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Abstract

This thesis is about the aggregate and distributional implications of fiscal
consolidation in New Keynesian D(S)GE models. The thesis studies how
these implications depend on the specific fiscal policy instrument used for
debt consolidation. Chapter 2 presents a closed-economy New Keynesian
D(S)GE model. Chapter 3 extends the model of Chapter 2 to set up a New
Keynesian model of a small open economy within a monetary union facing
sovereign interest rate premia. Finally, Chapter 4 builds a New Keynesian
D(S)GE model consisting of two heterogeneous countries participating in a
monetary union.
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INTRODUCTION

This thesis is about the aggregate, and especially the distributional, implications of fiscal
consolidation in New Keynesian D(S)GE models. The thesis studies how these implications
depend on the specific fiscal policy instrument used for debt consolidation over time. It
studies both open and closed economies.

The thesis is structured as follows. Chapter 2 presents a closed-economy New Keyne-
sian D(S)GE model. Chapter 3 extends the model of Chapter 2 to set up a New Keynesian
model of a small open economy within a monetary union facing sovereign interest rate
premia. Finally, Chapter 4 builds a New Keynesian D(S)GE model consisting of two het-
erogeneous countries participating in a monetary union. The main value added of the thesis
is the study of distributional implications. Using models with ex ante agent heterogeneity
enables me to evaluate not only the aggregate implications but also the distributional effects
of fiscal consolidation over time. By over time, I mean both the short run phase of fiscal
pain and the long run phase of fiscal gain once consolidation has been accomplished. The
anticipation of the latter is crucial to the whole time path. A review of the related literature
and how the thesis differs will be provided in each chapter. The same applies to the policy
results. However, a general result seems to be that fiscal consolidation strategies, which
use the fiscal gain to enhance the aggregate economy in the long run, can be beneficial to

all types of agents over the time path.



CHAPTER 2. DEBT CONSOLIDATION: ITS AGGREGATE AND
DISTRIBUTIONAL IMPLICATIONS



Debt consolidation: Its aggregate and
distributional implications

Abstract

This chapter builds and solves numerically, by using Eurozone data,
a closed-economy new Keynesian D(S)GE model in which the fiscal au-
thorities are engaged in public debt reduction over time. The emphasis
is on the aggregate and distributional implications of debt consolida-
tion, where agent heterogeneity, and hence distribution, has to do with
the distinction between “capitalists” and “workers”. The paper studies
how these implications depend on the specific fiscal policy instrument
used for debt consolidation. There are two key results. First, if the
criterion is aggregate, or per capita, output (GDP), the best policy mix
is to use the long term fiscal gain created by debt reduction to cut the
capital tax rate and, during the early period of fiscal pain, to use spend-
ing cuts to bring public debt down. Second, if the criterion is equity in
net incomes, the best recipe is to use the long term fiscal gain created
by debt reduction to cut the labor tax rate and, during the early period
of fiscal pain, to use capital taxes to bring public debt down.



1 Introduction

The 2008 world crisis has, among other things, brought into the spotlight
the need for debt consolidation in several European economies. Proponents
claim that debt sustainability is necessary for the revival of these economies
(see e.g. European Commission, 2015, and CESifo, 2016). Opponents, on the
other hand, claim that debt consolidation worsens the recession and may
increase the public debt-to-GDP ratio at least in the short term; in addition,
it is claimed that debt consolidation worsens inequality since fiscal austerity
hurts the relatively poor. Distributional implications of debt reductions are
an important issue since spending cuts and/or tax rises can affect different
people/groups in different ways; even a uniform change in policy can have
different effects simply because agents are heterogeneous.

This paper provides a quantitative study of the aggregate and distribu-
tional implications of debt consolidation in a new Keynesian D(S)GE model
solved numerically using common parameter values and fiscal data from
the Euro area. To study distributional implications, we obviously need a
model with agent heterogeneity. There are many types of such heterogeneity.
Here, we focus on a specific type which has always been popular in the
related macro literature: the distinction between capitalists and workers.
Capitalists are defined as those households who hold assets and own the
firms. Workers are defined as those households with labor income only.!
These two types are also called Ricardian and non-Ricardian or optimizing
and liquidity constraint households in the DSGE literature. The study of
distributional implications differentiates this chapter/paper from most of
the existing literature on debt consolidation. The latter has focused on ag-
gregate implications only (see e.g. Philippopoulos et al., 2015, 2017a and
2017b of the references therein).

The model is as follows. We use a rather standard New Keynesian D(S)GE
model of a closed economy featuring imperfect competition and Rotemberg-
type price rigidities. The model is solved numerically employing commonly
used parameter values and fiscal data from the Euro area. Then, we assume
that the debt policy target in the feedback fiscal policy rules is below the data
average (from 95% to 60%) and we study the aggregate and distributional

!This type of agent heterogeneity (capitalists and workers) has been very common
especially in the literature on fiscal policy. A well-known early paper is Judd (1985).
Woodford (1989) has also used it discussing in detail the underlying assumptions about
participation in financial markets. Lansing (2015) provides a recent review of macro models
on capitalists and workers. Judd (1985) is probably the first paper on the implications of
optimal tax policy on capitalists and workers.



implications of various policies aiming at such debt consolidation.

Results will be relative to the status quo where the status quo is defined
as the case without debt consolidation. The main results are as follows. First,
if the criterion is aggregate, or per capita, output (GDP), the best policy mix
is to use the long term fiscal gain (namely, the fiscal space created once debt
has been reduced) to cut the capital tax rate and, during the early period of
fiscal pain, to use spending cuts to bring public debt down.

Second, the above policy mix is Pareto efficient (i.e. both capitalists and
workers get better off with this type of debt consolidation). But, if we care
about relative gains, there is a “social” cost: inequality (measured by the
ratio of the capitalist’s to the worker’s net income) rises both in the new
steady state and in the transition.

Third, if the criterion is equity in net incomes (although this comes at a
lower benefit at aggregate level relative to the above policy mix), the recipe
is to use the long term fiscal gain to cut the labor tax rate and, during the
early period of fiscal pain, to use capital taxes to bring public debt down.

Fourth, using labor taxes or consumption taxes during the early period
of fiscal pain is a bad idea both in terms of aggregate output and equity.

Section 2 presents the model. Section 3 presents the data, parameter
values and the steady state solution. Section 4 explains how we model debt
consolidation. The main results are in Section 5. Robustness checks are in
Section 6, while, Section 7, which presents the conclusions, closes the paper.
Details are in the appendix.

2 Model

The model is a New Keynesian closed-economy model featuring imperfect
competition and Rotemberg-type nominal price rigidities(see e.g. Bi et al.,
2013), which is extended to include a relatively rich menu of fiscal policy
instruments as well as two social classes, called capitalists and workers.

2.1 Households

There are two types of households, a pool of identical capitalists and a pool

of identical workers. The percentage of capitalists in the population is v¥,

. . v .
while that of workers is v/’. Hence, there are -4 times more workers than
v

t
capitalists, with the total number of capitalists normalized to one (see also
Lansing, 2015). These population fractions of capitalists and workers at time



t are set exogeneously and are assumed to remain constant over time ruling
out occupational choice and mobility across groups.

Capitalists own the firms, hold capital, money and government bonds
and also receive labor income for their managerial services. Workers hold
money and receive labor income for their labor services.

Households as capitalists

Each capitalist k acts competitively to maximize expected discounted lifetime
utility:

[oe]
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t=0

where clt‘ is k’s consumption at ¢, nlt‘ is k’s hours of work at t, m’tC is k’s end-of-
period real money balances at ¢, g; is total government spending at ¢ divided
by the number of capitalists implying that the per capita public spending is
defined as v*g,, E, is the rational expectations operator conditional on the
current period information set and 0 < f < 1 is the time preference rate.

In our numerical solutions, we will use a utility function of the form (see
also e.g. Gali, 2008):

k\1-o k\1+n k\1-p ko \1-C
(e ) = l(cn N N L BN o A1 IS
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where x,,, x,,,, Xg, O, 1, 1y C are standard preference parameters.
The budget constraint of each k (written in real terms) is:

(1+ Tf)cf +x’t< + bf + mlf =(1- Tf)[rfkf_l +df] +(1- Tf)wfnlt‘

It—l k It—l k Lk
+Ri_—bi +—m; -1/ (3)
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where P, is the price index at t and small letters denote real variables e.g.
k k k

bk = l;,—f, dk = %,wf = %. Here xF is k’s real investment at ¢, b¥ is k’s end-
t t t

of-period real government bonds at ¢, d¥ is k’s real dividends paid by firms

at t, wk is capitalists’ real wage rate at t, kF is k’s end-of-period capital at t,

R;_1 > 1 is the gross nominal return to government bonds between t — 1 and

t, rf_l is the gross real return to inherited capital between t —1 and ¢, Ttl’k are

the real lump-sum taxes/transfers to each household k from the government



at t, 7€ is the tax rate on consumption at ¢, ¥ is the tax rate on capital income
at t and 7/’ is the tax rate on labor income at ¢.
The motion of physical capital for each k is:

kE = (1-8)kF | +xF (4)

where 0 < 6 <1 is the depreciation rate of capital.
Details of the above problem and its solution are in Appendix A.

Households as workers

Workers have the same utility function as capitalists (see Egs.(1) and (2)).
Each worker w acts competitively to maximize expected discounted lifetime
utility taking prices and policy as given.
The budget constraint of each w (written in real terms) is:
c\, W wo_ ny, W w P w Lw
(L+7)ef +mf = (1 -1 )wi'n{ +Ttmt—1_Tt (5)
where again small letters denote real variables e.g.w}’ = WT;” Here ¢}’ is w’s
consumption at ¢, n}’ is w’s hours of work at t, m}’ is w’s end-of-period real
money balances at t, w}’ is workers’ real wage rate at t and Ttl’w are the real
lump-sum taxes/transfers to each household w from the government at ¢.
Details of the above problem and its solution are in Appendix B.

2.2 Firms

The production sector consists of two sectors: the intermediate goods sector
and the final goods sector. Following the literature on imperfect competi-
tion in product markets, we assume that the final goods sector is perfectly
competitive, while each intermediate goods firm acts as a monopolist in its
own market. The final goods production “technology” is a constant elastic-
ity (CES) bundler of intermediate goods. Profit maximization in the final
goods sector (which is competitive) yields a downward sloping demand
curve for intermediate goods producers. Intermediate goods firms choose
factors of production subject to this demand curve for their product facing
Rotemberg-type nominal price rigidities(the latter allows for non-neutrality
of money).



Final goods firms

Assume, for simplicity, that the single final good is produced by one firm.
There is also a continuum (i.e. infinity) of intermediate goods firms that are
indexed along the unit interval. The production function of the final good is
a Dixit-Stiglitz type constant returns to scale technology:

1 71

gy = J-[yt(f)](l)ﬂf’ldf (6)
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where y; is the production of the final goods firm, y;(f) is the production
of the variety f produced monopolistically by the intermediate goods firm
f and ¢ > 0 is the elasticity of substitution across intermediate goods pro-
duced.

Nominal profits of the final goods firm are defined as:

1
Py - fﬂ(fm(f)df 7)
0

where P;(f) is the price of variety f.

The final goods firm chooses the quantity of every variety, v;(f), to maxi-
mize its profits (more generally it would want to maximize the sum of the
expected discounted lifetime profits, but there is nothing that makes the
problem interesting in a dynamic sense as it just buys the intermediate goods
period by period. Hence, equivalently, the final goods firm could maximize
profits period by period instead) subject to its production "technology”. The
objective function of the final goods firm in real terms is given by:

1

max yt—fpfg Do Frdf ®)

0

Details of the above problem and its solution are in Appendix C.

Intermediate goods firms

There are intermediate goods firms, indexed by f, whose total mass is 1.
Each firm f produces a differentiated good of variety f under monopolistic



competition facing Rotemberg-type nominal price rigidities(see e.g. Bi et al.,
2013). Nominal profits of firm f are defined as:

Pl p 2
D) =R )Rt )= Wt )= whnb) - 5 (G0 1
2 \Pa(f)m
(9)
where ¢” is a parameter which determines the degree of nominal price

rigidity, 7 stands for the steady state value of the inflation rate, n¥(f) is the

demand of firm f for capitalists’ hours of work at t, n}(f) is the demand
of firm f for workers” hours of work at t and k;(f) is the demand of firm f
for physical capital at t. Notice that the quadratic cost that the firm f faces
when it changes the price of its product is proportional to aggregate output.

All firms use the same technology represented by the production func-
tion(similar to e.g. Hornstein et al., 2005):

_p.1l-«a
vi(f) = Akt (D1 [k (0 (1)) (10)
where A; is an exogenous TFP, « is the share of capital and 6 is the labor
efficiency parameter of capitalist.

Profit maximization by firm f is also subject to the demand for its product
that comes from the solution of the final goods firm’s problem as specified
above (see Appendix C for details):

1
¢
ve(f )) P
Yt

Each firm f chooses its price, P,(f), and its inputs, k;(f), nlt((f), n{(f), to

maximize the sum of expected discounted lifetime real dividends, maxE, ) Z o Dtp(tf ),

t=0
subject to the demand for its product and its production function. The ob-

jective function of firm f in real terms is given by:

Pt<f>=( (1)
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where = ¢, is a stochastic discount factor taken as given by the firm f,
t-1
which arises from the Euler of bonds and is defined as Z(o,; = [] {L} =

R;
-1 c k —0
ﬂt ]_[ ( P; ) 1+'L'1- Civ1
i=0 Pi+1 1'*'Tic+1 Cl-( ’

i=0




Details of the above problem and its solution are in Appendix D.

2.3 Government budget constraint

The budget constraint of the “consolidated” public sector expressed in real
terms is:

tl LB 3 v k A
t
W
+Tf[cf+—kc}” +
v

+ T, [rtkf ] +dk]

w
+ 1/ lwfn’f +— w}”n}”l + 1
v

where 7! = [’Ctl kg I;:Tt w] All other variables have been defined above.? As
above, small letters denote real variables.

In each period, one of the fiscal policy instruments has to follow residu-
ally to satisfy the government budget constraint (see below for details).

2.4 Decentralized Equilibrium (given policy instruments)

We now combine all the above to solve for a Decentralized Equilibrium
(DE) for any feasible monetary and fiscal policy. The DE is defined to be
a sequence of allocations, prices and policies such that: (i) every type of
households maximizes utility; (ii) every type of firms maximizes profits; (iii)
all constraints, including the government budget constraint, are satisfied;
and (iv) all markets clear.

To proceed with the solution, we need to define the policy regime. Re-
garding monetary policy, we assume, as is usually the case, that the nominal

b |
ZNotethatjcffdk_ct ,j dw = el jkk dk_kfl,fdfdkzdf,jn’fdkzn’f,
0
b 1 3 S ;
j nfdw = ’;—Zn’t“, Jmlfdk = mk, f mydw = Z—Zm}“, fgtdk+ I gdw| = [1 + ’;—:]gt, fbfdk =
0 0 0 0 0 0
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interest rate, R;, is used as a policy instrument, while money balances are
endogenously determined. Regarding fiscal policy, we assume that, in the
transition, tax rates and public spending, ¢, ¥, /", t! and g,, are set exoge-
nously, while the end-of-period public debt, b;, follows residually from
the government budget constraint (see Section 4 for a discussion of public
financing cases).

Appendix E presents the dynamic DE system. It consists of 16 equations
in 16 variables [cf, ct Ve T, m’t‘, my, bf, xf, mcy, w’t‘, n]t‘, wy,ny, rf, kf, di];2,- This
is given the independently set policy instruments, [R,,f, 7}, 7/, Ttl,gt]‘t’io,
technology [A,];2,, and initial conditions for the state variables. All these
variables have been defined above except for 7t; and mc, where 7, is the gross
inflation rate, defined as 7; = %, and mc; is the intermediate goods firm’s
real marginal cost as defined in Appendix D.2.

2.5 Rules for policy instruments

Following the related literature, see e.g. Schmitt-Grohé and Uribe (2007) and
Cantore et al.(2015), we focus on simple feedback rules for the exogenously
set policy instruments, which means that the monetary and fiscal authorities
react to a small number of endogenous macroeconomic indicators. In par-
ticular, we allow the nominal interest rate, R;, to follow a standard Taylor
rule meaning that it can react to inflation and output as deviations from a
policy target, while we allow the distorting fiscal policy instruments, namely,
government spending as share of output, s, the tax rate on consumption,
77, the tax rate on capital income, TZ‘, and the tax rate on labor income, 7/,
to react to public debt, again as a deviation from a policy target. The target
values are defined below.
In particular, we use policy rules of the following functional forms:

log(%):¢nlog(%)+¢ylog(%) (14)
st =58 =) (ha =) (15)
=1 +y (o =) (16)
=t +yf (g -1) (17)
=1+ (Lo =) (18)
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where ¢, ¢y, ylg Vs ylk and ;" are feedback policy coefficients of positive
value, variables without time subscripts denote target values, and where

_ Riby
R
denotes the end-of-period public debt burden as share of GDP.

1, (19)

2.6 Final Equilibrium system and solution methodology

The final equilibrium system consists of the 16 equations of the DE pre-
sented in Appendix E, the 5 feedback policy rules and the definition of [,
presented in Subsection 2.5. We thus end up with 22 equation in 22 variables
[clt‘, ¢t Vi T, mlf, my, blt‘, xf, mcy, wf,n’t‘,w;", ny, rf,kf, d, Ry, stg, T, Ttk, T L1520

Among them, there are 16 non-predetermined or jump variables, [cf, c¥, v, 7t,,

xf, mcy, wf, n’f, wy, ny, rl‘, d,, sf, 5, Tf, 1/']32, and 6 predetermined or state vari-

ables [m]t‘, my, bf, kf,Rt, 11132, This is given the TFP, initial conditions for the
state variables and the values of coefficients in the feedback policy rules.
To solve this non-linear difference equation system, we will take a first
order approximation around a steady state and check saddle path stability.
We first solve for the steady state of the model numerically employing
common parameters values and data from the Euro area. The next section
(Section 3) presents this steady state solution, or what we shall call status quo.
In turn, we will compute each new reformed steady state and, then, study
the transition dynamics, under various policy scenarios when we depart

from the status quo and travel to a new reformed steady state with lower

public debt.

3 Data, parameterization and steady state
solution

This section solves numerically the above model economy by using conven-
tional parameters and data from the Euro area. As we shall see, the model’s
steady state solution will resemble the main empirical characteristics of the
Euro area.

3.1 Parameters and policy variables

Table 1 reports the baseline parameter values and Table 2 reports the values
of exogenous policy variables used to solve the above model economy. The

12



time unit is meant to be a quarter. Regarding parameters, we use relatively
standard values often employed by the business cycle literature.

Let us briefly discuss the values summarized in Table 1. Using the Euler
equation of bonds, the value of time preference rate, 3, follows so as to be
consistent with the average value of the real interest rate in the data, 0.0075
quarterly (see Table 2) or 0.03 annually. The share of capital in income, «,
and the percentage of capitalists in population, v¥, are set at 0.33 and 0.2
respectively. The labor efficiency parameter of capitalists, 6, is set so that
we obtain a reasonable value for the ratio of capitalists’ wage to workers’

wage, u“j—,’;, which, in our model, equals 1.68. The inverse of intertemporal
substitution elasticity, o, the inverse of Frisch labor elasticity, 7, and the
price elasticity of demand, ¢, are set as in Andres and Doménech(2006) and
Gali (2008) in related studies. The inverse of public consumption elasticity
in utility, C, is set at 1. The real money balances elasticity, p, is taken from
Pappa and Neiss (2005); this implies an interest-rate semi elasticity of money
demand equal to -0.29 which is a common value in this literature. Regarding
preference parameters in the utility function, x,,, is chosen so as to obtain a
value of real money balances as share of output equal to 1.97 quarterly, or
0.49 annually, which is close to the data (when we use the M1 measure, the
average value in the annual data is around 0.5), x,,, is chosen so as to abtain
steady state labor hours equal to 0.28, while x, is arbitrarily set at 0.1 which
is a common valuation of public goods in related utility functions. We set the
Rotemberg’s price adjustments cost parameter, ¢*, at 30 which, according to
Keen and Wang (2007), corresponds to approximately 33 percent of the firms
re-optimizing each quarter in a Calvo pricing model. Several related studies
of the Euro area featuring Calvo price mechanism also set the probability
of price readjustment at 1/3(see e.g. Gali et al., 2001). Concerning the
exogenous TFP, A;, it remains constant over time and equal to 1.

The effective tax rates on consumption, capital and labor are respectively
€ = 0.2, 78 = 0.29 and 7" = 0.39. These values are very close to the data
averages for the Euro area over 2008-2011. The long-run nominal interest
rate is 1.0075 quarterly for the Euro area in the same time period. Lump-sum
taxes/transfers as share of output, sl and total public spending as share of
output, sé, are set -0.2 and 0.24 respectively so that their sum, —sl + 58 to be
close to the data for the same time period as well. The public debt-to-output
ratio follows residually from the steady state solution of the model and is
equal to 3.8 quarterly (or 0.95 annually). This value is very close to the
average value for the Euro area in 2015(3.6 quarterly or 0.94 annually).

The government imposes/gives a percentage, Ai’k, of total lump-sum

13



Table 1: Parameter values

Parameter\ Value \

Description

=

v 0.2 share of capitalists in population

Y 0.8 share of workers in population

a 0.33 share of capital

o 0.2 labor efficiency parameter of capitalist

p 0.9926 time preference rate

% 3.42 parameter related to money demand elasticity
0 0.02 capital depreciation rate (quarterly)

¢F 30 Rotemberg’s price adjustments cost parameter
¢ 6 price elasticity of demand

n 1 inverse of Frisch labor supply elasticity

o 1 inverse of intertemporal substitution elasticity
C 1 inverse of public consumption elasticity in utility
Xm 0.05 | preference parameter related to real money balances
Xn 6 preference parameter related to work effort

Xg 0.1 preference parameter related to public spending
A 1 TFP level

br 1.5 coefficient of nominal interest rate on inflation gap
by 0.5 coefficient of nominal interest rate on output gap
ylg 0.1 coefficient of government spending on debt gap
41 0 coefficient of consumption tax rate on debt gap
ylk 0 coefficient of capital tax rate on debt gap

Y/ 0 coefficient of labor tax rate on debt gap

14




Table 2: Policy variables (data average values)

Parameter | Value | Description

R 1.0075 long-run nominal interest rate

( 0.20 consumption tax rate

T~ 0.29 capital tax rate

(s 0.39 labor tax rate

s8 0.24 | government consumption spending as share of output

—s! 0.2 government transfers as share of output

pL 0.2 percentage of total transfers to capitalists

taxes/transfers to the class of capitalists and a percentage, /\i’w =1- Ai’k, to
workers, where we set /\i’k =v* and /\i’w =1-v* = v¥ (See Appendix F for
details). In other words, transfers are distributed to capitalists and workers
according to their share in population.

Regarding the fiscal (tax-spending) policy instruments along the transi-
tion, these instruments can also react to the current state of public debt as a
deviation from its steady state value,” where this reaction is quantified by
the feedback policy coefficients in the policy rules (15)-(18). In our baseline
experiments, we simply set the feedback policy coefficient of government
spending at 0.1 (i.e. yf = 0.1) which is necessary for dynamic stability, while
we switch off all other fiscal reactions to debt.* These baseline values of
feedback policy coefficients are reported in Table 1. We report that our main
results are robust to changes in these values (see Section 6 for details).

3.2 Steady state solution or the ”status quo”

Table 3 reports the steady state solution of the model economy when we
use the parameter values in Table 1 and the policy instruments in Table 2.
As said, in this solution, the residual public financing instrument is public

3Since policy instruments react to deviations of endogenous macroeconomic indicators
from their steady state values, feedback policy coefficients do not play any role in steady
state solutions. Also, recall that “money is neutral” in the long run, so that the monetary
policy regime also do not matter to the real economy at the steady state.

