:

γ̃ ≥ 0;

ϕ ≥ 0;

ν ≤ γ̃ϕ

γ̃ + ϕ
,

where γ̃ ≡ γ ζ
M .

Proof. The proof is simple but instructive. The three concavity requirements
are equivalent to:

UCC ≤ 0↔ γ̃ ≥ ν

ULL ≤ 0↔ ϕ ≥ ν

UCCULL − (UCL)2 ≥ 0↔ γ̃ϕ ≥ ν (ϕ+ γ̃)

Quasi-concavity (which is implied by concavity, see e.g. Theorem IE1 in Takayama,
2006) requires that the bordered Hessian be negative semidefinite, i.e.

UL

µ
UCL
UL
− UCC

UC

¶
+ UC

µ
UCL
UC
− ULL

UL

¶
≥ 0↔ γ̃ + ϕ ≥ 0

The condition for joint noninferiority of both consumption and leisure, studied in
detail in Bilbiie (2008) and in the Appendix, is:

(3.1)
γ̃

ϕ
≥ 0.

Non-inferiority and quasi-concavity imply the first two restrictions in Proposition
1, γ̃ ≥ 0, ϕ ≥ 0.Under these restrictions, the concavity requirements imply:

ν ≤ min
µ
γ̃, ϕ,

γ̃ϕ

γ̃ + ϕ

¶
→ ν ≤ γ̃ϕ

γ̃ + ϕ
,

where the last inequality uses the fact that γ̃ and ϕ are positive. ¤
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Note also that under the restrictions of Proposition 1 we always have a positive
elasticity of aggregate demand to interest rates since7

ν ≤ γ̃ϕ

γ̃ + ϕ
< γ̃ <

M
M−1 γ̃ → σ > 0.

3.1. Frisch elasticity and labor supply. One distinguishing feature of non-
separable preferences which turns out to be crucial for understanding the issue
under study here is that the Frisch labor supply, i.e. labor supply for a constant
level of marginal utility UC (Ct, Lt), is different from the constant-consumption
labor supply (2.9). Frisch labor supply is obtained by treating marginal utility as
a variable (MU, which is indeed the Lagrange multiplier on the household budget
constraint): UC (Ct, Lt) =MUt, or in log-linearized form:

UCCC

UC
ct +

UCLL

UC
lt = mut

Substituted in (2.8) to eliminate consumption, this delivers

UCLN

UL

µ
UCL
UCC

− ULL
UCL

¶
nt = wt −

µ
1− UCLUC

ULUCC

¶
mut,

or, using the parameters defined above and the newly defined (inverse) Frisch elas-
ticity of labor supply δ:

δnt = wt −
γ̃

γ̃ − ν
mut,(3.2)

δ = ϕ− νγ̃

γ̃ − ν

The Frisch elasticity is always positive when the utility function is concave,
and is lower than constant-consumption elasticity (δ > ϕ) if and only if8 ν < 0
. Intuitively, when faced with an increase in real wage, the household needs to
work relatively more hours to keep the level of consumption constant than to keep
marginal utility of consumption constant. This distinction turns out to be crucial
for the effects of government spending shocks on consumption.

4. When does government spending lead to an increase in private
consumption?

We are ready to analyze the effects of government spending shocks. We focus
throughout on the response of private consumption (our main question), but also
on the response of labor market variables which are crucial for understanding the
mechanism at work.

4.1. Flexible prices: a brief review. We start by looking at the flexible-
prices scenario, whereby α = 0 and real marginal cost is constant. This serves
merely as a reminder as to why it is impossible to obtain an increase in private con-
sumption in response to government spending under the restrictions on preferences
derived in Proposition 1 above. Proposition 2 summarizes the results.

Proposition 2. The response of consumption to government spending is pos-
itive if and only if either:

i. labor demand is more upward sloping than constant-consumption labor sup-
ply,

0 ≤ ϕ < −η; or
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ii. constant-consumption labor supply is more downward sloping than labor de-
mand,

0 > ϕ > −η.
Both cases imply violations of restrictions on technology and preferences: case i.
violates non-increasing returns, while case ii. violates quasi-concavity.

