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Abstract 

Fahri et al. (2013) have shown how it is possible to mimic the effect of a devaluation 

of the exchange rate in countries that have a fixed exchange rate. This is done by an 

appropriate mix of conventional tax and subsidy. I study a fiscal devaluation in a small 

open economy/ where underground sectors and tax evasion are relevant. Domestic 

firms are able to hire a share of their labor force from the underground market and to 

evade the VAT tax. 

1 Introduction 

Fiscal devaluations have been proposed since the time of the Gold Standard as 

a way of restoring competitiveness of countries unable to devaluate their exchange 

rate. Recently, fiscal devaluation have been proposed as a way to overcome the fixed 

exchange rate of the European currency union.  

 

Fiscal devaluation is defined as an increase in the value added tax timed with a 

decrease of the labor fiscal wedge (i.e. a reduction in social contributions). Due to the 

fact that the VAT tax is rebated to exporter and imposed on importers, a raise alters 

the relative prices of foreign and domestic goods, boosting internal demand. To avoid 

a change of domestic price,  

 

An empirical analysis of the effects of past fiscal devaluation is presented by [de 

Mooji and Keen, 2011]. The authors find that fiscal devaluation do positively impact 

trade balances with significant short run effects, but that over time effects tends to 

wear off.  

 

Fahri et al. (2013) showed how a small set of fiscal instruments can be used to 

robustly replicate the real allocation achieved under a depreciation of the nominal 

exchange rate. Their setup is that of a two country model Dynamic Stochastic General 

Equilibrium model. The authors note that their analysis should be expanded in order 

to cover the effect tax evasion. 

 

Busato and Chiarini (2004) provide a DSGE setup where firm employ labor in a 

market and underground sector where no taxation is due. They show that such a model 

provides a stronger amplification mechanism and matches the data better. 

 

The aim of this work is to provide a study of fiscal devaluation in a context where 

tax evasion is available. The main structure of the model borrows from Fahri et al. in 

that we have a two country, symmetric model with incomplete market. To this I add 

firms and consumers who allocates labor between a market sector and a tax free 

underground sector in a similar way to what happens in Busato and Chiarini. 



Furthermore, I allow for the evasion of the VAT tax. As an extension, I allow for a 

different distribution of the gains from the reduction of the labor fiscal wedge. 

 

The model is calibrated to match salient aspects of the Italian economy. 

2 The model 

2.1 Domestic household 

There is an infinetely lived representative domestic household with preferences over 

sequences of consumption 𝐶𝑡, money holding 𝑀𝑡 and labor 𝑁𝑡. To represent the 

underground labor market the household also allocates a share 𝜃𝑡 ∈ (0,1) of  its labor 

to the market sector and 1 − 𝜃𝑡 to the underground sector.  

 

Consumption is a CES aggregator of domestic and foreign goods: 

 

𝐶𝑡 = [𝛾𝐷
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with 𝜎 being the elasticity of substitution and 𝛾ℓ ∈ [0,1] with ℓ = {𝐷, 𝐹} allowing 

for domestic/foreign bias. 

 

The household problem is to maximize the expected lifetime utility function 𝕌0 =

𝔼𝑡 ∑ 𝛽𝑡𝑢(𝐶𝑡, 𝑁𝑡, 𝜃𝑡 , 𝑚𝑡)
∞
𝑡=0 . The utility function is a modified version of the one 

presented in [Busato and Chiarini, 2004] with the following functional form: 
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The term parametrized by ℎ represents total disutility from labor. The term in 

𝑓disutility from working in the underground sector which might arise due to the lack 

of social security or health coverage and/or from social stigma. 

