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Abstract
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1 Introduction

This paper extends the Italian General Equilibrium Model (IGEM)! in use at the
Department of Treasury to include financial imperfections through the introduction
of a financial sector characterized by the presence of endogenous financial frictions.

According to Brzoza-Brzezina et al. (2015), who evaluate the most popular
approaches to implementing financial frictions into DSGE models, standard finan-
cial accelerator setups are not sufficient in explaining the recent financial crisis and
more sophisticated frameworks of financial intermediation are requested. Specifi-
cally, Brzoza-Brzezina et al. (2015) take DSGE models where financial frictions are
modelled through US data. They make use of different approaches employing price
and quantity of loans as key variables. Comparison favors the price framework,
but the model is not able to make a clear improvement over the New Keynesian
benchmark model.? As a matter of fact, to improve the fit, they suggest to ex-
plicitly model financial intermediation (Gertler and Kiyotaki, 2011; Gertler and
Karadi, 2011) or to include occasionally binding collateral constraints (Mendoza,
2010; Brunnermeier and Sannikov, 2014). We follow the first approach by aug-
menting IGEM with the explicit modeling of financial intermediation suggested by
Gertler and Karadi (2011).

In our setup, the financial accelerator of external shocks works on the side of

relationships between consumers-savers and banks featured by asymmetric informa-

'IGEM is a medium scale Dynamic General Equilibrium (DGE) model for the Italian economy
developed at the Department of Treasury of the Italian Ministry of the Economy and Finance and
currently managed at Sogei S.p.A. (IT Economia - Modelli di Previsione ed Analisi Statistiche).
It has been developed by Annicchiarico et al. (2013a, 2013b). A stochastic version has been built
and estimated by Acocella et al. (2016a). The model has been designed to study the impact
and the propagation mechanism of temporary shocks and to evaluate alternative reform scenarios,
single policy interventions and fiscal consolidation packages. It features a large assortment of
nominal and real frictions. The main characterization of IGEM is the segmented labor market,
which captures one of the main peculiarities of the Italian economy.

2See also Christiano et al. (2014).



tion.> Specifically, the agency problem introduces endogenous constraints on the
leverage ratios of intermediaries. As a result, in the financial sector, credit flows are
tied to the equity capital of intermediaries. A deterioration of intermediary capital
raises credit costs, lowering lending and borrowing.

The specification of the banking sector, suggested by Gertler and Karadi (2011)
and Gertler and Kiyotaki (2011), has become quite popular in the recent macroeco-
nomic literature on the role of credit imperfections (Lendvai et al., 2013; Andreasen
et al., 2013; Beqiraj el al., 2016; Rannenberg, 2016) and the importance of uncon-
ventional monetary policy in financial crisis (e.g., Dedola et al., 2013; Gertler and
Karadi, 2013, 2015).

Alternative models have been suggested, as we specify in the next section. It is
worth noting that an additional value added of the Gertler and Karadi (2011) model
is that it can better deal with the interactions between the specific characteristics
of the Italian labour market (a feature of IGEM) and the banking sector. In fact,
a shock to the economy has a different impact on labour of different categories of
workers. This, in turn, affects the level of consumers’ income and the depositors’
conduct towards banks.

The rest of the paper is organized as follows. Section 2 briefly reports a theo-
retical background of the related literature. Section 3 describes the model setup.
Section 4 presents the model calibration. Section 5 provides some example of f—
IGEM usage. Specifically, some simulations are designed to illustrate how the model
behaves and how it can be used to evaluate fiscal reforms. We considers both unex-
pected disturbances (technology, capital quality, and fiscal shock) and an example
of the evaluation of an announced fiscal reform. The reform is assumed to be im-

plemented when a sovereign debt crisis hits the economy. Section 5 concludes.

3Results can be extended to the case of frictions on the side of interbank relations (see Gertler
and Kiyotaki, 2011).



2 Related literature?*

The idea that imperfections in the financial sphere amplify the business cycle is
not new. The financial accelerator theory dates back to Fisher (1933). But the
possibility that large fluctuations in aggregate economic activity may arise from
small financial shocks has been fully developed in a DSGE model by Bernanke et
al. (1996) starting from the work of Bernanke and Gertler (1989) and Kiyotaki and
Moore (1997), who focused on the costs of borrowing and lending associated with
asymmetric information.

Although the research line of Bernanke et al. (1996) was not the core topic
among academics in the 1990s and the early 2000s, after the financial crisis the
possibility that adverse conditions in the real economy and in financial markets
mutually reinforce has been revisited by a number of authors.

The current literature explicitly models financial intermediaries. Financial fric-
tions are introduced by assuming an agency problem either between banks and
borrowers or between banks and depositors. The former route focuses on the inter-
action between labour markets and the financial sector. The latter is relevant for
understanding and evaluating unconventional monetary policies since it attempts
to model the consequences of credit shortages in the credit market (bank—firm), in
the interbank market (bank—bank), or both.

New Keynesian extensions to financial frictions are based on the principal-agent
theory. The idea is that the lender cannot accurately ascertain the return on the
borrower’s investment ex post because of asymmetric information. Lenders will
thus require that borrowers post collateral and/or pay a credit premium to obtain
funding when the return can be monitored incurring some costs in doing so.

Movements in current asset prices will then determine agents’ access to credit.

4This section is largely drawn from Acocella et al. (2016b: 6.3)



Either because assets already owned represent collateral, or because when asset val-
ues increase the borrower’s stake in the project increases, and incentives to default
fall. The direct link between asset prices and credit implies that borrowing costs
are countercyclical, which will strengthen the effects of a given shock and gives rise
to a financial accelerator mechanism.

The financial frictions in DSGE New Keynesian models are founded on one of

two mechanisms (or both):

1. An external finance premium (Carlstrom and Fuerst, 1997; Bernanke et al.,

1999).

2. Collateral constraints (Kiyotaki and Moore, 1997).

The former operates through the link between asset values and the incentive
to default, which, given the monitoring cost, determines a countercyclical external
finance premium. The latter operates by the relation between the value of the
collateral constraints and the availability of credit, which is rationed when the
(collateral) asset value falls.

In line with the first mechanism, Bernanke et al. (1999) extended the canonical
New Keynesian model to include an entrepreneurial sector. Entrepreneurs, who are
identical up to an idiosyncratic shock, require external funding to invest in new risky
projects (funding is drawn from household deposits). Asymmetric information and
costly verification imply that the external finance premium is a decreasing function
of the share of project financed by net worth (equity), which equals profits to
surviving entrepreneurs. Financing costs are then counter—cyclical.

Augmenting their model with investment adjustment costs (delays), Bernanke
et al. (1999) show that the presence of a financial accelerator explains the extent

and persistence of fluctuations caused by demand and supply shocks.



Gertler and Karadi (2011) and Gertler and Kiyotaki (2011) develop environ-
ments that can replicate the high interest rate spreads and the fall in lending which
have characterized the recent events. In particular, Gertler and Kiyotaki (2011)
model the fall in interbank loans. They compare the relative efficiency of different
kinds of financial market interventions implemented by the Fed during the crisis:
direct lending to private firms; lending to banks; injection of equity into banks.

Gertler and Karadi (2011) simulate a financial crisis and evaluate the welfare
effects of unconventional monetary policies in a New Keynesian DSGE world with
financial intermediaries who face endogenous balance sheet constraints. They find
that the credit policy can significantly moderate the contraction induced by the
crisis. The policy intervention in fact dampens the rise in the spread, which — in
turn — dampens the decline in investment. In performing their welfare analysis,
they show how the benefits of credit policies are substantial. Moreover, in the case
of a binding ZLB constraint, these benefits are significantly enhanced.

In general, introducing an external finance premium is necessary to improve the
statistical properties of the DSGE models in fitting the data in terms of degree
and persistence of the fluctuations. However, its effects strongly depend on the
assumptions introduced (Christiano et al., 2014; Brzoza—Brzezina et al., 2015).

The collateral mechanism is summarized in the Kiyotaki and Moore (1997)
model, where entrepreneurs use contracts with fully secured debt to obtain cap-
ital resources. The collateral good has then two different roles: i) it is a productive
input and ii) it serves as collateral for debt.

Entrepreneurs must provide collateral goods if they wish to borrow. If the value
of the collateral good declines, they remain credit constrained. The following forced
decline in investment demand leads to a decrease in expected future output. This

feeds back into the collateral goods market, driving its price down further. Thus,



due to the expected and actual decline in the collateral price, fluctuations can be
amplified.

Kiyotaki and Moore’s idea has been used by Iacoviello (2005) to illustrate the
asymmetric effects of financial shocks in an otherwise standard New Keynesian
model. He assumes real estate is a collateral good. Negative price shocks in the
housing market reduce the amount of household loans used to facilitate household
consumption because of the collateral constraint. The model is validated by the
empirical analysis of Iacoviello and Neri (2010).