Proof. Flexible price setting implies that price is a constant markup over
marginal cost, and so real marginal cost is constant, which further implies, using
(2.12):

λ∗t =

µ
γ +

ϕ+ η

ζ

¶
y∗t − γgt = 0.

This allows us to solve for output, consumption, hours, real wages and interest
rates:

y∗t =
γζ

γζ + ϕ+ η
gt; c

∗
t = −

ϕ+ η

γζ + ϕ+ η
gt(4.1)

n∗t =
γ

γζ + ϕ+ η
gt; w

∗
t = −η

γ

γζ + ϕ+ η
gt

r∗t = Ωgt, Ω ≡ [1− ρ]

µ
σ

ϕ+ η

γζ + ϕ+ η
− ν

1

ζ

¶
Direct inspection of the elasticity of consumption to government spending derived
in (4.1) delivers our results. A positive elasticity requires either i. ϕ + η < 0 and
γ > −ϕ+η

ζ or ii. ϕ+η > 0 and γ < −ϕ+η
ζ . But adding the non-inferiority condition

(3.1) γ/ϕ ≥ 0, we have the two cases derived in the proposition. Case i. implies
that η = −FNNN/FN < 0, and so FNN > 0, which violates non-increasing returns.
Case ii. implies that ϕ < 0, which violates quasi-concavity. ¤

Note that the first case corresponds to assuming increasing returns, and la-
bor supply less upward sloping than labor demand; since this is a monopolistic-
competition model, there could still be non-negative profits in steady state if
markup is higher than the degree of returns to scale. In fact, this form of ’in-
ternal’ (firm-level) increasing returns has the same reduced-form implications as
assuming free entry and increasing returns to variety; that mechanism is at the
core of the explanation for the increase of private consumption in response to gov-
ernment spending studied by Devereux et al (1996) and by Bilbiie, Ghironi and
Melitz (2005) in a setup with entry subject to sunk costs; in those frameworks, to-
tal labor demand slopes upwards even if individual labor demand does not. While
the setup with entry offers a way to get around the inconvenient of assuming inter-
nal increasing returns, it still has one feature that makes it relatively unappealing
as a good explanation for the effect of government spending shocks: Namely, since
increasing returns are of a small magnitude, the restriction implied by Case i of
Proposition 2 implies that labor supply needs to be extremely (and indeed, al-
most infinitely) elastic; this goes against the vast majority of econometric evidence
regarding labor supply elasticity.

The second case is a generalization of the explanation put forward by Lin-
nemann (2006); as discussed in detail in Bilbiie (2008), this case violates quasi-
concavity, and hence also concavity (the second restriction in Proposition 1 is vi-
olated). It is clear from the above discussion that any solution to our puzzle that
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satisfy restrictions on technology and preferences can only come from a shift in
labor demand.

4.2. Sticky prices and no intertemporal substitution: a simple spe-
cial case. One assumption that generates this shift in demand is that of sticky
prices (α > 0); we now show that sticky prices can generate an increase in private
consumption in response to government spending, preserving the assumptions of
non-increasing returns and non-inferior consumption. The intuition is that with
sticky prices, labor demand will expand - firms who cannot adjust prices faced with
the higher demand from government spending will adjust quantities, and demand
more labor.

To better understand the mechanism, we start by assuming that either the
shock is purely temporary, or that all prices are sticky, or that monetary policy
completely neutralizes any movements in expected inflation. Any of these assump-
tions shuts off the intertemporal substitution channel, implying that marginal util-
ity of consumption will be constant and therefore that households will be on their
Frisch labor supply curve (3.2). The first assumption (zero exogenous persistence
ρ = 0) implies that expected values of all variables are zero and, insofar as interest
rates respond to expected inflation as in (2.13), the Euler equation (2.4) implies
that the marginal utility of consumption will be constant, i.e.:

(4.2) mut =
UCCC

UC
ct −

UCLN

UC
nt = 0

The second assumption (all prices are sticky, α = 1) implies that there will be no
inflation, while the third (interest rates move one-to one with inflation, φπ = 1)
implies that it = Etπt+1; under either of the two, the Euler equation becomes:

(4.3)
UCCC

UC
ct −

UCLN

UC
nt =

UCCC

UC
Etct+1 −

UCLN

UC
Etnt+1.

