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1 Introduction

Since Sims (1980) and Kydland and Prescott (1982), explaining the sources of
economic �uctuations is one of the most debated issues in the macroeconomic
literature. Structural VAR studies (Fisher, 2006) and contributions using both
Bayesian (Justiniano et al., 2010, 2011; Khan and Tsoukalas, 2012) and classical
techniques (Christensen and Dib, 2008) have provided evidence that Marginal
E¢ ciency of Investment shocks (MEI shocks, hereafter) are the main drivers
of economic �uctuations in the post-war US data (see also Furlanetto, Natvik,
Seneca, 2013). However, since the seminal paper by Barro and King (1984) it
is well known that consumption falls after an expansionary MEI shock (that
reduces capital installation costs), or equally rises after a recessionary MEI
shock. This is at odds with the empirically identi�ed business cycles (King and
Rebelo, 1999) and generates the so-calledGDP-consumption comevement puzzle.
Therefore the consumption response to MEI shocks has gained considerable
attention in the New Keynesian literature.
Several contributions aim to overcome the puzzle introducing di¤erent mech-

anisms: variable capacity utilization in production (Greenwood et al., 1988;
Khan and Tsoukalas, 2011); non separable preferences with price rigidities
(Furlanetto and Seneca, 2013); rule of thumb consumption in a standard DSGE
model (Furlanetto et al., 2013); �nancial frictions in a sticky price model (Reza,
2014).
Our paper contributes to this literature investigating the role of an alterna-

tive important channel, namely tax evasion, to explain the consumption path
after a negative MEI shock.
As a matter of fact, since the seminal papers by Allingham and Sandmo

(1972) and Yitzhaki (1974), the scarce literature on tax evasion has spread out
over time given its far from negligible e¤ects on the key macroeconomic variables,
both in the short- and in the long-run (Slemrod and Yitzhaki, 2002). Actually,
tax evasion represents a relevant phenomenon to explain business cycles (Busato
and Chiarini, 2004). Other important contributions focused on tax evasion, or
more in general on informal economy, in DSGE frameworks are Conesa Roca
et al. (2001), Granda-Carvajal (2010), Orsi et al. (2013), Annichiarico and
Cesaroni (2016).
Meanwhile, after the recent �nancial crises, several studies (see Christiano,

Motto, Rostagno 2004, 2008, 2010, 2014 (CMR, hereafter); Christiano, Tra-
bandt, Walentin, 2011) have emphasized the crucial role of �nancial factors too
as prime determinants of business �uctuations.
This paper simulates a negative MEI shock within a DSGE model in the

spirit of Smets and Wouters (2003) and Christiano et al. (2005), combining tax
evasion with �nancial frictions à la Bernanke, Gertler, Gilchrist (1999), (BGG
henceforth). In particular, our reference paper is CMR. We replicate this model
augmented with tax evasion, aiming to analyze its role in explaining the business
cycle.
There are actually very few other contributions linking informal economy

and �nancial factors. They are Colombo et al. (2015) who, assuming that
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�nancial operations are costly, extend the DSGE model by Carlstrom and Fuerst
(1997) to consider both o¢ cial and uno¢ cial sectors of the economy. Moreover,
the paper by Mitra (2014) analyzes a DSGE model accounting for formal and
informal �rms distinguishing each other for paying or not taxes. In their model
�nancial frictions endogenously arise as in Kiyotaki and Moore (1997).
We depart from these not many contributions for two aspects. Besides join-

ing tax evasion with the �nancial accelerator mechanism à la BGG, we introduce
tax evasion at subcontracting level. In other words, we assume that the evading
agent is not the �rm producing output, as it is standard in the underground
economy literature. Di¤erently, we account for tax evasion implemented by the
entrepreneur, who is the key player in the �nancial accelerator framework be-
cause he runs up debts with bank and his loans are risky. In this setting, tax
evasion provides to the entrepreneur additional �nancial resources to his net
worth and an alternative to bank loans. Actually, self-�nancing and tax evasion
are directly correlated through two crucial channels:
- �rst: tax evasion directly a¤ects the entrepreneur�s rate of return on capital,

entailing therefore his net worth variatons (self-�nancing e¤ect);
-second: tax evasion is directly correlated with the entrepreneur�s ability to

survive, which, in turn, impacts on his net worth (survival e¤ect).
Overall, this means that the tax evasion mechanism we have modeled is far

from being neutral with respect to the BGG framework.
As a matter of fact, the e¤ects produced by tax evasion on the driving

force of the �nancial accelerator, namely the entrepreneurial net worth, via
the two transmission mechanisms mentioned above, importantly conditions the
households�decisions about their intertemporal consumption pro�le. In fact the
CMR model, assumes that the net worth of entrepreneurs exiting the economy
is addressed to households, as lump-sum transfers, and then consumed.
In a nutshell, the main result of our paper is the sizable shrinkage of the

GDP-consumption comovement puzzle area via the entrepreneurial tax evasion.
The rest of the paper is organized as follows. Section 2 describes the model,

mainly focusing on tax evasion aspects and less lingering on the �nancial fric-
tions feaures well explained in the existing literature (see BGG, CMR, 2010,
2014). Section 3 reports some U.S. stylized facts on American tax evasion. Sec-
tion 4 presents the parameters�calibration. Section 5 shows the results focusing
on the GDP-consumption comovement puzzle phenomenon. Section 6 reports
some robustness. Finally, section 7 concludes.