 

Each period the households receives nominal wages 𝑊𝑡 and the rental rate of capital 

𝑅𝑡. Furhtermore, households earns the profits from the final good and intermediate 

good produceres, Π𝑡 and 𝜛𝑡 respectively. Each period the household saves asset 𝐵𝑡+1 

at price 𝑄𝑡 and payoff 𝐷𝑡, stocks money 𝑀𝑡, consumes and invests in a CES aggregator 

𝐼𝑡, identical to the consumption one. Hence, the budget constraint is as follow:  

 



P𝑡((1 − 𝜍𝑡
𝑐)𝐶𝑡 + (1 − 𝜍𝑡

𝐼)𝐼𝑡) + 𝑄𝑡𝐵𝑡+1 +𝑀𝑡

≤ (1 − 𝜏𝑡
𝑑)(Π𝑡 +𝜛𝑡) +𝑊𝑡𝑁𝑡[(1 − 𝜏𝑡

𝑛)𝜃𝑡 + (1 − 𝜃𝑡)] + (1 − 𝜏𝑡
𝑘)𝑅𝑡𝐾𝑡 +𝑀𝑡−1

+ 𝑄𝑡(𝐵𝑡 + 𝐷𝑡) + 𝑇𝑡 

 
where 𝜍𝑡

𝑐, 𝜍𝑡
𝐼 are consumption and investment subsidy; 𝜏𝑡

𝑑 , 𝜏𝑡
𝑛, 𝜏𝑡

𝑘 are respectively the 
dividend, income and capital tax rates.  
 

𝐼𝑡 is the CES investment aggregator of domestic and foreign goods, and 𝑃𝑡 is the price 
aggregator of said goods, assuming that prices are inclusive of VAT taxes: 
 

𝐼𝑡 = [𝛾𝐷
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𝑃𝑡 = [𝛾𝐷𝑃𝐷𝑡
1−𝜎 + 𝛾𝐹𝑃𝐹𝑡

1−𝜎]
1
1−𝜎 

 
 
The law of motion for capital has, for simplicity, the standard form 

 
 

𝐾𝑡+1 = (1 − 𝛿)𝐾𝑡 + 𝐼𝑡 

 

Define 𝑚𝑡 =
𝑀𝑡

𝑃𝑡(1−𝜍𝑡
𝑐)
 to be the real money balance, then the Lagrangian for the 

household problem is the following 
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𝐼)(Kt+1 − (1 − 𝛿)𝐾𝑡)) + 𝑄𝑡𝐵𝑡+1 +𝑀𝑡

− (1 − τt
d)(𝜛𝑡 + Π𝑡) − (𝑄𝑡 +𝐷𝑡)Bt −𝑊𝑡𝑁𝑡[(1 − τt

n)𝜃𝑡 + (1 − 𝜃𝑡)]

− (1 − 𝜏𝑡
𝑘)𝑅𝑡𝐾𝑡 −𝑀𝑡−1 − 𝑇𝑡} 

 

yielding the following first order conditions 

 

 

ℒ𝐶𝑡:, 𝐶𝑡
−𝑞
= 𝜆𝑡𝑃𝑡(1 − 𝜍𝑡

𝑐)         (1) 

 
ℒ𝑁𝑡:, ℎ𝑁𝑡

𝛾
= 𝜆𝑡𝑊𝑡(1 − 𝜏𝑡

𝑛𝜃𝑡)         (2) 

 
ℒ𝜃𝑡:, 𝑓(1 − 𝜃𝑡)

−𝑣 = 𝜆𝑡𝑊𝑡𝑁𝑡𝜏𝑡
𝑛        (3) 

 
ℒ𝐾𝑡+1:, 𝜆𝑡𝑃𝑡(1 − 𝜍𝑡

𝐼) = 𝛽𝔼𝑡{𝜆𝑡+1𝑃𝑡+1[(1 − 𝛿)(1 − 𝜍𝑡+1
𝐼 ) + (1 − 𝜏𝑡+1

𝑘 )𝑟𝑡+1]}  (4) 



 
ℒ𝐵𝑡+1:, 𝜆𝑡𝑄𝑡 = 𝛽𝔼𝑡[𝜆𝑡+1(𝑄𝑡+1 + 𝐷𝑡+1)]       

  (5) 

 

ℒ𝐵𝑡+1: ,
𝜒𝑀𝑡

−𝜑

(𝑃𝑡(1−𝜍𝑡
𝑐))