Thus, a novelty of the recent literature is the explicit consideration of financial
intermediaries in monetary models. The pioneering attempt to introduce banks
into a DSGE model is to be found in Goodfriend and McCallum (2007), followed
by Gertler and Karadi (2011, 2015) and Gertler and Kiyotaki (2011), and also by
others — among them Gerali et al. (2010) and Cirdia and Woodford (2011).

By merging Iacoviello (2005) and Christiano et al. (2008), Gerali et al. (2010)
introduce a banking sector into the DSGE model assuming an imperfectly compet-
itive banking sector in both the deposit market and the loan market. They explain
how the decisions of the central bank are not instantaneously or entirely transmitted
into decisions of households and firms as the monopolistic power of banks changes
the pass—through of the policy rate.

Eggertsson and Woodford (2003, 2004) meanwhile describe how quantitative
easing operating through the expansion and composition of balance sheets of the
central bank are not effective at the ZLB in a standard model with complete financial
markets, competitive pricing and a representative agent. In that case, the rational
expectations equilibrium is independent in both the length and the composition
of the balance sheet of the central bank. Therefore, quantitative easing does not

represent an additional tool for monetary policy at the ZLB in this special case. But



forward guidance, formalized as a credible commitment regarding future monetary
policy, can still be used to affect the economy.

Curdia and Woodford (2011) develop a stylized New Keynesian model with a
banking sector, where the irrelevance result of Eggertsson and Woodford (2003,
2004) does not apply. Here the size and composition of the balance sheet of the
central bank become relevant. Among other assumptions, they show that one needs
to assume some non—trivial heterogeneity among private agents in order for inter-
mediaries to matter in allocation of resources (i.e., financial contracting is feasible
only via specialized intermediaries). In their model, financial intermediation is real-
ized between heterogeneous households (rather than between households and firms).
Borrowers and lenders have a different marginal utility of consumption, the optimal-
ity conditions of the model contain two discount factors, and the model produces
two different interest rates and a credit spread which is an endogenous function
of the markup in the intermediary sector and the cost of the loans. Their model
confirms the canonical prescriptions for monetary policy and rejects the irrelevance
result of quantitative easing at a ZLB. Moreover, Ricardian equivalence no longer

holds, opening up space for active fiscal policies.

3 The model

3.1 Population structure, workers and households

There is a continuum of households in the space [0,1]. There are two types of

households differing with respect to their ability to access financial markets:

1. non-Ricardian households or non—Ricardians (indexed by N R) in the interval
[0, snygr], who simply consume their disposable income and supply differenti-

ated labour services as atypical workers and unskilled employees;
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2. Ricardian households or Ricardians (indexed by R) in the interval (syg, 1],
who are able to smooth consumption over time and supply differentiated

labour services as skilled and unskilled employees and as self-employed.

Each household is endowed with one unit of time in each period and share it
between leisure and working efforts. It is assumed that each type of household
provides all differentiated labour inputs within each category it supplies. It follows
that by denoting sy,, sng, Sz, and sz, respectively, the population shares of
atypical workers, self-employed workers, unskilled and skilled employees, we have
that the following identities must hold: syp = sy, + A, 5z, and 1 — syr = syg +
Sty + (1 —Ap,)sr,, where A\, is the share of unskilled labour inputs supplied by
non-Ricardian households.

For the sake of readability, we define the following sets: ¢ = {Lp, Ly, Ng, N4},
(% ={Ly, Ly, Ns}, (NF = {L, Na}, which defines all the labor kinds, all the kinds

supplied by Ricardians, and all the kinds supplied by non—Ricardians, respectively.

3.1.1 Households

Households are either Ricardian (R) or non-Ricardian (NR), i.e., liquidity con-
strained. The representative households of kind i € {R, NR} derive utility from
consumption C? of the final good and experience disutility from supplying labour
inputs. According to our assumptions, Ricardian households supply labour as un-
skilled employees L, skilled employees Ly, and self-employed Ng. Non-Ricardian
supply labour inputs as atypical workers /N, and unskilled employees Ly,.

The representative household’s preferences are defined by a period utility func-
tion:

Wgz‘ggi (1 — gi)livei

1—'Ugi

Ui(C, ) = 1og (C1 = heiC) ) + Xy i€ {R.NR} (1)



where the term hgi € [0,1) measures the external habit coefficient, w, and vy
denote category-specific preference parameters and 5, denotes the share of time
devoted by the household to the working activity of kind #:. Being each household
endowed with one unit of time we have ), 5, = 1.

All households decide over consumption plans and on the amounts of labour in-
puts to supply (labour supply will be discussed in the next subsection). Ricardian
households are assumed to own three assets: government bonds, B and bank
deposits B”*¥ paying the gross nominal interest rate R and foreign financial assets,
B paying the gross rate equal to R* adjusted for the risk premium p!" (increas-
ing in the aggregate level of foreign debt). Thus, Ricardian households need to
solve an inter-temporal problem since, differently from the non—Ricardian house-
holds, they can smooth consumption. Capital producers hold capital, so they also
need to choose investment plans. We assume that investment is subject to convex
adjustment costs (see below).

Formally, the representative Ricardian household chooses consumption plans to

maximize the expected present discount value of (1):

Eo " AUl (CR ) (2)

t=0

where E) is the expectations operator conditional on information available at time
0 and 8 € (0,1) denotes the subjective discount factor.
Defining P, as the price of a unit of consumption good, S; as the nominal

exchange rate,% P, as the domestic production price level, the nominal budget con-

’The functional form specification in (1) implies that the Frisch elasticity of labor supply is
decreasing in the level of hours worked.
6Units of domestic currency per unit of foreign currency.
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straint of the Ricardian household in maximizing (2) is:

(1+70) Py Cff + B + SBE o = BLY + RBI + (R + p;)S:Bi, + PT," (3)

. . D .
where 7¢ is a tax on consumption; Bff = BtG 4+ BP! is the household government

bond and bank deposits holdings, L is the after—tax labour nominal income and
TE are other real transfers, including profits from firms’ ownership.

The after—tax labour real income LF is
LR =S (1 - ﬁfR) SrW R IR — 5 5nl e, (4)

where WR!™ = WtZR /P, is the (] type real wage (I/VtZR is the nominal wage);
ﬁfR = TfR —TthR, TfR are taxes on wage incomes, TZ‘;ZR are contributions paid by the
households to social security; FWM’ , denotes real adjustment costs of wage changes
(defined in Section 3.2). Other real transfers are defined as 7,% = PROF + Trlt —
TAX[ where PRO} are dividends received from the non-financial (intermediate
goods) and financial firms, T and TAX/[ are lump sum net transfer and tax,
respectively.

The resulting first-order conditions are:

P, 1
R 1 C — 14 5
ot (L4 70) = B G~ honCF, )
R
BEN; 141 HtH =1 (6)
t+1

Riy + ppy Sea

EA
BEN; 111 T S,

—1 (7)

where A1 = o1 /0f denotes the discount factor and II; is the inflation rate. The

equation (5) denotes the marginal utility of consumption; equation (6) is the Euler

11



equation for Ricardian households; equation (7) denotes the Euler equation related
to foreign assets.

The supplied capital (K;) accumulates according to the following law of motions:
Kip1 = (1 = 0 )t Ky + 1. (8)

where I; denotes investments and dy is the capital depreciation rate and 1), is a
capital quality disturbance.”
Investment decisions are subject to a convex adjustment cost of I'y (I, K;) K
2
where Iy (I, K,) = 1 (II(— _ 5K) , with v, > 0.

Capital producers maximize the present discounted value of the following period

profit function:

= P! P!
max Fy § 5%5‘;% [Q: — (1 — ter()] (I — dxtpy Ky) — Ftrl (I, K;) K.
! t=0 ¢ t

The optimal investment decision results in the following first-order condition

Qi = (1 —terf) + 1, <%—6K> 9)

where @Q; denotes the Tobin’s Q and tcrX denotes a tax credit on investments.

The representative non-Ricardian household chooses consumption to maximize

Eo > BUNTCY, () (10)

t=0

"Later we will assume that it follows an AR(1) process in logs, setting exp((;) = ¥y, (; =
(L=pc)Cio1+ e with e ~ N(0,02).

12



subjected to the following constraint
(1+78)"SLONE = 57 (1= 98 )auwrWR VR — 5 Typr,, + TV (11)

where WR™ = W /P, and T,NE = TNE — TAXNE.

As non-Ricardian households do not access financial markets, they cannot smooth
consumption so their problem is static. Their consumption just equates their income
that only derives from labour activities adjusted for taxation.