2 The U.S. Stylized Facts on the American Tax
Evasion

Our paper refers to the U.S. tax evasion, although this is a global phenomenon.
Alm (1999), Andreoni, Erard, and Feinstein (1998), and Slemrod and Yitzhaki
(2002), Ma¤ezzoli (2011), Cebula and Feige (2011) importantly contribute to
the literature on tax evasion in the U.S.
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Although it is not often highlighted, the role of the underground economy
and tax evasion for the US economy is certainly not negligible. Determining the
extent of tax evasion is not straightforward for obvious reasons. However, some
estimates report a signi�cant and complex phenomenon. In the United States,
the Internal Revenue Service (IRS, 2012) estimate of the 2001 tax gap was $345
billion($290 billion net). Slemrod (2007) breaks down the aggregate estimates
and describes in details the complexity and the extension of the phenomenon in
the U.S. (see also Johns and Slemrod 2010). The IRS noncompliance estimations
of corporation income tax in 2001 amount to $30 billion (17% of amount that
should have been reported). The Bureau of Economic Analysis calculates that
the annual measure for 2000 of the ratio of corporate tax misreporting to ac-
tual liability is about 14%. Similar estimates are reported in Hanlon, Mills and
Slemrod (2005). These authors, using a dataset of audit and appeals records,
matched with tax returns and �nancial statements of several thousand corpora-
tions, �nd that noncompliance is generally a progressive phenomenon, meaning
that noncompliance as a fraction of a scale measure increases with the size of
the company.
The IRS (2012, 2016) estimates that the net tax gap in 2006 was $385

billion, rising to 406 billion in tax years 2008-2010. (Americans underreported
$450 and $458 billion in taxes, but the IRS recovered $65 and 52 billion in
2006 and in 2008-2010, respectively). In the IRS report emerges that most
evasion takes the form of underreporting and underpayment, not non-�ling.
The amount of dollars lost to underreporting rose by 32% between 2001 and
2006; one-third of that increase came in the corporate income tax. Of the $450
billion gross tax gap, $376 billion of it comes from underreporting income. $235
billion is on individual income tax, of which $122 billion is business income (in
addition, $57 billion in self-employment tax that is underreported). Finally, $67
billion of corporate income tax due was underreported (this is only illegal tax
evasion, abusive corporate tax avoidance, some of which will be declared illegal
retroactively, would add many billions more).
Cebula and Feige (2011), employing a version of the Feige�s (1989) general

currency ratio model, estimate the 2008 tax gap in the range of $450 to $500
billion, and unreported income to be approximately $2 trillion.Thus, 18 to 19
percent of total reportable income is not properly reported to the IRS.
These data are largely based on operational audits, and one should be cau-

tious in their analysis. However, the data show that evasion in business plays
an important role in U.S.

3 The Model

In this section, beyond providing an overview of the CMR model, we especially
focus on the innovative aspects we introduce about tax evasion1 . Therefore,
the model embodies tax evasion in a medium-scale Dynamic Stochastic General

1 In the rest of the paper, we use the term underground production and tax evasion as
synonymous.
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Equilibrium Model (DSGE) augmented with the �nancial accelerator mecha-
nism à la BGG. Although the majority of parts of the model can be found in
CMR, we include them anyhow so that presentation may be self-contained2 .
There are seven agents populating the economy: households, �rms, entre-

preneurs, capital producers, a representative retail bank, the government sector
and the monetary policy authority.
Households consume, supply labor services in monopolistic competition to

intermediate good �rms and allocate savings to the bank, then receiving the
interests.
The bank uses households deposits to generate liquidity services provided to

entrepreneurs.
Monopolistic intermediate good �rms use labor and capital services to pro-

duce a continuum of di¤erentiated goods. Perfectly competitive �nal good �rms
buy the intermediate goods and produce the �nal output, then converted into
consumption goods, investment goods and public goods.
Capital producers, whose pro�ts accrue to households, combine investment

goods and raw capital purchased by �nal �rms and entrepreneurs respectively
to produce new capital.
In turn, entrepreneurs purchase new capital, using two sources of �nance:
- their own net worth augmented with expected additional pro�ts originating

from tax evasion;
- external �nance from the bank.
As in BGG, there exists a problem of asymmetric information. In fact,

entrepreneurial loans are risky because returns on the underlying investments
are subject to idiosyncratic shocks. While the entrepreneur observes his actual
payo¤ costlessly, the bank must pay a monitoring cost. To mitigate problems
stemming from the asymmetric information issue, bank and entrepreneurs sign a
debt contract. Under this contract, the enterpreneur commits to paying back the
loan and a non-default interest rate, unless it declares default. In the latter case,
the bank supports a costly veri�cation of the residual value of the enterpreneur�s
asset that are evaluated as a partial compensation of the loss.
After entrepreneurs purchase new capital from capital producers, they op-

timally choose the capacity utilization of capital and then rent it out to inter-
mediate �rms. At this stage, entrepreneurs can decide to declare only a share
of the total capital utilization thus saving capital tax liabilities, if not detected.
Otherwise, they must pay the tax and and an over-tax to the government.
Public spending represents a fraction of total output and is �nanced by

lump-sum taxes levied to households. It�s assumed that government budget
constraint is always balanced.
The monetary policy authority follows a standard Taylor rule to set the

nominal interest rate.
2However, for further clari�cations about the general model, see CMR and the CMR ap-

pendix on line.
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3.1 Firms

Final output, Yt,is produced by a perfect competitive �rm according to the
following technology:

Yt =

�
1R
0

Y
1

�f;t

jt dj

��f;t
; 1 � �f;t <1 (1)

where �f;t is the intermediate goods shock.
The intermediate goods �rms monopolistically produce intermediate output

Yjt using the following technology:

Yjt = �t (utjKtj)
�
(ztljt)

(1��) � �z�t (2)

where �z�t denote the �xed costs in production.
Equation (2) holds if (utjKtj)

�
(ztljt)

(1��)
> �z�t . Otherwise, Yjt = 0.

Ktj and ljt represent the services of capital and homogeneous labor, utj is the
utilization rate of capital. �t is a stationary shock to technology and zt denotes
the persistent component of technology, having the following representation:

zt = �z;tzt�1

where �z;t is a stationary stochastic process.
The �xed costs of production are summarized by the parameter � that is

proportional to z�t . This is the growth rate of output determined by the following
condition:

z�t = zt�
( �
1�� t);� > 1

where � is the investments growth parameter.
Yjt is monopolistically supplied according to the Calvo (1983) sticky price

mechanism. Hence, in each period a fraction (1 � �p) of �rms is able to
update prices and a fraction �p is not able to adjust and set the price ac-
cording to Pjt = e�tPjt�1, where the indexation term e�t evolves following:e�t = �

�targett

��
(�t�1)

(1��). In particular, �t�1 � Pt�1
Pt�2

, Pt is the price of Yt
and �targett is the target in�ation rate in the monetary policy rule.