But with stationary shocks, the only solution of this difference equation is again
(4.2): marginal utility of consumption is constant, and equilibrium is on the original
Frisch labor supply9.

Proposition 3. Under either of the assumptions leading to a constant mar-
ginal utility of consumption (4.2), consumption increases in response to government
spending, for preferences satisfying the restrictions in Proposition 1, if and only if:

ν < 0.

This condition is equivalent to Frisch labor supply being less elastic than constant-
consumption labor supply: δ > ϕ.

Proof. Replacing the resource constraint and production function into (4.2),
and rewriting in terms of our parameters, we obtain the solution:

yt =

µ
1− ν

σζ

¶
gt, ct = −

ν

σζ
gt as well as:

lt =
1

ζ

µ
1− ν

σ

1

ζ

¶
gt; wt =

ϕ

ζ
−
µ
γ +

ϕ

ζ

¶
ν

σ

1

ζ
gt.

Given the restrictions imposed by requirements on preferences (which imply σ > 0),
the only way for consumption to increase when government spending increases is
ν < 0. By merely inspecting the Frisch labor supply curve (3.2), we see that this
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is precisely the condition required for Frisch labor supply to be less elastic than
constant-consumption labor supply. ¤

Real wage

Hours worked0

LD

CC-LS
CC-LS*

LD*

Equilibrium under  0<ν

Frisch LS

Figure 1: Labor market equilibrium in response to a government spending
increase with no intertemporal substitution, ν < 0.

To gain further intuition, we plot the equilibrium in the labor market in Figures 1
and 2 by drawing the constant-consumption labor supply (labeled CC-LS) given by
(2.9), Frisch labor supply (Frisch LS) given by (3.2) and labor demand (LD) given
by (2.10). An increase in government spending generates an expansion in labor de-
mand to LD* (the dashed line) - as those firms who cannot increase prices will want
to adjust quantities and hence produce more; otherwise put, inflation generates an
increase in real marginal cost which puts upward pressure on labor demand. Equi-
librium is found at the intersection of this new labor demand curve and the original
Frisch labor supply, which stays unchanged. When the condition ν < 0 is satisfied
(Figure 1), constant-consumption labor supply will have to shift upwards and so
consumption increases, because in order to keep marginal utility of consumption
constant (as required by the special assumptions that eliminate intertemporal sub-
stitution) the household is less willing to work more hours, faced with the increase
in the real wage, than she is is order to keep the level of consumption constant.
Otherwise put, Frisch labor supply elasticity is lower than constant-consumption
labor supply elasticity. The shift in labor supply is high enough to induce a high
enough increase in real wage that is consistent with the increase in consumption,
and low enough to preserve the increase in hours necessary to produce the extra
output demanded.
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When ν > 0 (Figure 2), the opposite holds: labor supply will shift down-
wards and consumption falls, as Frisch labor supply is more elastic than constant-
consumption labor supply; the household is in this case relatively more willing to
adjust hours in face of the wage increase.

Real wage

Hours worked0

LD

CC-LS

LD*

Equilibrium under  0>ν

CC-LS*

Frisch LS

Figure 2: Labor market equilibrium in response to a government spending
increase with no intertemporal substitution, ν > 0.

4.3. Sticky prices: the general case. In the general case in which none of
the above assumptions holds (so ρ > 0, α < 1, φπ > 1), marginal utility will vary
over time, and hence Frisch labor supply will also shift. The condition for positive
response of consumption is summarized in Proposition 4.

Proposition 4. In the general case, consumption increases in response to
government spending, for preferences satisfying the restrictions in Proposition 1, if
and only if:

ν < − ρ (φπ − 1)
(1− ρ) (1− ρβ)

(1− αβ) (1− α)

α

ζ (ϕ+ η)

ζ + θη
< 0.

