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Abstract

Models based on the representative agent assumption cannot rationalize observed equity
premia. In response to this, exchange economy models have introduced agents heterogeneity,
typically in the form of bond and equity holders. We reconsider the issue introducing Lim-
ited Asset Market Participation in an otherwise standard medium scale DSGE model. Our
model �ts �nancial and macroeconomic data well. We obtain that the correlation between
asset holders consumption and �nancial returns strongly increases in the share of agents ex-
cluded from �nancial markets participation, The predicted unconditional equity premium is
therefore large. Further, the strong correlation between dividends and Ricardian households�
consumption unambiguously increases precautionary savings and reduces the riskless rate.

Jel codes: E32 G12
Keywords: asset pricing, equity premium, limited asset market participation, business cycle,

DSGE, sticky prices.

1 Introduction

The standard neoclassical �nance model based on intertemporal consumption optimization predicts
that assets are priced according to their correlation with aggregate consumption growth, but this
latter variable is apparently too smooth for the model to replicate the empirically observed equity
premium (Mehra and Prescott, 1985). In response to this, and to other related "puzzles", the
production-based asset pricing literature has explored the connection between the stylized facts
of the business cycle and the empirical regularities that characterize the �nancial markets, such
as the equity premium, its Sharpe ratio, the risk-free rate and return autocorrelations. Lettau
(2003), Jermann (1998), Boldrin, Christiano and Fischer (2001) and Uhlig (2007), have shown that
the predicted unconditional risk premium increases if one extends the real business cycle model to
account for real frictions. De Paoli, Scott and Weeken (2010) �nd that nominal rigidities increase
the unconditional premium in case of aggregate demand shocks and decrease it in case of aggregate
supply shocks. Nevertheless, these models still �nd it di¢ cult to replicate the relatively large risk
premia observed in the data.
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yProf. Patrizio Tirelli, University of Milano-Bicocca, Piazza dell�Ateneo Nuovo, 1 20100 Milano, Italy. Email:
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Another strand of literature has considered rudimentary real business cycle models where only
a subset of households participate in the stock exchange market but access to the bonds market
is unrestricted. In this framework shareholders provide partial income insurance to bond holders
and, relative to the case of full stock market participation, the concentration of �rms capital in
their hands raises the correlation between their consumption growth rate and stock returns. This
�nding is consistent with empirical evidence suggesting that the consumption of stockholders is
more volatile than that of non-stockholders and is more highly correlated with the excess return on
the stock market (Mankiw and Zeldes, 1991). Polkovnichenko (2004) shows that restricting asset
market participation cannot warrant a su¢ ciently large increase in the theoretical risk premium. In
a similar framework, Guvenen (2009) assumes that stock holders are characterized by a relatively
large elasticity of intertemporal substitution in consumption. His model can replicate the empirical
facts concerning �nancial variables but predicts excessive volatility in consumption growth and in
the labor supply. In addition, the embryonic production side of the model economy does not allow
to disentangle the e¤ects of di¤erent shocks and frictions in determining �nancial variables.
This paper is inspired by Weil (1992), who showed that Limited Asset Market Participation

(LAMP henceforth) may contribute to solve the empirical equity premium puzzle in endowment
models. The LAMP hypothesis implies that only a fraction of consumers participate in �nancial
markets whereas the rest of the population, i.e. the rule-of-thumb or hand-to-mouth consumers
(RT consumers, henceforth), do not accumulate any wealth and entirely consume their current
income. Here we show that the LAMP hypothesis, already popularized in DSGE models (Galì et
al., 2007), allows to strongly improve the �t of the unconditional moments of �nancial variables
in an otherwise standard DSGE model, akin to Smets and Wouters (2007). A number of studies
estimate the fraction of RT consumers in a range between 26% and 50%. (Campbell and Mankiw,
1990; Iacoviello, 2004; Coenen and Straub, 2005; Forni, Monteforte, and Sessa, 2009).
In a nutshell, the key message of the paper is that DSGE models characterized by the LAMP

hypothesis can replicate key moments of �nancial variables, while improving over the correspond-
ing representative agent model for what concerns the �t of macroeconomic moments at business
cycle frequency. In our model the equity premium essentially arises due to a combination of price
stickiness and LAMP. In fact sticky prices cause a redistribution of factor incomes whenever shocks
hit the economy. For instance a positive productivity shock raises �rms pro�ts and lowers labor in-
comes (in analogy with the �ndings in Smets and Wouters, 2007 and in references cited therein). If
wealth is concentrated in the hands of relatively few investors, i. e. the proportion of RT consumers
is su¢ ciently large, the resulting strong correlation between stockholders consumption and pro�ts is
su¢ cient to predict an empirically plausible risk premium. In addition, the large e¤ect of dividends
volatility on the standard deviation of Ricardian households�consumption unambiguously increases
the precautionary savings and reduces the riskless rate. Thus LAMP greatly improves model �t of
both the equity premium and the riskless rate.
Our characterization of the LAMP hypothesis is quite di¤erent from De Graeve et al. (2010)

who use LAMP to rationalize the risk premia in a DSGE model with �exible prices. Their model
economy is populated by three household groups, shareholders, bondholders and workers who do
not hold any wealth. The relatively more risk averse workers engage in long term labour contracts
with �rms. Such contracts generate endogenous wage stickiness and allow mutual risk sharing
between workers, bondholders and stockholders. Due to price �exibility and to the mechanism
driving wage-setting contracts, the key mechanism generating the risk premium in their model is
quite di¤erent from ours, where mutual risk sharing between stockholders and non- stockholders is
precluded. In fact in their model the negative correlation between a workers�bargaining power shock
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and the productivity shock is necessary to obtain the covariance between stockholders consumption
growth and equity returns which is necessary to replicate risk premiums. This happens because
the optimal labour contract they consider does not allow the model to endogenously produce a
signi�cant redistribution among agents. One of the most important contributions of this paper is
to demonstrate that it is exactly the uninsurable income redistribution generated by the shocks
that increases the equity premium in a DSGE model.
We consider two key shocks, an investment speci�c shock and a TFP shock. In particular,

we �nd that the equity premium is mainly determined by TFP shocks, while investment speci�c
shocks are fundamental to replicate the volatility of other macro data. LAMP and sticky prices
are necessary in such a setting because they allow to extract a higher equity premium from a less
volatile TFP shock and to �t macro data more easily. We also �nd that LAMP overturns the result
in De Paoli et al (2010) that sticky prices reduce the risk premium generated by supply shocks.
This latter result is determined by the redistributive e¤ects of supply shocks that, due to sticky
prices, cause a fall in labor demand and in the real wage, thereby inducing a positive correlation
between pro�ts and the consumption of asset holders.
The remainder of the paper is organized as follows. Section 2 presents and derives the model.

Section 3 presents the impulse responses and the simulation results. Section 4 checks the robustness
of the results and runs the sensitivity analysis. Section 5 draws the conclusions and the perspectives
for future research.