1−𝜑 = 𝜆𝑡 − 𝛽𝔼𝑡[𝜆𝑡+1]       (6) 

 
Plugging (1) into (4) we can immediatly derive the usual Euler equation for the 

intratemporal condition on consumption: 
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Also, note that by the properties of the CES aggregator of consumption we can derive 

demand for the Domestic and Foreign consumption good given the relative prices as 

 

𝐶ℓ𝑡 = 𝛾ℓ (
𝑃ℓ𝑡
𝑃𝑡
)
−𝜎

𝐶𝑡, ℓ = {𝐷, 𝐹} 

 

From (2) and (3) we are able to derive the intratemporal condition for total labor 

supplied and share allocated to the underground sector which takes the form: 

 

𝑁𝑡 = [(
𝑓
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from this we obtain the Euler equation by expressing the Lagrange multiplier in 

terms of share of the underground sector 

 

 

𝜆𝑡 = 𝛩𝑡 =
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and then plugging (9) into (4) 

 

 

𝛩𝑡𝑃𝑡(1 − 𝜍𝑡
𝐼) = 𝛽𝔼𝑡{𝛩𝑡+1[(1 − 𝛿)(1 − 𝜍𝑡+1

𝐼 )𝑃𝑡+1 + (1 − 𝜏𝑡+1
𝑘 )𝑅𝑡+1]}  (10) 

 

By (5) we define the stochastic discount factor of the representative household to 

be, generalizing to any number 𝑠 of period ahead, 

 

 

𝕊𝑡,𝑠 = 𝛽
𝑠−𝑡 𝜆𝑡+𝑆

𝜆𝑡
= 𝛽𝑠−𝑡 (

𝐶𝑡+𝑠

𝐶𝑡
)
−𝑞 𝑃𝑡(1−𝜍𝑡

𝑐)

𝑃𝑡+𝑠(1−𝜍𝑡+𝑠
𝑐 )
    (11) 

 



pricing the available asset in terms of consumption 

 

𝑄𝑡 = 𝔼𝑡[𝕊𝑡+1(𝑄𝑡+1 + 𝐷𝑡+1)]    (12) 

 

 

Finally, by making use of (6) and the definition in (11) we derive the money demand 

equation 

 

𝜒𝐶𝑡
𝑞
(

𝑀𝑡

𝑃𝑡(1−𝜍𝑡
𝑐)
)
−𝜑

= 1 − 𝛽𝔼𝑡[𝕊𝑡+1]    (13) 

 

where the right-hand side is an increasing function of the nominal interest rate 𝑖𝑡 

and  satisfying 1 + 𝑖𝑡 = 1/𝔼𝑡[𝕊𝑡+1].  

 

This concludes the specification of the domestic household problem. The setup 

closely mirrors that of [Fahri et al. , 2013]. Foreign sector of the economy will be 

specified later on. 

2.2 Domestic Firms 

There are two types of firms: a continuum of monopolistically competitive intermediate 

good producers; a final good producer who aggregates all varieties into a single 

homogeneneus good. 

Intermediate producers rent capital and labor from the household, also allocating labor 

between the market and the underground sectors in order to avoid the cost of the 

payroll tax 𝜍𝑡
𝑝
. Goods pricing is subject to a Calvo friction.  

The final good producers sells to both domestic and foreign costumers and in doing so 

also sets 𝜂𝑡 ∈ (0,1) which is the share of VAT tax rate evaded.  

 

I discuss first the simpler problem of the final good producer and turn to the 

intermediate good producers later, the 𝑗 ∈ [0,1] subscripts denoting a generic 

intermediate good producer. 