According to the budget constraint (11), the non-Ricardian consumption is

gn — P Eoon( = 00 JaonnWRITG — 51, Dy 4 TV
C P 1+7¢
and, in the symmetric equilibrium, their marginal utility of consumption is
P 1
QiVR(l—i—TtC)— ¢ (13)

Py CNE — hhonnCNE

3.2 Wage equations and labour supplies

The labour market setup is the core of IGEM. Monopolistic trade unions set wages
of skilled and unskilled workers, which exhibit stable contracts and strong protec-
tion. Atypical workers are instead price takers and have flexible working patterns
and weak labour protection. Self-employed workers and professionals supply labour
under contracts for services. They have also some market power, due to the exis-
tence of professional order or to their limited number. Employees and self-employed
are price makers and face both price (nominal wages).

The degree of nominal wage stickiness and hiring and firing costs, as well as
their market power, are assumed to be much higher for employees. Market power

introduces a wedge between the real wage rate and the marginal rate of substitution

13



between leisure and consumption. By contrast, atypical workers, who often fail to
qualify for labour protection rights and no market power.

Formally, labour supply decisions for the self-employed are taken by professional
orders which supply labour services monopolistically to a continuum of labour mar-
kets of measure 1 indexed by hy, € [0, 1]. In each market the professional order is
assumed to face a demand for labour, given by Ng,(hng,) = (%) o Ns,
where oy, > 1 is the elasticity of substitution between labour inputs, W;"s (hy,)
denotes the hy,—market-specific nominal wage and Ng; = folN st(hng)dhn,.

Professional orders set WtNS(thyt) to maximize households’ expected utility,

given the demand for its differentiated labour services and subject to a convex

djustment costs function: T = Tuls 1 Wit g 2Y h
adjustment costs function: I'ywg, = -5 T W ) ¢, where
Ywns > 0 and Hfﬁ”ﬁﬁlfﬁw is a geometric average of past (gross) and long-run infla-
tion, where the weight of past inflation is determined by the indexation parameter
Kw € [0, 1]

The first-order condition in the symmetric equilibrium leads to the following

wage equation:

s (7 = 1) Y™ — B (U — 1) Yenn Q28]
(O-NS - ]') Ns>t
oNgwWng (1 — Ngy)~ s

—(L=9)WRY (14)

where QY5 = WRNSTL /I " WRNs.

The first-order condition in the steady-state implies:

WNS ON WN
1—oNs = S 3 1
( ) P O'NS _ 1 QR (1 _ NS)’UNS Y ( 5)

i.e., the market power in the labour market introduces a wedge between the net real

14



remuneration of self-employed workers, (1 —9"$)IW s /P, and the marginal rate of
substitution between leisure and consumption, wy /0" (1 — N,)""s. This markup,
ong/(0ng — 1), is decreasing in the elasticity of substitution between differentiated
labour services, oy, and reflects the degree of imperfect competition characterizing
the labour market.

Monopolistic trade unions set wages of skilled and unskilled workers.

1. Skilled labour services are only provided by Ricardian households. Central-
ized unions supply them to a continuum of labour markets of measure 1 in-
dexed by hr, € [0,1]. In each market, the union faces a demand for labour
given by Ly(hr,) = (W' (he,)/WE") """ Ly, where o7, > 1 is the
elasticity of substitution between differentiated labour services, W, (hy,,) is

the market-specific nominal wage, WtLH denotes the wage index and Ly; =

I Lo (i )dh,.

2. Unskilled labour services are provided by both Ricardian and non-Ricardian
households. As for skilled employees, a continuum of differentiated labour
inputs indexed by hy, € [0,1] are supplied monopolistically by unions. We
assume that households are distributed uniformly across unions. Hence, aggre-
gate demand of hy, —labour Ly :(hy,) = (WtLL(hLL)/WtLL)_JLL Ly, is evenly
distributed between all households, where o7, > 1 is the elasticity of substi-
tution between differentiated labour services, W;"* (hy, ) is the nominal wage

of type hLL, and LL,t = folLL,t<hLL)dhLL~

Both high-skilled and low-skilled workers face costly nominal wages adjustments

v 2
of the form: I'yi ; = 7%’ (HKWHJ/_VEV(Vh;?ﬂ o 1) Y:, i € {Ly, L1}, where vy oy >
t—1 -1

0 and vz, > 0.

By imposing symmetry across differentiated skilled labour services, the wage

15



equations are:

Ywia [(QtLH - 1) QtLHYt — BA1 (QtLH - 1) QtLHY;tH]
(0ry —1) Lpy B
WryOLy (1 — Ly,) o

(oL, — 1) of

— (1 =9/") WR{™  (16)

s [(QFF = 1) QFFY; = BA (O — 1) QF*Vi]
(ULL - 1) LL,t
wror, (1— LL,t)ivLL

(ULL - 1) Ot

— (L=9/") WR{™ (17)

_I—HW

where Q" = WRMIL /WD " WRM, QFr = WRMTL /WD "V WRM,
CORRETTO and g, = (1 — X\2)oFf 4 N2 N R,
By imposing symmetry across differentiated skilled labour services, in steady-

state the wage equations are

WLH (o8 Wi,
1 — gk = H 2 1
( )5 ory —10%(1—Ly)™n 18]
L whe 0Ly WLy
(1—v") = (19)

P op, —1lo(l— L™
where we have used the fact that given the population structure, the weights
assigned by the union to Ricardian and non—-Ricardian households are given by
(1 — sygr) and syg, respectively, and given the allocation of time within each house-
hold, the effective weights are (1 — Az, ) and Az, , respectively.®

By assumption, only non-Ricardian households supply labour services as atyp-

ical workers. For this category of workers, with no union coverage, their labour

8Given the population structure and the allocation of time within each household, the
weights attached by the union to Ricardian and non—Ricardian households are, in fact, given

1—)\L >\L
by (1—snr) 75 =51, and sypy L

SLyp -

16



supply then equates the net real wage to marginal rate of substitution between

leisure and consumption:

WNA WN
11— L = A . 2
( t ) P, QI{VR (1 _ NA7t)vNA ( O)

3.3 Banking sector

The representation of the financial sector is borrowed from Gertler and Karadi
(2011) and Beqiraj et al. (2016). Banks are owned by households. Each period a
fraction 6 of bankers survives while a fraction 1 —  exits and is replaced.’

The balance sheet of a representative bank j is
Qtsft — NW]t + B]l'?-i-l (21)

where NW;, denotes the amount of wealth (net worth) that a j-banker has at the
end of period ¢, Bﬁ 1 represents the deposit that the intermediary obtains from
households, Sf . is the quantity of financial claims on non-financial firms that the
intermediary holds, and @), is the relative price.

The banker’s equity capital evolves as the difference between the earnings on

assets, RktHQtSf ., and interest payments on liabilities, RtHBﬁ 1. Thus:
NWijeir = [Rier — Beor — (Byer — 1) 78] QST + R NWj, (22)

The term [Rkt—H — Rii1— (Rgeer — 1) Tf ] represents the premium that the banker
earns on his assets.

Each j-banker’s objective is then to maximize V}, i.e., the expected discounted

9New bankers are endowed with a fraction ¢/(1 — b) of the value of the assets intermediated
by the existing bankers. Indeed, there are different ways to model bankers turnover. See, e.g.,
Gertler and Kiyotaki (2011) for a discussion.
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present value of its future flows of net worth NW;, that is:

‘/;' = Imax Et Z(]_ - 0)0i6i+1At7t+1+Z‘NVVTjt+1+i. (23)

=0

In order to limit the ability of the intermediary to expand its assets indefinitely
a moral hazard enforcement problem (derived from agency cost) is introduced. In
particular, at the beginning of each period the banker can choose to divert a fraction
A of available funds from the project and transfer them back to the household.

The incentive constraint faced by the lender that wants to supply funds to the

banker can be expressed as:

Vit > AQ:ST, (24)

The term Vj; represents the loss supported by the banker when he diverts a
fraction of assets, whereas the right side is the gain from diverting funds. We can
express Vj; as:

Vi = thtSft + n, NW (25)

where:

vy = Ey {(1 - 9) BA1 [Rkt+1 — Riy1 — (Rkt-H - 1) Tﬂ + ﬁAt+19$t,t+1Vt+1}

n, = E; {(1 —0)+ 5At+192t,t+177t+1} :

Here 75 represents the capital taxes, v; is the value of bank’s capital and represents
the expected discounted marginal gain to the banker of expanding assets QtS’f . by
a unit holding net worth constant. The term 7, denotes the value of banks’ net
worth and represents the expected discounted value of having another unit of NW;,,
holding K constant. Instead, ;41 = QisSTy,,/Q:SS, indicate the gross growth

rate in assets between t and t + 14, whereas 2,41 = NWj,11/NW,, denotes the gross

18



growth rate of net worth.
Moreover, [Rktﬂ — Riy1 — (Rgeer — 1) TtK ] is the risk premium suggesting the
presence of financial frictions. Given the equation for the banker’s loss, Vj;, (25)

then rewriting the incentive constraint (24) yields
VtQtSft + 0, NWje > AQtSfr (26)

If this rewritten incentive constraint binds, then the assets the banker can ac-

quire will depend positively on his equity:

QiSf, = 5 L SNy = 0N W (27)

where ¢, is the ratio of privately intermediated assets to equity (private leverage
ratio).