3.2 Capital Producers

There is a large number of identical capital producers, which are owned by
households, who receive pro�ts in terms of lump-sum transfers.
At the end of period t, capital producers purchase investment goods It from

�nal �rms and the undepreciated fraction of capital, x, from entrepreneurs3 .
Then, they combine them to produce new capital x0 to resell to the entre-
preneurs. Therefore, the capital producer solves the following maximization
problem:

3x is previously used in the period t production process from entrepreneurs.
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max
fIt+j;xt+jg

Et

8<:
1X
j=0

�j�t+j�
k
t+j

9=; (3)

where Et is the mathematical expectation term at time t, �j is the subjective
discount factor and �t+j denotes the Lagrange multiplier on the household�s
budget constraint. �kt+j is de�ned as follows:

�kt = Qk;t
�
x+

�
1� S

�
�i;tIt=It�1

��
It
�
�Qk;tx�

Pt
�t��;t

It (4)

whereQk;t is the price of the new and used capital4 . S
�
�i;tIt=It�1

�
represent the

installation costs where a positive �i;t is a negative disturbance to the marginal
e¢ ciency of investments. Hence it raises installation costs, leading the economy
in a recessionary phase5 . ��;t is the stationary shock to the relative price of
investment.
Solving the capital producer�s problem, the optimality condition reads as:

Et

�
�tQk;tF1;t � �t

Pt
�t��;t

+ ��t+1Qk;t+1F2;t+1

�
= 0 (5)

where the price of installed capital Qk;t is linked to the price of investment goods
Pt

�t��;t

6 .
Moreover, the aggregate stock of physical capital evolves according to:

Kt+1 = (1� �)Kt +
�
1� S

�
�i;tIt=It�1

��
It (6)

where � is the capital depreciation parameter.

3.3 Entrepreneurs

The entrepreneur supplies capacity utilization of capital to the intermediate
�rms. In this model, entrepreneur is the main agent both because he is the
key player of the �nancial accelerator mechanism and because he is assumed to
evade taxes. The reason for the assumption about this additional self-�nancing
source is the following. We want to stress the self-�nancing component tax
evasion/bank loans alternative in a �nancial frictions framework. The idea is
that the self-�nancing component tax evasion directly a¤ects the entrepreneurial
net worth. Therefore, if net worth increases the necessity to borrow decreases
and viceversa.
We can summarize the entrepreneur�s actions as follows. At the end of each

period t, the entrepreneur purchases new physical capital Kt+1 from capital

4The marginal rate of transformation from previously installed capital to new capital is
unity.

5According to Christiano, Eichenbaum ed Evans (2005), S satis�es the following properties:
S = S0 = 0 and S00 > 0

6See Verona (2012) for functional forms.
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producers using three �nancing sources. They are two self-�nancing sources,
namely net worth and pro�ts originating from lower tax liabilities due to tax
evasion (if there�s no detection) plus the bank loans. Among these, the entrepre-
neurial loan is risky by de�nition. In fact, the entrepreneur faces an idyosincratic
productivity shock ! such that the purchased capital Kt+1 actually is !Kt+1

7 .
At time t+1, after he has observed the shock, he optimally chooses the level of
capacity utilization of capital to supply to the intermediate �rm. At this time,
the decision of tax evasion enters in the analysis, since the entrepreneurs�pro�ts
are subject to taxation with a marginal tax rate �kt . The entrepreneur is given
the possibility to engage in tax evasion. In other words, he can decide to declare
only a part of his pro�ts, the henceforth called market capacity utilization umt ,
while the underground capacity utilization remains unreported. In doing so, we
assume that he is able to relate two components, market and underground, to
a speci�c part of the costs of production.
Moreover,

umt+1 + u
u
t+1 = ut+1 (7)

where ut+1 is the aggregate capital utilization. Thus, the entrepreneur rents
out capital services in competitive markets to the intermediate �rms, namely
umt+1Kt+1 and uut+1Kt+1. However, in each period he faces a probability, � 2
(0; 1), of being inspected and forced to pay back the total amount evaded, in-
creased by an over-tax s > 18 . Following the American tax laws, penalty is
imposed on the evaded tax (see Sandmo, 2005). Moreover, since we want to
limit tax evasion behavior only to the entrepreneur, in order to purely stress
how his three �nancing sources get along with each other, we assume that the
entrepreneurial tax evasion does not a¤ect �rms�behavior. In fact, �rms don�t
care about the type of capital utilization rate they receive and pay rkt , whatever
the component is. More speci�cally, although the entrepreneur produces one
single output, namely the capacity utilization sold at price rkt to the interme-
diate �rm, the after tax price he receives from the two components is di¤erent.
In this sense, the tax evading entrepreneur is similar to a �rm producing in a
multiproduct setting, with a separable production function (see Gravelle and
Rees, 1988).
High capital utilization entails high costs in terms of goods. Hence the

following convex function, which for simplicity, is de�ned to be equal both for
the market and the underground component, reads as9 :

Pt+1�
�(t+1)�oilt+1a

�
umt+1

�
!Kt+1 (8)

7! is a unit mean, lognormally distributed random variable across all entrepreneurs.
8 In order to avoid corner solutions we set the following restriction on s such that s > 1

and � < (1=s) (see Chiarini et al., 2011). Moreover � < (1=s) guarantees to avoid to pay an
higher tax on the underground component.