 

2.2.1 Final Good Producer 

A competitive firm aggregates all varieties produced by domestic firms into an 

homogeneus good which is later sold both at home and on the foreing market. The 

production function is as follows 

 

𝑌𝑡 = [∫ 𝑌𝑗𝑡
𝜆−1

1

0

𝑑𝑗]

𝜆
λ−1

 

 
so that by the CES aggregator properties we obtain demand for each variety as 

 



𝑌𝑖𝑡 = (
𝒫𝑗𝑡
𝒫𝑡
)

−𝜆
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)
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The firm is competitive, therefore taking prices as given and maximizes the 

following profit function: 

 

𝛱𝑡 =  [(1 − 𝜏𝑡
𝑣)𝜂𝑡 + (1 − 𝜂𝑡)(ℸ + (1 − ℸ)(1 − 𝑠𝑡

𝑣𝜏𝑡
𝑣))]𝑃𝐷𝑡𝐶𝐷𝑡 + (1 + 𝜍𝑡

𝑒𝑥)ℰ𝑡𝑃𝐷𝑡
∗ 𝐶𝐷𝑡

∗ −

𝜌
𝜂𝑡
2

2
− 𝑌𝑡𝒫𝑡 (14) 

 

where 𝜏𝑡
𝑣 is the VAT tax rate, 𝑠𝑡

𝑣 is the surcharge on the VAT if evasion is discovered 

which happens with probability given be the Jewish letter daleth, ℸ. Hence, the term 

in bracket represents the expected value of evading the VAT taxes for any given 𝜂𝑡, 

which is the amount of VAT evaded. The squared term is a cost function of evasion 

which can be interpreted as costs of audit, double book-keeping and social stigma 

attached to evasion. 

Finally, ℰ𝑡 is the nominal exchange rate, 𝑃𝐷𝑡
∗  is price in foreign currency of exported 

goods, 𝐶𝐷𝑡
∗  is foreign demand of domestic goods and 𝜍𝑡

𝑒𝑥 is an export subsidy from the 

government. Therefore, we stick to the convention in [Fahri et al., 2013] defining the 

nominal exchange rate as the price of one unit of foreign currency in terms of units of 

home currency, implying immediatly that higher values of ℰ𝑡 entail home currency 

depreciation. 

I will assume for simplicity that the firms operates under producer currency pricing, 

i.e. that the domestic price is fixed and foreign price satisfies the law of one price. 

Furthermore VAT evasion is negligible with respect to the size of export so that 𝑃𝐷𝑡 =

𝑃𝐷𝑡 = ℰt
1+𝜍𝑡

𝑒𝑥

ϕ(𝜏𝑡
𝑣,𝜂𝑡)

𝑃𝐷𝑡
∗   

Given that firm is competitive, 𝑃𝐷𝑡 = 𝒫𝑡 so that the only choice variable for the 

final good producer is 𝜂𝑡 leading to the following first order condition: 

 

𝜕Πt

𝜕𝜂𝑡
:  [(1 − 𝜏𝑡

𝑣) − (ℸ + (1 − ℸ)(1 − 𝑠𝑣𝜏𝑡
𝑣))]𝑃𝐷𝑡𝐶𝐷𝑡 = 𝜌𝜂𝑡    (15) 

 

2.2.2 Intermediate good producers 

 

There is a continuum of firms𝑗 ∈ [0,1] producing a differentiated good 𝑌𝑗𝑡  according 

to the following production function: 

 



𝑌𝑗𝑡 = 𝐴𝑡𝐾𝑗𝑡
𝛼[𝑁𝑗𝑡𝜃𝑗𝑡]

1−α + 𝑍𝑡(1 − 𝜃𝑗𝑡) 𝑁𝑗𝑡 

 
Where 𝐾𝑗𝑡 is the capital rented for production and 𝑁𝑗𝑡 is the total labor input 𝜃𝑗𝑡 ∈

(0,1) represents the share of labor allocated in the market sector and conversely 1 −

𝜃𝑗𝑡 is the share of labor in the underground sector. 𝐴𝑡 and 𝑍𝑡 are two shocks to 

productivity in the two sectors following an AR(1) process 

 

𝐴𝑡+1 = 𝜌𝐴𝐴𝑡 + 𝜖𝑡
𝐴, 𝑤𝑖𝑡ℎ 𝜖𝑡

𝐴~𝒩(0,𝜎𝐴) 

 

𝑍𝑡+1 = 𝜌𝑍𝑍𝑡 + 𝜖𝑡
𝑍, 𝑤𝑖𝑡ℎ 𝜖𝑡

𝑍~𝒩(0,𝜎𝑍) 

 

Notice that such processes entail a zero growth rate of technology. 