2 The Model

The key distinction between asset holders and RT consumers concerns intertemporal optimization
of consumption decisions. Asset holders take into account future utility when choosing consumption
and portfolio composition. RT consumers spend their whole income every period, thus they do not
hold any wealth.
Most papers concerned with �nancial market outcomes use utility speci�cations which are non-

standard in the DSGE literature, where log-utility in consumption is typically adopted. This utility
characterization implies coe¢ cients of consumption risk aversion and intertemporal substitution
which are coincident and equal to one. Risk aversion must be larger than one to �t the risk
premiums, but in a standard separable utility speci�cation this would compromise the dynamic
performance the macroeconomic model, due to the fall in the elasticity of intertemporal substitu-
tion and to the much larger wealth e¤ect on labour supply. To avoid these shortcomings, several
studies adopt the Epstein Zin format, which allows to disentangle risk aversion from the elasticity
of intertemporal substitution (Rudebusch and Swanson, 2011; Binsberger et al., 2010). As an alter-
native, De Graeve et al. (2010) use the Greenwood Hercowitz Hu¤man (GHH) utility speci�cation,
which eliminates any wealth e¤ect from labour supply.
Here we adopt a King-Plosser-Rebelo (KPR) utility speci�cation, with external consumption

habits. KPR utility incorporates log-separable utility as a special case, maintains the wealth e¤ect
on labour supply equal to one for any level of relative risk aversion and is compatible with a balanced
growth path. Instead of the more standard habit-in-di¤erence speci�cation, we are going to consider
the habit-in-ratio speci�cation presented in Abel (1988). The reason for this is that under LAMP
external habits in di¤erence can easily generate a negative marginal utility of consumption for RT
households. The ratio format allows to avoid this problem. Right from the outset, it should be
noted that the non-saparability and the habit-in-ratio assumptions play no role in determining our
key results.
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In order to solve the model, we make use of the second-order perturbation methods developed
by Schmitt-Grohe and Uribe (2004), that allow risk to a¤ect the value of variables in steady state
and to study unconditional risk premia.1

2.1 Households

We assume a continuum of households indexed by i, i 2 [0; 1]. RT consumers (rt ) and asset-
holders or Ricardian consumers (o) are de�ned over the intervals [0;  ] and ( ; 1] respectively. All
households share the same KPR utility function:

U(cit; n
i
t) =

1

1� �

�
cit
c�t�1

�
1� �

�
nit
����1��

(1)

where nit = [
R 1
0

�
nih;t

� ��1
�

dh]
�

��1 de�nes the labor bundle and cit is the consumption good. In the

following we shall assume that � > 1. Note that this is necessary to capture the spirit of the
catching up with the Joneses speci�cation, that is, a coeteris paribus increase in the habit term
raises the marginal utility of consumption Uc(cit; n

i
t):
2

2.1.1 Ricardian households

The representative Ricardian household has access to �nancial markets and maximizes her lifetime
discounted utility subject to the budget constraint

Ptc
o
t + V

N
t BN;ot + vRt PtB

R;o
t + V eqt Sot �Wtn

o
t +B

N;o
t�1 +B

R;o
t�1Pt + (V

eq
t +Dt)S

o
t�1

where total dollar expenditures in the consumption good (Ptcot ), in nominal bonds (V
N
t BN;ot ),

in indexed bonds (vRt PtB
R;o
t ) and in equity shares (V eqt Sot ) must not exceed total dollar revenues,

given by the sum of labor income (Wtn
o
t ), nominal bonds (B

N;o
t�1), indexed bonds (B

R;o
t�1Pt) and the

payo¤ of equity ((V eqt +Dt)S
o
t�1). Note that V

N
t , V

eq
t , Pt, respectively de�ne the dollar prices of

nominal bonds, of the equity index and of the consumption good; whilst vRt de�nes the real price
of the indexed bond. Wt de�nes the nominal wage, Dt is the nominal dividend payment received
from owned �rms. The household chooses consumption, nominal bonds, indexed bonds and equity
holdings while delegating the wage choice to a union. As in De Paoli et al (2010), Ricardian
households do not invest directly in capital. Investment in capital is carried out at the level of
the intermediate �rms. Hence dividends contain both extra-pro�ts deriving from monopolistic
competition and the normal return on capital. The �rst order conditions of the problem are:

�ot = (c
o
t )
��

 
1� �n�t
c�t�1

!1��
(2)

1Allowing for time-varying risk premia would require third order perturbation and is outside the scope of this
paper.

2Here, as in the rest of the paper, lower case letters denote variables expressed in real terms.
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V eqt = �Et

�
�ot+1
�ot

V eqt+1 +Dt+1

�t+1

�

vRt = �Et(
�ot+1
�ot

) (3)

V Nt =
1

RNt
= �Et(

�ot+1
�ot

1

�t+1
)

cot = wtnt +
dt

1�  (4)

where �t = Pt
Pt�1

de�nes the in�ation rate and RNt the nominal interest rate. The market clearing
conditions for the equity and bonds markets are:

Sot (1�  ) = 1

BN;ot (1�  ) = 0

BR;ot (1�  ) = 0

2.1.2 RT Households

RT households do not optimize and simply consume their labor income each period. Their budget
constraint is Ptcrtt =Wtnt. The marginal utility of consumption for RT households is:

�rtt = (c
rt
t )

��

 
1� �n�t
c�t�1

!1��
(5)

2.2 Aggregation among households

Average marginal utility and aggregate consumption respectively are

�t =  �ot + (1�  )�rtt (6)

ct = (1�  )cot +  crtt (7)

2.3 Unions

There is one labour union for each di¤erentiated labor type. The representative labour union solves
the following problem:34

3We assume that the nominal wage adjustment cost is intangible. In section 2.5 we make the same assumption for
the price adjustment cost, following De Paoli et al (2010). In a separate exercise, we solved the model with tangible
nominal adjustment costs and found that our results are una¤ected. The assumption that wage adjustment costs are
intangible implies that such costs appear in the budget constraints of agents when unions solve their problem but
they do not appear in the problem households.

4 In the problem below we implicitly de�ne nt
�
Wh;t

�
=
R 1
0

�
Wh;t

Wt

���
dhndt .
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maxE0�
1
t=0�

t
�
(1�  )U(cot ; nt(Wh;t)) +  U(c

rt
t ; nt(Wh;t))

�
s:t: Ptc

o
t =

Z 1

0

Wh;t

�
Wh;t

Wt

���
dhndt +

Dt

1�  �
X

2

�
Wh;t

Wh;t�1
� 1
�2

Ptn
d
t

Ptc
rt
t =

Z 1

0

Wh;t

�
Wh;t

Wt

���
dhndt �

X

2

�
Wh;t

Wh;t�1
� 1
�2

Ptn
d
t

The �rst order condition is

� Un(c
o
t ; nt) + (1�  )Un(crtt ; nt)

�t
=
� � 1
�

wt +
X

�
(�W;t�t � 1)�W;t�t (8)

��Et[
�t+1
�t

X

�
(�W;t+1�t+1 � 1)�W;t+1�t+1

nt+1
nt

]

where

Un(c
i
t; nt) = �

�
1� �n�t

��� � cit
c�t�1

�1��
��n��1t : i = o; rt

and �W;t is real wage in�ation, that is Wt

Wt�1
1
�t
. Notice that di¤erently from the Calvo setting

there is no wage dispersion in equilibrium, hence nt = ndt .