9According to the the U.S. data, we assume that um = 0:92 and uu = 0:08:Therefore, as
in the literature (see, among the others, CMR), u = 1. Moreover, for the market component,
we assume that a(um) = 0, a0 (um) = rk and a00 (um) = �ark. Equally, for the underground
component: a(uu) = 0, a0 (uu) = rk and a00 (uu) = �ark.
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where a0; a00 > 0 and

Pt+1�
�(t+1)�oilt+1a

�
uut+1

�
!Kt+1 (9)

where a0; a00 > 010 and �oilt+1 is an exogenous process relative to the real price of
oil.
Literature on tax evasion generally assumes that tax payer is risk neutral (see

Sandmo 2005). In the light of that, we assume that the entrepreneur maximizes
the expected pro�ts, choosing umt+1 and u

u
t+1

11 :

max
umt+1;u

u
t+1

�
1� �k

� �
umt+1r

k
t+1 � �oilt+1a

�
umt+1

��
��(t+1)!Kt+1 +

+
�
1� �k�s

� �
uut+1r

k
t+1 � �oilt+1a

�
uut+1

��
��(t+1)!Kt+1

The two capital utilization rates are derived from the following system:

rkt+1 = �oilt+1a
0 �umt+1� (10)

rkt+1 = �oilt+1a
0 �uut+1� (11)

where equation (11) holds only if �s < 1. In other words, equation (11) states
that for tax evasion to be optimal from the entrepreneur�s viewpoint, it�s a
necessary and su¢ cient condition that the expected penalty rate is less than
the regular tax rate12 .
For a risk neutral entrepreneur receiving the idiosyncratic productivity shock

!, at the end of time t, the rate of return on capital (i.e. the total capital gain
deriving both from renting capital services to intermediate �rms and from selling
undepreciated capital to capital producers), augmented with the enforcement
parameters, reads as:

Rkt+1 =

�
Et+1�t+1 + (1� �) qt+1

�qt

�
�t + �

k� � 1 (12)

10Following Verona (2012), for the market component it holds: a (umt ) =
rk

�a
fexp [�a (umt � um)]� 1g and a0 (umt ) = rk fexp [�a (umt � um)]g.

Equally, for the underground component: it holds: a (uut ) =
rk

�a
fexp [�a (uut � uu)]� 1g

and a0 (uut ) = r
k fexp [�a (uut � uu)]g. rk is the steady state value of the rental rate of capital.

11Here, we are attributing a large technology advantage to the tax evading agent that is
able to split adjustment costs.
In fact, we are assuming that:

a(ut+1) = u
m
t+1a(u

m
t+1) + u

u
t+1a(u

u
t+1)

where the adjustment is the weighted sum of the two components and the weight is the
instantaneous capital utilization rate of the two sectors.
On the other hand, this assumption, although not neutral, is necessary to allow to disentan-

gle the market and the underground contribution to pro�ts. Moreover, it is consistent with
the hypothesis of a separable production function.
12See Sandmo (2005) for further details about the empirical evidences about this condition.
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where

Et+1�t+1 � (1� �k)
�
umt+1r

k
t+1 � �oilt+1a

�
umt+1

��
+

+(1� �k�s)
�
uut+1r

k
t+1 � �oilt+1a

�
uut+1

��
and

�
1� �k�s

� �
uut+1r

k
t+1 � �oilt+1a

�
uut+1

��
denotes an additional pro�ts compo-

nent that is in place only if tax evasion works, or equally if �s < 1. Moreover,
Rkt+1 contributes to the net worth formation. Therefore, if the return on capi-
tal increases, it positively a¤ects the self-�nancing and reduces the necessity to
borrow. This is the �rst channel through which tax evasion has a direct impact
on the net worth, the self-�nancing e¤ect.
Following BGG, entrepreneur also needs external �nance to purchase capi-

tal. As a matter of fact, in our context, both net worth and tax evasion are not
su¢ cient to cover capital costs. Therefore he borrows from the bank. While
entrepreneur costlessly observes his idiosyncratic shock, the bank must pay a
monitoring cost to observe it. To deal with the agency problem at work, entre-
preneur and bank sign a debt contract. Under this contract, the entrepreneur
commits to pay back the principal plus a non-default interest rate, unless he de-
clares default. In the latter case, the bank conducts a costly veri�cation of the
entrepreneur�s assets, withdrawing these ones as partial compensation. Hence,
the debt contract determines a loan amount Bt+1 and a gross interest rate Zt+1
to be paid if ! is high enough. In fact, there is a cuto¤ level !t+1 under which
the entrepreneur cannot make the required payment and all his output goes to
the bank. The cuto¤ level expression reads as:

!t+1
�
1 +Rkt+1

�
qt+1Kt+1 = Zt+1Bt+1 (13)

As equation (13) highlights, tax evasion does not directly a¤ects the cuto¤ level
of default. However, an indirect e¤ect works via Rkt+1, since tax evasion impacts
pro�ts but not the probability of default.
Once the entrepreneur has settled his debt and he has resold the capital to

capital producers at time t+ 1, his net worth is determined. In particular, the
average net worth across entrepreneurs features the following law of motion:

Nt+1 = t

8>>>>><>>>>>:
�
1 +Rkt

�
qt�1Kt �

266641 +Ret + �
!tR
0

!dFt(!)(1+Rk
t )qt�1Kt

qt�1Kt�Nt

37775 �
�
�
qt�1Kt �Nt

�

9>>>>>=>>>>>;
+W e

(14)
The �rst term in the braces of (14) denotes the total revenues by entrepreneurs
from selling capital. The term in square brackets represents the average pay-
ments by entrepreneurs to banks13 . Moreover, t re�ects that at the end of time
t, entrepreneur survives to continue another period of activity with probability

13For further details about this equation, see CMR.
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t and with probability 1�t he exits the economy. In the latter case, a fraction
� of total net worth is consumed by entrepreneurs, while the remaining fraction
1 � � is destined to households as lump-sum transfers, and then consumed.
In other words, the total net worth of entrepreneurs closing the business be-
comes consumption and importantly a¤ects households consumption decisions
via their budget constraint. In each period new 1� t entrepreneurs enter the
economy such that the population of entrepreneurs remains constant. Moreover,
new entrepreneurs receive a "start-up" transfer W e14 .