 

Real profit for the j-th firm are given by 

 

𝜛𝑗𝑡 = 𝑌𝑗𝑡 − 𝑟𝑡𝐾𝑗𝑡 − 𝑤𝑡𝑁𝑗𝑡[(1 + 𝜍𝑡
𝑝
)𝜃𝑗𝑡 + 𝓅(1 − 𝜃𝑗𝑡)] 

 

where 𝓅 = [ℸ + (1 − ℸ)(1 + 𝑠𝑡
𝑝𝜍𝑡
𝑝)] is the expected value of evading the payroll 

tax(i.e. hiring labor in the underground sector), withℸ the probability of a firm being 

caught evading and made to pay a surcharge equal to 𝑠𝑡
𝑝
. ℸ always represent the 

probability of a successful audit and is therefore a general measure of government 

efficiency. 

 

First order conditions are: 

 

𝜕𝜛𝑗𝑡

𝜕𝐾𝑗𝑡
 ∶   𝛼𝐴𝑡 [

𝑁𝑗𝑡𝜃𝑗𝑡

𝐾𝑗𝑡
]
1−𝛼

= 𝑟𝑡     (16) 

𝜕𝜛𝑗𝑡

𝜕𝑁𝑗𝑡
 ∶   (1 − 𝛼)𝐴𝑡 (

𝐾𝑗𝑡

𝑁𝑗𝑡𝜃𝑗𝑡
)
𝛼

𝜃𝑗𝑡 + 𝑍𝑡(1 − 𝜃𝑗𝑡) = 𝑤𝑡[(1 + 𝜍
𝑝)𝜃𝑗𝑡 + 𝓅(1 − 𝜃𝑗𝑡)]   (17) 

𝜕𝜛𝑗𝑡

𝜕𝜃𝑗𝑡
 ∶ [(1 − 𝛼)𝐴𝑡 (

𝐾𝑗𝑡

𝑁𝑗𝑡𝜃𝑗𝑡
)
𝛼

− 𝑍𝑡]𝑁𝑗𝑡 = 𝑤𝑡𝑁𝑗𝑡 [1 + 𝜍
𝑝 − 𝓅]⏟        
𝛴

   (18) 

 

From (16) and (18) we can derive an expression for the optimal capital-labor ratio 

in the market sector 

 

𝛬𝑡 =
𝐾𝑗𝑡

𝑁𝑗𝑡𝜃𝑗𝑡
=

𝛼

1−𝛼

𝑤𝑡𝛴+𝑍𝑡

𝑟𝑡
 (19) 

 

also from (17) we obtain the ratio between market and underground sector share 

 

𝛤𝑡 =
1−𝜃𝑗𝑡

𝜃𝑗𝑡
=
(1−𝛼)𝐴𝑡𝛬𝑡

𝛼−(1+𝜍𝑡
𝑝
)𝑤𝑡

𝓅𝑤𝑡−𝑍𝑡
 (20) 



 

then we derive an expression for the marginal cost. The function has constant return 

to scale for any given level of 𝜃𝑡, therefore setting 𝑌𝑗𝑡 = 1 and plugging in (19) 

 

Ω𝑡 = 𝜃𝑗𝑡𝑁𝑗𝑡 = [𝐴𝑡Λ𝑡 + 𝑍𝑡Γ𝑡]
−1   (21) 

 

and then manipulating the real cost component of the profit function, again 

substituting the capital-labor market sector ratio and using (21) we obtain an 

expression for real marginal costs 

 

𝑚𝑐𝑡 = [
𝛼

1−𝛼
(𝑤𝑡Σ + 𝑍𝑡) + 𝑤𝑡(1 + 𝜍𝑡

𝑝
+𝓅Γ𝑡)]Ω𝑡   (22) 