The evolution of the growth rate of banks’ capital, z;;1;, and the growth rate
of banks’ net wealth, 2,1, can be written as:

NWje1

R+l = NW;: = [Rktﬂ — Rip1 — (Rper1 — 1) 7'{(] ¢p + Rt (28)

F
v . Qt+1Sj,t+1 N ¢t+1 Nth+1 o ¢t+1z
ttHl = = - tit+l:
QST ¢ NWj o

(29)

The law of motion of NW; is given by the sum of the net worth of existing

bankers, NW,;, and the net worth of entering bankers, NW,,;:

NW, = NW,, + NW,,. (30)
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The existing banks’ net worth accumulation is
NWe =0 [(Rie — Ry — (Rie — 1) 7(°)) ¢y + Re] NW,4 (31)
The new banks’ net worth is given by
NWyy = w@QiS5y_4 (32)

where w is the proportional starting up funds that each period the household trans-

fers to the entering bankers.

3.4 The domestic production sector

The intermediate goods sector is made by a continuum of competitive producers
indexed by j € [0, 1]. The typical firm j uses labour inputs and capital to produce

intermediate goods Y;(j) according to the following technology:

—ag

—ar—an 1 ag
Yilj) = Au | £ENE (ufy BG) ] (K (33)

where az, ay > 0 and oy + ay < 1, A; denotes the total factor productivity, K&
is the public capital; £, = Logsy — OHF, N; = Nogsy — OHY, with Leogs, and
Ncgs: denoting CES aggregates of labour inputs hired, whereas OH} and OH}
stand for overhead labour.

The bundles Logs, and Neogg, are defined as follows:

9L
1 or—1 1 op—=1|op—1

gL—- p L
Legpst = {sxzi (efr, LYLs) v +swpl (efL, LYuy) o0 } (34)

IN

1

- ony—1 % on—1 ony—1
Negsi = [sx;/; (efnsNYsy) on +swpf\ (efn,NYay) on } (35)
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where o7, oy > 1 measure the elasticity of substitution between the categories
of workers of each CES aggregator, the coefficients efr,, efr,, efns, and efn,
measure efficiency, the terms sz, , srr,, sTyg, and sxy, represent the shares of
each category of workers; LY, = s, Ly, LYy = sp, Ly, NYst = sngNgy, and
NY4: = sn,Na, denote the labour inputs.

The stock of government capital depends on the public infrastructure investment

decisions I¢ and evolves according to the following law of motion:
Kfy = (1—0) K7+ I

with dg being the depreciation rate.

Producing firms are also assumed to control the rate of utilization at which this
factor is utilized, uX. As in Christiano et al. (2005), using the stock of capital at a
rate uf entails a cost in terms of the final good equal to T',x (uf( ) 1, K (i), where
'« (u{() = Yk (uf — 1) + %Tg (uf{ — 1)2, with v,x, 5 > 0.

The objective of each firm j is to maximize the sum of expected discounted
real profits by setting the optimal price P;(j) and making choices about labour
inputs and physical capital. In setting its decisions, each firm is constrained by the

N\ -0
available technology (33), the demand schedule for variety j, Y;(j) = (Pt—(j)) . Y;,10

2
. . . . Pi(7
quadratic adjustment costs on price setting I'p; = £ (Hf fl%l_“ = Ptf(lj()j) - 1) Y,

(with 7, > 0 and xp € [0,1] denoting weight of past inflation in the indexation).
Due to the existence of hiring and firing costs, each firm is also constrained by

quadratic adjustment costs in changing labor demands; formally, these costs are:

o 2 ‘ _ - 2
FNEZM<%—1> thorze{A,S}andFLyA:%(%—O Y, for

ie{H, L}.

10The intermediate good j is demanded by final good firms to produce consumption and invest-
ment goods, Yy, and by exporters to produce tradable goods, EX;.
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At the optimum and under symmetry, the optimal pricing decision equation

describes the time path of domestic inflation:

1—6y+ MC:0 Y,
z . S = (= 1) Q — BEAL (1 — 1) Qe ;,H
P t

(36)
where ; = II/I}F 1ﬁ1_ﬁp. In the steady state, equation (36) implies MC =
(0y —1)/0y (the steady state marginal cost equals the inverse markup).

In the symmetric equilibrium, profit maximization implies that

(1— o —ay) ]\fgj—;ﬁ + [Qt—i—l —o0xg —I'yx (Uffﬂ)} (G
Rkt+1 - = Q (37)
t

The utilization rate of capital is also optimally set and satisfies:

Y, Olx (uf)
1 —ap —ay) MO 2t = Ze W) g
( Qaj, OéN) Ct U aUt ¢t t (38)
where OTx (uf*) /Oup = v,5 + v (uf = 1)1

In the symmetric equilibrium, then, the firm’s cost minimization implies the

following implicit labour demands for LY7 ;, LYy, NYs, and NY,,:

ay (1 — ag) MCY,saXoNeflon=/on 1 nr o
(1= o) wps = N (L= a0) MCisey, ~ ey, (CE“) +

(Negs: — OHY) NY

NYiy Yy NY; t+1 Yt+1NY; t+1
- — -1 A L) (39
T (NY;,tl ) NY,;i 1 +h 1L, ( NY;, > NY;?t (39)

(%,5 Yk ) wth(i)Jr\/[wug VB (@)=, ¥ K (z’)} 2+4%,5< (1—ar—an)MCy Y, K (i)

1, _ 1
Ut = —3 “/ugwth(i)
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for i € {A, S}, and

ar (1 - ag) MC'thMZULe grw% <L0Es,t> o +
(Lepsy — OHY) LYiy

LY;; Y; LY; 11 LY; 41
BN i | A (e )y , 40
I <LY;~,,5_1 ) LY TP, < LY;, b1 LY? (40)

(L—v)WR =

for i € {H, L}, where ﬁ;,t — sub] + T}ﬁ‘f and T%j is the social contributions paid by

the firms to workers of each kind j € ¢, we assume sub)'* = 0.

3.5 Foreign sector

The open economy aspects are captured by two channels: i) The presence of export-
ing and importing firms; ii) the ability of the agents to save or borrow on foreign
financial assets. A continuum of monopolistically competitive exporting (importing)
firms transform domestic (foreign) intermediate goods into exportable (importable)
goods using a linear technology. Exporters and importers seek to maximize profits
by setting prices. Then the development of the net foreign asset position depends
on the current account surplus and on the decisions of firms, households and gov-
ernment. The net external position will depend on conditions in both financial and
goods markets.

In the export sector, there exist a continuum of monopolistically competitive
firms transforming domestic intermediate goods into exportable goods using a lin-
ear technology. This implies that exporters are able to set the price for their prod-
uct at a markup over their marginal cost. However, there are costs of adjusting

K —xl—kK
2 Htif]XH EX

2
prices I'p, ; = 1EX (w — 1) EX,;, where Px.(j) is the price set by

*xkpx TFl—REX
1 H

the exporter in foreign currency for the good j, vpx > 0, 1 denotes

a geometric average of past (gross) and long-run inflation prevailing in the foreign

market, where the weight of past inflation is determined by the indexation parame-
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ter kpx € [0,1].

The typical exporting firm will set the exporting price Px .(j), so as to maximize
the expected discounted value of future profits, taking as given the adjustment
cost, the exchange rate S; and the world demand for good j given by EX,(j) =
(Px+(j)/Pxs) """ EX,, where fpx > 1 is the elasticity of substitution between
tradeable goods, EX; denotes the total demand of export and Py, is the aggregate
export price index, given by Py, = <f01 Py ()07 dj) ﬁ.u

Similarly, importers set prices in local currency as a markup over the import
prices of intermediate goods produced abroad and facing a demand IM(j) =
(Pare(4)/PM )_01 M T My, where 015, > 1 is the elasticity of substitution between im-
ported goods. The term I M, denotes the total demand of imported goods, Py (j) is
the price of the imported good expressed in domestic currency and Py is the aggre-

1
gate import price index, given by Py, = ( fol Pagy ()0 dj) M The quadratic

2
cost function of adjusting prices is I'p,, ; = M <W — 1) IM;, where
v > 0 and Kk € [0, 1].

Resulting export and import price inflation dynamics are described by the fol-

lowing expressions:

SiPx+ (1 —0gx) + Pilpx EXin
QY = == E A Q5 41
¢ Yox P + BEN 195 7X, (41)
Prry (1= 01pp) + S POy IM; 4
QIM _ Mt t E A QIM— 42
t ’VIMPt + ﬂ tiAt+19 6441 IMt ( )
i 0 L VI T i LU G
where (% = 4 , M = , and II

(- ()5 (=)

is the rest of the world gross inflation rate in the steady state.