2.4 Labour packers

Labour packers buy the di¤erentiated labour types from unions and sell the aggregated labour bun-
dle to intermediate goods �rms. They maximize pro�ts under a Dixit-Stiglitz production function
and operate under perfect competition:

maxWtn
d
t �

Z 1

0

Wh;tnh;tdh s:t: ndt = [

Z 1

0

n
��1
�

h;t dh]
�

��1

The �rst order conditions are:

nh;t =

�
Wh;t

Wt

���
ndt (9)

ndt = [

Z 1

0

n
��1
�

h;t dh]
�

��1 (10)

Equation (9) is the demand for labour of type h, already shown in section 2.3. Combining it with

(10) one gets the wage index Wt =
�R 1

0
W 1��
h;t dh

� 1
1��
.
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2.5 Intermediate Goods Firms

Intermediate �rm producing good z maximizes pro�ts subject to a Cobb-Douglas production func-
tion and to a downward sloping demand function. It also invests, accumulates capital and is subject
to a capital adjustment cost and to a productivity-augmented �xed cost of production (Justiniano
and Primiceri, 2010), chosen so that pro�ts are zero in steady state (Christiano et al (2005)). Fi-

nally, it is also subject to a Rotemberg nominal price adjustment cost K2

�
PZ;t
PZ;t�1

� 1
�2
yt. Following

the assumptions in De Paoli et al (2010), this cost is intangible, in the sense that it is not subtracted
to households income but it does enter the price setting decision. The optimization problem is:

maxE0�
1
t=0�

t�ot [dZ;t �
K

2

�
PZ;t
PZ;t�1

� 1
�2

yt]

st DZ;t �
PZ;t
Pt

yZ;t � wtndZ;t � iZ;t

yZ;t � At(n
d
Z;t)

�k1��Z;t�1 � e
gfc

yZ;t =

�
PZ;t
Pt

���
yt

kZ;t � (1� �) kZ;t�1 +zt!(iZ;t; kZ;t�1)kZ;t�1
where the discount factor �t�ot re�ects the preferences of �rms owners, i.e. the Ricardian households,
kZ;t is �rm owned capital, At is the technology variable that grows at rate g and is subject to AR(1)
shocks, such that

logAt = g + logAt�1 + �t

�t = ���t�1 + "�;t

where "�;t is i.i.d.N(0; �2�). and !(iZ;t; kZ;t�1) =
a1

1� 1

XK
(
iZ;t
kZ;t�1

)1�
1

XK +a2 is the capital adjustment

cost according to the speci�cation in Jermann (1998) and Uhlig (2007). In this formulation, XK

represents the elasticity of the investment to capital ratio with respect to Tobin�s Q and the capital
adjustment cost is a decreasing function of XK . zt represents an investment speci�c shock that
a¤ects the relative price of investment goods5 and follows the process

logzt = �z logzt�1 + "z;t

where "z;t is i.i.d. N(0; �2z;t).
After aggregating among �rms and noticing that all of them �x the same price, the �rst order

conditions for the representative intermediate �rm are:

wt = mctAt�n
��1
t k1��t�1

5Furlanetto and Seneca (2013) investigate the e¤ects of investment-speci�c shocks under LAMP.
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qt =
1

zt
�
a1

�
it
kt�1

�� 1

XK

�

qt = Et

8<:��ot+1�ot

0@ mct+1At+1(1� �)n�t+1k��t
+qt+1[1� � +zt+1

��
1

1� 1

XK
� 1
�
a1(

iZ;t
kt
)1�

1

XK + a2

�
]

1A9=;
mct =

�� 1
�

+
K

�t
(�t � 1)�t � �Et[

�ot+1
�ot

K

�
(�t+1 � 1)�t+1

yt+1
yt
]

yt = Atnt
�k1��t�1 � egfc

kt = (1� �) kt�1 +zt!(it; kt�1)kt�1

dt = yt � wtnt � it

2.6 Final good �rms

Final good �rms operate under perfect competition. They aggregate di¤erentiated goods produced
by intermediate goods �rms and maximize pro�ts subject to a production function of the Dixit-
Stiglitz type. The optimization problem is

maxPtyt �
Z 1

0

PZ;tyZ;tdz st yt = [

Z 1

0

y
��1
�

Z;t dz]
�

��1

The �rst order conditions read as follows:

yZ;t =

�
PZ;t
Pt

���
yt (11)

yt = [

Z 1

0

y
��1
�

Z;t dz]
�

��1 (12)

Equation (11) is the downward sloping demand function for good z. After combining it with (12),
one gets the price index Pt = [

R 1
0
P 1��Z;t ]

1
1�� .

2.7 Monetary policy

The central bank sets the nominal interest rate following a Taylor rule

logRNt � logRss = �� log �t (13)
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3 Results

3.1 The theoretical e¤ect of LAMP on asset returns6

The second order approximations to the steady state values for the riskless rate, rR = 1
V R , and for

the equity risk premium, rp, are

rR = E ln rRt = ln
1

�
+ (� � �(� � 1)) g � �2

2
varco (14)

+
�n�(� � 1)�
1� �n�

�
covco;n �

(� � 1)
2�

varn

�

rp =
1

�

�
�covco;req �

�n�

1� �n�
(� � 1)�covn;req

�
(15)

where rp = E
�
reqt � rRt

�
, and varco , covco;n, varn, covco;req , covn;req respectively de�ne conditional

moments of variables deviations from the deterministic steady state.78 Interpretation of (14) and
(15) is straightforward and fully consistent with textbook asset pricing theory based on the stochas-
tic discount factor approach. Thus variables g and varco have opposite e¤ects on rR because faster
consumption growth induces Ricardian households to reduce their savings, whereas consumption
volatility raises precautionary savings. An increase in the habit parameter delivers the standard re-
sult that savings grow (rR falls) as long as habits raise the marginal utility of current consumption,
i.e. � > 1. A positive value of covco;req is obviously associated to a positive risk premium.
Finally, we look at the less familiar e¤ects of employment on asset returns, due to the introduc-

tion of non-separability between consumption and leisure. From (2) it is easy to see that an increase
in worked hours raises the marginal utility of consumption, �ot . Thus an increase in varn unambigu-
ously raises the conditional expectation of �ot , causing an increase in savings and a fall in r

R. The
term covco;n has the opposite e¤ect because a positive comovement between expected consump-
tion and labor e¤ort dampens the negative e¤ect of expected consumption growth on Et

�
�ot+1

	
:A

negative value for covn;req raises rp because it lowers the covariance between �
o
t+1 and r

eq
t+1.