 

Firms set prices according to a Calvo friction. Any firm is able to adjust its price 

with probability 1 − 𝜁 so that the current price of each firm is given by the following 

 

𝒫𝑗𝑡 = {
𝒫𝑗,𝑡−1   𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝜁

𝑃̅𝑗𝑡 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 1 − 𝜁
 

 

where 𝒫̅𝑗𝑡 is the reset price. Each firm shall choose a reset price such that it 

maximizes expected value profit valuated according to the household discount factor 

∑ 𝜁𝑡−𝑠𝔼𝑡[𝕊𝑡,𝑠(1 − 𝜏𝑠
𝑑)𝜛𝑖𝑠]𝑠≥𝑡  which can also be written, making use of (22) 

 

max
𝑃̅ 𝑖𝑡

𝔼𝑡∑(𝛽𝜁)𝑠−𝑡
𝜆𝑠
𝜆𝑡
[(
𝑃̅𝑖𝑡
𝑃𝑠
(1 − 𝜏𝑠

𝑑) −𝑚𝑐𝑡)𝑌𝑖𝑠]

𝑠≥𝑡

 

𝑠. 𝑡𝑜 𝑌𝑖𝑠 = (
𝑃̅𝑖𝑡
𝑃𝑠
)

−𝜆

𝑌𝑠 

that is 

 

max
𝑃̅ 𝑖𝑡

𝔼𝑡∑(𝛽𝜁)𝑠−𝑡
𝜆𝑠
𝜆𝑡
[((

𝑃̅𝑖𝑡
𝑃𝑠
)

1−𝜆

(1 − 𝜏𝑠
𝑑) −𝑚𝑐𝑠 (

𝑃̅𝑖𝑡
𝑃𝑠
)

−𝜆

)𝑌𝑠]

𝑠≥𝑡

 

 

Now, deriving in 𝒫̅𝑗𝑡, removing all irrelevant constants we obtain the FOC defining 

the optimal reset price as 

 

𝔼𝑡 ∑ (𝛽𝜁)𝑠−𝑡𝜆𝑠[(1 − 𝜆)(1 − 𝜏𝑡
𝑑) + 𝜆𝒫̅𝑡𝑚𝑐𝑠]𝒫𝑠

𝜆𝑌𝑠 = 0𝑠≥𝑡     

 (23) 

 

where we made use of the fact that in a symmetric equilibirum 𝒫̅𝑗𝑡 = 𝒫̅𝑡 for all 𝑗. 

Hence, the reset price satisfies 

 

 

𝒫̅𝑡 =
𝔼𝑡 ∑ 𝜆𝑠(𝛽𝜁)

𝑠−𝑡[(1 − 𝜆)(1 − 𝜏𝑠
𝑑)𝒫𝑠

𝜆𝑌𝑠]𝑠≥𝑡

𝔼𝑡 ∑ 𝜆𝑠(𝛽𝜁)𝑠−𝑡𝜆𝑚𝑐𝑠𝒫𝑠
𝜆𝑌𝑠𝑠≥𝑡

 



 

Notice, that (23) can also be recursively expressed as 𝜆𝑔𝑡
1 = (𝜆 − 1)𝑔𝑡

2 where 

 

𝑔𝑡
1 = {𝜆𝑡𝑚𝑐𝑡𝒫𝑡

𝜆𝑌𝑡 + 𝛽𝜁𝔼𝑡[𝑔𝑡+1
1 ]} 

𝑔𝑡
2 = 𝜆𝑡(1 − 𝜏𝑡

𝑑)𝒫𝑡
𝜆𝑌𝑡 + 𝛽𝜁𝔼𝑡[𝑔𝑡+1

2 ] 

 

Finally, we determine the behaviour of the aggregate pricing index under Calvo’s rule as follows 

 

𝒫𝑡 = (∫ 𝒫𝑗𝑡
1−𝜆𝑑𝑗

1

0

)