Proof. In order to solve the model in the general case and hence prove this
result, it is useful to rewrite our system in terms of ’output gap’, i.e. the deviation
of output from its flexible-price level derived above, xt ≡ yt − y∗t . Rewriting the
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marginal cost schedule in terms of output gap we obtain:

λt = χxt, where χ = γ +
ϕ+ η

ζ
.

Replacing this in the Phillips Curve (2.11), we obtain:

(4.4) πt = βEtπt+1 + κxt, where κ = ψχ.

We can also write the Euler equation (2.7) in terms of output gap as:

(4.5) xt = Etxt+1 −
1

σ
(it −Etπt+1 − r∗t )

Upon substituting the Taylor rule (2.13) into (4.5), the system formed by the
resulting equation and (4.4) can be written in matrix canonical form, denoting
zt ≡ (πt xt)0 and using r∗t = Ωgt, as:

Etzt+1 = Γzt −Υgt, where(4.6)

Γ =

∙
β−1 −β−1κ

β−1σ−1 (φπ − 1) 1− β−1κσ−1 (φπ − 1)

¸
,Υ =

∙
0
σΩ

¸
The solution for inflation and output gap, under the assumed AR(1) structure
of government spending, is easily obtained (for instance by using the method of
undetermined coefficients10):

dπt
dgt

=
Ω

det
σ−1β−1κ,

dxt
dgt

=
Ω

det
σ−1

¡
β−1 − ρ

¢
det = (1− ρ)

¡
β−1 − ρ

¢
+ β−1κσ−1 (φπ − 1) ρ

The response of output is hence:
dyt
dgt

=
Ω

det
σ−1

¡
β−1 − ρg

¢
+

dy∗t
dgt

Since the response of consumption is dct
dgt

= dyt
dgt
− 1, the condition for an increase in

private consumption in response to government spending is:

β−1κσ−1 (φπ − 1) ρ (ϕ+ η) + ν 1ζ [1− ρ]σ−1
¡
β−1 − ρ

¢
(γζ + ϕ+ η)£

(1− ρ)
¡
β−1 − ρ

¢
+ β−1κσ−1 (φπ − 1) ρ

¤
(γζ + ϕ+ η)

< 0

Using the restrictions on preference parameters derived in Proposition 1 above, we
can rewrite this as the condition in Proposition 4. ¤

Naturally, the parameter condition in the general case is more restrictive than
in the special case studied in the previous section (which is nested in Proposition 4
if either ρ = 0, α = 1 or φπ = 1). The reason is that in response to inflation and the
increase in real interest rates, marginal utility of consumption today falls, inducing
a rightward shift in Frisch labor supply. For the shift left in constant-consumption
labor supply to occur, Frisch labor supply needs to be even more inelastic (more
upward sloping).

The restriction is harder to fulfill, the more persistent is the shock, the more
aggressive is the monetary policy response to inflation, and the less sticky are prices.
All these effects are intuitive. A more persistent shock means a higher negative
income effect, which pulls labor supply downwards. More aggressive monetary
policy means that for a given expansion in labor demand, associated with inflation,
there is a higher increase in the perceived real rate today, inducing households to
consume less today (intertemporal substitution): this also translates into downward
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pressure on labor supply. Finally, the less sticky are prices, the smaller the labor
demand expansion.

Figure 3 pictures a scenario in which it is still the case that ν < 0, so Frisch
LS has a higher slope than CC-LS, but there is strong intertemporal substitution.
Specifically, the shock is persistent enough (ρ high) and/or monetary policy is ag-
gressive enough (φπ high) so that the shift right in Frisch labor supply (the dashed
line) is high enough to require a shift right in constant-consumption labor supply.
The condition ν < 0 is therefore no longer sufficient. An increase in consumption,
associated with a shift left in CC-LS, could occur if the shift in Frisch LS was
smaller (ρ and/or φπ lower), if the shift in LD was larger (α higher) or if Frisch LS
was even more upward sloping/inelastic than CC-LS (ν < 0 lower).