4In most experiments it is necessary for dynamic stability to allow at least one of the
fiscal policy instruments to respond to debt. These values are close to those found by
optimized policy rules in related studies (see e.g. Schmitt-Grohé and Uribe (2007) and
Philippopoulos et al.(2015)). They are also consistent with calibrated or estimated values by
previous research(see e.g. Leeper et al.(2010), Forni et al.(2010), Coenen et al.(2008), Cogan
et al.(2013), Erceg and Lindé(2013)).
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Table 3: Steady state solution or the “status quo”

| Variables | Solution | Variables | Solution | Data |

v 2.3255 ! 3.8273

ck 0.5940 xK 0.3379

v 0.2089 d 0.3876

nk 0.1920 I 1

n% 0.3237 mc 0.8333

Kk 16.0926 vk 0.8657

b 8.8342 p¥ 0.2089

mk 1.5807 c/y 0.6147 0.57
m® 1.1645 b/y 3.7988 3.76
rk 0.0401 x/y 0.1453 0.18
wk 1.3459 m/y 2.6830

w 0.7981 k/y 6.9201

Notes: Parameters and policy variables as in Tables 1 and 2.

debt. The solution makes sense and the resulting great ratios are close to
their values in the actual data (recall that, since the time unit is meant to
be a quarter, stock variables-like debt, capital and money balances- need
to be divided by 4 to give the annual values). In what follows, we will
depart from this solution and use it as benchmark to study the aggregate
and distributional implications of various policy experiments.

4 How we model debt consolidation

In this section, following Philippopoulos et al.(2015), we explain how we
model debt consolidation. We will assume that the government aims at
reducing the share of public debt from approximately 95% (z %100%) of
GDP, which is the steady state value and is also close to the data average,
to the target value of say 60%. We choose the target value of 60% simply
because it has been the reference rate of the Maastricht Treaty(we report
however that our qualitative results are not sensitive to the value of the debt
target assumed).

Obviously, debt reductions have to be accommodated by adjustments in
the tax-spending policy instruments, which, in our model, are the output
share of public spending, and the tax rates on capital income, labor income
and consumption. Debt consolidation naturally implies a trade-off. In
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particular, it implies an inter-temporal trade-off between fiscal pain in the
short term (i.e. spending has to fall and/or taxes have to rise) and fiscal gain
in the medium and long term once the debt finally has been reduced (i.e.
now spending can rise and/or taxes can fall).

This inter-temporal trade-off implies that the implications of debt consol-
idation depend heavily on the mix of public financing policy instruments
used, namely, which policy instrument adjusts endogenously to accommo-
date the exogenous changes in fiscal policy (see also e.g. Leeper et al., 2010,
for the USA). Specifically, these implications depend both on which policy
instrument bears the cost of adjustment in the early period of adjustment
and on which policy instrument is anticipated to reap the benefit, once
consolidation has been achieved.

In the policy experiments considered below, we will experiment with
fiscal policy mixes, which means that the fiscal authorities are allowed to use
an instrument in the transition and perhaps a different one in the new steady
state. For instance, let us assume that, once the public debt has been reduced
in the new reformed steady state, it is the capital tax rate that reaps the
benefits of the created fiscal space, then, in the transition to this particular
reformed steady state, all fiscal instruments are available and, consequently,
one of them can be employed, as in the policy rules in Subsection 2.5, to
bring public debt down.

In particular, we will work as follows. First, we compute all possible
reformed steady states and compare the status quo steady state solution
to each of those new reformed steady state solutions (depending on which
tax-spending instrument is residually determined by the new target value
of debt-to-GDP ratio). Then, for each possible steady state case, we study
the associated transitional dynamics. To compute the transition path, we
log-linearize the model around the steady state solution for each reformed
economy, then check its saddle-path stability and compute the equilibrium
transition path towards each of the new reformed steady states using as
initial conditions for the state variables their values in the status quo steady
state. We will use the Matlab toolbox for computing steady state solutions,
checking saddle-path stability, computing dynamics and making robustness
checks of debt consolidation (Matlab routines are available upon request).

In all cases, we will study both aggregate and distributional implications.
Regarding aggregate outcomes, we will look, for instance, at per capita
output. Regarding distribution, we will compute separately the income of
the representative capitalist vis-a-vis that of the representative worker. In
the transition, we will work with present values of these variables. Next,
all above variables values are compared to their respective values had we
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Table 4: Values of the residual fiscal policy instruments in steady state

Residual Instrument | Status quo | New steady state
7k 0.29 0.27
(e 0.39 0.37
( 0.20 0.18
s 0.24 0.25

Table 5: Output(GDP) in steady state

Residual | New steady state % Change
Instrument relative to the SQ
Tk 2.3648 +1.69 %

(a 2.3496 +1.04 %
(o 2.3336 +0.35 %
s& 2.3336 +0.35 %

Note: Steady state value of the output in the status quo(SQ) is 2.3255.

remained in the status quo economy permanently.

5 Results

5.1 Steady state results

We start with comparison of steady state solutions. Recall that in the SQ
steady state, fiscal policy instruments were set as in the data and % followed

residually, while in the reformed steady state % is ad hoc cut to 60% so that
one of the fiscal policy instruments follows residually meaning that s is
allowed to rise or one of 7%,7",7¢ is allowed to fall. Table 4 reports the value
of the residual policy instrument in each case studied. They confirm that
debt reduction allows for a tax cut and a spending rise.

Aggregate implications(efficiency)

Results for output in the SQ and the reformed economy under various public
financing scenarios are shown in Table 5. As one would expect, in terms
of the aggregate economy, our numerical results imply that it is better to
allow capital taxes to take advantage of the fiscal space created by debt
consolidation. The superiority of the capital tax rate is consistent with
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Table 6: Net income of capitalists and net income of workers in steady state

Residual Status quo New steady state % Changes
Instrument || ¥ v [ | o v | YRy yk Y Y /yY
¥ 0.866 | 0.209 | 4.145 || 0.905 | 0.212 | 4.261 || +4.55% | +1.69% | +2.82%
(e 0.866 | 0.209 | 4.145 || 0.883 | 0.215 | 4.104 || +1.99% | +3.00% | -0.99%
T° 0.866 | 0.209 | 4.145 || 0.881 | 0.213 | 4.144 || +1.78% | +1.80% | -0.02%
s 0.866 | 0.209 | 4.145 || 0.873 | 0.210 | 4.164 || +0.82% | +0.35% | +0.47%

Note: y¥ and y¥ stand for the net income of the capitalist and worker respectively
in steady state.

the well-known result that capital taxes are particularly distorting in the
medium-run and long-run (see e.g. Judd, 1985, Chamley, 1986 and Lucas,
1990). Therefore, the most efficient way of using the fiscal space generated,
once debt has been brought down, is to cut the capital tax rate. This is as in
Philippopoulos et al.(2015), who studied aggregate effects only.

Distributional implications (equity)

Results for net incomes are reported in Table 6. Since there are two different
income groups in the society - capitalists and workers - the income gains
from each particular structural reform may be distributed unequally. We
first look at the net income of each agent, v* and y¥, separately.” Our results
show that, relative to the status quo, both social groups gain from debt
consolidation independently of what the residual instrument in the new
steady state is (see Table 6).

But a key question is who gains more. Even if a policy reform produces
a win-win outcome (Pareto efficient) here, in the sense that both y* and
y¥ rise relative to SQ, relative outcomes can also be important. Actually,
the political economy literature has pointed out several reasons for this,
including political ideology, envy, habits, etc. In our model, distributional
implications can be measured by changes in the ratio of net incomes, y*/y*.

Relative to the status quo, the ratio y¥/y¥ rises, or equivalently inequality
rises, when the instrument that takes advantage of the fiscal space created
in the new reformed steady state is the tax rate on capital. Thus, this
policy is Pareto efficient, but not “equitable”. For this reason, perhaps, we

5The net income of the capitalist is defined as ¥ = —zfck + (1 —of)[rfkF | +df]+

+ (1=t )wknk - rtl’k, while that of the worker is defined as y{ = —tfc} + (1 -t/ )w'n} — Ttl'w
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Table 7: Present value of output (GDP) over different time horizons when the
residual instrument in the new steady state is the tax rate on capital (7¥).

Adj.Instr. Vs Y10 Y20 Y10 V60 Voo
* 11.29 | 22.33 | 43.44 | 81.43 | 114.14 | 220.20
" 10.70 | 22.05 | 43.40 | 81.40 | 114.10 | 220.16
T° 11.11 | 22.27 | 43.52 | 81.50 | 114.21 | 220.27
s8 11.74 | 23.06 | 44.40 | 82.45 | 115.17 | 221.26

| Status quo | 11.30 | 22.23 | 43.02 | 80.43 | 112.71 | 217.37 |

Note: y; stands for the sum of the discounted expected values of output (GDP) for
the next t periods after the fiscal consolidation takes place.

often observe workers opposing to such a reform. In terms of equity, the
best outcome takes place when we use the fiscal space created by debt
consolidation in the medium- and long-run to cut the labor tax rate. Such a
policy causes the ratio y*/y" to fall, or equivalently inequality to fall.

In sum, in the reformed steady state, a policy that increases all net
incomes and, at the same time, reduces income inequality, is to cut the labor
tax rate. On the other hand, if we focus on efficiency only, the best way
of using the fiscal space is to cut the capital tax rate; the cost of this is an
increase in income inequality.

5.2 Transition results

We next study what happens in the transition as we depart from the status
quo steady state and travel towards each one of the new reformed steady
states with lower public debt.

Aggregate implications(efficiency)

Results for the present value of output over different time horizons for all
cases (depending on what the adjusting instrument in the transition to a
new reformed steady state is) are shown in Tables 7 and 8. Every table
corresponds to a different new reformed steady state depending on which
fiscal policy instrument takes advantage of the fiscal space created by debt
consolidation. Specifically, the fiscal space created by debt consolidation
is used to cut the tax rate on capital in Table 7 and the tax rate on labor
in Table 8. Every row of these tables shows the present discount value of
output over different time horizons depending on which instrument adjusts
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Table 8: Present value of output (GDP) over different time horizons

when the residual instrument in the new steady state is the tax rate on
labor(7").

Adj. Instr. Vs 10 20 V40 V60 Voo
* 11.36 | 22.36 | 43.30 | 80.99 | 113.48 | 218.87
™ 10.88 | 22.12 | 43.31 | 81.06 | 113.54 | 218.92
T° 11.06 | 22.15 | 43.25 | 81.00 | 113.49 | 218.88
s8 11.81 | 23.10 | 44.33 | 82.15 | 114.67 | 220.08

| Status quo | 11.30 | 22.23 | 43.02 | 80.43 | 112.71 | 217.37 |

Note: y; stands for the sum of the discounted expected values of output (GDP) for
the next t periods after the fiscal consolidation takes place.

Table 9: Ratio of the present value of the net income of the capitalist to that
of the worker over various time horizons when the residual instrument in
the steady state is the tax rate on capital(*).

| Steady state value in the status quo is 4.1446 |

Adj. Instr. Zku—s Zk% Zui zk# Ek% 1;;
Ys Y10 Y20 Yao Y60 Yoo

Tk 3.40 [ 3.52 [ 3.72 | 3.94 | 4.03 | 4.13
" 4121419 424427 427 427
¢ 3.99 | 4.08 | 415 | 4.20 | 4.22 | 4.24
s8 414 [ 419|423 4.25|4.25 | 4.26

Note: 7F and 7% stand for the PV of the net income of the capitalist and the worker
respectively for the next t periods after the fiscal consolidation.

to bring public debt down.

Inspection of the results in Tables 7 and 8 implies that if the criterion is
aggregate, or per capita, output (GDP), the best policy mix is to use the long
term fiscal gain (namely, the fiscal space created once debt has been reduced)
to cut the capital tax rate and, during the early period of fiscal pain, to use
spending cuts to bring public debt down.

Distributional implications (equity)

Results for the ratio of the present value of the net income of capitalists
to that of workers over different time horizons for all cases (depending on
what is the adjusting instrument in the transition to a new reformed steady
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Table 10: Ratio of the present value of the net income of the capitalist to that
of the worker over various time horizons when the residual instrument in
the new steady state is the tax rate on labor(7").

’ Steady state value in the status quo is 4.1446 ‘

Adj. Instr. Z?,, zk% zk% Zk# zk% Zi:j
Y5 Y10 Y20 Y40 Y60 Yoo

* 3.41 | 3.48 | 3.61 | 3.78 | 3.87 | 3.98

" 408 | 4.11 | 414 | 415 | 4.14 | 4.13

T° 3.81 1390 | 3.98 | 4.03 | 4.05 | 4.08

s8 414 | 4.19 | 4.23 | 4.25 | 4.25 | 4.26

Note: 7¥ and 3 stand for the PV of the net income of the capitalist and the worker
respectively for the next t periods after the fiscal consolidation.

state) are shown in Tables 9 and 10. Every table corresponds to a different
new reformed steady state (depending on what is the fiscal policy instru-
ment that takes advantage of the fiscal space created by debt consolidation).
Specifically, the fiscal space created by debt consolidation is used to cut the
tax rate on capital in Table 9 and the tax rate on labor in Table 10. Every
row of these tables shows the ratio of the present value of the net income of
capitalists to that of workers over different time horizons. Furthermore, we
also check whether these values are lower or higher than the steady state
value in the status quo, 4.1446 (if they are lower than the corresponding SQ
steady state value for a reform, then this reform improves equality relative
to the status quo).

Inspection of the results in Tables 9 and 10 reveals that the best policy mix
in terms of equity arises when we use capital taxes to bring public debt down
and this is combined with labor tax cuts in the steady state. Nevertheless, as
said, this is not the most efficient.

6 Robustness report

We finally check the sensitivity of our results (everything reported here
is available upon request). Our results are robust to changes in all key
parameter values. In particular, we have extensively experimented with
changes in the values of the percentage of capitalists in population, v*, the
Rotemberg adjustment pricing cost parameter in the intermediate goods
firm’s problem, ¢?, the feedback coefficient of the capital tax rate on public
debt, ylk, the feedback coefficient of the labor tax rate on public debt, 7/1”,
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the feedback coefficient of the consumption tax rate on public debt, 7, the
feedback coefficient of the government spending on public debt, ylg , the
feedback coefficient of the nominal interest rate on inflation, ¢™, whose
values are relatively unknown empirically. We report that our main results
do not change qualitatively within these ranges 0.15 < vk < 0.3,5 < ¢? < 105,
0.05 < yF < 0.30, 0.05 < ' < 0.30, 0.05 < »f < 0.30, 0.05 <y} < 0.30,
0.1 <¢™ <0.30. It is also worth mentioning that there is no stability with
or without debt consolidation when qu , with g € (k,n,¢, g), is zero (i.e. some
feedback reaction to debt is necessary for stability, as is common in the
literature).

7 Closing the chapter and possible extensions

In this chapter was built and solved numerically, by using Eurozone data, a
closed-economy new Keynesian D(S)GE model in which the fiscal authorities
were engaged in public debt reduction over time. The emphasis was on
the aggregate and distributional implications of debt consolidation, where
agent heterogeneity, and hence distribution, had to do with the distinction
between “capitalists” and "workers”. Since the results have already been
written in the introduction, here I just mention a possible extension. It would
be interesting to examine what happens in an open economy context. This is
studied in the next chapter.
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Appendix A Households as capitalists

This appendix provides details and the solution of capitalist k’s problem.
The mass of this type of household is 1. Each capitalist k acts competitively
to maximize expected discounted lifetime utility.

A.1 The capitalist k’s problem

Each capitalist k’s expected discounted lifetime utility is:

[oe]

E, ) B'U(cknf,mf,g) (20)

t=0

where cf is k’s consumption at t, #¥ is k’s hours of work at t, m¥ is k’s end-of-

period real money balances, g; is government spending at t divided by the

number of capitalist, E, is the rational expectations operator conditional on

the current period information set and 0 < 8 <1 is the time preference rate.
We will use a utility function of the form(see also e.g. Gali, 2008):

(Ck)l—a (nk)1+17 (mk)l—y (ng )I—C
U(cf,n'f,mlf,gt): lt—a -x, 1t+17 + X, 1f_# +Xq l—tC (21)

where x,,, x,,,, Xg, O, 1, 1y C are standard preference parameters.
The budget constraint of each k (written in nominal terms) is:

(14 75)Pck + Pxk + BY + MF =(1 = <) [/FPKF | + D)+
+ (1=t YWfnk + R, BN |+ (22)
+ Mf—l - Ttl'k

where P, is the price index, xlf is k’s real investment at t, Blf is k’s end-of-
period nominal government bonds at ¢, MF is k’s end-of-period nominal
money holdings at , DF is k’s nominal dividends paid by firms at ¢, WF is
capitalists’ nominal wage rate at t, kF is k’s end-of-period capital at ¢, R,_; > 1

is the gross nominal return to government bonds between -1 and ¢, rf_l

is the gross real return to inherited capital between t -1 and ¢, Ttl’k are the
nominal lump-sum taxes/transfers to each capitalist k from the government
at t, T¢ is the tax rate on consumption at ¢, ¥ is the tax rate on capital income
at t and 7/’ is the tax rate on labor income at t.
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Dividing by P, the above equation, the budget constraint of each k in real
terms is:

(1+T)ck+x +bk+m 1—k rkkk +dk+
t)Ct T Xy t = t -1

P,
+(1—t"wkn*+ R, ;)1bf_1+ (23)
t
Py g Lk
+ Pt mt—l_Tt

. . Bf Mf
where, as above, small letters denote real variables, i.e. bf = 7 mk = s ,df =

Lk
Dk _WE 1Lk _ T,

W =TT =
t t
The motion of physical capital for each k is:

KE=(1-0)kk | +xF (24)

where 0 < 6 <1 is the depreciation rate of capital.

A.2 The capitalist k’s optimality conditions

Each capitalist k acts competitively taking prices and policy as given.
The first order conditions include the budget constraint, the law of motion
of physical capital above and:

k\—o k' y-o
g st o
h t+
(cky—o _ P, (Ck+l)_(I
e PR ) -
k k _0(1 Tt) k
xp(ng)" = (cy) (1+17) t 27)
Y k -0
Xm(m]t()_ﬂ = (cf) - (Ct+1) l (28)

(1+th) /3(1+th+l)Pt+l

Egs.(25) and (26) are the Euler equations of capital and bonds respec-
tively, Eq.(27) is the optimality condition for work hours and Eq.(28) is the
optimality condition for money balances.
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Appendix B Households as workers

This appendix provides details and the solution of worker w’s problem. The
mass of this type of household is ’;—1: Each worker w acts competitively to
maximize expected discounted lifetime utility.

B.1 The worker w’s problem

Workers have the same utility function as capitalists (see Egs.(20) and (21)).
The budget constraint of each worker w in nominal terms is:

(1+75)Pc + MY = (1 -t/ YWEn¥ + MY, - T¥ (29)

where ¢} is w’s consumption at t, n’ is w’s hours of work at ¢, M}* is w’s
end-of-period nominal money holdings at t, W} is workers’ nominal wage
rate at f and Ttl'w are the nominal lump-sum taxes/transfers to each worker
w from the government at t.

Dividing by P; the above equation, the budget constraint of each w in real
terms is:

P,
cy w wo_ Y, W W =1 w Lw
(L+7)e) +my = (1 -1 )wi'n, tp M T (30)
t
. WY MY T
where small letters denote real variables e.g. w}’ = B my = T;,Ttl’w =4

B.2 The worker w’s optimality conditions

Each worker w acts competitively taking prices and policy as given.
The first order conditions include the budget constraint above and:

w\—0 1+ C
(Ct )w — :t — (31)
xy(nf )T (1 -1 )wy
(ct)° _, B (ci1)™° (my)tH (32)
1+7f Py | 1+7f, " l-p

Eq.(31) is the optimality condition for work hours and Eq.(32) is the opti-
mality condition for money balances.
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Appendix C Final goods firms

This appendix provides details and the solution of the final goods firm’s
problem. There is a final goods firm that produces a single good and operates
in a perfectly competitive environment.

C.1 The final goods firm’s problem

Nominal profits of the final goods producer are:

1
Ptyt—jmf)yt(f)df (33)
0

where P;(f) is the price of variety f, y;(f) is the production of the variety f
produced monopolistically by the intermediate goods firm f and y; is the
production of the final goods firm.

There is a final goods firm and a continuum (i.e. infinity) of intermediate
goods firms. The latter are indexed along the unit interval. The production
function of the final goods is a Dixit-Stiglitz type constant returns to scale of
this form:

¢

¢-1

1
¢-1
v=| [t ar 34
0
where ¢ > 0 is the elasticity of substitution across intermediate goods.

C.2 The final goods firm’s optimality conditions

Under perfect competition, the final goods firm chooses the quantity of
every variety, y;(f), to maximize its profits (more generally it would want
to maximize the present value of expected discounted lifetime profits, but
there is nothing that makes the problem interesting in a dynamic sense as it
just buys the intermediate goods period by period. Hence, equivalently, the
final goods firm could maximize profits period by period instead) subject
to its production function taking prices as given. The solution to the profit
maximization problem gives:

¢
ui(f) = (P i/ )) ” (35)




or equivalently:
1

P(f) = (3’ ;ﬁf ) )_¢Pt (36)

Notice that, the zero profit condition, Py, = ijt(f)yt(f)df, along with
Eq.(35) imply for the price index: '
1 =7

pi={ [ o tas 57)

0

Appendix D Intermediate goods firms

This appendix provides details and the solution of intermediate goods firm
f’s problem. The mass of these firms is normalized to 1. Each firm f
produces a differentiated good of variety f under monopolistic competition
facing a Rotermberg-type nominal price rigidities.

D.1 The intermediate goods firm f’s problem

Due to Rotemberg pricing, to the extent that an increase of firm f’s price dif-
fers from the steady state value of inflation rate, 7, this firm faces a quadratic

. . p 2 _
price adjustment cost, % (Pfi((?)n - 1) v;. As stressed in Rotemberg (1982),
this adjustment cost accounts for the negative effects of price changes on
the customer-firm relationship and, consequently, creates an inefficiency

wedge between aggregate output and demand, which is reflected by the term
U -
2 | Py (f)m '
Nominal profits of intermediate goods firm f are(see e.g. Bi et al., 2013):
¢P

DUS) = B~ Bitbo-a( )= W ()=l )- &

B(f) ?
r )
k (38)

where nf(f) is the demand of firm f for capitalists’ hours of work at ¢, n}’(f)
is the demand of firm f for workers’ hours of work at t, k;(f) is the demand
of firm f for physical capital at t and ¢P is a standard parameter which
determines the degree of nominal price rigidity.
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Dividing by P, the above equation, the intermediate goods firm f’s profits
in real terms are:

Di(f) _ B(f)

P, P,

De(F) = rEkea () = wi () — wh k() — ‘P—p(

di(f) = B

R(f) L\
B (f)m 1) 2
39)

All firms use the same technology represented by the production func-
tion(similar to e.g. Hornstein et al., 2005):

-«

D) = A Tk (1 [(rE ) (2 ()1 0)] (40)

where A; is an exogenous TFP, « is the share of capital and 6 is the labor
efficiency parameter of capitalist.

Under imperfect competition, profit maximization by f is also subject
to the demand function coming from the solution to the final goods firm’s
problem, as specified above, namely:

B(f) = (y;f ))_d’Pt (41)

D.2 The intermediate goods firm f’s optimality conditions

Following the related literature, we follow a two-step procedure. We first
solve a cost minimization problem, where each intermediate goods firm f
minimizes its cost by choosing factors of production given technology and
prices. The solution will give a minimum nominal cost function, which is
a function of production factor prices and output produced by the firm f.
In turn, given this cost function, we solve each intermediate goods firm f’s
maximization problem by choosing its price, B;(f).

Each f chooses its factors of production, kt—l(f): nlt‘(f), ny(f), to minimize
its real cost. The above cost minimization is subject to the production
function of f, Eq.(40).

The solution to the cost minimization problem gives the following input
demand functions:

k _ vi(f)
Ty = mctakt_l(f) (42)
wy =mc;0(1 —a)yt(f) (43)




w}”:mct(l—e)(l—a):t(f) (44)

From the three above equations, it arises that the associated minimum
real cost function of f equals mc,y;(f), where mc, is its real marginal cost. It
can be shown that the real marginal cost equals:

mCt = - ;

o

wk o wy’ =01
{9(1—a)} ><{(1—9)(1—0()} } 43

implying that mc; is common for all intermediate goods firms since it only
depends on production factor prices, parameters and technology which are
common for all these type of firms.