To close the foreign sector, we have to determine the evolution of net foreign

12We assume that evolves according to FX; = agx (nyt/Pg},t)_aEx W Dy, where W D, is the
world demand and agx and ogx are parameters.
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assets. The economy’s net foreign asset position denominated in domestic currency

evolves as:
SiBpy = (R: + Pf) SiBpi—1 + SiPx EX; — Py I M, (43)

where the risk premium p!” is assumed to be increasing in the aggregate level of

foreign debt. The following functional form for the risk premium is used: pf" =

T, -7, F . .. —
—F(eB"=B"" _ 1), where ¢F is a positive parameter, Bg, = SBpy.1/P: and BE
is the steady state level of net foreign assets in real terms and home currency (see

Schmitt-Grohé and Uribe, 2003). Clearly, in the steady-state p’ = 0.13

3.6 Aggregation and market clearing

Only Ricardian households hold financial assets and own domestic firms. Therefore,
equilibrium requires that the following aggregation conditions must be satisfied:
By = (1 — snr)B[*, By = (1 — syr)Bf,, PRO; = (1 — syg)PRO}. By contrast,
aggregate consumption is Cy = (1 — syr)CE + sypCY.

In the banking sector, market clearing implies that on aggregate:

QiS{ = QeKiya (44)

Since the final good can be used for private and public consumption and for

private and public investment, we have

1

1- 1— Torar
PCJ = PI,t = [(1 - CYIM)Pt 9IM Oz[MPM;IM} 1-orm (45)
* F
¥Note that (43) implies Bf, = (Rtnitpt)%Bﬁtﬂ + Stllztx.,t EX, — P]Jgt‘t IM,.
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and

Pai I My + PYy, = Pey (Co+ CE + I+ IF) (46)

Market clearing in the intermediate goods market requires
_ Px
Yi =Y+ St?EXt (47)
t

From (46) and (47), the resource constraint of the economy immediately follows:

PP (Ci+ CE+ I+ IF) N SiPx+EX; — Py I M,

Y, =
t Pt Pt

4T, (48)

where I'; is the sum of all the I'-adjustment costs present in the economy.

3.7 Fiscal and monetary authorities

The government issues nominal debt in the form of interest-bearing bonds. Public
consumption and investment, interest payments on outstanding public debt, trans-
fers to households and subsidies to firms are financed by taxes on capital, labour
and consumption and/or by issuance of new bonds. To ensure that the fiscal budget
constraint is met, the fiscal authority is assumed to adopt a fiscal rule responding to
public debt. The external monetary authority (ECB) controls the nominal interest
rate, which, to some extent, responds to domestic conditions.

The fiscal sector is characterized by two equations defining the public deficit
dynamics and the tax rule. Specifically, the government purchases final goods for
consumption C¢ and investment ¢, makes transfers to households T'ry, gives sub-
sidies to intermediate goods producers SU By, receives lump-sum taxes 7T; and tax

payments on labour income, consumption and capital, and issues nominal bonds

BE (in real terms BE™").

26



The real deficit (D;) dynamics is then given by:

B Pe,Gy+ Pr,I¢
Dy = (R, — 1)—t— 4 ~C¢ e CLT S S > X, +SUB,  (49)

1T I
X eTX

where TX = {LTAX CTAX  KTAX) are the revenues determined by the given tax

rates on labour, consumption and capital. Note that LY =", s;L; W Ri(7} +

ThWt + T‘Jﬁvt) CTAX = 7§ PCtC’t, KTAX = P - (Rey — 0k — 1)7’5%:11 K, — tcrk:tp“
Public (consumption and investment) expenditure and transfers evolve according
to AR(1) processes in their log deviations from the steady states.

The tax dynamics is described by a fiscal rule, which captures the tax response

to the public finance indicators (debt and deficit) and the stance of stabilization

policies. Formally, the fiscal rule in deviations from the steady state is:

T, B 1 D, Y,
o Ty 4T 50
BBGTHt—{— DD+ Yy (50)

H

where Tg, Tp and Ty are policy parameters. The tax is equally imposed to Ricar-
dian and non-Ricardian, i.e., T/* = (1 — s%fx) T; and TNE = sNE T;.

The gross nominal interest rate paid by the one-period nominal bond issued
the government in the domestic market may deviate from the Euro Area risk—free

nominal interest rate by a spread factor, spready, i.e., it is formalized as:'*

R, = spread, REFY (51)

where RFY is the Euro Area risk—free nominal interest rate. In the steady state, we

assume no spread so R = RFV 15

14We use the same formalization used by Gerali et al. (2016) in their experiment on the Italian
sovereign debt crisis. See also Corsetti et al. (2012).
15The spread is modelled as a stochastic anticipated or not anticipated disturbance,
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The currency area is modeled through a monetary authority that sets short-term

nominal interest rates by following a Taylor rule:

O E R e

4 Calibration

The f-IGEM model is calibrated on a quarterly basis in order to match steady-state
ratios and some specific features of the Italian economy. The private consumption
share C'/Y is set at 0.57, the investment share I/Y" at 0.18, the public consumption
share GG /Y at 0.20. The tables below describe the parameters. Table 1 reports
some deep parameters, whereas Table 2 focuses on parameters related to labour
markets. Table 3 reports fiscal parameters. Table 4 and 5 summarize parameters
characterizing nominal and financial frictions. Apart from financial frictions, the
calibration mainly follows that of IGEM in Annicchiarico et al. (2013a), to whom

we refer for more details.

161 not differently stated, we use the same calibration of IGEM (Annicchiarico et al., 2013a).
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Table 1 — Calibration of deep parameters

Parameter  Description Value
15} Discount factor 0.99
0K Depreciation rate of capital 0.025
Oxa Depreciation rate of pubic capital 0.025
Qg Production function parameter, LL and LH workers 0.35
an Production function parameter, NS and NA workers 0.35
lo'te. Production function parameter, public capital 0
Qrn Share of foreign goods in total consumption 0.26
QEx Share of foreign goods in total consumption for the rest of the world 0.26
Oy Elasticity of substitution between domestic intermediate goods 5)
Orx Elasticity of substitution between exported intermediate goods 5)
O Elasticity of substitution between imported intermediate goods )
Orvm Elasticity of substitution between domestic and foreign intermediate varieties 1.1
Kp Price backward indexation 1
Ky Wage backward indexation 1
I Steady-state inflation 1
o Steady-state inflation (foreign sector) 1
Ly Taylor rule parameter, interest 0.8
b Taylor rule parameter, inflation 1.7
Ly Taylor rule parameter, output 0.125
Lg Taylor rule parameter, exchange rate 0.00
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The discount factor ( is equal to 0.99, implying an annual real interest rate of
4%. The rates of depreciation of private and public physical capital dx and 0g are
set to 0.025 implying a 10% annual depreciation rate of capital. The capital share
in the intermediate goods production is equal to 0.3, hence 1 —a; —ay = 0.3. The
labour shares are such that a;, = ay = 0.35. The CES parameters o, and oy are
set at 1.4 according to Katz and Murphy (1992) estimates, as in QUEST III for
Italy. As in the baseline IGEM, the contribution of public capital to production is
neglected (i.e., ag = 0).

The elasticities of substitution between domestic goods in the intermediate sec-
tor, By, is set equal to 5 so to have a steady-state level of net markup equal to 25%,
which is consistent with the value set in the Italian version of QUEST III with
RED (see D’Auria et al., 2009). Since in IGEM tradable goods are produced in the
intermediate sector, we also set the elasticities of substitution between imported
and exported varieties, 07, and fgx, at 5. The contribution of imported inter-
mediate goods to the final good production, summarized by the parameter ay,; is
equal to 0.26, consistently with Annicchiarico et al. (2013a), while the elasticity of
substitution between domestic and foreign intermediate varieties oy is set at 1.1.

The steady-state inflation is set equal to zero, II = 1, and we assume full back-
ward indexation of prices and wages, kp = Kk = 1. The same holds for foreign
inflation. As in Annicchiarico et al. (2013a), we consider a standard Taylor rule
(tr =0, tp = 1.5, 1y = 0.125, 15 = 0).

Table 2 is based on the RCFL-ISTAT 2008 data and microestimations.