1
1−𝜆

= (∫ 𝑃̅𝑗𝑡
1−𝜆
𝑑𝑗

1−𝜁

0

+∫ 𝒫𝑗,𝑡−1
1−𝜆 𝑑𝑗

1

1−𝜁

)

1
1−𝜆

= [(1 − 𝜁)𝒫̅𝑡
1−𝜆

+ 𝜁𝒫𝑡−1
1−𝜆]

1
1−𝜆

 

 

and therefore dividing both sides by 𝒫𝑡−1 we obtain inflation dynamics as 

 

(
𝒫𝑡
𝒫𝑡−1

)
1−𝜆

= 𝜁 + (1 − 𝜁)(
𝒫̅𝑡
𝒫𝑡−1

)

1−𝜆

 

 

𝒫𝑡
1−𝜆 = 𝜁𝒫𝑡−1

1−𝜆 + (1 − 𝜁)𝒫̅𝑡
1−𝜆

 

 

For computational purpose it is also useful to set a price dispersion term given by 

 

𝑣𝑡
𝑝
= ∫ (

𝒫𝑗𝑡

𝒫𝑡
)
−𝜆1

0

𝑑𝑗 

 

which using the above derivation behaves as 

 

𝑣𝑡
𝑝
= 𝜁 (

𝒫𝑡−1

𝒫𝑡
)
−𝜆

𝑣𝑡−1
𝑝
+ (1 − 𝜁)  (

𝒫̅𝑡

𝒫𝑡
)

−𝜆

 

 

 

2.3 Government problem 

We now specify the government problem. The budget constraint of the government is 

given by 

 

𝑀𝑡 −𝑀𝑡−1 + 𝑇𝑅𝑡 = 𝑇𝑡 

 

where 𝑀𝑡 −𝑀𝑡−1 is seignorage revenue from money supply, 𝑇𝑅𝑡 is the total of the 

tax revenue and 𝑇𝑡 is a lump sum transfer to households. 

 

𝑇𝑅𝑡 = [𝜍𝑡
𝐼𝑃𝑡𝐼𝑡 + 𝜏𝑡

𝑑(𝜛𝑡 + Π𝑡) +𝑊𝑡𝑁𝑡𝜏𝑡
𝑛𝜃𝑡 + 𝜏𝑡

𝑘𝑅𝑡𝐾𝑡]

+ [𝜏𝑡
𝑣𝜂𝑡𝑃𝐷𝑡𝐶𝐷𝑡 + (1 − 𝜂𝑡)(1 − ℸ)𝑠𝑡

𝑣𝜏𝑡
𝑣𝑃𝐷𝑡𝐶𝐷𝑡 − 𝜍𝑡

𝑒𝑥ℰ𝑡 𝑃𝐷𝑡
∗ 𝐶𝐷𝑡

∗ ] + 

[𝜏𝑡
𝑣𝐶𝐹𝑡𝑃𝐹𝑡 + 𝜍𝑡

𝑝
𝑊𝑡𝑁𝑡𝜃𝑡 + (1− ℸ)𝑠𝑡

𝑝𝜍
𝑡
𝑝
(1− 𝜃𝑡)]+ 𝜏𝑡

𝑣𝐶𝐹𝑡𝑃𝐹𝑡 + 𝜏𝑡
𝑣𝐼𝐹𝑡 



2.4 Financial markets 

 

Markets are incomplete and here exists only one bond denominated in foreign 

currency, with payoff 𝐷𝑡+1
∗ = 1 whose price in foreign currency is then given by 

𝑄𝑡+1
∗ =

1

1+𝑖𝑡+1
∗  

 

The world interest rate depends on how much the country as a whole borrows 

 

𝑖𝑡+1
∗ = 𝑖̅ + (𝑒𝐵−𝐵𝑡+1 − 1) + 𝜖𝑡

𝐵 

 

and 𝜖𝑡
𝐵~𝒩(0, 𝜎𝐵) and B is debt steady state level, 𝑖̅ =

1

𝛽
− 1 

 