3.3.1 The Survival E¤ect

As it can be noticed by equation (14), the entrepreneurial net worth directly
depends upon the probability of survive t. In the CMR model t denotes
an exogenous shock explained by a shock equation. Di¤erently, in our model,
once we have introduced tax evasion, we cannot also neglect that tax evasion
importantly a¤ects the entrepreneur�s ability to survive. In the light of that, we
endogenize the probability of survive t for the entrepreneurs, according to the
following law of motion:

t =  (1 + �t ) f (u
u
t � uu) + �

�
t�1 � 

�
(15)

where we assume the following functional form for f (uut � uu): f (uut � uu) �
exp [� (uut � uu)] and � � 1

um2 .
The term f() is our novelty compared to CMR, and it denotes the sec-

ond channel through which tax evasion a¤ects net worth: the survival e¤ect.
Although it does not in�uence the steady state of the survival function (by
de�nition f() is equal to 1 in steady state), it has important consequences for
its short run dynamics. Actually, the survival rate is assumed to be a positive
and convex function of the underground capacity utilization. As equation 15
shows, the probability of survive is an AR(1) process, whose steady state value
is a¤ected by a stochastic exogenous shock. The deviation of lagged term t�1
from the steady state value of t is ampli�ed by the persistence parameter �

 .
With respect to the shock equation in the CMR model, we leave unchanged

the stochastic component since there do exist shocks a¤ecting the survive ability
without being some way attributable to the control of �scal authorities. The
di¤erence between our model and CMR is that we introduce the relationship
between underground capacity utilization and survival: the larger the cyclical
deviation of the underground capital utilization, the more intense is the devi-
ation of the survival from the steady state value. In addition, by introducing
the term �, we suggest that this cyclical e¤ect might be ampli�ed in economies
characterized by a large share of tax evasion/underground production. Hence,
the survival e¤ect suggests that, when the underground capacity utilization re-
duces, the entrepreneur experiences a lower probability of survival, thus bringing

14The initial endowment W eis small such that �nancial frictions cannot be avoided. See
CMR for further details.
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about a lower amount of net wealth to the next period. Actually, in a multi-
product setting, with a separable production function, tax evasion provides to
the entrepreuner a larger capability of coping with exogenous shocks impinging
on the gamma function.
Several considerations led us to model the survival as a function of the share

of unreported production.
First, this assumption well matches with literature and stylized facts who

refer to tax evasion as a survival mechanism for less e¢ cient �rms and/or infant
activities (Palda, 2001; Censis, 2005; Garofalo and Marzano, 2015)15 .
Second, Friedman et al. (2000) have shown that excess regulation and cor-

ruption induce �rms to operate in the uno¢ cial economy, thus suggesting that
this latter is an escape to allow �rms to keep on producing whilst coping with
a poor quality of the institutions. Put it di¤erently, producing in the uno¢ cial
economy is a way to survive in a context of poor institutions and weak rule of
law.
Although both the issues above commented seem to be correlated to marginal

and less e¢ cient �rms, there is another possible explanation that is immediately
related to the role of �nancial markets, and hence it is particularly well suited
for the framework we are adopting.
In fact, a recent stream of literature suggests that �nancial implications

are an important explanation for tax evasion, in addition to taxation and rule
of law (Straub, 2005; Gobbi and Zizza, 2007; Dabla-Norris and Feltenstein,
2005; Blackburn et al., 2012). The larger are the transaction costs in the credit
market, the more agents are pushed to engage in tax evasion practices. This
is consistent with the evidence that in the aftermath of the �nancial turmoil,
in the developed US economy, an increase of the shadow economy has been
recorded during the recession. This is possibly related not only to short run
dynamics, but also to a tightening of the �nancial markets conditions. In other
terms, income under-reporting is also an answer to �nancial constraints. This
suggests that, in an economy with �nancial frictions, underground economy and
tax evasion may mitigate these constraints, allowing �rms to better cope with
exogenous shocks.

3.4 Banks

There is a representative, competitive bank issuing entrepreneurial loans. The
amount of credit supplied to entrepreneurs Bt+1, the related gross interest rate
Zt+1 and the risk-free interest rate Ret+1 need to maximize the entrepreneurial
net worth subject to the following zero pro�t condition for the bank:

15At this regard, we highlight that we are talking about the survive�s ability that is not
linked to the control of tax evasion activities. Rather we refer to the probability of survive as
a bu¤er stock against adverse shocks.
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1�Ft (!t+1)Zt+1Bt+1+(1� �)
!t+1R
0

!dFt (!)
�
1 +Rkt+1

�
qtKt+1 �

�
1 +Ret+1

�
Bt+1

(16)
On the left hand side, 1�Ft (!t+1) denotes the number of non-bankrupt entre-
preneurs multiplied by the interest and principal payment by each entrepreneur.
The second term represents the funds received by the entrepreneurial-loan sub-
sidiary from bankrupt entrepreneurs, net of monitoring costs. Therefore, ac-
cording to (16), the funds received in each period t+1 must be no less then the
funds paid to households in the same period (see CMR).
As shown in (16), the zero pro�t condition for the bank is written in terms

of total capital. Hence we are assuming that the decision to evade does not in-
�uence the asymmetric information problem between banks and entrepreneurs.
In particular, this assumption not only concerns the probability of default, as
mentioned about equation (13), but also the monitoring cost �, as equation (16)
emphasizes16 .
Given our hypothesis of a risk neutral entrepreneur, tax evasion works as

an additional source of aggregate risk in the rate of return on capital, Rkt .
In presence of aggregate uncertainty, the �nancial contract guarantees to the
lender, in case of non-default, a state-contingent payment such that the expected
(lender) return is equal to the risk free rate.
Therefore, from the point of view of the lender, tax evasion is not matter to

be worried about. Actually, in this version of the �nancial accelerator mecha-
nism, there is not a credit rationing issue, neither a problem of collateral. The
external �nance premium is motivated by a "costly state veri�cation", that,
according to BGG (1999) is a reasonable and simple enough explanation of the
fact that "uncollateralized external �nance may be more expansive than internal
�nance ".
Hence, di¤erently from some recent literature (Dabla-Norris and Feltenstein,