Note that LAMP modi�es the e¤ect that volatility of macro variables has on asset returns:

6See Appendix A for a derivation of the results presented in this section.
7As discussed in section 3.2.1 below, we normalize �, so that n = 1. In this case we obtain �n�

1��n� ' 0:77. Note
that changing the normalization for steady state labor does not a¤ect the above steady state ratio. With n = 0:25,

for instance, we get again �n�

1��n� ' 0:77.
8Variable x de�nes the value of x in the deterministic steady state
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varco =

�
c

co

�2
varc +

�
 

1�  

�2�
d

co

�2
vard + 2

�
c

co

��
 

1�  

��
d

co

�
covc;d (16)

covco;n =

�
c

co

�
covc;n +

�
 

1�  

��
d

co

�
covn;d

covco;req =
c

co
covc;req +

 

1�  
d

co
covd;req

where
c

co
= 1�  + 1

1 + d
(1� )w

,
d

co
=

1�  
w
d
(1�  ) + 1

,
d

w
=
d

w
= n

2641� �
�

�
� 1��(1��)�(1��)

�
�
��1

�2
�

375
It is easy to see that an increase in  unambiguously lowers the impact of consumption volatility
and consumption-employment covariance, and raises the importance of dividends, whose e¤ect on
the consumption marginal utility of Ricardians is increasing in  .
To highlight di¤erences between our approach and previous contributions such as De Graeve et

al. (2010) we rearrange the equity premium as follows

rp =
1

�
(�covz;req � cov�;req ) (17)

where zt = ln�
o
t � ln�t; �t = (1�  )�ot +  �rtt . In De Graeve et al (2010), prices are �exible and

the labour contract is such that covz;req = 0 in the absence of exogenous redistributive shocks. To
replicate the empirical risk premium it is therefore necessary to assume that redistributive shocks are
negatively correlated with the productivity shock, which ensures that full risk sharing is precluded
and the consumption marginal utility of workers falls with respect to the consumption marginal
utility of �rms owners.

3.2 Numerical simulations

Log-linearization is not well suited for analyzing risk premia, since it produces results characterized
by certainty equivalence, where investors behave as if they were risk neutral and all assets have
the same price. The literature has therefore relied on alternative solution methods. While global
solution methods, such as value function iteration and projection methods, allow to take into account
non-linearities, they are not able to deal with models with many state variables because they su¤er
from the curse of dimensionality. So, we shall solve the model using second order perturbation
methods,as in Schmitt-Grohe and Uribe (2004).9

3.2.1 Calibration

The baseline calibration of the parameters is reported in Table 1. Following De Paoli et al (2010)
we set the discount factor � at 1=1:01, the coe¢ cient � at 5, the quarterly capital depreciation rate
� at 0:025 and the Rotemberg parameters for wage and price stickiness at 77, such that if a Calvo
model was used instead, prices and nominal wage would be adjusted every 4:5 quarters.10 Following

9To solve the model we use the Dynare package.
10Such frequency is not far from estimates in the literature, see Colciago (2011) and Smets and Wouters (2007).

Keen and Wang (2007) show how to convert a Calvo parameter into a Rotemberg parameter.
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De Graeve et al (2010) we set � = 70% and the the Frisch elasticity at about 1.3.11 Di¤erently
from De Graeve et al (2010) we assume that all agents have the same coe¢ cient of relative risk
aversion. The parameter for external habit formation � is set to 0:7, well in the range found in the
empirical literature (see Dennis, 2009). Parameter XK , crucial to introduce investment adjustment
costs, is set at 0:23, as in Jermann (1998). As in Christiano et al (2005) and De Graeve et al
(2010), �xed cost fc represents the 20% of steady state output, therefore to obtain zero pro�ts in
the deterministic steady state we set � = 6. We also set � = 6, obtaining identical wage markups.
Parameter � is set such that hours are normalized to 1 in the deterministic steady state. The share
of RT consumers is 40%, within the range estimated in the literature reported in the introduction.
As for the shock persistence parameters, we set �� = 0:95 (De Paoli et al., 2010) and �z = 0:73

(Justiniano et al, 2010).The in�ation parameter in the Taylor rule, ��, is equal to 1:5. Throughout,
we assume a stationary economy, that is g = 0.

Parameter Value
� 1/1.01
� 5
� 1
� Such that n = 1
� 0.7
� 0.7
XK 0.23
K 77
X 77
� 0.025
� 6
� 6
�� 1.5

a1 and a2 Such that capital adj cost is zero in steady state
 0.4
fc 1

��1y

�� 0.95
�z 0.73
�ss 1
g 0

Table 1: Parameters�calibration

3.3 Impulse response functions

Figures 1 and 2 report the percentage response of some macroeconomic variables to 1% TFP and
investment-speci�c shocks under both LAMP and full asset market participation. Figures 3 and 4
show the responses of agent speci�c consumption. The TFP shock produces an increase in output
and consumption but a decrease in hours worked and in real marginal costs. In�ation falls as

11Notice that in the KPR case the Frisch elasticity is 1

�

 
1+

�n
�
ss

1��n�ss

!
�1

while in the GHH case considered by De

Graeve et al it is 1
��1 . Given our calibration for n and � we must set � = 1.
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a consequence. The investment speci�c shock, instead, produces positive comovement between
output, hours worked and real marginal costs. It is easy to see that for both shocks LAMP makes
relatively little di¤erence for output, aggregate consumption and worked hours, but we observe a
relatively stronger response in investment and real marginal costs.
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Figure 1: Percentage response to a TFP shock. Blue line: LAMP model. Black line: Representative agent model.
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Figure 2: Percentage response to an investment speci�c shock. Blue line: LAMP model. Black line: Representative

agent model.
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Figure 3: Percentage response to a TFP shock. Blue line: ricardian agents consumption. Black line: RT agents

consumption.
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Figure 4: Percentage response to an investment speci�c shock. Blue line: ricardian agents consumption. Black line:

RT agents consumption.

To understand these latter e¤ects note that under full asset market participation the fall in
labor demand, caused by price stickiness, is associated to a labor income reduction that is fully
compensated for by the increase in �rms pro�ts. By contrast, under LAMP, the same labor income
fall is associated to an income redistribution between Ricardians (whose income and consumption
grow) and RTs, whose income and consumption fall. From eq.(2), (5), (6) and (8) it is easy to see
that any increase in the dispersion of consumption marginal utilities has a disciplining e¤ect on
the real wage. As a consequence, under LAMP we observe a stronger reduction in labor income
and in real marginal costs. Note that Ricardian households increase their investment in reaction to
the favorable income redistribution caused by the shock. The investment-speci�c shock has exactly
the opposite e¤ect. Under LAMP the increase in labor demand has a stronger e¤ect on the real
wage and on real marginal costs. Due to price stickiness, the real wage rate entails an unfavorable
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income redistribution for Ricardian consumers, who are therefore induced to reduce investments.
In Figures 5 and 6 we plot IRFs for �nancial variables, that is, the real riskless rate, the real