Real wage

Hours worked0

LD

CC-LS

CC-LS*

LD*

Equilibrium under  0<ν

Frisch LS Frisch LS*

Figure 3: Labor market equilibrium in response to a government spending
increase with intertemporal substitution, ν < 0.

5. Is ν < 0 plausible?

This section reviews the arguments as to why the answer to this question is
likely to be positive. These arguments come from three sources: microeconomic
empirical estimates of Frisch versus constant-consumption elasticities, properties of
utility functions widely used in macroeconomic studies, and recent macroeconomic
empirical evidence pertaining to key preference parameters.

First, we noted above that the condition ν < 0 implies that Frisch elasticity
is lower than constant-consumption elasticity of labor supply. A recent study by
Kimball and Shapiro (2008) contains empirical evidence that provides support for
this condition. Indeed, regardless of whether the studied households are single or
double earners and, in the former case, of whether the earner is female or male,
the authors find that Frisch elasticity is always lower than constant-consumption
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elasticity (see their Table 11); Kimball and Shapiro argue that their results are in
line with the bulk of econometric evidence (which they review) dealing with labor
supply elasticity estimates.

Second, the condition ν < 0 is consistent with (and often implicitly assumed
in) the type of non-separable preferences most widely used in macroeconomics. To
start with, the condition always holds for the class of preferences introduced by
Greenwood, Hercowitz and Huffman(1988, GHH), which take the general form:

U (C,L) = U (C + h (L)) .

The deep parameters for this type of utility function are

γ = 0; ϕ = −h
00

h0
N ; ν =

U 00N

U 0M

σ = −M−1M
U 00C

U 0

Any utility function in this class that satisfies the concavity and non-inferiority
restrictions in Proposition 1 (in particular, condition 3) will imply that the condition
ν < 0 is always satisfied (and also that σ > 0). Therefore, under this particular class
of utility functions, consumption will always increase in response to a government
spending increase (in the constant-marginal utility special case). This generalizes
Monacelli and Perotti’s (2009) finding that under a particular utility function in
the GHH class, consumption increases in response to government spending, and
unveils the mechanism driving that result: that for this class of utility functions
Frisch elasticity is always lower than constant-consumption elasticity.

The other functional form widely used in macroeconomic studies is that pro-
posed by King, Plosser and Rebelo (1988, KPR):

U (C,L) =
C1−s

1− s
exp [(s− 1)h (1− L)] .

For this class of utility functions, the deep parameters are easily calculated as:

γ = 1; ϕ =
h00 (1− L)

h0 (1− L)
N ; ν = (1− s)h0 (1− L)N

σ =
1 + (M− 1) s

M .

Since h0 (1− L) > 0 is required to ensure that UL > 0, the condition ν < 0 translates
into s > 1. The higher is s, the lower is the acceleration parameter ν (that drives the
wedge between Frisch and constant-consumption elasticity). On the other hand, a
higher s also implies a higher σ, i.e. a lower elasticity of intertemporal substitution
in aggregate demand. Independent evidence on the slope of the aggregate output
Euler equation consistently finds very low values of the slope of aggregate Euler
equations, and is hence consistent with this hypothesis (see Fuhrer and Rudebusch,
2004 and Yogo, 2004).

Third, Schmitt-Grohé and Uribe (2008) have estimated using Bayesian methods
a fully-fledged DSGE model driven by a variety of shocks (including government
spending but also news about future productivity). One of their excercises (Section
9) focuses on estimating the parameters of an utility function that is a particular
case of our general framework, namely11:

U (Ct, Lt) = U (Ct + h (Lt)St) , where St = Cω
t S

1−ω
t−1 ,
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which nests both the GHH, when ω → 0, and (a version of) KPR specifications when
ω → 1 and U (x) = x1−s/ (1− s). For this specification, the utility acceleration
parameter ν is given by:

ν =
ω

1 + ωh (L)
+

U 00C

U 0

The authors focus on the estimation of ω and find that (despite assuming a prior
distribution centered around 0.5) the estimate is virtually zero: “the estimated
posterior distribution has a mean of 0.007 and is highly concentrated, with a 90-
percent posterior interval ranging from 0.006 to 0.009” (p. 37). This evidence
indicates that preferences are close to the GHH form, and hence supports the
condition ν < 0. Indeed, it can be easily shown that ν < 0 is satisfied if U is
concave (insofar as the estimated ω is close to zero).