2005; Blackburn et al., 2012) tax evasion does not expose �rms to credit ra-
tioning originating from a lower level of collateral. Rather, it is a source of
additional �nancial resources, allowing for increased self-�nancing and mitigat-
ing the external �nance premium faced by the entrepreneur.
In addition, what we are implicitly assuming, is that the agency costs paid to

observe the borrower�s realized return on capital allow the lender to observe the
true idiosyncratic productivity shock and the full production of the entrepre-
neur, the market and the underground ones. In this sense, we are assuming that
the technology of monitoring of the bank is more e¢ cient than the technology
of the Internal Revenue Service.
16We choose to leave unchanged the debt contract with respect to BGG original model. For

this reason, we leave for future research the assumption of endogenous monitoring cost.
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3.5 Households

There is a continuous of households, indexed by j 2 (0; 1). Households consume,
supply monopolistically labor services to intermediate �rms and allocate savings
across assets. Moreover, they own capital producers. Their preferences are
de�ned over per capita consumption and labor, as follows:

E0

1X
t=0

�t&c;t

(
log (Ct � bCt�1)�  L

1R
0

h1+�Li;t

1 + �L
di

)
; b; �L > 0 (17)

where &c;t is a preference shock and b denotes the internal habit parameter.
Households�funds include bank deposits paying interest Rat , time deposits pay-
ing interests Ret , after-tax wage payments

�
1� � l

�
Wj;thj;t, the net worth of

the entrepreneurs exiting the economy in the current period (1��) (1� t)Vt,
where Vt � Nt+1�W e

t
, pro�ts �t, from producers of capital and �nally lump-

sum transfers, Lumpt. The representative household uses its funds to purchase
consumption goods (1 + � c)PtCt and to acquire time deposits Tt. Moreover,
households pay a lump-sum tax W e, which denotes the initial endowment for
t entrepreneurs who survive and 1 � t newly born entrepreneurs. Hence,
households�budget constraint reads as:

(1 +Rat )D
h
t + (1 +R

e
t )Tt�1 +

�
1� � l

�
Wj;thj;t + (1��) (1� t)Vt+

+�t + Lumpt � (1 + � c)PtCt + Tt +W e

(18)
Following Erceg, Henderson and Levin (2000), CMR model the labor market

as follows. The jth household faces the following labor demand:

hjt =

 
W j
t

Wt

! �w
1��w

lt; 1 � �w (19)

where Wt is the aggregate wage index and W
j
t is the j

th households wage. In
each period the jth household can optimally choose its wage rate, W j

t , with
probability 1� �w. With probability �w it cannot reoptimize and sets its wage

rate as follows: W j
t = e�w;t (��z)(1�#) ���z;t�#W j

t�1, where 0 � # � 1 and e�w;t ��
�targett

�
�w (�t�1)

(1��w), 0 < �w < 1. �targett is the target in�ation rate in the
monetary policy rule.
Therefore, households maximize (17) subject to (18), Calvo wage setting

frictions and the demand for labor.

3.6 Monetary Policy

According to CMR, monetary authority follows the rule:
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Rt�R = �p (Rt�1 �R)+
�
1� �p

� �
�� (�t+1 � ��t ) + ��y

1

4
(gy;t � ��z)

�
+
1

400
�pt

(20)
where �pt is the monetary policy shock and �p is the lagged interest rate para-
meter; (�t+1 � ��t ) is the deviation of anticipated quarterly in�ation from the
central bank�s in�ation target and (gy;t � ��z) is the quarterly growth in GDP.

3.7 Market Clearing

Clearing the goods market of the economy, we get:

Yt = Dt + Ct +Gt +
It
��;t

+�
1� t
t

[Nt+1 �W e] + �ota (ut)
Kt

���z;t
(21)

whereGt = z�t gt
17 andDt denote the resources used up in monitoring. [Nt+1 �W e] =t

represent the entrepreneurial asset net of the start-up endowment W e.

4 Parameters

In this section we mainly focus on the enforcement parameters of tax evasion,
calibrating them mostly referring to the IRS (Internal Revenue Service) esti-
mates.
As for structural parameters of the model, we borrow the estimates by CMR

(2010), as in Verona (2012), who provides some useful notes and codes on the
CMR model implementation. In the Appendix, table A1 reports the parameter
values with their description and also the steady state values of the market and
underground component of capital utilization. To this aim, according to the
world accounting data on the underground economy, we set the underground
component uu to 8% and the market component um to 92%.

4.1 The enforcement parameters of tax evasion: the IRS
data

The probability of being inspected in the U.S. features a notable variability,
according to di¤erent income levels. The IRS has emphasized that in 2014
taxpayers reporting $25,000 to $200,000 in adjusted gross income had a below-
average (less than 0.9 percent) chance of getting audited. From there, audit rates
rose steadily with income: to 1.75 percent for those making between $200,000
and $500,000 all the way up to 16.22 percent for those making $10 million
or more. However, people making more than $200,000 accounted for only 3.6
percent of all tax returns �led in 2013.
Aside from these statistics, the IRS does not disclose what triggers an au-

dit. Since, these estimates belong to a very large range and refer to the total
17z�t is a stochastic process.
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taxpayers population, we set the probability of being detected at 5%, following
Busato and Chiarini (2004).
Concerning the penalty rate, according to the IRS, if a taxpayer fails to pay

the balance due shown on the tax return by the due date (even if the reason of
nonpayment is a bounced check), there is a penalty of 0.5% of the amount of
unpaid tax per month (or partial month), up to a maximum of 25%. Hence, in
our baseline model we set the penalty at 25%.