return on equity req, the consumption value of the equity index , real dividends and the stochastic
discount factor. It is easy to see that the TFP shock causes pro-cyclical movements of equity
returns, while the investment speci�c shock makes stock returns move counter-cyclically. Under
the representative agent model this implies that stocks require a premium for �uctuations linked
to productivity but they insure the agent against �uctuations due to investment shocks. The
premium linked to investment speci�c shocks is therefore negative, absent the e¤ect of hours due to
non-separability. As pointed out above, under LAMP the TFP shock causes an increase in savings
and therefore a fall in the riskless rate. The stronger fall in real marginal costs is associated with
a persistent increase in expected dividends. This, in turn, causes an overreaction of the equity
index. LAMP unambiguously raises the positive correlation between Ricardian consumption and
the return on equity caused by the TFP shock.
Following an investment speci�c shock, LAMP causes a stronger reaction of marginal costs

that triggers a larger fall in dividends, in the equity index and in the return on equity. The
consumption of Ricardian agents slightly falls at the moment of the shock and then increases less
than aggregate consumption. In spite of consumption dynamics, the inverse relation between the
stochastic discount factor and equity returns is now stronger, and LAMP makes sure that the
investment shock commands a positive equity premium, even if smaller than that due to TFP
shocks.12
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Figure 5: Percentage response to a TFP shock. Blue line: LAMP model. Black line: Representative agent model.

12This result is due to the e¤ect of hours on consumption marginal utility. The contribution of the investment-
speci�c shock to the overall equity premium remains small (see our discussion below).
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Figure 6: Percentage response to an investment speci�c shock. Blue line: LAMP model. Black line: Representative

agent model.

Summarizing our results, introduction of the LAMP hypothesis seems to have a rather modest
e¤ect on aggregate variables such as output, hours, aggregate consumption. We do observe more
important e¤ects on real marginal costs and investment, due to the redistributive e¤ects of the
shocks. LAMP-induced income redistribution has important implications for �nancial variables:
relative to full asset market participation, the correlation between Ricardian agents�consumption
and equity return increases.

3.4 Simulated macroeconomic and �nancial statistics

Prediction of macroeconomic and �nancial variables requires that, in addition to the parameter
values reported in Table 1 we calibrate standard deviations of TFP and investment speci�c shocks.
We experiment with three di¤erent alternatives. In the benchmark case, we take �� = 0:01 from
De Paoli et al. (2010), and �z = 0:06 from Justiniano et al (2010). The second and the third
alternatives are based on the Simulated Method of Moments (SMM henceforth), as presented in
Ruge-Murcia (2012). The SMM approach consists in picking parameter values to minimize a loss
function L = g (b)

T
Wg (b) where g (b) is a column vector containing the di¤erence between simu-

lated moments and data generated moments as a function of the parameters in vector b and W is
a weighting matrix.
In the second calibration, vector b contains the standard deviations �� and �z, which are selected

in order to match US output growth volatility (about 1:06 on a quarterly basis) and the average
yearly equity premium (about 5:1, as documented in Shiller (2013)) over the period 1950-2007.13

In the third experiment the share of RT consumers  is endogeneized and included in b. In addition
to the equity premium and output growth volatility, vector g (b) includes the standard deviations
of investment, consumption, and hours, the level and standard deviation of the riskless rate, the
standard deviation of equity returns and the correlations of the latter with consumption and hours.
Notice that our third exercise implements a grid search on  , �� and �zsuch that observed values

13The data sources and the details of raw data transformations are described in the Appendix B.
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for vary, rp are obtained and the model �t of the other macroeconomic and �nancial statistics in
g (b) is maximized.
In table 2 we report shock standard deviation values. Note that when the SMM method is used

to obtain an endogenous share of RT consumers we obtain  ' 0:61. Thus, for a DSGE model to
match the risk premium the value  is much larger than what is typically obtained in empirical
DSGE models that neglect �nancial variables.14 Our calibrations of �� are in the range usually
considered in the literature (see Canova and Paustian (2011)). Our calibrations of �z are indeed
larger than the estimates presented in Justiniano et al (2010), who consider a number of additional
shocks. We also experimented with these other shocks, �nding that their main contribution would
be to match volatility of macroeconomic variables, with very limited e¤ects on �nancial statistics.15

In a sense, the �z calibration adopted here proxies for the e¤ects of these other shocks on the
volatility of macroeconomic variables.

Shocks calibration
�� productivity shock �z investment shock

Literature Calibration 0:01 0:06
SMM constrained ( = 0:4) 0.0146 0.1421

SMM unconstrained ( ' 0:61) 0.0085 0.1739

Table 2 - Shocks standard deviation

�y
�inv
�y

�c
�y

�n
�y

�y;inv �y;c �y;n
US data 1950-2007 1.06 2.88 0.77 1.98 0.7 0.81 0.89

Model
Literature Calibration  = 0:4 0.56 2.86 0.61 1.89 0.93 0.89 -0.35
Literature Calibration  = 0 0.52 2.68 0.68 2.32 0.90 0.89 -0.16
SMM constrained  = 0:4 1.06 2.83 0.62 1.64 0.93 0.89 0.05

SMM unconstrained  = 0:61 1.06 2.75 0.65 1.25 0.92 0.9 0.53

Table 3 - All moments are quarterly. Data: see Appendix B.

Unconditional moments E[Reqt+1 �RRt ] ERRt �rr �req �req;c �Req;n

US data 1950-2007 5.1 1.02 2.36 15.02 0.05 -0.19
Model

Literature Calibration  = 0:4 2.23 3.04 2.75 15.35 0.35 -0.98
Literature Calibration  = 0 0.78 3.72 1.61 9.32 0.35 -0.97
SMM constrained  = 0:4 5.1 1.76 4.29 23.39 0.11 -0.96

SMM unconstrained  = 0:61 5.1 1.68 4.34 22.94 -0.29 -0.95

Table 4 - All moments are yearly. The standard deviations are 200 times the quarterly model concept.
Data: see Appendix B.

Under standard shock calibrations (experiment 1), LAMP allows to increase the equity premium
from 0.78 to 2.23. Such an increase is notable, as the standard deviation of output is almost the
same as under the representative agent model and half that of the data.