Then, intermediate goods firm f chooses its price, P;(f), to maximize the
sum of discounted expected lifetime real profits:

Ay

maxEo ) Soon )= e - - b - 5 (R
(46

where 2 ¢, is a stochastic discount factor which arises from the Euler of

t— c k \~0
bonds and is defined as Z¢ g, = [ { } B! ]‘[ [( : )(11:;: )(Czc_y{l) ] The
i= H’ i+1 i
above profit maximization is also sub]ect to the demand equation that the

monopolistically competitive firm f faces, y,(f) = (Pfl(){) )_¢ Vs

The first order condition gives:

Bi(f) Bi(f) VP (f) _
P, vi(f)+ pmeyi(f) - (Pplptl 1lpt (fm

P, 1+7 Criq pt+1 Pt+1(f)
(Pt+1)(1+’fti1 ( Z ) ][ (f)n})m (47)

Thus, the behavior of intermediate goods firm f is summarized by Eqs.(42),
(43), (44) and (47).

All intermediate goods firms solve the identical problem and, conse-
quently, set the same price, P;(f), which implies through the Eq.(37) that

Pt(f):Pt-

(1-9)

poP
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Appendix E Decentralized equilibrium
(given policy instruments)

We now combine all the above to solve for a Decentralized Equilibrium
(DE) for any feasible monetary and fiscal policy. The DE is defined to be
a sequence of allocations, prices and policies such that: (i) every type of
households maximizes utility; (ii) every type of firms maximizes profit; (iii)
all constraints, including the government budget constraint, are satisfied;
and (iv) all markets clear.

The DE is summarized by the following conditions:®

o'_(l_T;/l) k
t

ki ok
x,(n)1(cy)? = D1
n\"*¢ ( t (1+th) ( )
(cf)e (ck )
i t+Tf) :/3(1 :*;C 1)[(1 —0)+ (1=t )rk ] (D2)
t+
k\—o k \-o
ky—p _ (ct) o B (ci1)
X,,(m = D3
m(mt) (T+7f) " Py (1+75,) (D3)
(Ci()_a P, (Cﬁl)_g
= _— D4
(1+1f) P ‘P (1+1C,,) (D4)
kE=(1-0)kk | +xF (D5)
k+ﬁw+ Krg = 1—¢—p b —12 (D6)
C oK Ct T Xy +8 =Vt 2 | P
(1-7/)
W\I (WO _ w
x, (1) (ct’) ( +Tf)wt (D7)
o (e)? P [(cfq)°
wy\—p _ — * D
X (m17') 1+7f /3Pt+1 1+1f, (D8)
P
(1+76)c¥ +mY = ;3_—1m;”_1 + (1=t )ywn¥ — v (D9)

t

T have aggregated over all agents, divided by the total number of agents and, in turn,
divided all terms by vk.
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rk = mcta% (D10)
t—1
w; :mctG(l—a)y—]t( (D11)
ny
wY = me,(1-0)(1 - )ﬁﬂ (D12)
v ny
w 1-01l-@
Yy = At[kf_l]“ [{nlt‘}e X {Wn’t"} ] (D13)
P( P, 2
dy :yt_mctyt_7(m 1) Yt (D14)
P, P
1—¢)+ —pP | -1 ——=
(1= ¢) +pme, — b [ o ]Pt_ln
p 1+ th Cf+1 - Pt+l ~ Y+l
P p c r 1- — (D15)
I+t c; P |
P—l k P—l v w
g+ R ;)t by + tPt lm’t‘_l +Fm;”_1 = bf+ m]t‘+v—km’;’ +
[ w
+76|ck + —kc}”l -
| v
+1F rl‘kf_1+dt]+
ek, VY
+1) |wing + —kw}"n?’]+
| v
w
- [rf”‘ + v_thl'wl (D16)
v
where nf = nf(f), n¥(f) = Ln¥, kf = kf(f), by = bf, df = dy(f) = d,

Bi(f) =P, v:(f) = vs-
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Thus, we have a system of 16 equations [(D1)-(D16)] in the 16 following
endogeneous variables

k w k w1k _k k k. w w k
[Ct,ct,yt,Pt,mt,mt,bt,xt,mct,wt,nt,wt,nt,rt, a; ]z

Conclusively, the Decentralized Equilibrium is a sequence of
k k. w _ w .k 1k
[Ctlct ’ytlptlmtlmt 'btfxt'mctfwt’nt'wt e ki Ao

satisfying the equations [(D1)-(D16)], given:
a) technology [A,];2,,
b) initial conditions for state variables,

c) policy.

Appendix F Decentralized equilibrium

We now rewrite the above equilibrium conditions, first, by using the inflation
rate rather than price level and, second, by writing total public spending and
total lump-sum taxes/transfers as shares of GDP, which are more convenient
forms.

F1 Variables expressed in ratios

We define the gross inflation rate, 1, = P . Defining above the exogenous
total public spending divided by the number of capitalists as g;, we also
find it convenient to express it as ratio of GDP, g; = s; v;. From this equation
arises that the per capita public spending is defined as v*s¥y,. Additionally,
the total lump—sum taxes/transfers divided by the number of capitalists,
[T t ], equal s'y, where as s! are defined the total lump-sum taxes/-
transfers as share of output. The government imposes/gives a percentage,

/\i’k, of the total lump-sum taxes/transfers to the class of capitalists and,

at the same time, a percentage, )\i’w =1- Ai’k, to workers, where we set

/\i’k = v* and, consequently, /\i'w =1 -v* = v¥. In other words, transfers are
distributed to capitalists and workers according to their share in population.

From the above, it arises that Ttl’ = Ttl v = yksly,,
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E2 Final equations

Using the above, the final non-linear stochastic system is:

O‘_(]'_T;/l) k

5l (e)” = (e wh

(cf)e B (k1) Ko\ k
(1 +th) _ﬁ(l +th+1)[(1 _6)+(1 _Tt+1)rt+1]

ky— PN
a(mbyr = 7 g 1 (G)”
(1+7) Tty (1 +th+1)
_ k —
(A0 _ g 1 )
(1+1) 7(t+1(1+TtC+1)

kE=(1-0)kk | +xF

K, vy k8 PP P
ct+FC§"+xt+styt:yt{l—7 ;t—l
(1-7)
) = (ol

gy = 7 g 1 [(G)”
1+7tf T | 1+ 7,

1
(1+77)cf +my = n—m?ﬁ +(1 -t wn? —vksly,
t

rk= mcta—}]:t
ki

wi :mctQ(l—a)y—]i

ny
wy = mc(1-0)(1— )ﬁ Yt
B v n?
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1-«a

- 1-6 ,

= At[kf_l]“ [{nlt‘}6 X {Fn}”} ] (D13’)
P/n 2 ,

dy = — mctyt—%(;t—l) Yt (D14)

(1= )+ e, - g9 | 2 —1| 2t =

1+7 c it
p t t+1 [ t+1] Vi1 (D15)
¢ﬁ|:(1+Tt+l)( ] ] Vi
1 1 ¥ W oV
St e+ Ry n_tbf—l o mi_y + W’”?—l] = bf + lmlf + me + 1) [Cf + FC?/] -
T T [rtkf  +d ]+5tyt+
+1) lwfn't‘ +— w}”n}”l (D16’)
v
R, v ’
log(R) <l>n10g( )+¢y10g(y) (D17’)
s =8 =y (g =) (D18")
=14y (=1 (D19’)
o =+ (- 1) (D20")
T =7+ (e =) (D21’)
=2 (D22)
Yt
The final equ111brium system consists of the 17 equations in 17 endoge-

k k k ko w w .k 1k
nous variables [cf, ¥, vy, 71, mE, m¥, b¥, x, mc,, wk, nk, w?, 0¥, rf kE, dy, 152,

This is given the 5 independently set monetary and fiscal instruments,

[R;, stg, (o Ttk, /]2, technology, [A;];2,, and initial conditions for the state
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variables, kfl,b’fl,A_l,mlfl,ml"l,R_l,l_l. Recall that [R;, stg, Ty, Tf, 7/']52, fol-
low the feedback rules specified above, while [si]‘t’io remains constant and
close to its average value in the data.

Conclusively, we have a system of 22 equations [(D1’)-(D22’)] in the 22
following endogeneous variables

k w k w1k _k kK k. w_ w k 1k 8 ¢k nqio
[ct,ct’s Ve 0, my, my”, by, X, meg, wi, g, wi', nf v ki dy, Ry, sy, T, T, T L2

Conclusively, the Decentralized Equilibrium is a sequence of
k k k .k k Kk k 1k 8 k
(et ety ye 1, my, my’, by, i, meg, i, ng, wi',ny v ki, dy, Ry, 57, T, T, T l]i2o

satisfying the equations [(D1)-(D22’)], given:
a) technology [A;]:2, ,
b) initial conditions for state variables kfl, bfl, m’fl, m¥,R_q,1.

Appendix G Tables

In this appendix we present, in form of tables, the outcomes of our experi-
ments that are not presented in the main text. These tables have been used
for comparison reasons and led to the conclusions of our study, as they are
presented in the main text. In particular Tables 11 and 12 show what the
aggregate implications in the transition when the residual instrument in
the new reformed steady state is the tax rate on consumption and govern-
ment spending respectively. Tables 13 and 14 show what the distributional
implications in the transition when the residual instrument in the new re-
formed steady state is the tax rate on consumption and government spending
respectively.
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Table 11: Present value of output (GDP) over different time horizons
when the residual instrument in the new steady state is the tax rate on
consumption (7).

Adj. Instr. | s Y10 Y20 Y10 Y60 Voo
* 11.30 | 22.22 | 43.02 | 80.43 | 112.70 | 217.37
™ 10.79 | 21.97 | 43.01 | 80.49 | 112.76 | 217.42
T° 11.00 | 22.01 | 42.96 | 80.45 | 112.73 | 217.39
s8 11.74 | 22.97 | 44.06 | 81.62 | 113.92 | 218.62

| Status quo | 11.30 | 22.23 | 43.02 | 80.43 | 112.71 | 217.37 |

Note: y; stands for the sum of the discounted expected values of output (GDP) for
the next t periods after the fiscal consolidation takes place.

Table 12: Present value of output (GDP) over different time horizons
when the residual instrument in the new steady state is the public
spending(s®).

Adj. Instr. | 95 Y10 Y20 | Y40 Y60 Voo
* 11.30 | 22.23 | 43.02 | 80.43 | 112.71 | 217.37
" 10.79 | 21.96 | 43.00 | 80.49 | 112.75 | 217.42
T°¢ 10.97 | 21.98 | 42.94 | 80.42 | 112.70 | 217.36
s8 11.74 | 22.97 | 44.06 | 81.62 | 113.92 | 218.62

| Status quo | 11.30 | 22.23 | 43.02 | 80.43 | 112.71 | 217.37 |

Note: y; stands for the sum of the discounted expected values of output (GDP) for
the next t periods after the fiscal consolidation takes place.

Table 13: Ratio of the present value of the net income of the capitalist to that
of the worker over various time horizons when the residual instrument in
the new steady state is the tax rate on consumption(z°).

’ Steady state value in the status quo is 4.1446 ‘

Adj. Instr. ijy Zk% Zwi % ?% 1;3
Y5 Y10 Y20 Va0 Y60 Yoo
* 3.46 | 3.52 | 3.64 | 3.81 | 3.90 | 4.02
" 4.13 | 4.16 | 4.19 | 4.20 | 4.19 | 4.17
T°€ 3.89 | 396 | 4.03 | 4.08 | 4.10 | 4.12
s8 4.10 | 4.12 | 4.14 | 4.15 | 4.15 | 4.15

Note: 7¥ and 9% stand for the PV of the net income of the capitalist and the worker
respectively for the next t periods after the fiscal consolidation.

37



Table 14: Ratio of the present value of the net income of the capitalist to that
of the worker over various time horizons when the residual instrument in
the new steady state is the government spending(s$).

’ Steady state value in the status quo is 4.1446 ‘

Adj. Instr. Z?,, zk% zk% Zk# zk% Zi:j
Y5 Y10 Y20 Y40 Y60 Yoo
* 3.47 | 3.53 | 3.65 | 3.83 | 3.92 | 4.03
" 414 | 4.18 | 4.21 | 4.22 | 4.21 | 4.19
T° 3.85 1394 |4.03 | 4.09 | 4.11 | 4.13
s8 411 | 4.13 | 4.15 | 4.17 | 4.17 | 4.17

Note: 7¥ and 3 stand for the PV of the net income of the capitalist and the worker
respectively for the next t periods after the fiscal consolidation.
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CHAPTER 3. DEBT CONSOLIDATION IN AN SMALL OPEN ECONOMY:
AGGREGATE AND DISTRIBUTIONAL IMPLICATIONS
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Debt consolidation in an small open
economy: Aggregate and distributional
implications

Abstract

This chapter builds and solves numerically a new Keynesian D(S)GE
model of a small open economy within a monetary union facing sovereign
interest rate premia due to high debt problems. In this model the fis-
cal authorities are engaged in public debt reduction over time. The
emphasis is on the aggregate and distributional implications of debt
consolidation, where income heterogeneity, and hence distribution, has
to do with the distinction between “capitalists” and “"workers”. The
paper focuses on how these implications depend on the specific fiscal
policy instruments used for debt consolidation. There are two key
results. First, if the criterion is aggregate, or per capita, output, the best
policy mix is to use the long term fiscal gain created by debt reduction
to cut the tax rate on capital and, during the early period of fiscal pain,
to use public spending cuts to bring public debt down. Second, if the
criterion is equity in net incomes, the best recipe is to use the long
term fiscal gain created by debt reduction to cut the labor tax rate and,
during the early period of fiscal pain, to use capital taxes to bring public
debt down.
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1 Introduction

One of the consequences of the financial crisis in 2008 has been the emer-
gence of the high public debt problem faced by most eurozone periphery
countries. Thus, the need for debt consolidation has come to the center of
attention emerging as a controversial issue. On one hand, proponents claim
that debt consolidation is necessary to reduce borrowing costs, restore confi-
dence and signal solvency. On the other hand, opponents claim that debt
consolidation in a period of recession further dampens demand leading to a
vicious cycle, at least, in the short term. Things become even worse for coun-
tries in a currency union regime because they lack monetary independence.
Besides, opponents of debt consolidation claim that it worsens inequality
since it is believed that fiscal austerity hurts especially the relatively poor
social classes.!

In this paper, we study how public debt consolidation in a country with
high debt, sovereign premia and loss of monetary policy independence
affects aggregate macroeconomic outcomes and income distribution. The
study of distributional implications differentiates this chapter/paper from
most of the existing literature on debt consolidation. Most of the latter
has focused on aggregate implications (see e.g. Philippopoulos et al., 2017,
Coenen et al., 2008, Forni et al., 2010, Erceg and Lindé, 2013, etc.).

Considering the above, this paper provides a quantitative study of the
aggregate and distributional implications of debt consolidation in a new
Keynesian D(S)GE model of a small open economy within a monetary union.
Obviously, to study the distributional implications of debt consolidation
on incomes, we need a model with heterogeneous households. There are
many types of income heterogeneity in the literature. Here, we focus on the
distinction of households between “capitalists” and "workers” (see also the
previous chapter). Capitalists are defined to be those households who hold
assets, own the firms and get labor income for their managerial services,
while workers are defined to be those households that have labor income only.
On the production side, firms enjoy monopoly power and face Rotemberg-
type nominal price rigidities.

As is well known, the standard small open economy model with incom-
plete asset markets faces problems of stationarity. There are several ways
of inducing stationarity and convergence to a well-defined steady state in
the standard small open economy model (see e.g. Schmitt-Grohé and Uribe,

!The latter can be a valid argument since it is believed that spending cuts and/or tax
rises can affect different people/groups in different ways. Even a uniform change in policy
can have different effects simply because agents are heterogeneous.
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2003). In our paper we follow the device of debt-elastic sovereign interest
rate premia. Namely, as the public debt-to-GDP ratio increases, the interest
rate at which the country borrows from the international asset market rises.

Regarding macroeconomic policy, being in a monetary union, the econ-
omy lacks monetary policy independence. Nevertheless, this country is free
to follow independent or national fiscal policy. The national fiscal authority
conducts its policy through simple and implementable feedback policy rules
for public spending and a number of tax rates(on consumption, capital and
labor). In particular, we assume that public spending and the tax rates on
consumption, capital and labor are all allowed to respond to the inherited
public debt-to-GDP ratio as a deviation from a target value. Assuming that
the debt policy target in the feedback policy rules is below the data average
(from around 110% to 90%), we study the aggregate and distributional im-
plications of various policies aiming at such debt consolidation. In general,
debt consolidation implies an intertemporal trade-off: Fiscal pain in the
short term (i.e. public spending has to fall and/or taxes have to rise) and
fiscal gain in the medium and long term once debt has been reduced (i.e.
now public spending can rise and/or taxes can fall).

Experimenting with various policy mixes, we study the implications of
debt consolidation at steady state as well as during the transition from the
status quo steady state to a new reformed steady state. As status quo steady
state is defined the solution in which the fiscal policy instruments are set at
their data averages for a country like Italy over the euro period, while as new
reformed steady state is defined a solution in which, relative to status quo,
public spending rises or one of the tax rates is cut as a result of the fiscal
space created by lower debt and zero sovereign interest-rate premia.

The model is solved numerically employing commonly used parameter
values and fiscal data from the Italian economy during 2001-2016. It is
natural to quantify our model based on Italy because, although it belongs
to eurozone periphery countries facing a debt problem, it continues to
participate in the world capital market without any official foreign financial
aid at least so far.

The main results are as follows. First, if the criterion is aggregate, or per
capita, output, the best policy mix is to use the long term fiscal gain (namely,
the fiscal space created once debt has been reduced) to cut the tax rate on
capital and, during the early period of fiscal pain, to use spending cuts to
bring public debt down.

Second, the above policy mix is Pareto efficient (i.e. both capitalists and
workers get better off with this type of debt consolidation) both in the new
steady state and in the transition. But, if we care about relative gains, there
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is a “social” cost: inequality (measured by the ratio of the capitalist’s to
worker’s net income) rises both in the new steady state and in the transition.

Third, if the criterion is equity in net incomes (although this comes at a
lower benefit at aggregate level relative to the above policy mix), the recipe
is to use the long term fiscal gain to cut the tax rate on labor and, during the
early period of fiscal pain, to use capital taxes to bring public debt down.

The rest of the paper is organized as follows. Section 2 presents the
model. Section 3 presents the data, the parameterization and the status quo
solution. Section 4 discusses methodology. The main results are in Section 5.
Section 6 suggests some possible extensions and closes the chapter. Technical
details are in an appendix.

2 Model

Our setup is a small open economy New Keynesian model with imported
and domestic goods featuring imperfect competition and Rotemberg-type
nominal price rigidities. A review of small open economy models, real or
new Keynesian, can be found in the book by Uribe and Schmitt-Grohé, 2017.
Following Schmitt-Grohé and Uribe, 2003, we make the assumption of a
debt-elastic interest-rate premium as a way to induce stationarity and close
the model. Departing from homogeneous households, we assume that this
country is populated by two types of households, capitalists and workers.
The number of each type of households and their percentages in the
population as well as the number of firms are as follows. The economy
is composed of Nk identical capitalists indexed by k = 1,2,..,Nk, of N¥
identical workers indexed byw =1,2,...,N¥, of N I domestic firms indexed by
h=1,2,.,N". Similarly, there are NS foreign firms indexed by f =1,2, .., NS
where each one of them produces a variety f and owned by a foreign investor.
Assuming that each capitalist owns one domestic firm, the total number of
capitalists equals that of domestic firms, that is N" = Nk, Also, we assume
that the number of domestic firms equals that of foreign firms implying that
N/ = N¥. Hence, the number of domestic investors (capitalists) equals that
of foreign investors, of domestic firms and of foreign firms. For simplicity,
we assume that the population remains constant over time and of size, N.
Furthermore, we assume that the number of capitalists and workers in the
population remains also constant over time ruling out occupational choice
and mobility across groups. Finally, the share of capitalists and workers in

. . k w .
the population are defined as v¥ = NW and v¥ = NT respectively.
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2.1 Households

There are two types of households, called capitalists and workers. Capitalists
own the domestic firms, hold physical capital, money, internationally traded
assets, domestic government bonds and also receive labor income for their
managerial services, while workers just hold money and receive labor income
for their labor services.

2.1.1 Consumption bundles

Every household of type i € {k, w} in the economy can be either a capitalist,
indexed by k, or a worker, indexed by w. The quantity of variety h produced
at home country by domestic firm h and consumed by household i is denoted
as ci’H(h). Using a Dixit-Stiglitz aggregator, the composite domestic good
consumed by household 7, c;’H, consists of h varieties and is given by (see

also e.g. Forni et al., 2010):°

)
Nk 1 ¢-1
; 1\o, i
i =) ()t o (1
h=1

where ¢ > 0 is the elasticity of substitution across varieties produced in the
domestic country.
Similarly, the quantity of imported variety f produced abroad by foreign

firm f and consumed by household i is denoted as ci’F( f). Using a Dixit-
Stiglitz aggregator, the composite imported good consumed by household i,

F . .. .
c;’", consists of f varieties and is given by:?

N
iF
" =) (57)
=

~ Inturn, having defined ci’H and ct"F, household i’s consumption bundle,
c;, is defined as:

[cF(f)]7 (2)

2Recall that, in the introduction of Section 2, we have assumed that the number of
domestic firms (and, consequently, of domestic varieties) equals that of capitalists.

3Recall that, in the introduction of Section 2, we have assumed that the number of
foreign firms (and, consequently, of imported varieties) equals that of domestic firms and,
consequently, that of capitalists.
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i H\Y ( i F\l=v

‘= V(1 —v)l-v (3)

where v is the degree of preference for domestic goods (if v > 1/2, there is a
home bias).

2.1.2 Consumption expenditures, prices and terms of trade

Each household i’s total consumption expenditure is:
Py = Plle 4 et (4)

where P, is the domestic consumer price index (CPI), P! is the price index
of home tradables and Pf is the price index of foreign tradables (expressed
in domestic currency).

Each household i’s total expenditure on home and foreign goods are
respectively:*

Nk

Pl = By () (5)
h=1

pretf =) BE(f)cF(f) (6)
f=1

where P (h) is the price of variety h produced at home and Pf (f) is the price
of variety f produced abroad, both denominated in domestic currency.

We assume that the law of one price holds meaning that each tradable
good sells at the same price at home and abroad. Thus, Pf(f) = S,PH*(f),
where S; is the nominal exchange rate (where an increase in S; implies a
depreciation) and P*(f) is the price of variety f produced abroad denomi-
nated in foreign currency. A star denotes the counterpart of a variable or a

parameter in the rest-of-the world. Note that the terms of trade are denoted

pf,_ s.pit . . A
P—H(: P—H), while the real exchange rate is denoted as -
t t

2.2 Households as capitalists

This subsection presents the problem of capitalists, k = 1,2,..., N¥.

4Recall that, in the introduction of Section 2, we have assumed that the number of
foreign firms(and, consequently, of imported varieties) equals that of domestic firms(and,
consequently, that of domestic varieties) as well as that of capitalists.
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2.2.1 Capitalists’ optimization problem

Each capitalist k acts competitively to maximize discounted expected lifetime
utility:

E, ;ﬁfU(ci‘,n’:, m, g:) (7)

where cf is k’s consumption bundle at ¢ as defined above, n is k’s hours
of work at t, mF is k’s end-of-period real money balances at ¢, g, is total
government spending at t divided by the number of capitalists implying
that the per capita public spending is defined as vXg,, E, is the rational
expectations operator conditional on the current period information set and
0 < B <1 is the time preference rate.