Finally, it may be thought at first sight (and it is often argued in the literature)
that the condition UCL < 0 (and so ν < 0) implies that consumption and leisure are
substitutes (or that consumption and labor are complements). However, there is no
clear one-to-one mapping between the sign of UCL and C and L being substitutes
or complements. A negative cross-derivative merely implies that marginal utility
of consumption falls when leisure increases (and marginal utility of leisure falls
when consumption increases), but not necessarily that demand for consumption
increases when the price of leisure (the real wage) increases, which is the standard
definition of substitutability. To assess this question rigorously, I have calculated
in the Appendix the Slutsky decomposition of the cross-price effect of real wages
(the relative price of leisure) on the demand for consumption, which is:

(5.1)
∂C

∂W
=

∂C

∂W
|U=Ū − L

∂C

∂E
|W=W̄ =

N

γ̃ + ϕ
− L

ϕ

γ̃ + ϕ
,

where ∂C
∂E |W=W̄ is the derivative of consumption demand with respect to full in-

come, keeping fixed relative prices: the income effect.
According to the standard, textbook definition (see e.g. Mas-Colell et al, 1995),

consumption and leisure are net substitutes if demand for consumption is increasing
in the real wage for a given level of utility, ∂C

∂W |U=Ū > 0. As is clear from (5.1), this
is always the case as long the utility function is quasi-concave. Consumption and
leisure are gross substitutes whenever the total effect of an increase in the price of
leisure is positive ∂C

∂W > 0, i.e.:

ϕ ≤ N

L
.

To summarize, consumption and leisure are always net substitutes (insofar as utility
is quasi-concave) and are also gross substitutes if labor supply is elastic enough; this
holds regardless of whether the utility function is separable or not, and regardless
of the sign and magnitude of ν - and hence regardless of the relative magnitudes
of Frisch and constant-consumption elasticity. I conclude that the condition for
consumption to increase after a government spending shock is not related to whether
consumption and leisure are substitutes.

6. Conclusion

A vast literature reviewed in the introduction has documented that private
consumption increases after a government spending shock; this poses a puzzle for
standard, flexible-price business cycle models which imply that private consumption
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always falls and hours increase in response to taxation, due to a negative income
effect. This paper proposes a simple mechanism that can solve this puzzle, relying
upon shifts in labor demand (due to sticky prices) and a Frisch elasticity of labor
supply that is lower than the constant-consumption elasticity. The latter condition
is supported by empirical evidence provided by microeconomic and macroeconomic
studies (Kimball and Shapiro, 2008 and Schmitt-Grohé and Uribe, 2008, respec-
tively). It should be emphasized that both ingredients are necessary: sticky prices
generate the expansion in labor demand; Frisch elasticity being lower than constant-
consumption elasticity ensures that constant-consumption labor supply shifts left
when labor demand expands.

To be sure, other explanations have been proposed for the same puzzle. The
first was developed by Devereux, Head and Lapham (1996) based on frictionless
firm entry and exit subject to a zero-profit condition, entry which is driven by
consumers’ love for variety; these models also rely on a strong enough increase in
the real wage (due to an effect on labor demand coming from an increase in the
number of firms) that induces households to substitute from leisure into consump-
tion. Leisure falls due to a negative wealth effect, but consumption can increase
if the expansion of total labor demand coming from the increase in the number of
firms is large enough (generating an increase in real wage); labor supply shifts right,
but aggregate labor demand is upward-sloping12. This setup is akin to assuming
increasing returns, as in Case i. in our Proposition 2. Therefore, in order for the
increase in consumption to occur, this mechanism relies upon an almost infinitely
elastic labor supply (for aggregate labor demand needs to be more upward sloping
than labor supply). This contradicts the vast majority of empirical evidence con-
cerning labor supply elasticity, which typically finds low values of this parameter
(see e.g. Kimball and Shapiro, 2008 and the references cited therein).