30



Table 2 — Calibration of deep parameters of labour markets (IGEM)

Parameter  Description Value
SH Share of skilled employees 0.11
S, Share of unskilled employees 0.42
Sg Share of self-employed 0.21
SA Share of atypical workers 0.26
SN Share of non-Ricardian Households 0.26
OHIL Elasticity of substitution, skilled and unskilled employees 14

ONA Elasticity of substitution, atypical and self-employed workers 1.4

OH FElasticity of substitution, skilled employees 2.65
or, Elasticity of substitution, unskilled employees 2.65
Og Elasticity of substitution, self-employed workers 2.65
vy Preference parameter, skilled employees 8.01
vy, Preference parameter, unskilled employees 8.36
VA Preference parameter, atypical workers 12.76
Vg Preference parameter, self-employed workers 8.00

31



Drawing on RCFL-ISTAT 2008 data set, labour categories are defined as fol-
lows. Employees are identified with those workers with a stable labour contract
and eligible of labour protection, so belonging to the primary labour market. In
the available data, this category amounts to 53% of the whole workforce, within
this category the share of the employees with tertiary education corresponds to
the skilled workers and accounts for 11% of the workers (i.e., sy = 0.11). The
remaining share is identified with the unskilled employees (i.e., s = 0.42). The
share of self-employed workers older than 35, is 21% and the model share sg is
set accordingly. As a matter of fact, we exclude from this category of workers the
young, since at early stages of their careers they tend to be precarious and face the
same difficulties of the workers with atypical contracts. Hence, the last category of
workers labeled as “atypical” includes young self-employed, apprentices, temporary
workers and other workers with atypical contracts characterized by weak security
protection and low firing costs, so belonging to the secondary market. This residual
fraction of workers amounts to 26% (i.e., s4 = 0.26).

According to the estimates based on EconLav microsimulation model, the Frisch
elasticity of labour supply for the employees is 0.30, while for the atypical component
of the labour force the Frisch elasticity is equal to 0.35. For the self-employed
workers we set the Frisch elasticity at 0.30, since it is conjectured that the reactivity
of their labour supply to changes in their remuneration is closer to that experienced
by workers with stable contracts. In line with the literature, the elasticities of
substitution between different varieties of labour o, oy and og are all set at 2.65
(see Forni et al., 2010), reflecting the limited competition protecting the insiders.

The calibration of the tax system points to heavy taxation on capital and labour

income, where different rates are considered for each labour category. Fiscal para-
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meters are taken from Annicchiarico et al. (2013a) and reported in Table 3.

Table 3 — Tax system calibration

Parameter  Description Value
¢ Tax rate of consumption 0.17
K Tax rate on physical capital 0.33
TZL Average legal tax rate on unskilled employees 0.24
Tﬁ Social contributions on unskilled employees 0.09
T]Lc Contributions levied on firms, unskilled employees 0.33
H Average legal tax rate on skilled employees 0.27
ThH Social contributions on skilled employees 0.09
T]I;I Contributions levied on firms, skilled employees 0.33
TZS Average legal tax rate on self-employed 0.26
Tf Social contributions on self-employed 0.09
T? Contributions levied on firms, self-employed 0.00
7'24 Average legal tax rate on atypical workers 0.24
1%
T Na Social contributions on atypical workers 0.09
7'? Contributions levied on firms, atypical workers 0.27
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The tax rate on consumption 7¢ is equal to 0.17, while the tax rate on physical
capital 7% is 0.33, consistently with the calibration used in the Italian version of
QUEST III (D’Auria et al., 2009). For the tax rates on wage income, the calibration
is based on data taken from RFCL-ISTAT 2008. In particular, the average legal
tax rate on labour income paid by skilled employees 7/ is equal to 0.27, that for
the unskilled, 7£ is set at 0.24, for the self-employed 77 is 0.26 and for the atypical
workers 71! is 0.24. The social contribution rates paid by firms and workers are set,
respectively, at 0.33 and 0.09 as legal rates of contribution. The tax rates (77, 7L,
79, and 74) are obtained by summing the average tax rate on labour income and
the legal rates of contribution.

Table 4 reports the parameters characterizing the nominal rigidities of the

model.!7

Table 4 — Calibration adjustment costs and nominal rigidities (IGEM)

Parameter  Description Value
hor Habit (Ricardian households) 0.7
honr Habit (non-Ricardian households) 0.3
72’ Wage adjustment cost self-employed workers 10
’y?{ Wage adjustment cost high-skilled workers 71
'7‘2/ Wage adjustment cost low-skilled workers 71
Vp Price adjustment cost 10
Yr Investment adjustment cost )

The parameters representing the financial sector (6, w, and \) are chosen to

match the following two steady-state targets: i) a leverage ratio equal to four (¢ =

1"They are taken from Annicchiarico et al. (2013a). We assume no demand adjustment costs
(VN4 = VINs = Yoy = V1, = 0)-
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4); ii) an average horizon of bankers of a decade (# = 0.972). Table 5 summarizes

the parameters characterizing the financial sector.

Table 5 — Financial sector calibration

Parameter  Description Value
0 Fraction of bankers who survives in each period 0.972
w Proportional of starting up funds for entering bankers 0.0046
A Fraction of divertable funds 0.25
10) Leverage ratio 4
Banks’ average horizon (years) 10

5 Simulation of policy scenarios

Several simulations are designed to illustrate how the model behaves and how it
can be used to evaluate fiscal reforms. In the first subsection, we show how the
model behaves by looking at its response to unexpected disturbances. We consider
a technology, capital quality, and fiscal shock. We show the impulse response func-
tions associated to these shocks for three main variables (output, investments, and
the credit premium). The second subsection provides an example of evaluation of
fiscal reforms. Specifically, we consider a consolidation plan implemented during a
sovereign debt crisis. The reform plan is a combination of permanent fiscal poli-
cies, which involves increases in consumption and labor taxes and reductions in
government consumption. We further assume that the plan is implemented when a
sovereign debt crisis hits the economy, which is modelled as a temporary increase

in the government debt in fFIGEM.
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5.1 The financial accelerator at work

In this section, some experiments are designed to illustrate how the model behaves.
We look at the response of the model economy to three disturbances: A negative
technology shock; a decline in capital quality; a positive fiscal shock. The technology
shock is a negative one percent innovation in TFP, with a quarterly autoregressive
factor of 0.85. The capital quality shock aims to mimic some features of the recent
banking crisis. It is an unanticipated negative five percent decline in the capital
value, with a quarterly autoregressive factor of 0.66. Finally, the public consumption
shock is an unanticipated positive one percent increase in the government budget,
with a quarterly autoregressive factor of 0.85.

Results are described in Figure 1. Disturbances are reported by rows: (a) tech-
nology; (b) capital quality; (¢) public consumption shock. The figure shows the
responses of three key variables (by columns): output, investment and the pre-

mium. In each case the solid line shows the response of f-IGEM, dashed lines those
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of IGEM (i.e., the same model where financial frictions have been removed).

i nvest ment 02 prem um
20 40
)
20 40
20 40
quarters quarters quarters

Figure 1 — The financial accelerator at work (solid lines = f-IGEM/dashed
lines = IGEM). Note: (a) productivity; (b) capital quality; (c) fiscal

(public consumption increase) shock.

The technology shock is described in row (a). The intermediary balance sheet
mechanism produces an amplification of the decline in output in f-IGEM relative to
IGEM. The amplification is mainly the product of a substantially enhanced decline
in investment implied by the rise in the premium. The premium rises as the result of
the deterioration in intermediary balance sheets driven by the unanticipated decline
in investment reduces asset prices. The downturn in investment and asset prices is

further fueled by the increase in the cost of capital, which reduces capital demand
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by non-financial firms.

We now turn to the decline in capital quality. As argued by Gertler and Karadi
(2011), it aims to roughly capture the recent sub-prime crises. The deterioration in
the quality of intermediary assets produces an enhanced decline in the net worth
of banks, due to their high degree of leverage. The shock generates an exogenous
and endogenous decline in asset values. After the initial decline in asset values
due to the reduction of the effective quantity of capital, in fact, driven by the
leverage ratio constraint, a drop in asset demand is induced by the weakening of
intermediary balance sheets. The price per effective unit of capital and investment
then falls, further shrinking the intermediary balance sheets and magnifying the
overall contraction through the degree of leverage. The decline in capital quality
also provides an amplification of the decline in output in f-IGEM relative to IGEM

Results from the technology and the capital quality shocks are similar to those
obtained by Gertler and Karadi (2011).

The public consumption shock is an unanticipated positive one percent increase
in the government budget, with a quarterly autoregressive factor of 0.85. Fiscal pol-
icy is less effective. It leads to an increase in the premium that reduces investments.
In IGEM, the shock produces only a modest decline in investments. By contrast,
in the model in f-IGEM, there is a sharp fall in investments, public consumption
crowded out investments.

Summarizing, important differences derive for all variables when considering or
not financial frictions. Their inclusion in the model results in a significant accen-
tuation of all the negative effects. The differences are explained by the increase in
the premium, which only occurs when the financial sector and the frictions related

to it are considered.
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5.2 Sovereign debt crises and fiscal consolidation

A reform plan is announced at time ¢ = 1. The plan consists of a mix of reductions
in public expenditure and increases in taxes. Specifically, we assume a reduction of
1% in public consumption and a 1% increase in consumption and labor taxes.