5 Results: The Consumption Puzzle

5.1 Inspecting the transmission channels of the consump-
tion puzzle after a MEI shock

Although MEI shocks are considered to account even for 60% of the variance of
output and hours (see Justiniano et al., 2010), arguing that investment shocks
are among the most important drivers of macroeconomic �uctuations is not
easy (Furlanetto et al., 2013). In fact, DSGE models are not able to explain
the comovement between consumption and the other macroeconomic variables
found in the post-war U.S. data.
In standard models, after a negative MEI shock, households trading in �nan-

cial makets reduce their investments and increase consumption. An intertempo-
ral substitution e¤ect between current consumption and investment is in place,
entailing the puzzle. Therefore a wealth e¤ect is at work. This paper actually
stresses this line of research. As we are going to show, introducing tax evasion
shrinks such a wealth e¤ect and the consumption puzzle area, as well. At this
regard, several contributions argue that a small wealth e¤ect is a su¢ cient condi-
tion to achieve macroeconomic co-movement (see, among the others, Greenwood
et al., 1988; Jaimovich and Rebelo (2009) and Schmitt-Grohé and Uribe (2012).
In our model the reduced wealth e¤ect moves in the same direction since the
puzzle area notably lessens.
The mechanism behind the puzzle in neoclassical models has been �rst justi-

�ed by Barro and King (1984). In a nutshell, if there exists an e¢ cient equilib-
rium, the marginal rate of substitution between consumption and leisure must
equal the marginal product of labor. This condition implies that, with exoge-
nous shocks that only indirectly a¤ect the marginal product of labor, as MEI
shocks actually do, consumption and hours move in opposite directions.
However, such a comovement problem has been highlighted even in contribu-

tions supporting the idea of MEI shocks as the driving forces of business cycles
(see Justiniano et al., 2010, 2011; Gertler et al., 2008). On the other hand,
nominal rigidities, i.e. sticky prices and wages, play a crucial role in the trans-
mission of these shocks (see, among the others, Justiniano et al., 2010; Reza,
2014). This creates room at least to shrink the consumption puzzle area, or
even to solve the comovement problem.
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5.2 Consumption Puzzle and Tax Evasion

In this subsection, we show the impulse response functions after a MEI shock
of the key macroeconomic variables. In particular we present a negative dis-
turbance to the marginal e¢ ciency of investments that raises installation costs,
comparing the baseline �nancial accelerator model without (solid line) and with
(dashed line) tax evasion. Dynamics are reported in percentage deviation from
the steady state. We simulate the MEI shock by numerically solving the model
in DYNARE18 .
In a DSGE model with �nancial frictions (solid line), the MEI shock pro-

duces conterfactual e¤ects. In fact, after the shock, capital producers demand
less investment goods to �nal �rms and therefore supply less capital to entrepre-
neurs (Figure 1). The shock reduces the capital utilization rate (Figure 2) and
the rental rate of capital, as well. Under the assumption of convex adjustment
costs, a lower capital utilization rate entails the opportunity cost to disinvest. In
other words, the more the capacity utilization decreases, the higher is the capital
gain for the entrepreneurs. Importantly, the shadow value of capital qt, which
is a forward variable anticipating capital and investment dynamics, increases
(Figure 2). This entails that the entrepreneurs� total return on capital Rkt
rises, pushing up their net worth (Figure 3). Therefore, a countercyclical net
worth softens the cyclical impact that the MEI shock generates via the �nancial
contract (see equations (12) and (14)). Hence, in a model with �nancial frictions
the MEI shock acts as cyclical smoother of the business cycle (see CMR). As it
has been explained above, at the end of each period, the accumulated net worth
of the entrepreneurs exiting the economy is consumed, both by entrepreneurs
closing the business and by households receiving a lump-sum transfer (see equa-
tion (18)). With an exogenous and constant probability of survive t, as it is
in CMR, (Figure 3), the increase in net worth translates into a consumption
boom. A positive wealth e¤ect is in place, because households feel richer, i.e.
they consume more and work less. The consumption-GDP comovement puzzle
is in place, as in a standard DSGE model. In fact, consumption increases while
output, investment and hours decrease.
In the �nancial frictions model with tax evasion (dashed line), the MEI

shock impacts on the macroeconomic variables rather di¤erently with respect
to the baseline. In particular, in our model, the shock reduces the underground
component of capital utilization more than the market one. This is only due to
a pure scale e¤ect. With respect to the baseline, this result entails (see Figures
2 and 3):

� a reduction of the probability of survive t (see equation (15));

� a weakening of the increase in the return on capital Rkt . In fact, the
potential additional pro�ts component deriving from tax evasion is not
su¢ cient to cover a lower increase of the forward shadow value of capital qt.
In other words, the endogenous countercyclical increase in the purchasing
power of entrepreneurs in the baseline is now limited.

18For further details on DYNARE see the webpage: http://www.cepremap.cnrs.fr/dynare/.
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Both previous outcomes generate a sizable dampening of the net worth boom
(see equation (14)), partially cushioning the conterfactual e¤ect of MEI shock,
as it is clear from the paths of the return on capital and net worth.
The damping of net worth increase notably softens the consumption increase.

Moreover, the consumption path declines faster compared to the baseline model.
Figure 1 clearly shows how the positive wealth e¤ect, characterizing the base-
line, weakens. In fact, since there is less net worth to carry on to the next
period and thus less net wealth Vt to consume (see equation (18)), households
change their decisions about their intertemporal consumption pro�le: consump-
tion increase does considerably holds back and supplied hours reduce just less.
The latter also explains a minor fall of output, that furthermore is mainly de-
termined by the countercyclical tax evasion (see Busato and Chiarini, 2004).
Moreover, we can notice a reallocation between consumption and investment.
In fact, along the path, the damped reduction of investments re�ects the damped
consumption increase. Furthermore, results importantly emphasize the alterna-
tive self-�nancing/ borrowing. In fact, Figure 3 shows that since the minor
increase of net worth, entrepreneurs are forced to borrow more. This justi�es
higher total loans with respect to the baseline along the path.
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Although the MEI shock is a supply shock because it a¤ects the capital pro-
ducers�behavior, with �nancial frictions it looks like a demand shock. In fact
output and in�ation move in the same direction (compare Figures 1 and 4), (see
CMR). Therefore, after a MEI shock, the reduction of in�ation brings down the
nominal interest rate, as well. This implies a large degree of liquidity accomo-
dation and a lower time deposits return in the households�budget constraint.
Comparing the two models, notice that a minor fall of output in presence of
tax evasion also entails a minor decrease of in�ation and, in turn, of nominal
interest rate. This produces a positive e¤ect on consumption. However, it is
not su¢ cient to hinder the shrinkage of the consumption puzzle area stemming
from the tax evasion channel.