In our numerical solutions, we use a utility function of the form (see also
e.g. Gali, 2008):

l1-0 ”1+11 " 1-p g 1-C

k\1-o k\1+4 k\1-p ks \1-C
U(Cf,n,;,m,;,gt)zrct) e () l 5

where x,,, x,,,, Xg, O, 1, 1y C are standard preference parameters.
The budget constraint of each k (written in real terms) is:

pH  s.pr hispr . Sp* .\
(1+76)ck+ —xk + ”ftk+¢—(#ftk——fk + b+ mk

P, P, 2\ p, P
)
PH ~ S.Pr P P,
(1—Tf)lrl‘Pka_1+a)tk]+(1—1f)wfn’t‘+Qt_l LR T
t t t t
Pi & Lk
+Tt1’flt 11— T

where x¥ is k’s real investment at ¢, f¥ is the real value of k’s end-of-period
internationally traded assets at t denominated in foreign currency (if nega-
tive, it denotes foreign private debt), bf is the real value of k’s end-of-period
domestic government bonds at ¢, rf_l is the gross real return to inherited
physical capital between t—1 and ¢, k¥ is k’s end-of-period physical capital at
t, @;" is k’s real dividends paid by domestic firms at t, w¥ is capitalists’ real
wage rate at t, Q;_; is the gross nominal return to international assets be-
tween t-1 and t, R;_; > 1 is the gross nominal return to domestic government

bonds between t —1 and ¢, Ttl'k are real lump-sum taxes/transfers to each
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k from the government at ¢, 0 < 7y <1 is the tax rate on consumption at ¢,
0 < tF <1 is the tax rate on capital income at t and 0 < 7' <1 is the tax rate

k
on labor income at t. Small letters denote real variables e.g. f = B opk=t

=50 = P
a)tk = QTi' w]t‘ = %k, Ttl k= 1;{ Also, letters without time subscripts denote
steady state values and, again, letter with a star as superscript denotes the
counterpart of a variable in the rest-of-the world, e.g. P/ stands for the con-
sumer price index (CPI) abroad. The parameter ¢" > 0 measures adjustment
costs related to private foreign assets as a deviation from their steady state
value, f¥; these adjustment costs help us to avoid excess volatility and get
plausible (in line with the data) short-term dynamics for private foreign
assets following a policy reform.
The motion of physical capital for each k is:

KoY
kl‘=<1—6>kf_1+x’:—§[kk—t—1] ke (10)
t-1
where 0 < 0 <1 is the depreciation rate of physical capital and £ >0 is a
parameter capturing adjustment costs related to physical capital.
Therefore, each capitalist k chooses {c¥, xF, nk, m¥, bk, £k, k¥) ;"’O to maxi-
mize Eqs.(7) and (8) subject to Egs.(9) and (10), by taking as given prices
{rl‘, wy, Qp, Ry, By, PtH, Pf}i2,, dividends {Z()Tk}‘t’io, policy variables {S;, tf, /", Tf,
Ttl k} 2> and initial conditions, {m ’fl, b’fl,kfl,f_kl}.
The first order conditions include the budget constraint of k, Eq.(9), the

law of motion of physical capital, Eq.(10), and:

(Ci()_a ﬁ +£ k_f_l :ﬁ (C{;'l) 7 PtI-_glx (11)
(1+7) B kf_l (1+7/,) P

2
& (ki ke )k
X (1—6)+(1—Tk1)rk1——[ e ] I el P
[ t+1)7t+1 7 o klc klc kl(
(Cf)_ P* h Pf il

(C]t(+l) Pt+1 Pt*

= QS -

ﬁ(l + Tt+1) Y Pl‘+1 Pt+1

k—O’ k —0

(1+1f) Pt+1(1+rt+1)
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(1-7)

k\n _ ( ky—o
xu(ny)" = (cy) (1+th)wt (14)
ky—p _ (cf)° (C]t<+1)_a P,
Sl = s P ) B {13)

Eqgs.(11),(12) and (13) are respectively the Euler equations of physical capital,
internationally traded assets and domestic government bonds, Eq.(14) is the
optimality condition for work hours and Eq.(15) is the optimality condition
for real money balances.

Next, each capitalist k chooses {c]t< A cf’P} to minimize its total consump-
tion expenditure, Eq.(4) for k, subject to its consumption bundle, Eq.(3) for
k, by taking as given prices, {PtH, PtF}, and consumption bundle, c,’f.

The first order conditions include the consumption bundle of k, Eq.(3)

for k, and:
cf’H v pf

T 1_vpH
Cf’F 1 VP

(16)

which is the optimality condition for sharing the total consumption between
domestic and imported products.

Eq.(3) and Eq.(4) for k combined with Eq.(16) imply the following relation
for domestic consumer price index(CPI):

b= (PtH)v(PtF)l_v (17)

Finally, each capitalist k chooses {cf’H(h), ch(f)} to minimize the sum
of its consumption expenditure on home and foreign goods, sum of Eqgs.(5)
and (6) for k, subject to composite domestic and foreign good consisting of
varieties, Eqs.(1) and (2) for k, by taking as given prices, {P (h), PF(f)}, and

. k,H ,F
consumption bundles, ¢;”" and ¢, .
The first order conditions include Eqgs.(1) and (2) for k, and:

kH H \¢

0= el "
k,F E \¢

L

Plugging Eqs.(18) and (19) into Eqgs.(1) and (2) for k respectively, we get
the following relations for price indexes:
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e R L (I (20)
h=1
Nk 1 7

Pf=1) ~ElBAn (21)
f=1

Details of the above problem and its solution are in Appendix A.

2.3 Households as workers

This subsection presents the problem of workers, w =1,2,..., NV.

2.3.1 Workers’ optimization problem

Workers have the same utility function as capitalists (see Eqs.(7) and (8)).
Each worker w acts competitively to maximize discounted expected lifetime
utility taking prices and policy as given.

The budget constraint of each w (written in real terms) is:

P

c\ . w wo_ Y, W W =1 w Lw

(L+7p)et’ +my = (1 -1 )w/n + p 1T (22)
t

where ¢}’ is w’s consumption bundle at ¢ as defined above, 1}’ is w’s hours of

work at t, m}’ is w’s end-of-period real money balances at t, w}’ is workers’

real wage rate at f and ’Ctl'w are real lump-sum taxes/transfers to each w from

w

the government at t. Again small letters denote real variables, e.g. m}’ = A;I)—f,

Ww
w — t
wt _— Pt .

Therefore, each worker chooses {c’, n}, m}’}?°, to maximize Eqs.(7) and
(8) indexed by w, subject to Eq.(22), by taking as given prices {w}’, P};2,
policy variables {7, 7/, Ttl’w i, and initial condition, m",.

The first order conditions include the budget constraint above, Eq.(22),
and:

@ 1+ .
X (nf )t (1=t ywf
(ct)° Py (Cﬁl)_al wy—
= + X, (m})7H (24)
1+1f Py |1+ 76, e
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Eq.(23) is the optimality condition for work hours and Eq.(24) is the opti-
mality condition for real money balances.

Next, each worker w chooses {CIU’H, cfu’F} to minimize its total consump-
tion expenditure, Eq.(4) for w, subject to its consumption bundle, Eq.(3) for
w, by taking as given prices, {Pf, Pf}, and consumption bundle, c¥.

The first order conditions include the consumption bundle of w, Eq.(3)
for w, and:

c;”’H v pf

(25)

which is the optimality condition for sharing the total consumption between
domestic and imported products.

Eq.(3) and Eq.(4) for w combined with Eq.(25) imply the following rela-
tion for domestic consumer price index(CPI):

P, = (B (PF)™ (26)

which, as expected, coincides with the equation of CPI derived from the
capitalist k’s problem, Eq.(17).

Finally, each worker w chooses {c}”’H(h), c}”’F( f)} to minimize the sum of
its consumption expenditure on home and foreign goods, sum of Eqgs.(5)
and (6) for w, subject to composite domestic and foreign good consisting of
varieties, Eqs.(1) and (2) for w, by taking as given prices, {P(h), PF(f)}, and
consumption bundles, C;U’H and c;”’F.

The first order conditions include Eqgs.(1) and (2) for w, and:

w,H H \¢

e (h) = C;\]—k (P;t(h)) (27)
w,F E \¢

=5 (55 (28)

Plugging Eqs.(27) and (28) into Eqgs.(1) and (2) for w respectively, we get
the following relations for price indexes:

Nk 1 =
Pf=0) qrlRtm) (29)
h=1

52



Nk 1-¢

1 -

Pf=0) <l (30)
F=1

which, as expected, coincide with the equations of price indexes derived

from the capitalist k’s problem, Eqs.(20) and (21).

Details of the above problem and its solution are in Appendix B.

2.4 Firms

This subsection presents the problem of domestic firms. There are N* do-
mestic firms indexed by h =1, 2, ...,N*. Bach firm h produces a differentiated
tradable good of variety & under monopolistic competition facing Rotemberg-
type nominal price rigidities (see e.g. Walsh, 2010, Wickens, Chapter 9, 2008,
and Bi et al., 2013).

2.4.1 Demand for the firm h’s product

Each firm h faces demand for its product, ytH’d(h). The latter comes from
domestic households’ consumption and investment, ¢/ (h) and x,(h) respec-

tivel h Hp) = ¥ kH ¥ wH = ¥ k
y, where ¢, (h) = } ¢, (h)+ ) ¢, (h) and x;(h) = )_ x/(h), from the
k=1 w=1 k=1

government, g;(h), and from foreign households” consumption of the domes-
tic good, ¢ (). Thus, aggregate demand for each good / is:

91 () = et () + x, (1) + go(h) + ¢f ' (h)] (31)
Since we have: o 0
kHpy_ Gt PtH )
Ct (h) - Nk (PtH(l’l) (32)
w,H H \¢
wH, 1\ _ Ct by
et = S (3775 33)
k H \¢
ko Xt [ B
ngt PtH ¢
gi(h) W(PtH(h)) (35)



o _C_F’E PtF* )(P
ci (h)= Nk(Pf*(h) (36)

we can rewrite the relation (31) as:

¢
ytH'd(h):L[Cfl"'xt"'ngt'*‘Cf*]x( il ) (37)
Nk P (h)

Nk NV
where cf = Y cf’H + ) C;U’H is domestic households’ total consumption of
k=1 w=1

Nk
home goods, x; = Y xF is capitalists’ total investment, NXg, denotes total
k=1
government purchases of domestic output and ¢/ = N¥¢f* is total consump-
tion of home goods by households in the rest of the world (i.e. domestic
country’s exports) implying that ¢f* stands for this total consumption di-
vided by the number of domestic capitalists. Also notice that the law of one
price implies that in Eq.(36):

pH
P/ St P!
F i\ pHy  pH (38)
Bo(h) BB BE(h)
t
Since aggregate demand of the economy, NkytH’d, is:
Ny = [ef + x,+ N g, + N¥e)*] (39)
then aggregate demand for each good F is rewritten as:
H,d maf B\
“(h)=vp," 40

where yf{’d, as implied by above, denotes the aggregate demand of the
economy divided by the number of capitalists.

2.4.2 Firms’ optimization problem

Nominal profits of each firm h are defined as:

P (h)

— _ pH H/y\_pH. .k AW, W1\ A7k, K _(P_P
Ph) = P 0! 51~y )W )i - ek

2
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where y!(h) stands for the production of domestic firm k, 7t/ stands for the
steady state value of the gross domestic goods inflation rate, k;_; (h) denotes
the physical capital input chosen by firm h, n}’(h) denotes workers’ labor
input chosen by firm £, n¥(h) denotes the capitalists’ labor input chosen by
firm h and ¢ > 0 is a parameter which determines the degree of nominal
price rigidity.

All firms use the same technology represented by the production function
(similar to e.g. Hornstein et al., 2005, and Baxter and King, 1993):

p (h) = Aq [k ()] [{nf )0 e (=€) (42)

where A; is an exogenous TFP, 0 < a <1 is the share of physical capital and
0 < 6 <1 is the labor efficiency parameter of the capitalist.

Profit maximization by firm h is also subject to the demand for its product,
Eq.(40) as derived above. But, instead of using Eq.(40), we can equivalently
use the following equation, Eq.(43), which expresses the demand for good h
in terms of production:

st =l )¢, (43)
T R
2
where yf{’d =yl x {1 - %P [P,fflz]i;ZH - 1] } and with p!? to denote the aggre-
t—-1

gate output of the economy divided by the number of capitalists.

This equation can be derived by considering the equations of Subsection
2.4.1 and the following relation that associates aggregate demand of each
good h with its production by domestic firm h:

P (h) lr} )

PH (m)ymH

(PP

v (1) = v (h) x{l .

The term in the brackets captures the Rotemberg-type pricing cost and

reflects the discrepancy between production and demand, as one expected in

a Rotemberg-type fashion(see e.g. Bi et a., 2013, and Lombardo et al., 2008).
Each firm & chooses its price, P (h), and its inputs, k,(h), nlt‘(h), ny'(h), to

maximize the sum of discounted expected real dividends, maxE, ) E o, ;w;(h),

t=0
subject to the equation which is equivalent to the demand for its product,

that is Eq.(43), and its production function, Eq.(42). The objective function
of firm h in real terms is given by:
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PtPf )yﬁ(h){l—q’)—(L)H—l) }_PLrl(kt—l(h)—w;un?)(h)—wfnlf(h)
(45)

where = ¢, is a stochastic discount factor taken as given by the firm h. This
t—1 t—1 c k \~O

. . - 1 P, 1+7; C; .

is defined as E ;4 = il:[o{R_i} = ﬁtil:{) [( P )(1+Tf+1 )(jkl) ] and arises from

the Euler of government bonds.

2.4.3 Firms’ optimality conditions

Following the related literature, instead of solving the above problem, we
follow a two-step procedure. We first solve a cost minimization problem,
where each firm h minimizes its cost by choosing factors of production given
technology and prices. The solution will give a minimum real cost function,
which is a function of factor prices and output produced by the firm. In turn,
given this cost function, we solve the dynamic profit maximization problem
of firm h by choosing its price.

Cost minimization problem: In the first stage, we solve a static cost
minimization problem, where each firm h minimizes its cost by choosing its
factors of production, k;(h), n’t‘(h), ny (h), subject to its production function,
Eq.(42), given technology and prices. The cost function is defined in real
terms as follows:

— [pH
min g = —1; iy (h) + w¥n (h) + wknk (h) (46)
t

The solution to the cost minimization problem gives the following input
demand functions:

H
B kg () = meyayP (i) (47)

P,
winy (h) = me,0(1 - a)y; (h) (48)
wi'ny (h) = mey(1-0)(1 —a)y; (h) (49)



where mc, = (v (h)) (as we will show just below, by summing up these
three factor demand functions, the real cost is a function of production)
stands for the real marginal cost, which, by definition, is the derivative of
the associated minimum real cost function, (! (h)), with respect to the
production, vy (h).

Summing up the three above equations it arises the following relation
for the associated minimum real cost function of h:

(i (h) = meyf (h) (50)

Where the real marginal cost, mc;, it can be shown that equals:

1 [PHF]° wk ? wy -0
mcf:Ktle [{9(1ia)} x{(l—@)(tl—a)} } 1)

implying that mc, is common for all firms since it only depends on prices,
parameters and technology which are common for all firms.

Profit maximization: The solution to the cost minimization problem
above gave a minimum real cost function, Eq.(50), which is a function of
prices and output produced by the firm k. In turn, given this cost function,
we solve a dynamic profit maximization problem where firm h maximizes
discounted expected lifetime real profits by choosing its price, P (h).

These profits are defined as:

0 H h . P H h 2 o H I H h
maxE, ) Zoau| g )= Bt ) - & (i - | AR >]
. (52)

The above profit maximization is subject to the Eq.(43), which is equiva-
lent to the demand equation, Eq.(40), that the monopolistically competitive
firm h faces.

The first order condition gives:
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P(Pt )(1+th) Cre1 +1

P J\1+ Tt+1 C{f PtH( h)rcH PH(
Thus, the behavior of / is summarized by Eqs.(47), (48), (49) and (53).

Since, all firms solve the identical problem, they will set the same price,
PH(h), which, through the Eq.(20) (which coincides with Eq.(29)), implies
that PH (h) = PH.

Details of the above problem and its solution are in Appendix C.

h)rcH Pt

2.5 Government budget constraint

The period budget constraint of the “consolidated” public sector expressed
in real terms ° is (see Appendix D for details):

SiPF P, P,y o 2 P4 by
_ 1=, )d+—[(1=-A)d, —(1-Nd]"+R,_1—A,_1d;_1 + —
Qtlpt P St—lpt*l( t—1)d_1 2[( $)d; — ( )d] tht t—14¢-1 Ptgt
(54)
Py PP m v wn\ P ir vV wr
+tTtmt_1 mt+’l'tc #(Ct +WC;U +P%t Cy +FC?) +Ttk rt t kk

+1) kyk "

where 7! = [Ttl kg thl w] are total lump-sum taxes/transfers at t divided

by the number of capltalists, my is the end-of-period stock of real money
balances at ¢ divided by the number of capitalists, d; = %‘ is the end-of-period
total domestic real public debt (held by domestic and foreign agents) at ¢
divided by the number of domestic capitalists and 0 < A; <1 is the fraction
of total real public debt held by domestic agents (capitalists) implying that

°I have aggregated over all agents, divided by the total number of agents and, in turn,
divided all terms by vk.
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0 <1- A, <1is the fraction of total real public debt held by foreign agents.®
All other variables have been defined above. The parameter ¢ > 0 measures
adjustment costs related to domestic public debt held by foreign agents and
are similar to those of the capitalist in Eq.(9) above. Again letters without
time subscripts denote steady state values of the corresponding variables.

In each period, one of {7}, Ttk, T, g Ttl, Ay, d;} needs to follow residually to
satisfy the government budget constraint. We assume that this role is played
by total public debt divided by the number of capitalists, d;.

2.6 Closing the model: Debt elastic interest rate

Here we assume that the interest rate premium that the country faces when

it borrows from world capital market, Q; — Qj, is an increasing function of

the end-of-period total public debt as share of GDP, Pf?ﬁ’ when the latter
t 7t

exceeds a certain threshold, d(defined below).” In particular, following e.g.
Schmitt-Grohé and Uribe, 2003 and Garcia-Cicco et al., 2010, we use:

d
H_ H
Pty

Q=Q+y e( W )—1 (55)

where the world interest rate, Q}, is exogenously given, d is an exogenous
threshold value above which the interest rate on government debt starts
rising above Qj and the parameter i) measures the elasticity of the interest
rate premium with respect to deviations of total public debt-to-GDP ratio
from its threshold value.®

®Total domestic public debt differs from country’s foreign debt. The end-of-period total
public debt in nominal terms divided by the number of domestic capitalists, D; = B, + S,F%,
can be held either by a domestic agent (capitalist), B, = A;D;, or by a foreign investor,
S,J’;g = (1 - A4)D; (Recall that the number of domestic capitalists equals that of foreign
investors.). On the other hand, the country’s end-of-period net foreign debt in nominal terms
divided by the number of domestic capitalists denominated in domestic currency(if negative,
it denotes liabilities), St(Ff - Ff) =(1-A4)D; - Sth, is the real value of domestic public debt
held by each foreign investor denominated in domestic currency, S, F$ (if negative, it denotes
liabilities), plus the real value of domestic private debt owed by each domestic capitalist
denominated in domestic currency, —Sth (if positive, it denotes assets). Notice that we
treat 0 < A; <1 as exogenous, because, in our small open economy setup, we do not model
the behavior of foreign investors (but only that of the domestic investors).

7 As we have mentioned above, this assumption is also compatible with several empirical
studies.

8The value of d can be thought of as any value of debt-to-GDP ratio above which
sustainability concerns start arising.
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2.7 Exchange rate and fiscal policy

To proceed with the solution of the model, we need to specify the exchange
rate and fiscal policy regimes. Regarding the exchange rate regime, we
assume fixed exchange rate along with loss of monetary independence so that
we mimic a monetary union regime (Recall that in our model we quantify
Italy over euro years). This means that we treat nominal exchange rate,
S, as a fixed exogenous variable and the nominal interest rate of domestic
government bonds, R;, as an endogenous variable.” It is worth to mention
that the presence of nominal price rigidities in the transition breaks money
neutrality implying that monetary policy (exchange rate regime) matters
to real economy. Regarding fiscal policy, as mentioned in Subsection 2.5,
we assume that one of the fiscal policy instruments is endogenous in the
transition as residually determined by the government budget constraint. In
our experiments, this role is played by the end-of-period total real public
debt divided by the number of capitalists, d;(see below for other public
financing cases at the steady state).

2.8 Decentralized Equilibrium (given policy instruments)

We now combine all the above to solve for a Decentralized Equilibrium (DE)
for any feasible policy. The DE is defined to be a sequence of allocations,
prices and policies such that: (i) every type of households maximizes utility;
(ii) every firm maximizes profit; (iii) all constraints, including the govern-
ment budget constraint and the balance of payments, are satisfied; and (iv)
all markets clear.

Appendix F presents the dynamic DE system. It consists of 26 equations
in 26 variables [cf, cf’H, cf'F, c’, C?”H, c;“”’F, yfl, m’t‘, my, a~)i‘, ftk, xf, mc,, wf, n]t‘, wy,
ny, rf, kf, Qs dy, Ry, Pt,PtH, PtF,Pt*]‘t’io. This is given the independently set mon-
etary and fiscal policy instruments,[S;, ¢, 7%, t/, 7/, g, A]i2 o technology [A,]52,
rest-of-the-world variables, [Ef 5 Q5 PtH*]‘;iO, and initial conditions for the

state variables, [kfl,f_kl, d_1,Q_1,R_y, m’fl, mY, ].

2.9 Rules for fiscal policy instruments

Following a rule-like approach, see e.g.Schmitt-Grohé and Uribe (2007),
fiscal policy is conducted through simple implementable feedback rules.
Namely, the fiscal authorities adjust fiscal policy instruments according

9See e.g. Erceg and Lindé, 2013, for a similar modelling.
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to some rules reacting to an easily observable endogenous macroeconomic
indicator capturing the current liabilities state of the economy.!’ More
specifically, we allow all the main spending-tax policy instruments, namely,
the ratio of real government spending to real GDP, defined as s;, and the
tax rates on consumption, capital income and labor income, 7, Ttk and t/
respectively, to react to the beginning-of-period public liabilities to output
ratio, I;_, as a deviation from a target value, /, according to the following
simple linear rules:'!

sp =58 =y (la=1) (56)
=1+ (Lo = 1) (57)
tf =y (g =) (58)
=1+ (Lo =) (59)

where [;_; is defined as:

Ry Aadig + Qg (1= Ap1)dyy
H

%l’ﬂl

and where, in the above rules, Eqs.(56)-(59), variables without time sub-
scripts denote policy target values and qu >0forgq=g,c, k, nare feedback
policy coefficients on the public debt target. The rest of fiscal policy instru-
ments (that is, lump-sum transfers as share of GDP, denoted as si, and the
share of total public debt held by domestic capitalists, A;) are assumed to
remain constant over time and equal to their data averages (see the next
subsection).

In the above rules, a policy target value (like s¢, TC,Tk,Tn) will be the
value of the corresponding variable in the new reformed steady state (see
Section 4), while the debt policy target is set to a value less than in the data
(this will be the case of debt consolidation where fiscal policy systematically
brings public debt down over time).

lig = (60)

10Here the magnitude of these reaction coefficients is set arbitrarily in a value close to
those of Philippopoulos et al., 2017, who work with optimized rules.

UFor similar rules, see e.g Schmitt-Grohé and Uribe, 2007. See also EMU-Public Finances,
2011, by the European Commission for similar fiscal reaction functions used in practice.
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2.10 Exogenous variables

Let us now define the exogenous variables of the model. We assume that

foreign imports or equivalently domestic exports, are a function of the terms
F

of trade, 17, = If—tH, where both variables are expressed as deviations from
t

their steady state values, namely:

—Fx

=|— 61

where 0 < y <1 is a parameter that measures the terms of trade elasticity of
foreign imports. This functional form captures the idea that as the economy
becomes more competitive, due to an increase in relative prices of foreign
goods, we expect an increase in its exports. Note that the steady state value
of cf*, that is ¢, is exogenously specified in Section 3.