Simulations are carried out under the assumption that the fiscal interventions
are fully credible and that all policy changes are permanent, as common practice
in applied economic modeling when exploring the effects of policy interventions.
Households and firms have perfect foresight. Therefore, any possible source of
uncertainty about the underlying path of policy changes is ruled out. As a result,
forward looking agents adjust their behavior accordingly, fully anticipating the long—
run effects of the reforms.!8

At time t = 1, when the reform is implemented, however, the economy is not
on the steady state, but it hit by a spread over the Euro Area risk—free nominal
interest rate. We assume that the sovereign debt crisis consists of a transitory shock
on the spread, holding for 2 years, which implies a spread equal to 200 basis points.

The analysis of the permanent fiscal reform coupled with the temporary sov-
ereign debt crisis is numerically simulated by using the non-linear version of f-
IGEM." To conduct our simulation exercise, we examine the deterministic response
of the economy to unexpected permanent and temporary changes in the exogenous
policy variables taking place at the beginning of the time horizon of the simulation.
It should be noted that the analysis of the effects of permanent shocks requires
solving a two—point boundary—problem, specifying the initial conditions for the pre-

determined variables and the terminal conditions for the forward looking variables.

18Similar experiments are described, e.g., in Vogel (2012, 2013, 2014), Annicchiarico et al.
(2013a, 2013b, 2017), Lorenzani and Varga. (2014), Varga and in ’t Veld (2014), Gerali et al.
(2016), Ministero dell’Economia e delle Finanze (2017), Ferrara and Tirelli (2017).

19The model is solved by using both TROLL and Dynare, which rely on a Newton-type algorithm
to solve non-linear deterministic models. Results are the same.
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A rigorous approach to solve this problem would make it necessary to derive the
new steady state of the model and use the theoretical equilibrium values as terminal
conditions. However, when dealing with a large scale model this solution strategy
can be very taxing. Alternatively, one may opt to reformulate the problem so that
the terminal conditions are invariant to policy changes, as proposed by Roeger and
in’t Veld (1999). In this simulation, we have opted for this less demanding strategy.

The results of our simulations are reported in Figure 2. The figure describes the
path of the output associated with a fiscal reform starting from the steady state

(no sovereign debt crisis) or during the financial turmoil (sovereign debt crisis).

0.00

-1.00

-2.00

-3.00

-4.00

-5.00

-6.00

0 1 2 3 4 5

————— No sovereign debt crisis No sovereign debt crisis

Figure 2 — Sovereign debt crisis and fiscal consolidation (annualized

real output deviations from the initial steady state).
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Implementing the consolidation plan during the debt sovereign crisis exhibits
strong additional costs, a larger decline in GDP of about 2.5% in the first year, and
about 1.3% on average during the two years of the crisis.

The overall impact of the fiscal reform on many economy variables is described
in Table 6. The table measures the additional effect of the debt sovereign crisis on
the implementation path of the fiscal reform, i.e., it measures the difference between
a reform implemented from the steady state to one implemented during the debt

sovereign crisis. Differences clearly emerge.

Table 6 — Difference between scenarios

GDP -240 -0.30 0.06 0.18 0.08
Consumption -1.82  -0.v2  -0.28 -0.10 -0.06
Ricardian -2.28  -0.84 -0.34 -0.10 -0.06
Non Ricardian 0.44 -0.08 -0.02 -0.02 -0.02
Investment -0.28  -0.08 0.04 0.08 0.08
Labour -0.78 -0.44 -0.04 0.12 0.12
Labour (unskilled) -1.04 -064 -0.10 0.16 0.18
Labour (skilled) -0.44 -0.30 -0.08 0.06 0.08
Labour (self-employed) -0.94 -0.40 0.04 0.18 0.12
Labour (atypical) -0.18 -0.06 0.00 0.02 0.02
Terms of trade 3.28 0.10 -0.10 -0.24 -0.20
Trade balance -4.04 -0.10 0.14 030 0.22
Import 1.50 -0.36 -0.26 -0.24 -0.18
Real deficit -15.24 -11.28 -4.46 -0.68 0.02
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6 Conclusions

In the wake of the global financial crisis, the relevance of imperfections in the finan-
cial markets has been reconsidered as they can strongly affect the macroeconomic
performance and effectiveness of economic policies.

Our paper developed a quantitative DSGE model with financial intermediaries
who face endogenously determined balance sheet constraints. We introduced fi-
nancial frictions in IGEM, which is a medium scale Dynamic General Equilibrium
model for the Italian economy developed at the Department of Treasury of the
Italian Ministry of the Economy and Finance.

The labor market setup is the core of IGEM, and thus of f-IGEM. A segmented
labor market mimics the peculiarity of the Italian economy. Monopolistic trade
unions set wages of skilled and unskilled workers, who exhibit stable contracts and
strong protection. Atypical workers are instead price takers and have flexible work-
ing patterns and weak labor protection. Self-employed workers and professionals
supply labor under contracts for services. They have also some market power, due
to the existence of professional orders or to their limited number.

In the financial sector, banks hold long—term assets from non—financial firms (in-
vestors) and fund these assets with short—term liabilities from households (savers)
and their own equity capital. Imperfections assume the form of an agency problem
between banks and households that introduces endogenous constraints on the lever-
age ratios of the former. As a result, credit flows are tied to the equity capital of
intermediaries. A deterioration of bank capital raises credit costs, lowering lending
and borrowing.

The open economy aspects are captured by two channels: The presence of ex-
porting and importing firms; the ability of the agents to save or borrow on foreign

financial assets. A continuum of monopolistically competitive exporting (importing)
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firms transform domestic (foreign) intermediate goods into exportable (importable)
goods using a linear technology. Exporters and importers seek to maximize profits
by setting prices. Then the development of the net foreign asset position depends
on the current account surplus and on the decisions of firms, households and gov-
ernment. The net external position will depend on conditions in both financial and
goods markets. The currency area is modelled through a monetary authority that
sets short—term nominal interest rates by a simple Taylor rule.

We performed several simulations to illustrate how the above model behaves.
We also showed how it can be used to evaluate fiscal reforms by an example of
consolidation package.

We illustrated the economy response to unexpected disturbances. The impulse
response functions of f~IGEM were compared to those of the same model where fi-
nancial frictions have been removed (IGEM). We accounted for a technology shock,
capital quality decline (capturing several features of the recent sub-prime crises),
and a fiscal shock. The inclusion of financial frictions in our model results in a
significant accentuation of all the negative effects. Overall contractions due to tech-
nology and capital quality shock are magnified by the presence of financial frictions.
The differences are mainly explained by the financial accelerator operating through
increases in the credit premium. In the case of the positive shock in fiscal expen-
diture, financial frictions imply that public expenditure crowds out investments,
making the expansionary policy less effective.

We then considered a consolidation plan implemented during a sovereign debt
crisis. The reform is a combination of permanent increases in consumption and
labor taxes and reductions in government consumption (a reduction of 1% in the
public consumption and a 1% increase in the consumption and labor taxes). The

plan is implemented when a sovereign debt crisis hits the economy and its outcome
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compared to those stemming from the same plan announced when the economy is
on the steady state. The sovereign debt crisis is a transitory spread shock that
implies a spread equal to 200 basis points for 2 years. Our results are as follows.
In the first year, the additional decline in GDP involved in the consolidation plan
implemented during the debt sovereign crisis is about 2.5% larger compared to an
equal reform announced in the steady state. Considering the two—year average, the
difference is about 1.3%.

Finally, a word of caution is needed since the quantification of the economic
impact of economic reforms and disturbances represents an extremely difficult exer-
cise. All results must be interpreted in the light of the model used. Thus, although
built up with the purpose of assessing the effects of structural reforms and fiscal

interventions, only a stylized representation of the economy under study is provided.

Appendix — The equations of the model

In this section all the equations of the model are listed.