14As mentioned in the introduction, see Campbell and Mankiw (1990), Coenen and Straub (2005) and Forni,
Monteforte, and Sessa (2009).
15Results available upon request.
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Consider now the SMM experiments. In the case where  is constrained to be 0.4 the model
behaves su¢ ciently well for what concerns most moments, but it overestimates the volatility of the
riskless rate and of the equity return. The correlations of hours with output and equity returns
appear to be the most di¢ cult moments to match. The �rst is strongly positive in the data (0.89),
while it is only 0.05 in the model. Table 5, which reports the decomposition of output variance
and of the equity premium, helps to get this point. The investment speci�c shock is the main
determinant of output volatility, accounting for 65.6% of it, but its role is pretty small for what
concerns the equity premium (11.42%). The TFP shock is necessary to account for the equity
premium, but since this shock produces a counterfactually negative correlation between worked
hours and output, the latter statistic is di¢ cult to match. In other words, replicating the equity
premium and the correlation between hours and output at the same time is di¢ cult because the
TFP shock, which is crucial to ful�ll the �rst task, obstacles the accomplishment of the second.
The correlation of hours with equity returns is negative in the data (-0.19), but the model

exaggerates this feature and produces a strongly negative correlation (-0.96). Since both shocks
tend to produce a negative covariance between the two variables, such di¢ culty should not surprise.
Other shocks are probably needed to better match the latter statistics.
In our third experiment we obtain a strong enhancement of the model-implied correlation of

hours with output, which grows from 0.05 to 0.53. The ability to replicate other moments is not
particularly a¤ected, apart from a worsening of the �t of hours volatility, which goes from 1.64 to
1.25 and of the correlation of consumption with equity returns, which turns negative and falls from
0.1 to -0.29. The reason for the relatively high value of  is that a high share of RT consumers
increases the income-redistribution e¤ect of shocks and therefore raises the equity premium, while
overall macroeconomic volatility is marginally a¤ected. The higher value of  allows to replicate
the equity premium with a lower variance of the TFP shock, which in turn generates a better �t of
hours-output correlation. The role of the investment speci�c shock in the economy is now larger.
Its contribution to vary and rp respectively amounts to 79.33% and 42.83%. This bigger role of the
investment speci�c shock has a cost, anyhow, which is due to the fact that aggregate consumption
and stock returns respond in opposite directions and their correlation turns negative.

Output Variance Decomposition RP Decomposition
TFP Shock Investment Shock TFP Shock Investment Shock

Literature Calibration  = 0:4 57.98 42.02 95.13 4.87
Literature Calibration  = 0 41.06 58.94 97.65 2.35
SMM constrained ( = 0:4) 34.40 65.60 88.58 11.42

SMM unconstrained ( ' 0:61) 20.67 79.33 57.17 42.83

Table 5 - Output variance and equity premium decomposition

Table 6, 7 and 8 report respectively the decomposition of the equity premium in (15), the
decomposition of the riskless rate in (14) and, again, the decomposition of the equity premium in
(17).
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Literature Calibration  = 0:4 9.04% 47.11% 43.85%
SMM constrained ( = 0:4) 4.06% 48.66% 47.29%

SMM unconstrained ( ' 0:61) -7.91% 72.32% 35.59%

Table 6 - Percentage contributions to the equity premium.
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Riskless Rate Decomposition
Literature Calibration  = 0:4 31.10% 44.56% 24.34%
SMM constrained ( = 0:4) 28.9% 42.15% 28.95%

SMM unconstrained ( ' 0:61) 42.23% 40.9% 16.87%

Table 7a - Percentage contributions to the precautionary savings motive.

��2

2 varco

Riskless Rate Decomp. ��2

2

�
c
co

�2
varc ��2

2

�
 
1� 

�2 �
d
co

�2
vard ��2

�
c
co

� �
 
1� 

��
d
co

�
covc;d

Literature Calibration  = 0:4 9.19% 67.65% 23.16%
SMM constrained ( = 0:4) 16.69% 77.06% 6.25%

SMM unconstrained ( ' 0:61) 11.12% 120.11% -31.23%

Table 7b - Percentage contributions to the term ��2
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Literature Calibration  = 0:4 11.37% 88.63%
SMM constrained ( = 0:4) -4.4% 104.4%

SMM unconstrained ( ' 0:61) -24.3% 124.3%

Table 7c - Percentage contributions to the term �n�(��1)�
1��n� covco;n

� 1
� cov�;req � 1

� covz;req

RP Decomposition
Literature Calibration  = 0:4 18.15% 81.85%
SMM constrained ( = 0:4) 14.79 85.21%

SMM unconstrained ( ' 0:61) -16.2% 116.2%

Table 8 - Percentage contributions to the equity premium.

Under all calibrations, most of the predicted equity premium comes from agent-speci�c risks
such as the covariance between dividends and equity returns. Another important component comes
from the term concerning non separability between consumption and labor e¤ort, whereas the
in�uence of the covariance between aggregate consumption and equity returns is almost absent.
The latter, indeed, contributes to the equity premium only for about 4% and 9% under the �rst
two experiments, while with  endogenous its e¤ect turns negative (-7.91%). The term covd;req ,
that would not be present under full asset market participation, contributes for about a half of the
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equity premium in the �rst and second experiment and for 72.32% in the third one, con�rming that
redistribution is the main factor driving our results.
The contribution of consumption-labor non-separability falls when  is endogeneized. This

result can be well appreciated by considering the equity premium decomposition (17) (Table 8). In
this case the equity premium is decomposed into two risk factors. The �rst one is the covariance
between average marginal utility of consumption and equity returns. The second one is the risk due
to �uctuations of the ratio between the marginal utility of Ricardians and average marginal utility
(covz;req ). Notice that the term covz;req would be equal to zero in the absence of redistribution or
under perfect risk sharing as relative marginal utility would be constant. Hence, term � 1

� covz;req
measures the e¤ect of redistribution on the equity premium. Such an e¤ect is clearly dominant,
indeed it always explains more than 80% of the equity premium, and its e¤ect is even larger than
100% when  is endogenous.16 Here we can also compare our results to De Graeve et al (2010).
In their model, there is a labor contract that allows for perfect risk sharing between asset holders
and non asset holders. In that case zt would be constant and covz;req = 0. To replicate the
equity premium De Graeve et al (2010) have to introduce an exogenous shock to zt, obtaining an
estimated negative correlation between zt and the TFP shock. We can interpret our model as an
endogeneization of the redistributive shocks.

3.4.1 Precautionary savings and the riskless rate

From Table 4 it is easy to see that under experiments 2 and 3 LAMP considerably lowers the
predicted riskless rate, bringing it close to its observed value. Using (14) and (16) we highlight
the determinants of the precautionary savings e¤ect on the average riskless rate (Table 7). Pre-
cautionary savings are due to the conditional variance of Ricardian households consumption, the
conditional variance of hours and the conditional covariance of their consumption with hours. In
all experiments, the three motives are almost equally weighted, with the latter being less important
when  is endogenous. In addition, we decompose asset holders consumption variance in terms of
aggregate consumption, dividends and covariance between the two. As can be observed, most of the
consumption uncertainty depends on dividends volatility, which suggests the important role played
by redistribution in increasing the precautionary saving motive and reducing the riskless rate.

4 Sensitivity Analysis of the Model

Tables 9 and 10 report the sensitivity of our result to variations in the habit parameter, in the Frisch
elasticity, in the capital adjustment cost and in the Rotemberg parameters. In all experiments, we
keep the literature calibration for shocks and for  .