As for the other rest-of-the-world variables, namely, the foreign interest
rate, Qj, and the gross rate of domestic inflation in the foreign country,

pH . .
i = pA, We assume that they remain constant over time and exogenously
t-1

set at Qf = 1.0115 (which is the data average value - see below) and 7r;’* =1
atall ¢.

As for the exogenously set policy instruments, we set the nominal ex-
change rate S; at 1 (fixed exchange rate) at all ¢, while, the total lump-sum

H H
transfers as share of GDP, — (Ttl ko o Ttl w)/(%yt ) —Tt/( lt’t ytH ), and

the fraction of total public debt held by domestic capitalists, A;, are set at
their data averages values at all ¢.
Finally, the TFP, A;, remains constant over time and equal to 1.

2.11 Final Equilibrium system and solution methodology

The final equilibrium system consists of the 26 equations of the DE pre-
sented in Appendix F, the 4 feedback policy rules in Subsection 2.9, the
definition of /; presented in Subsection 2.9 and the Eq.(61) for domestic
exports in Subsection 2.10. Transforming some variables into ratios as pre-
sented in Appendix G.1 and using 2 auxiliary variables to transform the

system into a first order one, we thus end up with 34 equations in 34 vari-

k kH kF w wH wF —Fx k k k
bles[ct,ct o N PN PN o ,yt,mt,mt,wt,ft,xt,mct,wt,nt,wt,nt,

k H g
rk kK, klead,, Q,, d;, Ry, 1, 1, trlag, i, i, 7k, 5,16, tF, 1l F172,- Among them,

kH kF H
there are 25 non-predetermined or jump variables, [c’t‘,ct o, e,

w,F —Fx ~k .k kK ko w  w .k H g k .n
¢, ,Cy ,yt , @, xi,meg, wy, ny, wi,ng v kleady, Ty, my, 10, 10, S, T, T, T ]‘t’io,
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and 9 predetermined or state variables [mlt‘, m’t",ftk, kf, Qudy, Ry, tlagy, L1372,
This is given TFP, lump-sum transfers as share of GDP, rest-of-the-world vari-
ables, initial conditions for the state variables and the values of coefficients
in the feedback policy rules.

To solve this non-linear difference equation system, we will take a first
order approximation around the steady state. We will work as follows. We
first solve for the steady state of the model numerically employing common
parameters values and data in accordance with the Italian economy over
2001-2016. The next Section (Section 3) presents this steady state solution,
or what we call the status quo. In turn, we will study transition dynamics,
under various policy scenarios, when we depart from the status quo and
travel to a new reformed steady state with lower public debt than in the
status quo solution.

3 Data, parameterization and steady state solu-
tion

This section presents the parameterization and fiscal data averages from Italy
over 2001-2016 (the exact end period for each variable may vary analogous
to data availability) which are used to solve the status quo steady state of
our model economy. Then we present this solution which it serves as a point
of departure to study policy reforms.

3.1 Parameters and policy variables

We use annual data for Italy over 2001-2016, that are taken from Eurostat.
The parameterization of the model is based on the assumption that the econ-
omy is in the deterministic steady state of the decentralized equilibrium
presented above with fiscal policy instruments set at their data averages
and zero inflation rate. Since policy instruments react to deviations of en-
dogenous macroeconomic indicators from their steady state values, feedback
policy coefficients do not play any role at the steady state.!” In Tables 1 and
2 are reported the baseline parameters and policy variables respectively. We
report that our main results are robust to changes in these parameter values

12In this stage of our analysis, there is no intention of policy reforms, which means that
we set as target values of these macroeconomic indicators in the policy rules their status
quo steady state values. This along with the assumption that the economy is in the status
quo steady state imply that the feedback policy instruments do not play any role since the
debt gap in policy rules is zero.
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(these results are available upon request). Thus, although our numerical
experiments below are not meant to provide a rigorous quantitative study,
they illustrate the qualitative dynamic features of the model in a realistic
way.

The value of households’ discount factor, §, follows from the Euler of
government bonds in steady state (which coincides with the Euler of inter-
nationally traded assets in steady state) by setting the gross interest rate
at R=0Q =1.0225 and the gross inflation rate at 1. Note that this value of
interest rate is consistent with an interest-rate premium of 1.1% over the
German 10-year bond rate, which is the average value in the data.

The value of a implies a labor share, (1 — a), equal to 0.62, which is the
average value in the Italian data for the period under consideration. The
parameter 6, which stands for the capitalist’s labor efficiency parameter, is
set so that we obtain a reasonable value for the ratio of capitalists’ wage to
workers’ wage, $—,’;, which, in our model, equals 1.69. Following the related
literature, we use rather standard parameter values for the inverse of in-
tertemporal substitution elasticity, o, the inverse of Frisch labour elasticity, 1,
and the price elasticity of demand, ¢, which are as in Andres and Doménech,
2006, and Gali, 2008. The inverse of elasticity of public consumption in
utility, C, is set at 1. The real money balances elasticity, y, is taken from
Pappa and Neiss, 2005; this implies an interest-rate semi elasticity of money
demand equal to -0.29 which is a common value in this literature. Regarding
preference parameters in the utility function, x, follows from the house-
holds’ labour supply condition, x,, is set at 0.001 and yx, is arbitrarily set at
0.1, which is a common valuation of public goods in related utility functions.
We set the Rotemberg’s price adjustments cost parameter, ¢, at 91.91 which
corresponds to an average frequency of price reoptimization at 15 months
(see Keen and Wang, 2007). The value of y, in Eq.(61) for foreign imports, is
set at 0.9.

As for the threshold parameter value of d (see Eq.(55)), which determines
the public debt-to-GDP ratio above which sovereign interest-rate premia
emerge, is set at 0.9. This value is consistent with several studies which found
that in most advanced economies the adverse effects of public debt arise
when it is around 90 — 100% of GDP (see e.g. Philippopoulos et al., 2017,
Reinhart and Rogoff, 2010, and Checherita-Westphal and Rother, 2012).
Also, this parameter value belongs to the range of thresholds for sustainable
public debt estimated by the European Commission (2011). In turn, using
again Eq.(55), we derive the value of the associated interest-rate premium
parameter, 1. Specifically, the value of i follows from Eq.(55) by setting the
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value for the parameter d as said just above and using data averages over
the period under consideration for the interest-rate premium as well as the
public debt-to-GDP ratio. The resulting value of ¢ is 0.0505, which means
that a percentage point increase in the debt-to-GDP ratio leads to an increase
in the interest rate premium by 5.05 basis points. Such values are in line
with empirical findings for OECD countries (see e.g. Ardagna et al., 2008).

The adjustments cost parameters related to changes in private and public
foreign assets (see Eqs.(9) and (54) respectively) are both set at 0.3. As
said, this value gives plausible short-run dynamics for private foreign assets
and, in turn, for the country’s net foreign debt following a policy reform.
Similarly, the value of £, measuring the capital adjustments cost, is set at 0.3.

Concerning the exogenous TFP, A;, it remains at 1 for every t. Regarding
the rest-of-the world variables, nf{*, Qi and Ef ¥, we set their steady state
values equal to 7/ = 1, Q* = 1.0115 (which is the data average in Germany)
and [EF *] / [ck'F + Z—:cw’F ] = 1.01 (which is the ratio of exports to imports in
the Italian data).

The steady state values of fiscal and public finance policy instruments,
6,7k, 1, 5%, sl and A, are set at their data averages in Italy over 2001-2016.
In particular, ¢, 7k " are the effective tax rates on consumption, capital
and labor respectively in the Italian data over 2001-2016. Moreover, s&
and —s!, namely, government spending on goods/services and on transfer
payments as shares of aggregate output respectively, are set at their average
values in the data, 0.22 and 0.23 respectively. Note that transfer payments
are distributed to capitalists and workers according to their percentage in
population, which are v = 0.2 and v¥ = 0.8 respectively. Finally, the fraction
of total public debt held by domestic private agents, A, is set at 0.64 which
is, again, its data average value.

We report that our main results are robust to changes in these values.
Thus, although our numerical simulations below are not meant to provide a
rigorous quantitative study, they illustrate the qualitative dynamic features
of the model in a realistic way.

3.2 Status quo steady state

Table 3 reports the steady state solution of the model economy when we
use the parameter values in Table 1 and the policy instruments in Table 2.
As said, in this steady state, which is called ”status quo”, all fiscal policy
instruments are as in the data and total real public debt divided by the
number of capitalists, d, follows residually from the government budget
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constraint. In the fourth column of Table 3 we also present some key ratios in
the Italian data. Most of the key ratios produced by our model endogenously
are meaningful and close to their actual values. For example, the solution
for the country’s net foreign debt as share of aggregate output, f,'* is 0.2100,
while its average value in the data is 0.2109. Also, the solution for total
public debt as share of output'* is 1.0971, while its average value in the data
is 1.098. The status quo steady state will serve as a point of departure to
study various policy experiments.

4 Description of policy experiments

In this section, we define the reformed economy, then we discuss about debt
consolidation and, finally, we provide our solution strategy.

4.1 Definition of the reformed economy

Our main thought experiment in this paper is the case in which the economy
departs from the status quo steady state (see Subsection 3.2 above for details),
where fiscal policy instruments are as in the data, and travels to a new
reformed steady state with lower debt and no sovereign interest-rate premia.
As new reformed steady state is defined the case in which the public debt-to-
GDP ratio is permanently reduced so that there are no sovereign interest-rate
premia in the new steady state. In other words, in the new reformed steady
state, we set premia equal to zero, that is Q = Q, which implies that the
output share of public debt reduces from around 110% (which is the status
quo solution) to the threshold value, d, corresponding to zero premia, that is

v-1 ) . . . . . .
”y—Hd =d = 0.9. To put it differently, since, in our model, sovereign premia

arise whenever the public debt-to-output ratio happens to be above the 0.9
threshold value, premia are eliminated (Q = Q) once debt-to-GDP ratio
reduction has reached to the value of this threshold.

In addition, we assume that, in the new reformed steady state, the coun-
try’s net foreign debt position becomes zero or, equivalently, that the country

Pyt Pyt B . Yoo £ .
trade (Recall that the number of domestic capitalists equals that of foreign investors.).
Details are in Appendix.

. 1- pf . o .
14This is PHDyH = ”vad, where 77, = PLH is the terms of trade. Details in Appendix.
t

= S,(FS—Fk 1-A;)D;—S,Fk 1-A)re)Vdy—tel* f pF .
BThus, f= B =Fy) _ (A=4)DeSF o (=d)ty e i , where tt; = P;H is the terms of
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ends up with a balanced trade.!® In other words, in the new reformed
steady state, we set the country’s net foreign debt as share of output to zero,
f = 0. This means that the country’s net foreign debt as share of output is
permanently reduced from 0.21 (which is the status quo solution) to zero.
The fiscal space created by this reduction allows government to rise public
spending or to cut one of the tax rates.'®

4.2 How we model public debt consolidation

The way we model public debt consolidation is similar to that of previous
chapter. Nevertheless, it is repeated here for the reader’s convenience. It
is widely recognized that debt consolidation implies a tradeoff between
short-term fiscal pain and medium-term fiscal gain once the debt finally
has been reduced. In our model, during the early phase of the transition,
debt consolidation comes at the cost of increasing one of the tax rates or
reducing public spending, while in the medium- and long-run, alleviation
in the debt burden allows, other things equal, a cut in one of the tax rates
or a rise in public spending. Thus, one has to value the early costs of
stabilization vis-a-vis the medium- and long-term benefits from the fiscal
space created by debt consolidation. This intertemporal tradeoff also implies
that the implications of debt consolidation depend heavily on the public
financing policy instruments used, namely, which policy instrument adjusts
endogenously to accommodate the exogenous changes in fiscal policy (see
also e.g. Leeper et al., 2010, and Davig and Leeper, 2011). Specifically,
these implications depend both on which fiscal policy instrument bears the
cost of adjustment in the early period of adjustment and on which fiscal
policy instrument is anticipated to reap the benefit, once debt consolidation
has been achieved. In the policy experiments considered below, we will
experiment with fiscal policy mixes, which means that the fiscal authority
is allowed to use a fiscal policy instrument in the transition and perhaps a
different one in the new reformed steady state. Notice that we use one policy
instrument at a time both in the transition and in steady state to understand
the logic of our results.

We examine several cases of debt consolidation where the role of policy is
to improve either resource allocation or “"equality” by gradually reducing the
debt (public and foreign) as share of output over time as said in Subsection

5For a similar practice (namely, to assume a zero net foreign debt position in the steady
state), see e.g. Mendoza and Tesar, 2005.

'6Notice that here we allow only one of the fiscal policy instruments at a time to take
advantage of the fiscal space created by debt reduction.
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4.1. Once debt has been reduced, in a new reformed steady state there is fiscal
space to rise public spending or to cut one of the tax rates. Hence, we study
four possible new reformed steady state solutions analogous to which one of
the four fiscal policy instruments takes advantage of the fiscal space created
by debt consolidation. Then, for each one of these steady state solutions,
we study four transition paths analogous to which fiscal policy instrument
will adjust to bring debt down during the transition to the particularly
studied new reformed steady state.!” To compute the path towards a new
reformed steady state for a case of adjusting instrument in the transition,
we should determine policy targets (that is policy variables without time
subscripts) and coefficients in the feedback policy rules, Egs.(56)-(59). As for
the policy targets, we set as values the new reformed steady state values of
the corresponding variables. As for the coefficients of policy instruments on
debt gap, we set the coefficient of the adjusting instrument in the transition
at the arbitrary value 0.1,'® switching off the corresponding coefficient of
the other instruments.

Having described how we model debt consolidation, let us proceed with
the solution strategy we follow. First, we take a first-order approximation
of the equilibrium conditions around a new reformed steady state. Next,
we set the initial values of the (endogenous and exogenous) predetermined
variables equal to their status quo steady state values. Finally, we compute
the equilibrium transition path travelling towards a new reformed steady
state with debt consolidation. Notice that, here, it is natural to use the case
without debt consolidation (status quo steady state) as a reference regime
through which we compare the several policy reforms.

5 Results

5.1 Steady state results

We start with comparison of steady state solutions. Recall that in the status
quo (SQ) steady state, fiscal policy instruments were set as in their data
averages and the public debt-to-GDP ratio followed residually, while, in
the new reformed steady state, the public debt-to-GDP ratio is cut to 90%,

17 As said in the above subsection we experiment with policy mixes.

18Notice that saddle path stability is achieved under all cases studied when one of the
fiscal policy instrument adjusts in the transition by setting the coefficient of the chosen
instrument at 0.1 (switching off the corresponding coefficient of the other instruments).
This value is close to those found by optimized policy rules in related studies (see e.g.
Schmitt-Grohé and Uribe, 2007, and Philippopoulos et al., 2017).
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eliminating the sovereign interest premia, and the country’s net foreign
debt-to-GDP ratio is cut to zero, so that one of the fiscal policy instruments
can follow residually meaning that s$ is allowed to rise or one of ¥, 7", 7€ s
allowed to be cut. Table 4 reports the value of the associated residual fiscal
policy instrument in each case of new reformed steady state studied as well
as in the status quo. In the two following subsections we will investigate
how the implications of debt consolidation in steady state depend on the
public financing policy instrument used, examining each public financing
case separately. Namely, we will examine which fiscal policy instrument
should be used switching either to a more efficient economy with higher
output or to a more “equitable” economy.

Aggregate implications(efficiency)

Results for output in the SQ and the reformed economy under various public
financing scenarios are shown in Table 5. As one would expect, in terms
of aggregate economy, our numerical results imply that it is better to allow
capital taxes to take advantage of the fiscal space created by debt consolida-
tion. The superiority of the capital tax rate is consistent with the well-known
result that capital taxes are particularly distorting in the medium-run and
long-run (see e.g. Chamley, 1986, and Lucas, 1990). Therefore, the most
efficient way of using the fiscal space generated, once the debt has finally
been reduced, is to cut the capital tax rate.

Distributional implications (equity)

Results for net incomes and their ratio in the SQ and the reformed economy
under various public financing scenarios are reported in Table 6. Since there
are two different income groups in the society - capitalists and workers -
the income gains from each particular structural reform may be distributed
unequally.

Our results for each agent’s net income in steady state, y* and y¥,'? show
that, relative to status quo, both social groups gain from debt consolidation
independently of which the residual instrument in the new reformed steady
state is (see Table 6).

w 19

19The net income of the capitalist is defined as pf = —tfck+(1—F)[rF TTt lkk 1 + @ +(1-
T )wfnt +(Qpy — eyt lft 1+ (R —1) t)\t_ldt 1—vks£ytHTrt and the net income

of the worker is defined as p¥ = —t5c¥ + (1 — /) w¥n? — vkslyH rep 1
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But a key question is who gains more. Even if a policy reform produces a
win-win outcome(Pareto efficient), here in the sense that both yk and yp" rise,
relative outcomes can also be important. Actually, the political economy lit-
erature has pointed out several reasons for this, including political ideology,
envy, habits, etc. In our model, distributional implications can be measured
by changes in the ratio of net incomes, y*/y¥.

Relative to the status quo, the ratio y*/y" rises, or equivalently inequality
rises, when the instrument that takes advantage of the fiscal space created
by debt consolidation in the new reformed steady state is the tax rate on
capital. Thus, this policy is Pareto efficient, but not equitable. For this reason,
perhaps, we often observe workers opposing to such a reform. In terms of
equity, the best outcome takes place when the fiscal space created by debt
consolidation in the medium- and long-run is used to cut the labor tax rate.
Such a policy causes the ratio p*/y¥ to fall, or equivalently inequality to fall.

In sum, in the new reformed steady state, a policy that both increases all
net incomes and reduces income inequality is to cut the labor tax rate. On
the other hand, if we focus on efficiency only, the best way of using the fiscal
space is to cut the capital tax rate. This policy, although it is Pareto efficient,
it rises inequality relative to status quo.

5.2 Transition results

We next study what happens in the transition as we depart from the status
quo steady state and travel towards each one of the new reformed steady
states with lower (public and country’s) debt and no sovereign interest rate
premia.

Aggregate implications(efficiency)

Results for the present value of output over different time horizons after the
fiscal consolidation takes place are shown in Tables 7 and 8. Every table
corresponds to a different new reformed steady state depending on what the
residually determined tax-spending instrument is.

Specifically, in Tables 7 and 8, the residually determined fiscal policy
instrument in steady state are respectively the tax rate on capital, ¥, and the
tax rate on labor, 7”'. Every row of a table, that corresponds to a different case
analogous to what fiscal policy instrument is used for bringing public debt
down during the transition, shows present values of output over different
time horizons.
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Inspection of the results in Tables 7 and 8 implies that if the criterion is
aggregate, or per capita, output, the best policy mix is to use the long term
fiscal gain (namely, the fiscal space created once debt has been reduced) to
cut the capital tax rate and, during the early period of fiscal pain, to use
public spending cuts to bring public debt down.

Distributional implications (equity)

Results for the ratio of the present value of the net income of capitalists to
that of workers over different time horizons after the fiscal consolidation
takes place are shown in Tables 9 and 10. Every table corresponds to a differ-
ent new reformed steady state depending on what the residually determined
fiscal policy instrument is. Specifically, in Tables 9 and 10, the residually
determined fiscal policy instruments are respectively the tax rate on capital,
7%, and the tax rate on labor, 7". Every row of a table, that corresponds to a
different case analogous to what fiscal policy instrument is used for bringing
public debt down during the transition, shows the ratio of the present value
of the net income of capitalists to that of workers over different time hori-
zons. Notice that we will check whether the value of each case is lower than
the status quo steady state value of the same time period over different time
horizons (if they are lower, then this case of policy reform improves equality
relative to status quo). Our results show that, although the most efficient
policy mix (that is, to use spending cuts during the transition and to cut the
capital tax rate in the new reformed steady state) is Pareto efficient during
the transition (see Table 11), it rises inequality in the transition relative to
status quo (see Table 9). Alternatively, if one cares about the equity, focusing
on the case where the fiscal space created by debt consolidation is used to
cut the labor tax rate (see Table 10), the best recipe is to use capital taxes to
bring public debt down, during the early period of fiscal pain (this holds
independently of what the adjusting instrument in the new reformed steady
state is - see also Table 9). It is worth mentioning that this policy mix is also
Pareto efficient during the transition, as it arises from Table 12.

In sum, the policy mix that found to be the most efficient, although it is
Pareto efficient, it comes at the cost of rising inequality. And all this relative
to status quo. If the criterion is equity in net incomes, the best recipe, which
is also Pareto efficient, is to use the long term fiscal space created by debt
reduction to cut the labor tax rate, and, during the early period of fiscal pain,
to use capital taxes to bring public debt down.
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6 Closing the chapter and possible extensions

In this chapter was built and solved numerically a new Keynesian D(S)GE
model of a small open economy within a monetary union facing sovereign in-
terest rate premia due to debt management problem. In this model the fiscal
authorities were engaged in public debt reduction over time; The emphasis
was on the aggregate and distributional implications of debt consolidation,
where income heterogeneity, and hence distribution, had to do with the dis-
tinction between “capitalists” and “"workers”. Since the results have already
been written in the introduction, here I just mention a possible extension.
It would be interesting to examine what happens in a two-country world
economy context. This is studied in the next chapter.

Appendix A Households as capitalists

This appendix presents and solves the capitalist k’s problem in some detail.
There are k = 1,2,..., N identical capitalists that act competitively. Each
capitalist k faces a problem that can be solved following a two-step procedure.
Specifically, we first solve an inter-temporal problem, in which the capitalist
acts competitively to maximize discounted expected lifetime utility and,
then, an intra-temporal problem, in which he minimizes his consumption
expenditures.

A.1 Capitalists’ optimization problem

Inter-temporal problem: Each capitalist k = 1,2,..., N acts competitively to
maximize discounted expected lifetime utility:

E, ;ﬁtU (ck, mf, mif, 1) (62)

where cf is k’s consumption bundle at t as defined below in the intra-

temporal problem, Eq.(69), n¥ is k’s hours of work at ¢, m" is k’s end-of-period
real money balances at t, g; is total government spending at t divided by
the number of capitalists implying that the per capita public spending is
defined as v¥g,, E, is the rational expectations operator conditional on the
current period information set and 0 < § <1 is the time preference rate.

In our numerical solutions, we use a utility function of the form (see also
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e.g. Gali, 2008):
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(63)

where x,,, x,,,, Xg, O, 1, Wy C are standard preference parameters.
The budget constraint of each k (written in real terms) is:

pH , s,p; hispr o, SPr L\
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where xF is k’s real investment at ¢, f¥ is the real value of k’s end-of-period
internationally traded assets at t denominated in foreign currency (if nega-
tive, it denotes foreign private debt), b¥ is the real value of k’s end-of-period
domestic government bonds at ¢, r{il is the gross real return to inherited
physical capital between t — 1 and t, kf is k’s end-of-period physical capital,
@,F is k’s real dividends paid by domestic firms at ¢, wF is capitalists’ real
wage rate at ¢, Q;_; is the gross nominal return to international assets be-
tween t-1 and t, R;_; > 1 is the gross nominal return to domestic government

bonds between t—1 and t, 'ctl’k are real lump-sum taxes/transfers to each
k from the government at ¢, 0 < 7; < 1 is the tax rate on consumption at ¢,
0< Ttk <1 is the tax rate on capital income at ¢, 0 < 7' <1 is the tax rate on
labor income at t, P, is the domestic consumer price index (CPI) at ¢, PtH is
the price index of home tradables at ¢t and S, is the nominal exchange rate

(where an increase in S; implies a depreciation) at t. Small letters denote
Lk

real variables e.g. f = ?k, bf = Pk, ’aTk = 1; , wi‘ = v;k, le = %. Also,
letters with a star as superscript denote the counterpart of a variable in the
rest-of-the world, e.g. P/ stands for the consumer price index (CPI) abroad
at t, while letters without time subscripts denote steady state values, e.g. P~
stands for the steady state value of consumer price index (CPI) abroad. The
parameter ¢" > 0 measures adjustment costs related to private foreign assets
as a deviation from their steady state value.