An alternative to assuming non-separable utility in order to induce the leftward
shift in aggregate labor supply consists of a combination of limited asset markets
participation and deficit spending (on top of the sticky-price assumption needed
to induce the labor demand expansion). This was proposed by Galí, López-Salido
and Vallés (2004) and developed in some directions13 by Bilbiie and Straub (2004).
That framework also generates a strong increase in the real wage, which increases
consumption of households without assets enough to compensate the fall in con-
sumption of (’Ricardian’) households who accumulate assets, and induce an increase
in aggregate consumption.

Finally, an alternative mechanism to sticky prices that induces countercyclical
markups and hence shifts in labor demand is that of ’deep habits’ (in the sense
that habit formation concerns the consumption of individual goods) introduced by
Ravn, Schmitt-Grohé and Uribe, 2008. Without the leftward shift in labor supply,
however, that model can only generate a very small increase in private consumption
driven by a very large increase in real wage (and fall in markup) - that is enough
to induce households to substitute from leisure into consumption. Arguably, our
mechanism based on non-separable preferences (that induces a leftward shift in
labor supply) would avoid relying upon such strong demand effects, while amplifying
the positive effect on consumption.

The real explanation of why private consumption increases in response to gov-
ernment spending is probably a convex combination of all of the foregoing fea-
tures, and others; future empirical work will be fruitful in disentangling the relative
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weights that these features should receive. Ideally, one would use a model that nests
all the possible explanations proposed and then tests over-identifying restrictions
on parameters in order to assess the relative importance of each channel. Since
the potential explanations imply that there are many parameters to estimate, and
the fact to be matched is just one (the positive response of consumption), other
stylized facts will be useful in disentangling between the competing theories. The
responses of markups, inflation (prices) and real wages are just the most obvious
facts that come to mind14. But other empirical regularities may be helpful in as-
sessing the relative importance of competing explanations. One such regularity is
the change in transmission of government spending shocks between the pre- and
post-1980 samples first documented by Perotti (2005); Bilbiie, Meier and Müller
(2008) have argued that this change can be accounted for in a model with sticky
prices and limited participation by a joint change in the degree of monetary policy
activism and the degree of asset market participation.

Notes
1Specifically: Either the shock is purely temporary, so the expected values of all

endogenous variables are constant and the Euler equation implies constant marginal
utility; Or nominal interest rates react one-to-one to expected inflation so that the
real interest rate is constant; Or yet that all prices are sticky, so there is no inflation,
and hence no movements in interest rates.

2These authors consider two utility function examples: the one introduced by
Greenwood, Hercowitz and Huffman (1988) and the one of King, Plosser and Rebelo
(1988). We explore these functional forms as special cases of our general framework
below.

3Specifically, these conditions insure that the Hessian of U (.) is negative semi-
definite. Strict concavity requires that the Hessian be negative definite, i.e. only
the first and third inequality be satisfied with strong inequality.

4Since this is a Ricardian model the intertemporal path of taxation Tt (and
hence the amount of debt issued Bs

t ) will be irrelevant.
5I implicitly assume further that barriers (such as sunk entry costs higher than

the expected present value of profits) prevent entry in the case where there are
positive profits.

6Multiplication by β−1 ensures consistency with zero steady-state inflation.
7Recall that σ = γ − νM−1ζ = M

ζ

¡
γ̃ − νM−1M

¢
.