1. Euler equation of the Ricardian households ok

R _ R Rig
o = PEw0; T

2. Lagrangian multiplier of the Ricardian households ok

R — P 1
t Poyt (1+78) (CR—horCE )

0

3. Consumption of the non—Ricardian households ok

CYR (14 70) Tt = (1= 70— 7)) BAWRNAN,, - TAXY R4
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SNR

2
MLsp, YL ( I WR; L 1) Y,
- t

SNR 2 W "W wRrrL

L AoeLs
FTr R4 (1= rfe - ) S W R Ly,

4. Lagrangian multiplier of non—Ricardian households OK (BAR SO-
PRA)

oV = P 1
¢ Po (1478) (CNE—honrCNE)

5. Aggregate consumption

Ct = SNRC(tNR + (1 - SNR)CtR

6. Wage equation (self-employed)

N, N N, —
(UNS—l) Qﬁ 1—Tts—7'm s WRt SN&,:ZWNSUNS (1—NS¢) UNs NS,t“‘
’
WRYSTI, WR, ST,
KW T l— kW Ng — [ e 1d Ng
I, I WR, > I, 1T WR, >

N N
WR, 5Ty _ WR, 511
MW “WwRYs W g Wy gNs

— 0 Yy +

+BQEH’7WNS <

7. Wage equation (skilled employees)

R Ly wkhu Ly _ —vL
(or, —1)o; (1 — 7" =T ) WR "Ly =wr,or, (1 — Lgs) " L+
WREHTI, v, WR,H I,
wal—nw LH - 1 t EWwel—rkw LH
Wil W R, H W WR,H

L L
‘hBQR - WR, Al 11 _ WR, HT11
tHLIWEH rw = w yy gla L ew = w y gEH

_|_

—0fYwin

8. Wage equation (unskilled employees)
(o, — 1) (1 — TtLL — ThWJLL> WRtLLLLt =

wLLoLL(lfLL,t)_ULLLL,t WRILTI 1 WRyLTIL
_ L — Y,
(1_[NR/\LL)Q£?, INR/\LL‘Q%VR Ywrr L7, (hep) tH

EWwl—rkw Ewl—rkw Ly,
Ht—ln WRt—l t—lH WRt—l
L
WR, 1

KW Fl—Rrw Ly,
W WR;

_’_5(1—INR)\LL)Q£11+INR/\LL‘Q§V+I§ . WR{E 41
(I—INR)\LL)QF—FINR)\LLQ?’R Twir H?Wﬁl_“WWRfL
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9. Labor supply equation for atypical labor services

Na__wNa
1 _ Na (1 _ on, 1T T TRy
oNE T WRt (1 NA,t) WN,
deve essere
N Na N WN
(1—TA—ThWt YWR, = o

(1—NA,t) NaoNE

CORRETTO IN TUTTE 4: st = st
PRIME 3: (1 - 1va6) => (1 - ag)
PRIME 2: vcx, = moyy,
VANNO TOLTE LE PARTI CON: -,
CHE PER NOI DOVREBBE ESSERE ZERO

10. Demand for skilled labor as employees

or—1

1 1
Ly . Ly wla\ _ ar(l-—ag)MCiX: oL Lopst \ oL
W R, (1 suby™ + 1%, = “Dops.OHL srptefy” Ty, +

LYq 4 LYy 111 LY 41
VLy (LYH_,F1 1) LYHt 1 BAHWLH( LYx, 1) Yin LY2

DOVREBBERO ESSERE TIPO s:i se consideriamo zero gli aggiustament:

WRE (1= s + 7o) = 2l e MAX 7 (LCEs,t) iz

ST (&
Lepsy — OHY Ln

11. Demand for unskilled labor as employees

1 or—1 1

Ly, _ L wir\ _ ap(l—ag)MCiX: o1 o (Lcest L
WR; (1 subyt + 75,7 ) = TonesOHT srilef,’ v, +

i LYp: Yi R LYp 41 LYr 441
L <LYL,t—1 1) LYp 1 +ﬁAt+17LL LYp+ 1) Yin LY2

12. Demand for self-employed labor
1 1

on—1 1
Ns WNS _ an(l-ag)MCiYs NcEes,t \ °N
Wh, ( ~  Ncggs,—OHN SINS efN NYs; +

NYS,t Y: NYS,tJrl NYS NYst+1
~INg (Nys,t,l - 1) NYs: 1 +5At+17NS NYs: 1) Yo NYZ,
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13. Demand for atypical labor

o

1 N1 1
Na . Ny whNa\ _ an(l—ag)MCiY: . on oN Ncest \°N
WRt (]_ Subt + Tf,t == _N-CES,t*OHN SxNA efNA NYy 4 +
NYq 4 Y: R NYa 11 NYa 411
TNA <NYA7,5,1 1) NVar: T+ BAGA YN, NYa 1) Yin NYZ,

NON E’ Equilibrium 14-17, ma una definizione
(si toglie facilmente ridef la f di p)

14. Equilibrium in the labor market (unskilled employees)

LYL,t = SL;, LL,t

15. Equilibrium in the labor market (skilled employees)

LYyt =S5, Lt

16. Equilibrium in the labor market (self-employed workers)

NYs: = sngNgy

17. Equilibrium in the labor market (atypical workers)

NY 1 =5n,Nay

SI PUO’ TOGLIERE
18. Labor aggregate
LNy = sp, Ly +sp,Lus + sngNsy + sy, Nay

19. Production function of the intermediate—goods producers

l-ag

(7)™

Yo=4A [(LCES,t — OH)™ (Negsy — OHN)™ (uffwth)l—aL—aN]

CHECK s,
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20. Employees labor CES aggregate

9L
1 or—1 1 o'L1:| or—1

LCES,t = |:SZEZ§ (efLLLYL,t) 7L +SZL’Z (efLHLYH,t) 9L

21. Self-employed and atypical labor CES aggregate

1

oN on—1 ﬁ on=1l|oN-1
Nepst = |styy (efnsNYss) o8 +sayy (efnyNYay) on

22. Physical capital accumulation equation

Kipr= (1= 0k) 0 K + I

23. Investment equation — Tobin’s Q

Qi = (1 —terk) + 7, (II(—’; —5K>

NO E’ EQULIBRIUM

6.0.1 24. Claims issued by firms

Qth+1 - QtStF

25. Demand of capital

_ o — Yit1 Qi41 ]
RE | _ [(1 ag)(l-ar an)MCrir gk T R 0k Y

Pt+1 Qt

26. Capital utilization
I
% [%ﬁl’f + Vuk (ulf — 1)] Ki=MC;(1—ag)(1—ar—ay) IT;(

ELIMINARE ADJ COSTS

27. Real profits of intermediate goods producers

PROt ==
Y, — WRM <1 — sub® + chﬁ) LY, — WR™ (1 — subb + r%’f) LYyt
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28. Inflation equation
Y= (i = 1) Yimep i + B9, BAfy (st — 1) Yot oty =
P Hfflﬁl_np Hfflﬁl_“P P t+1 \ P P + P P
(1— MC,) 0y,

29. Accumulation of public capital

Kfy =1If + (1 - d6) Kf

30. Flow budget constraint of the government
BG, =

RyBE + P OF + Py, I¢ + PTr, — BTAX, — P, (LTAX 4 CIAX  KIAX) 4+ P,SUB,

31. Transfers

T?“t = SNRTTiVR + (1 — :3]\[}{)7—17';12

32. Labor taxes and social contributions (revenues)

LTAX —
t
L L Wi Wi L L 447 Wy,
StoLug WREE (700 Ta 4 7000 ) + suy Loy WRE (17 4 10+ rp i) +
N Wy
+The T A)

Ng ( _Ns Wi Wi Na (_Na
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33. Consumption tax revenues

CFAY = 76755 [s3nCYR 4 (1~ sxa) O]
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34 Capital tax revenues (net of tax credit)

K?AX = PtT;l(Rkﬂg — (Sk — 1)T{<%t711 Kt — tCT’kt PItIt

t—

35. Fiscal rule

TAX, = TAX + TpZ5* + TpBt + Ty (Y; — Yiy)

36. Lump—sum taxes levied on Ricardian households

TAXE = (1-s§k) TAX,

37. Lump—sum taxes levied on non—Ricardian households

38. Labor subsidies

SUB, = sub" sy, LW RF'™ + subr™ sy, Ly VR + subNsy, N, W RN

39. Government (real) deficit

R,—1)BE PtG PrgiIf
De — WDy Poule | Diodle 4 Ty, — TAX, — LTAX — CFAX — KTAX + SUB,

VANNO TOLTE LE PARTT CON +,, -0 E
SIMILI, NOI NON ABBIAMO ASSUNTO
COSTI DI AGGIUSTAMENTO DELLA
DOMANDA

40. Resource constraint of the economy

C I
Y = 2 (Go+ C) + 2 (L + IF) + 225 BX, — 280 TM+
2
0 I Pl (T 2 7 LX 5 2
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46.

47.

48.

49.

51.

53.

54.

55.

57.

Domestic consumption price index

1

Pey=[(1—ap) P77 + O‘IMP]%/;,tUIM} e

Euler equation related to foreign assets OK

_ R Biatefina
St = BEN = St

Foreign assets net position in real terms

BRF =

Risk premium OK
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Investment goods price level OK
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Imported good price level OK
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Domestic final good price level OK
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Export price OK
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58.

59.

60.

61.

62.

63.

64.

65.

66.

Value of banks’ capital

vy = By {(1 - 9) ﬁﬁi—i (Ek,tﬂ - Rt—H) + Bﬁiiiefﬁt,t—&-th—H}

Value of banks’ net wealth
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Leverage

Growth rate of banks’ capital
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Growth rate of banks’ net wealth
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Assets that banks can acquire
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Banks’ net worth
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Existing banks’ net worth accumulation
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New banks’ net worth
NWn,t = (.UQtStp_l

93



67.

68.

70.

71.

72.

Risk Premium

premium; = Ry, — Ry

Balance sheet of a representative bank j
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Net return on loans
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