The motion of physical capital for each k is:
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t-1
where 0 < 0 <1 is the depreciation rate of physical capital and £ > 0 is a
parameter capturing adjustment costs related to physical capital.
Therefore, in the inter-temporal problem, each capitalist k chooses {cK, x¥,
n’t‘, mlt‘, b]t‘,ftk, kl‘}‘t’io to maximize Eqs.(62) and (63) subject to Eqs.(64) and (65),
by taking as given prices {rf, w¥, Q,, R, P, P, Pf}i2,, dividends {’a?{k}‘t’io, pol-
icy variables {S;, 7}, T/, Ttk, Ttl’k}fio, and initial conditions, {m'fl, b’fl, kfl,f_k1 1.
Intra-temporal problem: Each capitalist k minimizes the following total

consumption expenditure:

P,ck = pH M 4 pERE (66)

where cf'H is the composite domestic good consisting of h varieties consumed
by capitalist k as defined below, Eq.(70), clf’F is the composite imported
good consisting of f varieties consumed by capitalist k as defined below,
Eq.(71), and P is the price index of foreign tradables (expressed in domestic
currency).

Each capitalist k’s total consumption expenditure is split into total ex-

penditure on home and foreign goods respectively as follows:?’
Nk
Pl =) Pl (ke (h) (67)
h=1
Nk
it =) PF(f)eF(f) (68)
f=1

where the quantity of variety h produced at home country by domestic

firm h and consumed by capitalist k is denoted as cf’H(h), the quantity of

imported variety f produced abroad by foreign firm f and consumed by
capitalist k is denoted as c];’F(f), the price of variety h produced at home is
denoted as PH (h) and the price of variety f produced abroad is denoted as
PF(f)(denominated in domestic currency).

The consumption bundle of k is defined as:

20Recall that, in the introduction of Section 2 in the main text, we have assumed that the
number of foreign firms(and, consequently, of imported varieties) equals that of domestic
firms(and, consequently, that of domestic varieties) and, in turn, that of capitalists.
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where v is the degree of preference for domestic goods (if v > 1/2, there is a

home bias).
Using a Dixit-Stiglitz aggregator, the composite domestic good consumed

(69)

by k, cf’H, consists of h varieties and is given by:?!

Mo o1 o
H _ NG kH B
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where ¢ > 0 is the elasticity of substitution across varieties produced in the
domestic country.??

Similarly, using a Dixit-Stiglitz aggregator, the composite imported good
produced abroad and consumed by each k, c]f’F, consists of f varieties and is
given by:??

&
o1 |77
¢

[ ()] (71)

Therefore, in the intra-temporal problem, each capitalist k chooses {cf’H,
c]t"F} to minimize its total consumption expenditure, Eq.(66), subject to
its consumption bundle, Eq.(69), by taking as given prices, (P, P}, and
consumption bundle, clt‘. Next, each capitalist k chooses {c]t(’H(h), c]t(F(f)} to
minimize the sum of its consumption expenditure on home and foreign
goods, sum of RHS of Eqs.(67) and (68), subject to composite domestic and
foreign goods consisting of varieties, Eqs.(70) and (71), by taking as given

prices, {PH(h), Pf(f)}, and consumption bundles, c,’f’H and cf’F.

21Recall that, in the introduction of Section 2 in the main text, we have assumed that
the number of domestic firms (and, consequently, of domestic varieties) equals that of
capitalists.

22Note that, in our model, elasticity of substitution for varieties produced in the domestic
country is common with that for varieties produced in the foreign country.

23Recall that, in the introduction of Section 2 in the main text, we have assumed that the
number of foreign firms (and, consequently, of imported varieties) equals that of domestic
firms and, in turn, that of capitalists.
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A.2 Capitalists’ optimality conditions

Each capitalist k acts competitively taking prices and policy as given.
Inter-temporal problem: The first order conditions include the budget
constraint of k, Eq.(64), the law of motion of physical capital, Eq.(65), and:

e +5(%_1H R
R A e R ko
b s 5 L]
<(1C§);;>:ﬁ fPilﬁ% 7
) = () et 75
o) = ((fg;):;) F (gc’{:i:) n 76

Eqs.(72), (73) and (74) are respectively the Euler equations of physical capital,
internationally traded assets and domestic government bonds, Eq.(75) is the
optimality condition for work hours and Eq.(76) is the optimality condition
for real money balances.

Intra-temporal problem: The first order conditions include the con-
sumption bundle of k, Eq.(69), the composite domestic and imported good
consumed by k, Egs.(70) and (71) respectively, and:

clf’H v Pf 77
kH H \¢
k,H Cy b
h)=— 78
Ct ( ) Nk (PtH(]’l)) ( )



- Nk (79)
Eq.(77) is the optimality condition for sharing the total consumption between
domestic and imported products, Eqs.(78) and (79) are demand equations of
capitalist for varieties produced at home and abroad respectively.

Plugging Eqs.(78) and (79) into Eqgs.(70) and (71) respectively, we get the
following relations for price indexes:

k,F F \¢
KF oo _ S [ B
() (Pf( f))

‘ -

<

Nk 1-

B = LB (50
=1

N* 1 5
Pf=1) ~lBAn (81)
f=1
Yet, Eqs.(66), (69) and (77) imply the following relation for domestic
consumer price index(CPI):

P, = (P (PF)'™ (82)

Appendix B Households as workers

This appendix presents and solves the worker w’s problem in some detail.
There are w = 1, 2,..., N¥ identical workers that act competitively. Similarly
to capitalist k’s problem, each worker w faces a problem that can be solved
following a two-step procedure. Specifically, we first solve an inter-temporal
problem, in which the worker acts competitively to maximize discounted
expected lifetime utility and, then, an intra-temporal problem, in which he
minimizes consumption expenditures.

B.1 Workers’ optimization problem

Inter-temporal problem: Workers have the same utility function as domes-
tic capitalists (see Eqs.(62) and (63)).
The budget constraint of each worker w is in real terms:

P
(1+T§)c;”+m;v:(1—Tf)w;*’n;”+fT1mygl — (83)
t
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where again small letters denote real variables, e.g. w{’ = -, 7, = &5~
Here ¢}’ is w’s consumption bundle at ¢ as defined below in the intra-temporal
problem, Eq.(87), m}’ is w’s end-of-period real money balances at t, n}’ is
w’s hours of work at t, wy’ is workers’ real wage rate at t and Ttl’w are real
lump-sum taxes/transfers to w from the government at ¢.

Therefore, in the inter-temporal problem, each worker w chooses {c}’, ny’,
m{'};2, to maximize Eqs.(62) and (63) for w, subject to Eq.(83), by taking
as given prices {w}’, P;};2,, policy variables {7/, 7/, Ttl’w}‘t’io, and initial condi-
tions, m",.

Intra-temporal problem: Each worker w minimizes the following total
consumption expenditure:

P = PtH c;"’H + PtF c;‘”F (84)

where ¢’ is the composite domestic good consisting of / varieties consumed
by worker w (see also Eq.(88) below) and c;‘”F is the composite imported good
consisting of f varieties consumed by worker w (see also Eq.(89) below).

Each worker w’s total consumption expenditure is split into total expen-
diture on home and foreign goods respectively as follows:?*

Nk

plet = Pl (e () (85)
h=1
Nk

Prei™ =) PE(H(f) (86)
f=1

where the quantity of variety h produced by domestic firm 4 and consumed
by worker w is denoted as c:u’H(h) and the quantity of imported variety f

produced by foreign firm f and consumed by worker w is denoted as c; £ f).
The consumption bundle of w is defined as:

w,H\Y { w,F\l-?
Cy Cy
w =

C
t v"(l _v)l—v

(87)

24Recall that, in the introduction of Section 2 in the main text, we have assumed that the
number of foreign firms(and, consequently, of imported varieties) equals that of domestic
firms(and, consequently, that of domestic varieties) and, in turn, that of capitalists.
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Using a Dixit-Stiglitz aggregator, the composite domestic good consumed
by w, c;”’H, consists of h varieties and is given by:?°

¢
Nk 1 -1
wH _ L\ wH,, 5
i = ;(m) ) (58)

Similarly, using a Dixit-Stiglitz aggregator, the composite imported good
consumed by w, c’F, consists of f varieties and is given by:26

()T (89)

Therefore, in the intra-temporal problem, each worker w chooses {C;”’H, C;”’F}

to minimize its total consumption expenditure, Eq.(84), subject to its con-
sumption bundle, Eq.(87), by taking as given prices, {PtH, PtF}, and consump-
tion bundle, c¢}’. Next, each worker w chooses {c;“”’H(h), c;”’F( f)} to minimize
the sum of its consumption expenditure on home and foreign goods, sum of
RHS of Eqgs.(85) and (86), subject to composite domestic and foreign goods
consisting of varieties i and f respectively, Eqs.(88) and (89) respectively, by
taking as given prices, {P!(h), Pf(f)}, and consumption bundles, c}”’H and

w,F
Ct

B.2 Workers’ optimality conditions

Each worker w acts competitively taking as given prices and policy.
Inter-temporal problem: The first order conditions include the budget
constraint, Eq.(83), and:

@ 1+ 0
Xu(nf)1 (1= )wy!

(cf)° y b (C}‘il)_al_l_x (i)W (91)

1+1f Py | 1+7f, A

25Recall that, in the introduction of Section 2 in the main text, we have assumed that
the number of domestic firms (and, consequently, of domestic varieties) equals that of
capitalists.

26Recall that, in the introduction of Section 2 in the main text, we have assumed that the
number of foreign firms (and, consequently, of imported varieties) equals that of domestic
firms and, in turn, that of capitalists.
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Egs.(90) and (91) are the optimality conditions for work hours and real
money balances respectively.

Intra-temporal problem: The first order conditions include the con-
sumption bundle of w, Eq.(87), the composite domestic and imported goods
consumed by w, Eqgs.(88) and (89) respectively, and:

CZ”H v DPf (92)
w,H H \¢
w,H _ Ct Pt
0= (57 )
w,F F \¢
c P,
)= 5 575 (o4

Eq.(92) is the optimality condition for sharing the total consumption between
domestic and imported products, Egs.(93) and (94) are demand equations of
domestic worker w for varieties produced at home and abroad respectively.

Plugging Eqs.(93) and (94) into Eqs.(88) and (89) respectively, we get the
following relations for price indexes:

=) le (95)
=1

F & Fypyl-o o

P = }me () (96)
=1

which, as expected, coincide with the equations of price indexes derived
from the capitalist k’s problem, Eqgs.(80) and (81).

Yet, Eqs.(84), (87) and (92) imply the following relation for domestic
consumer price index(CPI):

P, = (P (Pf)' ™ (97)

which, as expected, coincides with the equation of CPI derived from the
capitalist k’s problem, Eq.(82).
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Appendix C Firms

This appendix presents and solves the firm h’s problem. There are h =
1,2,..,N* identical domestic firms that each one of them produces a dif-
ferentiated tradable good of variety h under monopolistic competition and
Rotemberg-type nominal price rigidities (see Bi et al., 2013).

C.1 Demand for the firm h’s product

Each firm h faces demand for its product, ytH’d(h). The latter comes from
domestic households’ consumption and investment, c/(h) and x,(h) respec-

Nk NV Nk
tively, where cl(h) = Y *H(h)+ Y ¢“F(h) and x,(h) = ¥ x5(h), from the
k=1 w=1 k=1

government, g,(h), and from foreign_households’ consumption of the domes-
tic good, cf" (). Thus, aggregate demand for each good # is:

v (h) = [ef! (h) + x,(h) + go(h) + ] (h)] (98)

Aggregate demand for each good h is associated with production of
domestic firm h according to the following relation:

M H " P r
v, (h) =v; (h)x{l > —Pfl(h)nH 1 (99)

where y!’(h) stands for the production of domestic firm h, 7/ stands for
the steady state value of the gross domestic goods inflation rate and ¢* >
0 is a parameter which determines the degree of nominal price rigidity.
The term in the brackets captures the Rotemberg-type pricing cost and
reflects the discrepancy between production and demand as one expected in
a Rotemberg-type fashion.

Since we have:

k,H H \¢
k,H Ct b
Ct (h)_ Nk (PtH(h)) (100)
w,H H \¢
w,H _ Cy Pt
¢t (h)——Nk (PtH(h)) (101)
k H \¢
ko Xt [ B
k() = k( i (102)



ngt PH )(P
h ! 103
UERS. ( T (103)
F* Fo\¢
F* C b
¢, (h)=— : 104
t ( ) Nk (PtF (h)) ( )
we can rewrite the Eq.(98) as:
yH'd(h):L[cHer + Nhg, + N*ef ] x B\ (105)
t PJk t t t t f?i(h)

NF NV
where cff = Y cf’H+ ) CIU’H is total consumption of home goods by domestic
k=1 w=1
Nk

households, x, = Y x¥ is total investment, N*g, denotes total government
k=1

purchases of domestic output, and cf” = N¥¢I" is total consumption of home

goods by households in the rest of the world (i.e. domestic country’s exports).

Also notice that the law of one price implies that in Eq.(104):

R B (106)
Py 2 RE(R)
Since aggregate demand, NkytH’d, is:
N¥y < [ef! +x,+ N g + N¥e['| (107)
then aggregate demand for each good F is rewritten as:
v (h) = ytH'd( r )¢ (108)
P/ (h)

where yfl 4 as implied by above, denotes the aggregate demand of the
economy divided by the number of capitalists.

Using the Eq.(99), another expression equivalent to demand for good h
in terms of production can be derived:
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EF (1) 1o

v (h) =7 (
P/ (h)
P (yrcHt

gate output of the economy divided by the number of capitalists.

Notice that solving the firm h’s problem below, we should use Eq.(108)
as an expression for demand of good h. However, it is more convenient for
someone to work with Eq.(109), replacing demand for good h with Eq.(108).

where p/ = yH x {1 — %P[

2
- 1] and with pf to denote the aggre-

C.2 Firms’ problem

Nominal profits of each firm h are defined as:

P@,(h) = PH (h)yH (h)-PHrkk (h)—anw(h)—Wknk(h)—¢—P (M - 1)2PH(h)yH(h)
Wi t t t e -1 t t t 't 2 Ptljl(h)TIH t t

(110)
where k;_;(h) denotes the physical capital input chosen by firm h, n}’(h) de-
notes workers’ labor input chosen by firm h and n¥(h) denotes the capitalists’
labor input chosen by firm h.

All firms use the same technology represented by the production function
(similar to e.g. Hornstein et al., 2005, and Baxter and King, 1993):

_ 1-a
Vi () = Ay ey ()] [{nf () (1) =0} ] (111)
where A; is an exogenous TFP, 0 < a <1 is the share of physical capital and
0 < 0 <1 the labor efficiency parameter of capitalist.

Profit maximization by firm h is also subject to the demand for its product,
Eq.(108), as derived above. But as we have mentioned above, instead of using
Eq.(108), we can equivalently use Eq.(109).

Each firm & chooses its price, P (h), and its inputs, k,(h), nlt‘(h), ny'(h), to
maximize the sum of discounted expected real dividends, maxE, ) & o, ;w;(h),

t=0
subject to Eq.(109) and its production function, Eq.(111). The objective func-
tion of firm h in real terms is given by:

PH (k) ¢"( PH(h) | P v
f yH<h>{1—7(W—l) = =g ki () —wi i (h) —win(h)

(112)
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where = ¢, is a stochastic discount factor taken as given by the firm h. This
t—1 t—1 c k \~O

. . - 1 P, 1+7; C; .

is defined as E ;4 = il:[o{R_i} = ﬁtil:[o [( P )(1+Tf+1 )(jkl) ] and arises from

the Euler of domestic government bonds.

C.3 Firms’ optimality conditions

Following the related literature, instead of solving the above problem, we
follow a two-step procedure. We first solve a cost minimization problem,
where each firm h minimizes its cost by choosing factors of production given
technology and prices. The solution will give a minimum real cost function,
which is a function of factor prices and output produced by the firm. In turn,
given this cost function, we solve the dynamic profit maximization problem
of firm h by choosing its price.

Cost Minimization problem: In the first stage, we solve a static cost
minimization problem, where each h minimizes its cost by choosing its
factors of production, k;(h), n]t‘(h), ny(h), subject to its production function,
Eq.(111), given technology and prices. The cost function is defined in real
terms as follows:

H

P
Ltk (h) + wind (h) + win (h) (113)

minaz P
t

The solution to the cost minimization problem gives the following input
demand functions:

pH

?trl‘kt_mh) = mc,ayf () (114)
winf (h) = me,0(1 - a)yf (h) (115)
wi'ny (h) = me,(1-0)(1 - a)yf (h) (116)

where mc; = 1:01’(32{7[01))27 stands for the real marginal cost which, by defini-
tion, is the derivative of the associated minimum real cost function, (v (h)),
with respect to the production, y/(h).

27 As we show just below, by summing up these factor demand functions, the total cost is
a function of firm h’s output.
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Summing up the three above equations it arises the following relation
for the associated minimum real cost function of h:

Py (h) = meyf (h) (117)

Where the real marginal cost, mc;, it can be shown that equals:

l1-a

a wi( 0 w;u -
[{9(1—a)} X{m} ] (118)

implying that mc; is common for all firms since it only depends on prices,
parameters and technology which are common for all firms.

Profit maximization: The solution to the cost minimization problem
above gave a minimum real cost function, Eq.(117), which is a function of
prices and output produced by the firm. In turn, given this cost function, we
solve a dynamic profit maximization problem where each firm h maximizes
discounted expected lifetime real profits by choosing its price, PF (h). The
profits are defined as:

1
vy

H _k
nrr

P «

me;

00 H h P H h 2 O H I H h
maxE, ) Eoou BT()yF(m—zp(yP(h))—‘l’—(—Pf ) 1) By (k) >]
t=0 t

2 Pfl (h)rcH b
(119)
The above profit maximization is subject to the Eq.(109), which is equiva-
lent to the demand equation, Eq.(108), that the monopolistically competitive
firm h faces.
The first order condition gives:

P w0 l PEG) TRl ()
(1=l 00+ om0~ T )| gt 1|

(120)

L[ PRk ] Ry BEG) o

P BA (et 1]P£1<h>nH p v (M=

BoF ( by )( 1+7f ) Cﬁ-l ' [1 B P/l (h) l Plli(h) B (h) g (h)

P N1+ J{ PH(h)yreH | PH(h)rH Py Vi

Thus, the behavior of / is summarized by Eqs.(114), (115), (116) and (120).

Since all firms solve the identical problem, they will set the same price,

PH (h), which, through the Eq.(80) (which coincides with the Eq.(95)), implies
that PH(h) = PH.
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Appendix D Government budget constraint

This Appendix presents the government budget constraint in some detail.
We start by presenting the government’s budget constraint in nominal
terms:

2

S,F¢ SF¢

N*Q,_ S, FS. 1+Pt¢2 Nk( ;f _T) +NKR, B,y + N*PHg, + N*M,_, =
t

(121)
= N M, + 1 [PHcf' + PFef | + <f [N*rf BRIk, + PN @ | + 1 [WENFnf + WNYVRY |+
+[NFTE 4 NYT] + N¥B, + S,NFFf

where F? is the end-of-period nominal public debt held by each foreign agent
divided by their number?® at t and expressed in foreign currency, B, is the
end-of-period nominal public debt held by each domestic agent (capitalist)
at t, M, is the end-of-period stock of nominal money balances divided by

Nk
the number of capitalists at tand ¢, = )_ c Fi Z ¢ Fis total consumption
k=1

of imported goods by domestic households. The parameter ¢3 > 0 captures
adjustment costs related to public foreign debt. Again letters without time
subscripts denote steady state values, e.g. P stands for the steady state value
of domestic consumer price index (CPI). The rest of the notation is as above.

Then, dividing by the domestic current CPI, P;, and the total number of
domestic capitalists, N, we get the government budget constraint in real
terms:

S,P; P! ¢ (S, P Sp* P pH  p,
_ — 8 + R, —E=2b, g+ 2 =
QthP*ftl Z(Ptf f) tlpttl Ptgt tmtl
(122)
PH w PF W PH
=m,+1¢ _lt?t (cf’H+—:kc}”H)+—lg (kF+—kc}“P) +Tf[rt lgt kfl—i-a)tk +

vY P!
+7/! wfn]t‘+—kw}”n§“ + lk+—kwa +b,+S,-Lf8
v P,

M
where f; _P,bt_P,mt Ptt

28Recall that the number of foreign investors equals that of domestic investors (capital-
ists).
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For convenience, let D; = Bt+StPf denote the total nominal public debt is-
sued by the domestic government divided by the number of domestic agents
(capitalists). This debt can be held either by a domestic agent (capitalist),
A;D;, or by a foreign agent, (1 — /\t)Dt,Zg where 0 < A, < 1.39 Then, the above
government budget constraint is rewritten as:

S,P*P", P, g P,
Q155 5 <1—At_1>dt_1+%[<1—A»dt—(l—A>d12+Rt_HTAt_1dt_1+
t t t=1+¢-1 t
(123)

P! Py AP kom0 wn) P ke VY wr | kBT
+—g+——m =m+ T | —— |+ |+ =y || |k, W |+
P, 8t P t-1 e T\ okt P\ okt g t
+74 lwknk + ﬁwwn“’] +7 +d
e T e T t Tt

whered, = 3t and 7; = ;7 + Tx 1y
In each period, one of {t}, Ttk,’cf, <, Ttl, Ay, d; } needs to follow residually
to satisfy the government budget constraint.

Appendix E Equilibrium in the status quo econ-
omy

This Appendix presents in some detail the status quo equilibrium system,
given feedback policy coefficients. We will work in steps.

29Recall that the number of foreign investors equals that of domestic investors(capitalists).

30Public debt differs from foreign debt. The end-of-period total public debt, written in
nominal terms, is N¥D, = N¥B, + $,N¥F¥, where B, = A,D, is domestic government bonds
held by each domestic capitalist and Sth = (1 - A;)D; denotes domestic government bonds
held by each foreign investor. On the other hand, the country’s end-of-period net foreign
debt, written in nominal terms, is S,“(Nk*F;‘g - Nka) =Nk(1-2A,)D, - StNka, where Ff is
foreign assets held by each domestic capitalist (if negative, it denotes liabilities). Again,
recall that the number of domestic capitalists equals that of foreign investors.

31 Assuming that the lump-sum transfers are distributed to each class of households
according to their percentage in the population, this implies that the lump-sum transfers

of a capitalist equals those of a worker, that is Ttl’k = Ttl’w. Hence, the total lump-sum

transfers divided by the number of capitalists, 7/ = T,l’k + ’;—er’w, along with the above

relation, 7% = 7/, imply the equation 7/ = 7/ = vk 1!,
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E.1 Market clearing conditions and the balance of payments

The market-clearing conditions in the domestic product market, the capital
market, the labor markets, the money market, the domestic government
bond market and the dividend market are respectively:

v bH . wH v k| ark k=F k. H o"[ PH(h) ?
’ W N Nci*=N l-————-1
Qe )t L s N N >
— w=1 k=1 t-1
(124)
NF Nk
Y H= Y bt
k=1 h=1
Nk Nk
) nk=) i)
k=1 h=1
N¥ Nk
n =) ny(h)
w=1 h=1
Nk NV
Zm’t‘+ Zm’t"’ = N*m,
k=1 w=1
Nk
be - N¥b, = N*A,d,
k=1

Nk Nk
Y af=) @i
k=1 h=1

The balance of payments is obtained by adding the profit function of
firms, the budget constraint of households and the government budget
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constraint. Then, the balance of payments in real terms 7 is:

H F H H
B wm v owH\ P kr v owr\ BT B

L ey ) e e |+ X Lgy | -
v v P,

P, k P, k P!

N* P H 2 h « +\2

1 oF ( PH(h) ) ¢ (stp SP
- PHmypEm{1- | 2 | Ve L[Stk 2 k)
(125)

g

+%[ Ay —(1-1)d]* =
SP*P* S,PfP, P, S,P

Q “ Q. - — (1= +|(1=2))d, -
-1 ftl g P SHPH( -1)di1 + [ (1= Ap)d; Ptft

where are variables that have been defined above.