6 Robustness/Extention

In this section we implement some robustness exercises.
First of all, we investigate the amplifying e¤ect of cyclical �uctuations on the

survival variable in equation (15), the survival e¤ect. In Figure 5, the solid line
represents the baseline tax evasion case in which the steady state value of the
capital underground component is 8%. The dashed line, being the underground
component equal, represents the case of an higher degree of the survival function
convexity19 .

19We assume to increase the convexity degree of the survive equation increasing up to 10
the exponent of the market component in �.
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Fig.5 - Ampli�cation e¤ect of cyclical �uctuations on the survive

It�s worth noting that increasing the degree of convexity of the survival
function:
- Our results are robust according to di¤erent degree of convexity of the

survival function;
- The higher is the degree of convexity of the survival function the more the

consumption puzzle area shrinks.
Once ascertained the important role played by the ampli�cation e¤ect of

cyclical �uctuations of tax evasion on the survival rate of the entrepreneur,
we investigate whether the variation of the steady state values of the mar-
ket/underground components play a role in explaining the consumption puzzle.
Indeed, in an economy characterized by a large unreported production, tax eva-
sion is expected to play a crucial role in in�uencing the entrepreneur survival.
In a recent contribution, Enste (2015) reports the shadow economy�s share of

GDP in industrial countries in the period 2003 - 2013. Starting from this study,
we compare the U.S. underground economy�s share (dashed line) with the Italian
one (solid line) (Figure 6)20 , taking into account the largest convexity degree
of the survival function we considered above. This allows us to compare, in
a context characterized by an high survival e¤ect, countries characterized by a
di¤erent level of equilibrium of tax evasion.

20Of course, this comparison is only an example . We can compare other di¤erent tax
evasion regimes.
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Fig. 6 - Comparing American and Italian tax evasion under the assumption of
higher convexity degree of the survival equation.

It follows that:
- our results are robust to di¤erent values of tax evasion.
- The joint operating of the degree of convexity in the survival function

(working through the power index in the eta parameter) and of the steady state
value of the unreported production (the basis of the power index in the eta
parameter), implies, for reasonable parametrizations, the solution of the GDP-
consumption comovement puzzle.
- the higher is the steady state value of the underground capacity utilization

of capital the more the recessionary e¤ect dampens. This is consistent with the
literature in the �eld arguing that tax evasion acts as a bu¤er (or insurance)
against the recessive shocks (see Busato and Chiarini, 2004). In addition, the
increase in the steady state value of tax evasion produces an appreciable e¤ect on
the net worth dynamics. In fact, following the survive path, the entrepreneurial
net worth now decreases. It is the case of a total annulment of the conterfactual
e¤ect of the MEI shock mentioned in the introduction.
These robustness results importantly highlight the ability of a �nancial fric-

tion DSGE model with tax evasion to well explain the business cycle, especially
the procyclicality of the consumption path.
The last but not least aspect to consider is that changes in steady state

values of the underground components produce also sizable e¤ects on the steady
state of the model. In particular, it�s not feasible to consider a steady state
value of the underground capital utilization which is higher than 24%. The
intuition behind such a limit of the model is the following. Increasing tax evasion
means increasing the self-�nancing sources for the entrepreneur. Therefore, the
entrepreneurial self-�nancing rises such a lot so that there is no more necessity
to borrow to purchase capital. Hence the �nancial accelerator mechanism fails
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to work.

7 Conclusions

This paper importantly contributes to the literature on the GDP-consumption
comovement puzzle investigating the role of tax evasion in a DSGE model with
�nancial frictions when a MEI shock hits the economy.
Our contribution is twofold. First, introducing tax evasion allows to re-

move and, under particular assumptions, even to solve the comovement prob-
lem. These result hightlights that disregarding tax evasion into business cycle
�uctuation studies is not so obvious. Rather, it does represent a crucial channel
to capture what actually the real business cycle is.
Second, introducing the assumption that the key player of the �nancial ac-

celerator mechanism is also the evading agent, besides being a novelty in the
literature of the �eld, emphasizes how three di¤erent �nancing sources, namely
tax evasion, net worth and necessity to borrow get along with each other.
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8 Appendix

Table 1: Parameters Values
Parameter Description Value

Household sector
� Discount rate 0.9966
 L Weight on disutility of labor endogenous
�L Curvature on disutility of labor 1
b Internal habit persistence 0.63
�w Steady-state markup, labor supply 1.05

Good producing sector
�z Growth rate of technology 1.0036
� Capital depreciation rate 0.025
� Share of capital in production 0.40
�f Steady-state markup, good producing �rms 1.20
� Production �xed costs 0.07

Entrepreneurs
 Probability to survive next quarter 0.9762
� Fraction of realized pro�ts lost in bankruptcy 0.94
var log(!) Variance of log of idiosyncratic productivity 0.24
� Fraction of net worth consumed in case of exit 0.1
W e Initial endowments 0.009

Fiscal Policy
� c Tax rate on consumption 0.05
�k Tax rate on capital income 0.32
� l Tax rate on labor income 0.24
�g Share of public consumption to GDP 0.20

Monetary Policy
�� Weight on in�ation 1.817
��y Weight on output growth 0.31
�� Interest rate smoothing parameter 0.877

Tax Evasion
um Market component of capital utilization 0.92
uu Underground component of capital utilization 0.08
� Probability of audit 0.05
s Penalty rate 1.25
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