4.1 Nominal Rigidities

When prices are �exible and only wages are sticky, the equity premium falls from 2.23 to 1.31,
notwithstanding a strong increase in output volatility (�y almost doubles). The model with �ex-
ible nominal wages and sticky prices, on the contrary, delivers almost the same premium of the
benchmark model, even if the share of RT consumers is set to 0.2 to insure determinacy. Such
statistics suggest that the fundamental nominal rigidity driving our results is price stickiness, not

16 In this latter case the contribution of average marginal utility gets negative.
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wage stickiness. This is in sharp contrast with the previous �nding that price stickiness decreases
the premium in representative agent models (De Paoli et al., 2010).
Price rigidities make �rms mark ups time varying and strenghten the redistributive e¤ect of

shocks. In their absence, mark-ups are constant and shocks trigger much less redistribution, which
occurs as a consequence of variations in relative factor incomes. Consider for instance a positive
TFP shock. Under price stickiness, the expansion in the productive capacity of �rms does not
imply a sudden fall of prices. As market demand does not absorb all the new productive potential
at the rigid market price, �rms cut worked hours. The fall in labor incomes causes a reduction of
RT consumption, while �rm margins and pro�ts go up, increasing the welfare of Ricardian agents.
Under �exible prices market demand absorbs all the new productive potential, worked hours do not
fall and RT consumption grows along with that of Ricardians. The idiosyncratic non-insurable risk
faced by Ricardians is limited to the variation in capital returns. This exercise therefore shows that
LAMP can have a signi�cant e¤ect on the equity premium only if labor and capital income move
in opposite directions, and that is the case only if prices are sticky. Notice that the redistributive
e¤ect of shocks is so important, that even if the overall volatility of the economy is larger when
prices are �exible, the risk premium is in fact lower.

�y
�inv
�y

�c
�y

�n
�y

�y;inv �y;c �y;n
US data 1950-2007 1.06 2.88 0.77 1.98 0.7 0.81 0.89

Model
Benchmark 0.56 2.86 0.61 1.89 0.93 0.89 -0.35
� = 0 1.11 1.51 0.86 0.97 0.99 0.99 0.29
XK = 0:5 0.89 3.16 0.56 1.26 0.93 0.83 0.13
� = 5 0.70 2.47 0.7 1.15 0.92 0.93 -0.57
K = 0 0.99 1.62 0.91 0.5 0.88 0.97 -0.38

X = 0 &  = 0:2 0.52 2.99 0.62 2.05 0.92 0.85 -0.42

Table 9 - All moments are quarterly. Data: see Appendix B.

Unconditional moments E[Reqt+1 �RRt ] ERRt �RR �Req �req;c �req;n
US data 1950-2007 5.1 1.02 2.36 15.02 0.05 -0.19

Model
Literature Calibration  = 0:4 2.23 3.04 2.75 15.35 0.35 -0.98

� = 0 2.39 2.85 2.57 15.22 0.54 -0.62
XK = 0:5 1.66 3.29 2.52 13.23 -0.02 -0.93
� = 5 3.03 2.72 3.29 18.19 0.72 -0.96
K = 0 1.31 3.47 4.27 12 0.87 -0.74

X = 0 &  = 0:2 2.18 3.16 3.1 15.95 0.32 -0.99

Table 10 - All moments are yearly. The standard deviations are 200 times the quarterly model concept.
Data: see Appendix B.

4.1.1 Consumption Habits

Eliminating consumption habits from the model raises the equity premium. This is at odds with
what usually found in the literature, where consumption habits are considered a useful tool to
get an equity premium consistent with the data (Uhlig, 2007). Notice that this obtains because
removing habits almost doubles output growth volatility. In addition, the volatility of investment
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falls strongly, while that of consumption grows. This is inconsistent with the data, where investment
is much more volatile than consumption.

4.1.2 Capital Adjustment Costs

An increase of XK to 0.5 corresponds to a reduction of real frictions on capital accumulation. As
shown in the literature (Boldrin et al (2001), De Paoli et al (2010)), capital adjustment costs are
fundamental to produce a relatively high equity premium. We con�rm this result. Smaller capital
adjustment costs allow Ricardian households to smooth consumption by adjusting the capital stock,
which renders their investment in stocks less risky. The equity premium falls from 2.23 to 1.66 when
XK grows from 0.23 to 0.5. Still, LAMP allows to increase the equity premium with respect to the
representative agent model. In fact the representative agent model generates an equity premium
of 0.78 even when XK is 0.23. Notice that lower capital adjustment costs turn the output-hours
correlation positive and could in principle help to �t macroeconomic data. On the other hand, such
e¤ect seems too costly from the point of view of the performance of the model for what concerns
�nancial statistics.

4.1.3 Frisch Elasticity

An increase of � to 5 corresponds to a reduction of Frisch elasticity to 0.21, near to the value
assumed in De Paoli et al (2010).17 The aggregate labour supply schedule is more rigid when �
increases. This tends to raise the equity premium, as agents cannot use hours to o¤set e¤ects of
shocks on consumption. On the other hand, a higher � also increases output volatility, suggesting
that at least part of the higher equity premium is due to a higher volatility of the overall economy.
Moreover, a lower Frisch elasticity worsens the output-hours correlation.

5 Conclusions

We introduce LAMP in an otherwise standard DSGE model with real and nominal rigidities. Our
�ndings are the following. The combination of LAMP and price stickiness is very useful to �t
both macro and �nancial data. This result is driven by income redistribution following shocks. The
consumption of �nancial market participants is much more volatile than aggregate consumption and
more correlated with stock returns. This makes investment in �rm shares very risky and provides a
justi�cation for the high equity premium found in the data. The model is able to account both for the
equity premium and for the low correlation of aggregate consumption with equity returns. Further,
the strong correlation between dividends and Ricardian households�consumption unambiguously
increases precautionary savings and reduces the riskless rate.
We decompose the equity premium produced by the model in two factors. The �rst one refers to

aggregate risk (measured by the correlation between equity returns and aggregate consumption and
hours) whereas the second one refers to idiosyncratic non-insurable risk measured by the correlation
between �rm pro�ts and equity returns, that is, risk determined by income redistribution. We �nd
that aggregate risk always plays a minor role in shaping the risk premium, while redistribution
accounts for the major part of it. In contrast with previous contributions, the fundamental nominal
rigidity in our model is price stickiness, not wage stickiness (Uhlig (2007), De Graeve et al (2010)).

17This value is more consistent with micro estimates but it is at odds with macro estimates.

21



We consider a TFP shock and an investment speci�c shock. We �nd that the TFP shock
is the main driver of the equity premium, while the investment speci�c shock is necessary to
replicate macroeconomic statistics. LAMP allows to extract a higher equity premium from a less
volatile TFP shock. As a consequence, the investment-speci�c shock can be given more weight and
macroeconomic data can be �tted more easily. Indeed, LAMP a¤ects the response of aggregate
variables to shocks only marginally, while its major e¤ect concerns redistribution. The better �t of
macroeconomic data obtained under LAMP comes from the bigger role played by the investment
speci�c shock in the variance decomposition of output.
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6 Appendices

6.1 Appendix A: Second order approximations to asset returns

In this appendix, we derive the expressions for the riskless rate and the equity premium reported
in the main text. Rearranging marginal utility of Ricardian agents�consumption yields

(cot )
��

c
�(��1)
t�1 (1� �n�t )1�� = �ot

To help in the computation that follows, it is useful to de�ne the auxiliary variable xt = 1��n�t
so that the marginal utility of consumption can be rewritten as �ot = (c

o
t )
��

c
�(��1)
t�1 x1��t .