¢
Multiplying by parts the Eq.(108), ytH’d(h) = ytH’d (p;tl({h)) , by PH(h) and,

then, aggregating with respect to the number of firms, it arises, through

Nk
the domestic price index, PtH = {

=
- 1Nk[PH ik ¢} , that N¥pfy;™ =

N
)3 PtH(h)yF’d(h). This equation, in turn, yields:
h=1

TP o' ( By N\ _BM . e iy Y
N ) B “”{1 2(pH (h)nH_l) "R 1‘T(Pt’fwhmﬂ_l)
(126)

2
since we have defined y?’d(h) = ytH(h) % {1 _ %P[ pli(n) 1] } and ytH,d _

PH (h)yrcH
2
H P P

V; x{l [PtHlt(h)nH 1] .

2
Yet, multiplying the market clearing condition in the domestic product

H
market, Eq.(125), by 7, We get:

2
i(ck,H_'_ v" WH)+£ k PHg PtH_F* —ﬁyHX 1_(P_P PtH(h) 1
R T P, P P! 2 | PH (h)rH

(127)

321 have divided by the total number of agents and, in turn, divided all terms by vk,
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& ¢F (P
where the LHS of this equation is equal to ﬁ Y PH(h)yyH(h){1 - 5 ( T
t h=1 Pt-l (h)ﬂ

as we have shown above, Eq.(127).
Therefore, using the Eqs.(127) and (128), the balance of payments can be
written :

PEl vr ¥ ur o SPrP [ P
L[c; U Eh [F] QS 5= (1= A)dp - £

P P PP O[S P
(128)
* h * *
== ST g - (-5 fk)

Appendix F Decentralized equilibrium
(given policy)

We now combine all the above to solve for a Decentralized Equilibrium (DE)
for any feasible fiscal policy. The DE is defined to be a sequence of alloca-
tions, prices and policies such that: (i) every type of household maximizes
utility; (ii) every firm maximizes profit; (iii) all constraints, including the
government budget constraint and the balance of payments, are satisfied;
and (iv) all markets clear.

The DE is summarized by the following conditions:

(1-7) &

kyr( kyo
xp (i) (c)? = (1+Tt)wt (D1)
()™ . P nle B ok P k)|
Gr i PO\ Sp i —SF )|
(]t(+l)_a Pt*+1 Pt*
= Q;S ;" D2
/3(1+ R s N (D2)
Ck -0 PH kk
(¢t L IS s S |
(1+7) P, kf_l
2
(Ct+l) Pl kK ok & kf1 kf k
=g 1-80)+(1 -tk )k, - 2L 1| gL —q (L
AR o L R A ¢ e
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Nk

where nf = nf(h), n¥(h) = ent, kK =k,(h), ¥ bF=N¥A4,, Ttl = ’l’t = vk,
k 1

my = my + Lemy, @f = ;(h), P (h) = PH, pff(h) = yf!.

Thus, we have a system of 26 equations [(D1)-(D26)] in the 26 following

variables

k kKH kKF w wH wF H _ k ~k rk _k k k
[ci e ey el e e,y my,mi, @y, f, xi, meg, wi, ng, wi', g,

rk, kf, Ry, Qp dy, P, PHLPEL PP
Conclusively, the Decentralized Equilibrium is a sequence of

kkawaHwFHk ~k ck _k k _k
[ci e hey et e 'yt'mtfmt'wtft’xtfmct’wt'nt’wt’nt’

rtikzlf(ththidt!PtIPt ’Pt 'Pt ]t:O
satisfying the equations [(D1)-(D26)], given:
a) technology [A;];2, ,
b) rest-of-the-world variables [c}*, Qf, P/ 120
¢) initial conditions for state variables,
d) policy.

Appendix G Decentralized equilibrium
(given feedback policy coefficients)

We now rewrite the above equilibrium conditions, first, by using the inflation
rates rather than price levels and, second, by writing total public spend-
ing and total lump-sum taxes/transfers as shares of GDP, which are more
convenient forms.
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G.1 Transformed variables

We first express prices in rate form. We deﬁne 5 new variables, which

are the gross domestlc CPI inflation rate, 1i; = P , the gross foreign CPI
H

inflation rate, 7t; = P* , the gross domestic goods 1nﬂat10n rate, 7@ {{ = IIJDH )

the gross rate of exchange rate depreciation, €, = S -, and the terms of trade,

pf_ s,pH .
T, = PfH = PH S:B7 33 11 what follows, we use T, 10, nf{, €;, T7; instead of P;,

P, PtH, S;, PF respectively.
Also, for convenience and comparison with the data, we express fiscal

policy variables as shares of real GDP, f -N kyH . In particular, using the
H
definitions above, the total public spendlng in real terms, %N kg,, can be

written as ratio of real GDP, as - ngt =55 w5 Nkyt , where s¢ denotes the
output share of government spendrng The total lump-sum taxes/transfers
in real terms, Nk [Nk +N¥1, ], can be written as ratio of real GDP,

pH .
as Nkl = ! + kyfl, where as s! are defined the lump-sum taxes/transfers

as share of output. Also, as said, assuming that the lump-sum taxes/ transfers

to each capitalist and worker are equal, it implies Ttl'k = Ttl v vksiyﬁ

Finally, using the Eqs.(D22),(D23) and (D24), we derive the following
equations that we will use them below to make some transformations:

PtF PtHae PtHae
Tt ="2H =2t pH ~ pF
Pt Pt Pt )
PtH v—1
? =TT
t
Hx
Pt _ TTl—v*
* t
Pt
F
Pt v
b
Fx
Pt_ — TT_V*
* t
Pt
S n
B
t
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=TT
j2 !

_ .8 H
8t =5t Y:

G.2 Final equations

Using the above, the final non-linear stochastic system is:

T e (o)

(Cf)_ TTtv +v— 1[1+¢ v+v 1ft v+v—1fk)]:

(1+1f)
(C113<+1)_U *+v-1 1 )
= Q1T = (D2%)
(1+ t+1) o t+1

2
(Ck )—a E kk kk kk
= ﬁ( e Tt+1 (1-0)+(1- Ttk+1)rf+l ) S|+ ¢ ;(2(1 -1 Izl

l+7 t+1) kf
(D3’)
k\—o k o
ky—pn (Ct) _ 1 (Ct+1) (D4)
X, \Mm
m(my) (1+7) "y (L+17)
(C];)_G ﬁ 1 (Ctlf(+l)_a (DS )
(1+7) e (L+77)
(kY
k k k )
kf:(l—é)kt_1+xt—5[ﬁ—l] Kk (D6’)
ck’H v
t _ ))
Cf_F = m’l"l’t (D7 )
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N s P B (G
KL [ T 1+
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cwH v
S
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)
t vv(l_v)l—v

1
(1+ 7)) +my = n—m}ﬂl +(1=1)winy —vksfytHTTf 1

t

v— k
TT, kt | = me;apl?

wfnlt‘ =mc;0(1 —a)yf{

7k H
Lwnt = mey(1-0)(1 - a)y]

1-a

w 1-0
v = Ak )0 [{n’;}ex{Z—kn?’} }

~k 1..H H Pt ? 1..H
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[543
Qr=Qi+iple 7 -1 (D26’)
_F,(.
Ct T\ )
== D27
b ( TT ) ( )
R A qdiqtt}l =V + Q6,1 = Ap_y)dp el ,
t_lEtltltl —1 ;Ilt t—1/)%t-1 —1 (DZS)
Vi1
sp=s8—yf (i =) (D29")
tf =+ yf (g =) (D30’)
o =1+ (g =) (D31’)
=Ty (e =) (D32')
ttlagi =17 (D337)
klead,_ | = kf (D34")

The final equilibrium system consists of the 26 equations of the DE pre-
sented in Appendix F, the 4 feedback policy rules in Subsection 2.9 in the
main text, the definition of /; presented in Subsection 2.9 in the main text,
and the Eq.(61) for domestic exports in Subsection 2.10 in the main text.
Transforming some variables into ratios as presented in Appendix G.1 and
using 2 auxiliary variables to transform the system into a first order one, we,

thus, end up with 34 equations in 34 variables [clt‘, clf’H, cf’F, c/, c;”’H, c;”’F,Ef*, yf{,

mk, m¥, &F, £k, xK, me,, wk, nf, w¥, n¥, vk kK, klead,, Q,, d,, R, I, t7;, ttlag,, m, m,
1,55, 7T6, T8, 1'% . Among them, there are 25 non-predetermined or jump
variables, [ck, ' FF v cwH (wF 7l oH Gk ok me,, wk, nk, w?, n, vk klead,,
TTy, Ty, T({_I, 1T, s‘f, 5, Tf, 7/']32,, and 9 predetermined or state variables [m't‘, my,
ftk,kk, Q4 ds, Ry, lt,TTlagt]‘t’iO. This is given TFP, total lump-sum transfers as
share of GDP, rest-of-the-world variables, initial conditions for the state
variables and the values of coefficients in the feedback policy rules.
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Conclusively, we have a system of 34 equations [(D1’)-(D34’)] in the 34
following variables
kkaFwwHwFP* k k k
(et e ettt e et eyl m, mi, @, ff xf ey, wE, nf,wy,

k H 8 k
ny ,rt,kt,kleadt, Qudy, Ry Iy, try, ttlag, my, 10,0, 0, 85, T, T T i

Conclusively, the Decentralized Equilibrium is a sequence of

k kKH kF w wH wF —Fx k k _k
[circy ey el e e, ,yt,mt,mt,cut,ft,xt,mct,wt,nt,wt,

H g k
1y ,rt,kt,kleadt, Qpdy Ry, Iy, try, telagy, 11y, 10, 105, 57, T, T T e

satisfying the equations [(D1’)-(D34’)], given:

a) some exogenous variables which remain constant over time such as
[Ar, QF 7(t , ](:OOI

b) initial conditions for state variables [kfl,f_kl, d_q, m]fl, m¥,R_1,Q_4,
Iy, ttlag_q].
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Table 1: Baseline parameter values

Parameter \ Value \ Description

vk 0.2 share of capitalists in population

Y 0.8 share of workers in population

a 0.38 share of capital

0 0.19 labor efficiency parameter of capitalist

B 0.9780 time preference rate

v 0.5 home goods bias parameter at home

v* 0.5 home goods bias parameter abroad

U 3.42 parameter related to money demand elasticity

o 0.04 capital depreciation rate

Iy 91.91 Rotemberg’s price adjustments cost parameter

¢ 6 price elasticity of demand

n 1 inverse of Frisch labor supply elasticity

o 1 inverse of intertemporal substitution elasticity

C 1 inverse of elasticity of public consumption in utility
Y 0.0505 interest-rate premium parameter
Xm 0.001 preference parameter related to real money balances
Xn 5 preference parameter related to work effort

Xq 0.1 preference parameter related to public spending
d 0.9 threshold parameter of public debt as share of output
)4 0.9 terms of trade elasticity of foreign imports

3 0.3 adjustment cost parameter on physical capital

P38 0.3 adjustment cost parameter on foreign public debt
P" 0.3 | adjustment cost parameter on private foreign assets/debt
A 0.64 fraction of total public debt held by domestic agents

Ef |/ + Z—: wk 1.01 exports to imports ratio

ylg 0.1 coefficient of government spending on debt gap
141 0 coefficient of consumption tax rate on debt gap
ylk 0 coefficient of capital tax rate on debt gap

Y 0 coefficient of labor tax rate on debt gap
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Table 2: Policy variables (data average values)

Parameter\ Value \

Description

R 1.0225 long-run nominal interest rate

T° 0.18 consumption tax rate

T~ 0.31 capital tax rate

" 0.42 labor tax rate

s8 0.22 government spending as share of output
5! -0.23 | lump-sum taxes/transfers as share of output
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Table 3: ”Status quo” steady state solution

Variables | Description | Steady state solution | Data
yH output 1.9829
ok consun‘iptl‘on of 0.5366
capitalist
v consumption of 0.1807
private worker
nk labor of capitalist 0.1908
n% labor of worker 0.3361
pkpk 4 ywqw | Weight average of 0.3070 0.2183
labor
kK physical capital 6.9148
Wk real wage r.ate of 1.0391
capitalist
W real wage rate of 0.6165
worker
1’/‘/’—1}2 real wage rates ratio 1.6854
rk real return to capital 0.0908
TT terms of trade 0.9952
Q-0 interest rate 0.0110 0.0110
premium
O total consumption as
prr=— share of GDP 0.6336 0.5961
k. physical capital as
yH share of GDP 3.4872
d total public debt as
Pl share of GDP 1.0971 1.098
frre?” private foreign assets
7 a5 share of GDP 0.1849 0.1039
(1-X)d kv ) .
= a1 ST country’s net foreign
f= v debt as share of GDP 0.2100 0.2109
K income of capitalist 0.8139
v income of private 0.1807

worker

Note: Parameters and policy variables as in Tables 1 and 2.
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Table 4: Values of the residual fiscal policy instruments in steady state

Residual Instrument | Status quo | New steady state

¥ 0.3118 0.2929

(e 0.4210 0.4018

¢ 0.1756 0.1593

s8 0.2222 0.2306

Table 5: Output(GDP) in steady state
Residual | New steady state % Change

Instrument relative to the SQ

T 2.2957 +15.7754 %
™ 2.2800 +14.9842 %
T° 2.2615 +14.0485 %
s8 2.2615 +14.0485 %

Note: Steady state value of the output in the status quo(SQ) is 1.9829.

Table 6: Net income of capitalists and net income of workers in steady state

Residual New steady state % Changes from staus quo steady state
Instrument | v | v " yY y* /Y
* 0.9461 | 0.2077 | 4.5557 || +16.2477% | +14.9218% | +1.1537%
" 0.9242 | 0.2101 | 4.3983 || +13.5530% | +16.2759% | -2.3418%
T¢ 0.9205 | 0.2075 | 4.4370 || +13.0984% | +14.8012% | -1.4832%
s8 0.9130 | 0.2046 | 4.4628 || +12.1782% | +13.2076% | -0.9093%

Note: p* stands for the net income of the capitalist in steady state and y¥ stands

for the net income of the worker in steady state. The values of v, ¥ and v*/p¥ in
status quo steady state are 0.8139, 0.1807 and 4.5038 respectively.
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Table 7: Present value of output (GDP) over different time horizons when
the residual instrument in steady state is the tax rate on capital (7*).

Adj.Instr. ¥s Y10 Y20 Y40 Y60 Y80 Voo
T~ 10.3397 | 20.1413 | 38.4035 | 70.0101 | 95.6404 | 116.2145 | 176.2069
(s 10.2226 | 20.0098 | 38.3062 | 69.9519 | 95.6025 | 116.2000 | 176.2506
¢ 10.2471 | 20.0707 | 38.3624 | 70.0205 | 95.7142 | 116.3489 | 176.4509
s8 10.3394 | 20.2719 | 38.7149 | 70.4200 | 96.1282 | 116.7796 | 176.8966
| Status quo | 9.4879 | 17.9770 | 32.3684 | 53.1127 | 66.4074 | 74.9276 | 89.0556
Note: y; stands for the discounted expected value of output (GDP) for the next ¢
periods after the fiscal consolidation takes place.
Table 8: Present value of output (GDP) over different time horizons when
the residual instrument in steady state is the tax rate on labor(7").
Adj. Instr. Vs V10 Y20 Y10 V60 V80 Voo
T~ 10.3462 | 20.1461 | 38.3785 | 69.8676 | 95.3634 | 115.8150 | 175.4147
(e 10.2320 | 20.0166 | 38.2810 | 69.8120 | 95.3320 | 115.8087 | 175.4659
¢ 9.9797 | 19.9474 | 38.2166 | 69.7534 | 95.3146 | 115.8255 | 175.5222
s8 10.3467 | 20.2844 | 38.7126 | 70.3178 | 95.8921 | 116.4164 | 176.1293

| Status quo | 9.4879 | 17.9770 | 32.3684 | 53.1127 | 66.4074 | 74.9276 | 89.0556

Note: y; stands for the discounted expected value of output (GDP) for the next ¢
periods after the fiscal consolidation takes place.

Table 9: Ratio of the present value of the net income of the capitalist to that
of the worker over various time horizons when the residual instrument in
steady state is the tax rate on capital(7*).

Adj. Instr. Xjﬁ, zk% zk% Zk—wo 24(70 zk—wo Zi?;’
Y5 Y10 Y20 Y40 Y60 Y80 Yoo

* 4.2116 | 4.3348 | 4.4476 | 4.5057 | 4.5192 | 4.5248 | 4.5341

" 44115 | 4.4617 | 4.5105 | 4.5439 | 4.5555 | 4.5600 | 4.5618

T 4.4907 | 4.4828 | 4.5205 | 4.5492 | 4.5573 | 4.5598 | 4.5600

s8 4.4622 | 4.4707 | 4.5048 | 4.5372 | 4.5465 | 4.5494 | 4.5519

’Statusquo\4.5038 4.5038 | 4.5038 | 4.5038 | 4.5038 | 4.5038 | 4.5038

Note: ¥ and 7 stand for the PV of the net income of the capitalist and that of the
worker respectively for the next t periods after the fiscal consolidation.
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Table 10: Ratio of the present value of the net income of the capitalist to that
of the worker over various time horizons when the residual instrument in
steady state is the tax rate on labor(7").

Adj. Instr. Z—S zk% zk% Zk% jyj(% zk% Zk%’
Y5 Y10 Y20 Y40 Y60 Y30 Yoo

* 4.0780 | 4.1911 | 4.2955 | 4.3498 | 4.3628 | 4.3683 | 4.3775

" 4.2823 | 4.3235 | 4.3645 | 4.3918 | 4.4010 | 4.4044 | 4.4051

(ad 4.6377 | 4.3754 | 4.3941 | 4.4096 | 4.4109 | 4.4100 | 4.4066

s& 4.3325 | 4.3310 | 4.3565 | 4.3831 | 4.3909 | 4.3933 | 4.3953

| Status quo | 4.5038 | 4.5038 | 4.5038 | 4.5038 | 4.5038 | 4.5038 | 4.5038 |

Note: ¥ and P stand for the PV of the net income of the capitalist and that of the
worker respectively for the next t periods after the fiscal consolidation.

Table 11: Present values of the net income of the capitalist (7¥) and of the
worker (") over various time horizons (t) when the adjusting instrument
in the transition is public spending (s¢) and the residual instrument in
steady state is the tax rate on capital(7*).

t=10 t=20 t =40 t =80 f— oo
7¢ | 8.842(7.378) | 16.820 (13.285) | 30.288 (21.799) | 49.586 (30.753) | 74.383 (36.551)
vV | 1.978 (1.638) | 3.734(2.950) | 6.675 (4.840) | 10.899 (6.828) | 16.341 (8.116)

Note: The values of the corresponding variables in the status quo are in parentheses.

Table 12: Present values of the net income of the capitalist @f) and of the
worker (7}’) over various time horizons (t) when the adjusting instrument
in the transition is the tax rate on capital (7¥) and the residual instru-
ment in steady state is the tax rate on labor(t").

t=10 t=20 t =40 t=80 f— oo
7 | 8.437(7.378) | 16.219 (13.285) | 29.360 (21.799) | 48.142 (30.753) | 72.323 (36.551)
v¥ [2.013(1.638) | 3.776 (2.950) | 6.750 (4.840) | 11.021 (6.828) | 16.522 (8.116)

Note: The values of the corresponding variables in the status quo are in parentheses.
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CHAPTER 4. DEBT CONSOLIDATION AND ITS CROSS-COUNTRY EFFECTS:
AGGREGATE AND DISTRIBUTIONAL IMPLICATIONS
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Debt consolidation and its cross-country
effects: Aggregate and distributional
implications

Abstract

This chapter builds and solves numerically a New Keynesian D(S)GE
model consisting of two heterogeneous countries participating in a mon-
etary union. We study how public debt consolidation in a country with
high debt and in a country with solid public finances affects each other’s
aggregate macroeconomic outcomes as well as income distribution. The
emphasis is on the aggregate and distributional implications of debt
consolidation, where income heterogeneity in both countries, and hence
distribution, has to do with the distinction among “capitalists”, ”pri-
vate workers” and ”public employees”. The paper focus on how these
implications depend on the specific fiscal policy instrument used for
debt consolidation. There are two key results. First, if the criterion is
aggregate, or per capita, output, the best policy mix for both countries
is to use the long term fiscal gain created by debt reduction to finance
an increase in public investment spending and, during the early period
of fiscal pain, to use public consumption spending cuts to bring public
debt down. Second, if the criterion is equity in net incomes, the best
recipe for both countries is to use the long term fiscal gain created by
debt reduction to cut the labor tax rate and, during the early period of
fiscal pain, to use capital taxes to bring public debt down.
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1 Introduction

The 2008 world crisis has, among other things, brought into the spotlight
the need for debt consolidation in several eurozone periphery countries.!
For reasons related to sustainability and loss of confidence, these countries?
have been forced to take restrictive fiscal policy measures which have further
dampened demand in the short term and hurt especially relatively poor
income groups. On the other hand, fiscal policy in eurozone center countries,
like Germany, has been neutral.’

In this paper, we study how public debt consolidation in a country with
high debt and sovereign premia and in a country with solid public finances
(which can go for mild consolidation) affects each other’s aggregate macroe-
conomic outcomes as well as income distribution. The study of distributional
implications differentiates this chapter/paper from most of the existing lit-
erature on debt consolidation. Most of the latter has focused on aggregate
implications only (see e.g. Philippopoulos et al., 2017, Coenen et al., 2008,
Forni et al., 2010, Erceg and Lindé, 2013 etc.).

In light of the above, this paper provides a quantitative study of the
aggregate and distributional implications of debt consolidation in a New
Keynesian D(S)GE model consisting of two heterogeneous countries forming
a currency union. Country heterogeneity takes the form of weak public
finances and external debt in one country and sound public finances and
external assets in the other country and this is reflected in sovereign interest
rate premia. Obviously, to study the distributional implications of debt
consolidation within each country, we need a model with heterogeneous
households. There are many types of income heterogeneity in the literature.
Here, we focus on the distinction among “capitalists”, ”private workers”
and ”public employees”. Capitalists are defined to be those households who
hold assets, own the private firms and get labor income for their managerial
services. Private workers and public employees are defined to be those
households that are employed in private and public sector respectively and
have labor income only. The labor of public employees, together with goods
purchased from the private sector, are used by the state-owned firm as inputs
in the production of public goods and services. On the private production
side, firms enjoy monopoly power and face Rotemberg-type nominal price
rigidities, while their productivity is enhanced by the public investment in
infrastructure.

!See e.g. EMU-Public Finances (2015) by the European Commission.
ZSpecifically, these countries are Greece, Italy, Portugal, Spain and Cyprus.
3See e.g. EMU-Public Finances (2015) by the European Commission.
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As for macroeconomic policy, monetary policy is common for the mone-
tary union. On the other hand, countries in the monetary union can follow
their fiscal policy independently (national fiscal policies). Following a rule-
like approach to policy, we assume that fiscal policy is conducted via simple
implementable feedback policy rules. In particular, we assume that, in each
country, each category of public spending and tax rates is allowed to respond
to the inherited public debt-to-GDP ratio as a deviation from a policy target.
Debt consolidation means that the target is lower than the average in the
data.

The model is solved numerically employing commonly used parameter
values and fiscal data from Germany (called the home country) and Italy
(called the foreign country) over the euro years. As we will see later, the
steady state solution of this model gives well defined values of the great
ratios for these economies over the euro years. This solution is used as a
point of departure to study the dynamics driven by debt consolidation in
both countries (Germany also goes for mild consolidation).

The main results are as follows. First, as expected, if fiscal policy in both
countries remained unchanged as in their data averages over the examined
period, then the model would be dynamically unstable. In other words,
in both countries, at least one of the fiscal policy instruments (spending
cuts and/or tax rises) should react to public debt imbalances for restoring
dynamic stability.

Second, if the criterion is aggregate, or per capita, output, the best policy
mix for both countries is to use public consumption spending cuts to bring
public debt down during the early period of fiscal pain and, once debt has
been reduced, to use the long term fiscal space created by debt consolidation
to finance an increase in public investment spending. This policy mix, when
followed by both countries, is productive for both countries, relative to status
quo, along the transition to the new reformed steady state.