Since the domestic and foreign economies are symmetric the international risk 

sharing condition is given by 

 

𝔼𝑡 {
𝑞𝑡+1
∗ + 𝑑𝑡+1

∗

𝑞𝑡
∗ [𝕊𝑡+1 − 𝕊𝑡+1

∗
ℰ𝑡
ℰ𝑡+1

]} = 0 

 

which can be rewritten, using the definition of the stochastic discount factors as, 

 

𝔼𝑡 {
𝑞𝑡+1
∗ + 𝑑𝑡+1

∗

𝑞𝑡
∗ [(

Ct+1

Ct
)
−q 𝒬𝑡+1

𝒬t
− (

Ct+1
∗

Ct
∗ )

−q

]} = 0 

 

where 𝒬𝑡 =
𝑃𝑡
∗

𝑃𝑡(1−𝜍𝑡
𝑐)
 is the real interest rate. 

 

 

By summing up the budget constraint of the household, the firms profit and the 

government budget constraint we obtain the home country budget constraint as 

 

𝑄𝑡𝐵𝑡+1 − 𝐵𝑡(𝑄𝑡 + 𝐷𝑡) = ℰ𝑡𝑃𝐷𝑡
∗ 𝑋𝐷𝑡

∗ − (1 − 𝜏𝑡
𝑣)𝑃𝐹𝑡𝐶𝐹𝑡 − (1 − 𝜏𝑡

𝑣)𝑃𝐹𝑡𝐼𝐹𝑡 −
𝜂𝑡
2

2
 

 

 

which can be rewritten, dividing by 𝑃𝑡
∗ℰ𝑡, 

 

𝑞𝑡
∗𝐵𝑡+1 − (𝑞𝑡

∗ + 𝑑𝑡
∗)𝐵𝑡 =

𝑃𝐷𝑡
∗

𝑃𝑡
∗ [𝑋𝐷𝑡

∗ − Δ𝑡𝑋𝐹𝑡] −
𝜂𝑡
2

2𝑃𝑡
∗ℰ𝑡

 

 

where Δ𝑡 =
(1−𝜏𝑡

𝑣)𝑃𝐹𝑡

ℰ𝑡𝑃𝐷𝑡
∗  are the terms of trade. The right hand side is the trade surplus, 

given 𝑋𝐷𝑡
∗ = 𝐶𝐷𝑡

∗ + 𝐼𝐷𝑡
∗  is foreign demand and 𝑋𝐹𝑡 is import. 



 

2.5 Market Clearing and aggregation 

We now list all market clearing conditions for the domestic side of the economy 

 

∫ 𝜃𝑗𝑡𝑑𝑗
1

0

= 𝜃𝑡 

∫ 𝐾𝑗𝑡𝑑𝑗
1

0

= 𝐾𝑡 

∫ 𝑁𝑗𝑡𝑑𝑗
1

0

= 𝑁𝑡 

𝑌𝑡 = ∫ 𝑌𝑗𝑡

1

0

𝑑𝑗 = 𝐴𝑡𝐾𝑡
𝛼[𝑁𝑡𝜃𝑡]

1−α + 𝑍𝑡(1 − 𝜃𝑡) 𝑁𝑡 

 

𝑌𝑡 = 𝐶𝐷𝑡 + 𝐶𝐷𝑡
∗ + 𝐼𝐷𝑡 + 𝐼𝐷𝑡

∗ = 𝑋𝐷𝑡 + 𝑋𝐷𝑡
∗  

𝐵𝑡 = −𝐵𝑡
∗ 

 

𝑃𝐹𝑡(1 − 𝜏𝑡
𝑣) = ℰ𝑡𝑃𝐹𝑡

∗  

 

3 Fiscal Devaluation 

 

ℰ𝑡 = ℰ0𝛿𝑡 

4 Calibration 

The model is calibrated to match relevant aspects of the Italian economy, borrowing 

paramters from the work of Busato and Chiarini (2004). The rest of the parameters 

are standard in the literature. 
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