24



A second order log-approximation18 of xt delivers:

bxt = � �n�

1� �n�
�n̂t �

1

2

�n��
1� �n�

�2�2n̂2t
Since marginal utility of consumption is multiplicative in the de�ned variables, its second order

log-approximation is equal to the �rst order one, hence b�ot = �� bcot + �(� � 1)dct�1 + (1� �) bxt. So,
substituting for bxt we get:

b�ot = �� bcot + �(� � 1)dct�1 + (1� �)
"
� �n�

1� �n�
�n̂t �

1

2

�n��
1� �n�

�2�2n̂2t
#

As a consequence, the second order log-approximation of the stochastic discount factor is:

dsdfot = b�ot � b�ot�1 = ���bcot + �(� � 1)�dct�1 + (1� �)
"
� �n�

1� �n�
��n̂t �

1

2

�n��
1� �n�

�2�2�n̂2t
#

, where for any generic variable h, �ht = ht � ht�1.
De Paoli et al (2010) show that the real rate can be expressed as: brRt = �Et\sdfot+1 � 1

2V art
\sdfot+1. The conditional expectation of the stochastic discount factor is simply:

Et\sdfot+1 = ��Et�dcot+1 + �(� � 1)�bct + (1� �)
"
� �n�

1� �n�
�Et�n̂t+1 �
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2

�n��
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The conditional variance is instead given by:

V art\sdfot+1 = �2V art�dcot+1+�(1� �) �n�

1� �n�
�

�2
V art�n̂t+1+2� (1� �)
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So the real interest rate at time t is:

brRt = �Et�dcot+1 � �(� � 1)�bct � (1� �)
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Taking the unconditional expectations of the latter expression, using the law of iterated ex-
pectations and noting that En̂2t+1 = En̂2t , we get the average (stochastic steady state) riskless
rate:

EbrRt = (� � �(� � 1)) g � 1
2
�2EV art�dcot+1

+
�n�(� � 1)� �
1� �n�

�
ECovt
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�
18From now on, log-deviations from the deterministic steady state are expressed with a hat.
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In the main text we de�ne the conditional (co)variances of any variables h, j evaluated at
the stochastic steady state ECovt (ht+1; jt+1) (EV art (ht+1)) as covh;j (varh). Notice that up
to a second order conditional second moments are constant, hence V art (ht+1) = varh 8t and
Covt (ht+1; jt+1) = covh;j 8t. Rearranging terms we get:

E ln rRt = ln
1

�
+ (� � �(� � 1)) g � �2

2
varco

+
�n�(� � 1)� �
1� �n�

 
covco;n �

�n�(� � 1)�
2�
�
1� �n�

�varn!

which is the expression reported in the main text.
The second order approximation of the equity premium can be expressed as

rpt = Etr
eq
t+1 � rRt =

1

�

�
Et[breqt+1]� brRt + 12V art(breqt+1)

�
= � 1

�
Covt(csdfot+1; breqt+1)

Since the covariance between equity returns and the stochastic discount factor is��Covt(bcot+1; breqt+1)�
(1� �)� �n�

1��n�Covt(n̂t+1; breqt+1), we get:
rpt =

1

�

�
�Covt(bcot+1; breqt+1) + (1� �)� �n�

1� �n�
Covt(n̂t+1; breqt+1)�

Again, making the same assumption we made while deriving the riskless rate and taking uncon-
ditional expectations, we can rewrite the above as in the main text:

rp = req � rR = 1

�

�
�covco;req � (� � 1)�

�n�

1� �n�
covn;req

�
where req = Ereqt and rR = ErRt .
In order to re-express everything in terms of aggregate variables, consider the budget constraint

of the representative Ricardian household (eq. 4) and aggregate consumption

ct = (1�  ) cot +  crtt = wtnt + dt

Then, take the di¤erence between Ricardian agents� consumption and aggregate consumption,
namely

cot � ct =
dt

1�  � dt

Rearranging the equation, one gets

cot = ct +
 

1�  dt

Finally, we take the loglinear approximation of the above expression, which delivers

bcot = c

co
bct +  

1�  
d

co
bdt
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From the latter expression, one can get:
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To obtain the decomposition of the equity premium in equation (17) de�ne optimizers relative

marginal utility (zt =
�ot
�t
) and take logs (zt = �ot � �t). The equity premium can be expressed as

rpt =
1
�

�
�Covt(bzt+1; breqt+1)� Covt �b�t+1; breqt+1��, which unconditionally becomes:

rp =
1

�
(�covz;req � cov�;req )

The latter expression is the one reported in the main text.

6.2 Appendix B: Data and SMM Procedure

From the FRED database we took the dataset for aggregate consumption, output, investment and
the price index. Consumption is Real Personal Consumption Expenditures, output is Real Gross
Domestic Product while the price index is the Implicit Price De�ator. The latter has level 100 in
2005, while the �rst two are measured in billions of 2005 dollars. For investment we used Private
Nonresidential Fixed Investment, which is in nominal terms and we transformed it to real terms
dividing the series by the corresponding price index. All series contain annualized de-seasoned
quarterly values.
The data for hours were taken from the Bureau of Labour Statistics database. Hours are Total

Hours in Manufacturing and are collected at an annual frequency. Data on stock returns and the
real riskless rate are taken from Robert Shiller�s website and are also collected at annual frequency.
As some of the series are quarterly and others yearly, we transformed the quarterly time series to
yearly by summing over the quarters of each year and dividing by four, as the quarterly values are
annualized at the source. Since the time unit of the model is a quarter, the SMM estimation was
run by annualizing properly the model moments. The values reported in the main text were then
transformed back to quarterly, where so indicated. In order to stationarize the series, we took the
natural logarithm of the growth ratios for all variables apart from the equity return and the riskless
rate. For the latter two variables we took the natural logarithm of the gross returns. The same
procedure was applied to the simulated variables.
The standard deviations of the two shocks for the constrained estimation were obtained by

minimizing L = g (b)
T
Wg (b),19 where g (b) = g(��; �z) =

19To minimise L we use the fmincon function in MatLab with a interior point algorithm and a tolerance value
equal to 1e�5.
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can be obtained as theoretical moments since we use a second order approximation or obtained
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The two approaches deliver almost the same results.
In the unconstrained case, g (b) = g(��; �z;  ) =
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All variables were demeaned before estimation. The weighting matrix is such that a very high

loss is associated to deviating from the perfect �t of output volatility and of the equity premium,
while other moments were weighted equally. In practice, W is a diagonal matrix, with all diagonal
entries equal to one apart from W (7; 7) and W (12; 12) which we set to 10000.
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