8Note that the third restriction in Proposition 1 implies γ̃ − ν > 0.
9The proof of this statement is as follows. Suppose that the solution takes the

form mut = ξgt.But under the assumption of stationary shocks, Etgt+1 = ρgt, the
conjectured solution substituted in (4.3) delivers ξgt = ρξgt, whose only solution is
ξ = 0, implying mut = 0.
10This boils down to conjecturing that zt = Ψgt and replacing this conjectured

solution into (4.6), to obtain: Ψρgt = ΓΨgt−Υgt. Ψ is then obtained by identifying
coefficients Ψ = − [ρI − Γ]−1Υ.
11In fact, Schmitt-Grohé and Uribe estimate a specific form in this class, whereby

the function h () is the power function and U is of the CRRA form.
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12The same mechanism applies in the model of Bilbiie, Ghironi and Melitz (2005)
which features a different endogenous entry mechanism that preserves positive prof-
its: the free entry condition equates the value of the firm (present discounted value
of future profits) with a sunk entry cost.
13Namely, to study distortionary taxation and non-Keynesian effects of fiscal

policy.
14Data on markups and real wages have been used by Monacelli and Perotti in

addition to the consumption response in the quantitative version of their model,
which they use to fit VAR evidence.
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Appendix A. Non-Inferiority and Substitutability

I briefly derive the good inferiority conditions that are used in Proposition 115;
this is simply an extension of Bilbiie (2008) to the case of monopolistic competition.
The budget constraint can be rewritten as:

Ct +WtLt ≤ Et,

where Et is ’full income’ (see Chapter 4 of Deaton and Muellbauer, 1980), given
in this case by Et = Wt + Bt + Dt − Tt − (1 +Rt)

−1
Bt+1. A good is inferior if

its income elasticity of demand is negative at given prices16. We find demands for
leisure and consumption for a given level of full income E by solving the static
optimization problem: maxU (C,L) s.t. C +WL ≤ E, which leads to:

WUC (C,L)− UL (C,L) = 0(A.1)

C +WL−E = 0

We apply the implicit function theorem to this system to study variations in
consumption and leisure demand to changes in income E.The solution is (using
W = UL/UC , the definitions of ϕ and γ̃ and the steady-state restriction (2.3)):

∂C

∂E
=

∙
1−W

UCL −WUCC
ULL −WUCL

¸−1
=

ϕ

ϕ+ γ̃
;

∂L

∂E
=

∙
W − ULL −WUCL

UCL −WUCC

¸−1
=

γ̃

ϕ+ γ̃
.

Non-inferiority of consumption implies by definition ∂C
∂E ≥ 0, i.e.:

(A.2) − γ̃

ϕ
≤ 1.

Non-inferiority of leisure requires ∂L
∂E ≥ 0, so:

(A.3) −ϕ
γ̃
≤ 1.

Neither good is inferior if and only if (A.2) and (A.3) hold simultaneously, i.e.:

(A.4)
γ̃

ϕ
> 0

To assess whether and when consumption and leisure are (gross or net) substi-
tutes, we perform the Slutsky decomposition of the cross-price effect of real wage
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(the relative price of leisure) on the demand for consumption. This is obtained by
differentiating the system (A.1) with respect to W for a given level of income E:

UC +WUCC
∂C

∂W
+WUCL

∂L

∂W
− UCL

∂C

∂W
− ULL

∂L

∂W
= 0

∂C

∂W
+ L+W

∂L

∂W
= 0

Solving for the cross-price effect ∂C
∂W :

UC −
L

W
(WUCL − ULL) =

∙
−WUCC + UCL +

1

W
(WUCL − ULL)

¸
∂C

∂W

∂L

∂W
= − 1

W

∂C

∂W
− L

W

Using the steady-state restrictions (2.3) and our notation:

∂C

∂W
=

UC − L
³
UCL − UC

UL
ULL

´
−UL

UC
UCC + UCL + UCL − UC

UL
ULL

=

=
UC − LUC

³
UCL
UC
− ULL

UL

´
UL

³
UCL
UL
− UCC

UC

´
+ UC

³
UCL
UC
− ULL

UL

´
=

N

γ̃ + ϕ
− Lϕ

γ̃ + ϕ

Note that the second term is related to the income elasticity of consumption de-
rived above: ∂C/∂E = ϕ/ (ϕ+ γ̃) ,which gives the income effect. This delivers the
standard Slutsky decomposition provided in text (5.1).