Third, the above policy mix, when followed by both countries, also
improves equality (as measured by relative net incomes) vis-a-vis the status
quo in both countries. However, a policy mix that could improve equity
even further in both countries would be to use the long term fiscal space
created by debt consolidation to cut the tax rate on labor and, during the
early period of fiscal pain, to use the tax rate on capital to bring public debt
down.

The rest of the paper is organized as follows. Section 2 presents the
model. The status quo steady state solution as well as the parameterization
and data used for its solution are in Section 3. Section 4 discusses the solution
methodology. The main results are in Section 5. Section 6 closes the chapter
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and gives some possible extensions. Technical details are in an appendix.

2 A two-country model of a currency union

This section sets up a New Keynesian D(S)GE model consisting of two
heterogeneous countries populated by heterogeneous households. The two
countries form a monetary union. The model is as in Philippopoulos et
al.(2017). However, here we differ in that we distinguish between different
types of agents, including public employees, allowing for the study of the
distributional implications of debt consolidation. We start with an informal
description of the model and discussion of its key assumptions.

2.1 Informal description of the model and discussion of key
assumptions

In this model there are two countries that form a closed system in a New
Keynesian setup. In a regime of a currency union, there is a single monetary
authority or central bank and a 'world’ financial intermediary. In each
country, there are heterogeneous households, private and state-owned firms
and a national fiscal authority or government.

There are three types of households in each country, called "capitalists’,
‘private workers” and ‘public employees’. Capitalists own the private firms,
hold private physical capital, money, internationally traded assets, domes-
tic government bonds and also receive labor income for their managerial
services. Both private workers and public employees just hold money and
receive labor income for their labor services.

On the production side, as we said above, there is a state-owned firm and
a number of private firms. The state-owned firm uses public employees’ la-
bor and goods purchased from the private sector as inputs to produce public
goods and services. Private firms combine capitalists’ and private workers’
labor with private and public physical capital (public infrastructure) for
the production of private goods. Each private firm produces a differenti-
ated tradable private good and, consequently, acts monopolistically facing
Rotemberg-type nominal price rigidities. Nominal price rigidities give a real
role to monetary and exchange rate policy, at least in the transition path.

Monetary policy is common for both countries, while fiscal policy is
conducted independently (national fiscal policies). Both monetary and
fiscal policy are conducted by simple implementable state-contingent policy
rules. Regarding monetary policy, the single monetary authority follows
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a Taylor-type rule for the nominal interest rate. Regarding fiscal policy, in
each country, the national fiscal authority can use a menu of fiscal policy
instruments that are allowed to respond to the inherited public debt-to-GDP
ratio as deviation from a target value.

The market for internationally traded assets allows national governments
to borrow from foreign capitalists (selling their bonds abroad) as well as one
country’s capitalists to borrow (lend) from (to) other country’s capitalists.*
All this international borrowing/lending takes place through a financial
intermediary which faces a transaction cost that is proportional to the coun-
try’s debt.? In turn, this cost creates a wedge between the interest rate that
faces the agents (capitalists) of debtor’s country and those of creditor’s coun-
try. Consequently, capitalists in the debtor country face a higher interest rate
in the international asset market than the capitalists in the creditor country.®
Any profit of the financial intermediary is rebated lump-sum to capitalists
in the creditor country.

To model a monetary union consisting of a country that is a system-
atic debtor (Italy) in the international asset market and another that is a
systematic creditor (Germany), we need to introduce some type of hetero-
geneity. There are several ways to produce systematic borrowers and lenders,
but, here, following e.g.Philippopoulos et al.(2017), we assume that agents
(across countries) differ in their patience about the future or, equivalently, in
their discount factors. Specifically, we assume that households in Germany,
which is a systematic creditor, have higher discount factors than households
in Italy, which is a systematic debtor.

The number of each type of households and their percentages in the
population as well as the number of private firms are as follows. The home
economy is composed of N¥ identical capitalists indexed by k = 1,2,..., N¥, of
N% identical private workers indexed by w=1,2,..., N* and of NP identical
public employees or bureaucrats indexed by b = 1,2,...,N?. We also have
N" domestic private firms indexed by h =1, 2, ...,N" where we assume that
each domestic capitalist owns one domestic private firm, so that N* = N".
Similarly, in the foreign economy. For simplicity, we assume that the number
of agents in the domestic country, N, equals that in the foreign country,

4See also Forni et al., 2010, and Cogan et al., 2013, and many others.

5There are many other ways to model financial intermediation (see e.g.Forni et al., 2010,
Cogan et al., 2013, and many others who assume a transaction cost incurred when agents
participate in the international asset market), but we prefer to focus on this because we find
it more intuitive (see also e.g.Cardia and Woodford (2010, 2011).

®Hence, the sovereign interest rate spread between these two countries is created by
transaction costs incurred by the financial intermediary.
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N*, that is N = N*. We also assume that the same holds for the number
of capitalists in both countries, that is Nk = N**_ In addition, we assume
that there are N/ firms in the foreign country indexed by f = 1,2,..,N/,
whose total number equals that of the foreign capitalists, since it is assumed
that each foreign capitalist owns one foreign private firm. Furthermore, we
assume that, in each country, the number of capitalists, private workers and
public employees in the population remains constant over time, ruling out
occupational choice as well as mobility across groups. Finally, the share
of capitalists, private workers and public employees in the population of

. : k b _
domestic country are defined as vk = NW, vV = NWW and v? = NW respectively,
while the share of capitalists, private workers and public employees in

: . . % kx *
the population of foreign country are defined as v** = ]X, , vV = %w

be — N
= %=
Below, we present the domestic country. The foreign country will be

symmetric except explicitly said. A star will denote the counterpart of a
variable or a parameter in the foreign country.

and

v

2.2 Households as capitalists

This subsection presents the problem of domestic capitalists, k =1, 2, .., Nk,

2.2.1 Consumption bundles and expenditures of domestic capitalists

The quantity of variety h produced at home country by domestic private
firm h and consumed by domestic capitalist k is denoted as cf’H(h). Using a
Dixit-Stiglitz aggregator, the composite domestic private good consumed by
k, cf’H, consists of & varieties and is given by(see also e.g. Forni et al., 2010):7

¢
Nk ) ¢-1

=Y () 1 o T (1

h=1

where ¢ > 0 is the elasticity of substitution across private good varieties
produced in the domestic country.

Similarly, the quantity of imported variety f produced abroad by for-
eign private firm f and consumed by domestic capitalist k is denoted as

7Recall that, in Subsection 2.1, we have assumed that the number of domestic firms (and,
consequently, of domestic varieties) equals that of domestic capitalists.
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cf’F( f). Using a Dixit-Stiglitz aggregator, the composite imported private

good consumed by k, cf’F, consists of f varieties and is given by:®

[ ()] 7 (2)

In turn, having defined cf’H and cf’F, capitalist k’s consumption bundle,

c]t‘, is defined as:
kH\Y ( kF\l=v
K \G (Cf )

t = vv(l _v)l—v

where v is the degree of preference for domestic private goods (if v > 1/2,
there is a home bias).
Each domestic capitalist k’s total consumption expenditure is:

(3)

Ptcf = PtHcf’H + PtFCf’F (4)

where P, is the consumer price index (CPI), P is the price index of home
private tradables and P/ is the price index of foreign private tradables
(expressed in domestic currency).

Each domestic capitalist k” total expenditure on home and foreign private
goods are respectively:’

Nk

Pl =) Pl (ke (h) (5)
h=1
NK

Pret® =) B (f) (6)
f=1

where PH (h) is the price of variety h produced at home and Pf(f) is the price
of variety f produced abroad expressed in domestic currency.

8Recall that, in Subsection 2.1, we have assumed that the number of foreign firms (and,
consequently, of imported varieties) equals that of foreign capitalists.

Recall that, in Subsection 2.1, we have assumed that the number of domestic firms(and,
consequently, that of domestic varieties) equals that of domestic capitalists as well as that
the number of foreign firms(and, consequently, of imported varieties) equals that of foreign
capitalists.
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2.2.2 Prices and terms of trade

We assume that the law of one price holds meaning that each tradable
private good sells at the same price at home country and abroad. Thus,
PF(f) = S;PH (f), where S, is the nominal exchange rate (where an increase
in S, implies a depreciation) and P/ (f) is the price of variety f produced
abroad denominated in foreign currency. Note that the terms of trade are

defined as PF( sl

P stands for the consumer price index (CPI) abroad (see below). Being in a
currency union, we will exogenously set S; =1 at all t.

—), while the real exchange rate is defined as SPP , where

2.2.3 Domestic capitalists’ optimization problem

Each domestic capitalist k acts competitively to maximize discounted ex-
pected lifetime utility:

EY BU(ch o of) 7)

where cf is k’s consumption bundle at t as defined above, n¥ is k’s hours of
work at t, m¥ is k’s end-of-period real money balances at t, y; are public goods
and services at t divided by the number of domestic capitalists, E, is the
rational expectations operator conditional on the current period information
set and 0 < <1 is the time preference rate.

In our numerical solutions, we use a utility function of the form (see also
e.g. Gali, 2008):

k\1-o ky1+ kyl- k..8\1-C
I A () (ny)" " (my) ¥ )
where x,,, x,,,, Xg, O, 1, 1y C are standard preference parameters.
The budget constraint of each domestic capitalist k (written in real terms)

is:
pH S, P ~
(1+Tf)cf+Pthf+ ;)ttftk+b’f+m’t‘ =(1- Tt)[ k tt kk1+cutk +(1—t)wknk+
(9)
S,P; P! P
+Qt1_ fthtltbk
t
P —
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where xF is k’s real private investment at t, f¥ is the real value of k’s end-of-
period internationally traded assets at t denominated in foreign currency
(if negative, it denotes foreign private debt), b¥ is the real value of k’s end-
of-period domestic government bonds at t, rf_l is the gross real return to
inherited private physical capital between t —1 and t, k¥ is k’s end-of-period
private physical capital at t, @;" is k’s real dividends paid by domestic private
firms at t, w¥ is domestic capitalists’ real wage rate at t, Q,_; is the gross
nominal return to international assets between t-1 and t, R,_; > 1 is the
gross nominal return to domestic government bonds between t—1 and ¢, ’Cl k
are real lump-sum taxes/transfers to each k from the government at t, T(tk
is the profits distributed in a lump-sum fashion to each k by the financial
intermediary (see below) at t, 0 < 7f <1 is the tax rate on consumption at t,
0 < tF <1 is the tax rate on capital income at t and 0 < 7' <1 is the tax rate

on labor income at t. Small letters denote real variables e.g. ft = P*' bk = P ,

k_ Q) ~k_TI,' wk
W, = Ti’ T = th’ wf = th Also, letters with a star as superscript denote
the counterpart of a variable in the rest-of-the world, e.g. P/ stands for the
consumer price index (CPI) abroad as said above.

The motion of private physical capital for each k is:

e( kY

k= (1-6)kk | +xF- 2[kkt _1] Kk (10)
t-1

where 0 < 6 <1 is the depreciation rate of domestic private physical capital

and £ > 0 is a parameter capturing adjustment costs related to domestic

private physical capital.

Therefore, each domestic capitalist k chooses {c¥, x¥, n¥, m¥, bF, £}, kkye 0
to maximize Eqs (7) and (8) subject to Eqgs.(9) and (10), by taking as given
prices {rf, wf, Q. R,, P, PH, P}, dividends {’a??k}‘t’io, profits {ﬁk}‘tﬁo, policy
variables {S;, T, /', Ttk, Ttl’k}‘t’io, and initial conditions, {m’fl, bfl,kfl,f_kl}.

The first order conditions include the constraints Eqs.(9), (10), and:

(Cif)—Cf PH +E kgc -1 _ /3 (Cf+1)_0- Ptljl x (11)
(1 +T ) Pt kl]‘(—l (1 +Tt+1)Pt+1
2 k k
£ (kK k k
% 1—5+1—Tk Tk i t+1_1 +£ t+1_1 t+1
( ) ( t+1) t+1 [ kk kgc kgc
(CI;)_U A (Clt<+1)_a Py P!
— S, — = —Q ” 12
(1+7)""' P ﬁ(1+ Ti1) t t+1Pt+1Pt+1 (12)
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(1+1f) ril
k oo (1=7) &
%00 = ()7 ey (14)
b (BT () B
Bl = T P e B )

Egs.(11), (12) and (13) are respectively the Euler equations of domestic pri-
vate physical capital, internationally traded assets and domestic government
bonds, Eq.(14) is the optimality condition for work hours and Eq.(15) is the
optimality condition for real money balances.

Next, each domestic capitalist k chooses {cff’H, Cf’F} to minimize its total
consumption expenditure, Eq.(4), subject to its consumption bundle, Eq.(3),
by taking as given prices, {PF, P}, and consumption bundle, c¥.

The first order conditions include the consumption bundle of k, Eq.(3),
and:

cf’H v pf
Cf’F 1-v PtH

(16)

which is the optimality condition for sharing the total consumption between
domestic and imported private products.
Egs.(3), (4) and (16) imply the following relation for consumer price
index (CPI):
P = (P (P)' (17)

Finally, each domestic capitalist k chooses {CI;’H(h), CI;F(f)} to minimize

the sum of its consumption expenditure on home and foreign private goods,

sum of Eqgs.(5) and (6), subject to the composite domestic private good and

the composite foreign private good consisting of varieties, Eqs.(1) and (2),

by taking as given prices, {P(h), Pf(f)}, and consumption bundles, cf’H and
k,F

Ct .

The first order conditions include Eqgs.(1), (2) and:

k,H H \¢

e (h) = C;,—k(;;(h)) (18)
kF | pF ¢

=1 ) (19)



Plugging Eqs.(18) and (19) into Eqgs.(1) and (2) respectively, we get the
following relations for price indexes:

‘ -

e S L e (20)
h=1

F o F(ryl-¢ "

P = ;W[Pt () (21)

Details of the above problem and its solution are in Appendix A.

2.3 Households as private workers

This subsection presents the problem of domestic private workers, w=1,2,...,N¥.

2.3.1 Consumption bundles and expenditures of domestic private work-
ers

The quantity of variety h produced at home country by domestic private firm
h and consumed by domestic private worker w is denoted as C;U'H(h). Using
a Dixit-Stiglitz aggregator, the composite domestic private good consumed
by w, C;V'H, consists of h varieties and is given by:'?

'
k -1

i = NZ( 1 )3’ )T (22)

Nk
N

Similarly, the quantity of imported variety f produced abroad by foreign
private firm f and consumed by domestic private worker w is denoted as
C?’F(f) Using a Dixit-Stiglitz aggregator, the composite imported private

F . _— L
good consumed by each w, ¢/, consists of f varieties and is given by:!!

NK 1 .
it = ;(N%V CRllEs (23)

10Recall that, in Subsection 2.1, we have assumed that the number of domestic firms (and,
consequently, of domestic varieties) equals that of domestic capitalists.

1 Recall that, in Subsection 2.1, we have assumed that the number of foreign firms (and,
consequently, of imported varieties) equals that of foreign capitalists.
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. . H F . .
In turn, having defined ¢, and ¢}, domestic private worker w’s con-
sumption bundle, ¢}, is defined as:

,H v ,F 1-v
(") (")

v (1 -v)lv

ct = (24)

Each domestic private worker w’s total consumption expenditure is:
P = PR + PECT (25)

Each domestic private worker w’s total expenditure on home and foreign
private goods are respectively:'?

Nk

Pl =y P (h)ci M (h) (26)
h=1
NK

Pre™t =) PR (f) (27)
f=1

2.3.2 Domestic private workers’ optimization problem

Domestic private workers have the same utility function as domestic capital-
ists(see Eqs.(7) and (8)). Each domestic private worker w acts competitively
to maximize discounted expected lifetime utility taking prices and policy as
given.
The budget constraint of each domestic private worker w (written in real
terms) is:
c\ . w wo_ m owow D1 Lw
(L+7)e) +my = (1 -1 )wi'n, +Ttmt—l_Tt (28)
where ¢’ is w’s consumption bundle at t as defined above in Subsection
2.3.1, my is w’s end-of-period real money balances at ¢, n}’ is w’s hours of

. . . Lw
work at t, w}’ is domestic private workers’ real wage rate at t and 7,/ are

real lump-sum taxes/transfers to each w from the government at . Again
small letters denote real variables, e.g.w}’ = V}’,—:

12Recall that, in Subsection 2.1, we have assumed that the number of domestic firms(and,
consequently, that of domestic varieties) equals that of domestic capitalists as well as that
the number of foreign firms(and, consequently, of imported varieties) equals that of foreign
capitalists.
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Therefore, each domestic private worker chooses {c’, n}’, m}};? , to max-
imize Eqgs.(7) and (8) for w, subject to Eq.(28), by taking as given prices
{w, B}i2,, policy variables {7, 7/, Ttl’w}fio, and initial condition, m",.

The first order conditions include the budget constraint above, Eq.(28),
and:

wW\—0 1+ C
(Ct )w — :t — (29)
X, () (1 =1 )wy
i P [(c¥ )¢
(Ct ) _ = t ( t+1)c +xm(m1t.t))—]4 (30)
1+ P | T+1,

Eq.(29) is the optimality condition for work hours and Eq.(30) is the opti-
mality condition for real money balances.

Next, each domestic private worker w chooses {C;U'H, C;U'F} to minimize its
total consumption expenditure, Eq.(25), subject to its consumption bundle,
Eq.(24), by taking as given prices, (P, Pf}, and consumption bundle, c¥.

The first order conditions include the consumption bundle of w, Eq.(24),
and:

T

(31)

which is the optimality condition for sharing the total consumption between
domestic and imported private products.

Egs.(24), (25) and (31) imply the following relation for consumer price
index (CPI):

P, = (PM)'(Pf)'™ (32)

which, as expected, coincides with the equation of CPI derived from the
domestic capitalist k’s problem, Eq.(17).

Finally, each domestic private worker w chooses {C;U'H(h), cf"’F( f)} to mini-
mize the sum of its consumption expenditure on home and foreign private
goods, sum of Eqs.(26) and (27), subject to the composite domestic private
good and the composite foreign private good consisting of varieties, Eqs.(22)
and (23), by taking as given prices, {PH (1), Pf(f)}, and consumption bundles,
¢ and cF.

The first order conditions include Eqgs.(22), (23) and:

c;”'H( pH )(f’
- NEAPf(h)



(34)

Plugging Eqs.(33) and (34) into Eqgs.(22) and (23) respectively, we get the
following relations for price indexes:

R =Y oy (35)

pF=1Y —[Bf ()] (36)

which, as expected, coincide with the equations of price indexes derived
from the domestic capitalist k’s problem, Eqs.(20) and (21).
Details of the above problem and its solution are in Appendix B.

2.4 Households as public employees

This subsection presents the problem of domestic public employees, b=1,2,...,N".

2.4.1 Consumption bundles and expenditures of domestic public em-
ployees

The quantity of variety h produced at home country by domestic private firm
h and consumed by domestic public employee b is denoted as cf’H(h). Using
a Dixit-Stiglitz aggregator, the composite domestic private good consumed

by b, cf’H, consists of h varieties and is given by:13

Nk 1 o |77
=) () [ef%ﬂﬂ (57)

h=1

Similarly, the quantity of imported variety f produced abroad by foreign

private firm f and consumed by domestic public employee b is denoted as

C?'F( f). Using a Dixit-Stiglitz aggregator, the composite imported private

I3Recall that, in Subsection 2.1, we have assumed that the number of domestic firms (and,
consequently, of domestic varieties) equals that of domestic capitalists.
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good consumed by domestic public employee b, cf’F, consists of f varieties
and is given by:'*

¢-1

k*
N -1
¢

1
bE 1 \¢
@ = Z(Nk*)

f=1

[ (f)] (38)

In turn, having defined ctb'H and CIZ’F, domestic public employee b’s con-
sumption bundle, Cf, is defined as:

bH\Y ( bF\17V
o (c;v()1 ()) (39)

Each domestic public employee b’s total consumption expenditure is:
Pl = PHIH 4 pFCDF (40)

Each domestic public employee b’s total expenditure on home and foreign
private goods are respectively:!°

Nk

P = P (et () (41)
h=1

F bF _ N F b,F

Pret™ = (et (f) (42)
f=1

2.4.2 Domestic public employees’ optimization problem

Domestic public employees have the same utility function as domestic cap-
italists (see e.g. Eqgs.(7) and (8)). Each domestic public employee b acts
competitively to maximize discounted expected lifetime utility taking prices
and policy as given.

The budget constraint of each domestic public employee b (written in
real terms) is:

l4Recall that, in Subsection 2.1, we have assumed that the number of foreign firms (and,

consequently, of imported varieties) equals that of foreign capitalists.
I5Recall that, in Subsection 2.1, we have assumed that the number of domestic firms(and,

consequently, that of domestic varieties) equals that of domestic capitalists as well as that
the number of foreign firms(and, consequently, of imported varieties) equals that of foreign

capitalists.
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b,
(1t tf)ef +mf = (1= ywin) + —Lm) |~ (43)
t
where c? is b’s consumption bundle at t as defined above in Subsection 2.4.1,
m? is b’s end-of-period real money balances at t, n’ is b’s hours of work

at t, w? is domestic public employees’ real wage rate at t and Ttl’b are real
lump-sum taxes/transfers to each b from the government at . Again small

b
letters denote real variables, e.g. wi’ = Vg—t

Assuming that the domestic government exogeneously determines the

total domestic public wage bill in real terms divided by the number of

domestic capitalists, defined as g} = kwi’nf, we can rewrite the budget

constraint of b as follows:

k

v P, Lb

(L rf)ey +mi = (1-f) o3} + —Emi =) (44)
t

Therefore, each domestic public employee chooses {c?, m" } 2o to maximize

Egs.(7) and (8) for b, subject to Eq.(43), by taking as given prices {P}2,

policy variables {7}, 7/, Tf'b,g‘;’}‘;go, and initial condition, m” .

The first order conditions include the budget constraint above, Eq.(43),
and:

b -
(/1)
1+ th+1

() b

R

]+xm<m?>—’* (45)

Eq.(45) is the optimality condition for real money balances.
Next, each domestic public employee b chooses {ctb’H, cf £} to minimize its

total consumption expenditure, Eq.(40), subject to its consumption bundle,
Eq.(39), by taking as given prices, (P, Pf}, and consumption bundle, c!.
The first order conditions include the consumption bundle of b, Eq.(39),

and: b
¢ v PtF

= H
&F 1-vp

(46)
which is the optimality condition for sharing the total consumption between
domestic and imported private products.

Egs.(39), (40) and (46) imply the following relation for consumer price
index(CPI):

P, = (PM)"(PF)'™ (47)
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which, as expected, coincides with the equation of CPI derived from the do-
mestic capitalist’s problem (and also coincides with equation of CPI derived
from the domestic private worker’s problem, Eq.(32))

Finally, each domestic public employee b chooses {cf’H(h), cf ’F( f)} to min-
imize the sum of its consumption expenditure on home and foreign private
goods, sum of Eqs.(41) and (42), subject to the composite domestic private
good and the composite foreign private good consisting of varieties, Eqs.(37)
and (38), by taking as given prices, (P (h), Pf(f)}, and consumption bundles,
cf’H and cf’F.

The first order conditions include Eqgs.(37), (38) and:

b,H H \¢

ot = e (Pg <h>) (48)
b,F F \¢

e (f) = Zc\;—k ( P?( f)) (49)

Plugging Eqs.(48) and (49) into Eqgs.(37) and (38) respectively, we get the
following relations for price indexes:

Nk =
e S L e (50)

=1

=

N¥ 1 =
Pf=1) <l (51)

f=1
which, as expected, coincide with Eqs.(20) and (21), that is the equations
of price indexes derived from the domestic capitalist’s problem (which also
concide with Egs.(35) and (36), that is the equations of price indexes derived
from the domestic private worker’s problem).

Details of the above problem and its solution are in Appendix C.

2.5 Domestic private firms

This subsection presents the problem of private firms in the domestic econ-
omy. There are Nk 16 domestic private firms indexed by h =1, 2,...,N*. Bach

16Recall the assumption we have made that, in both countries, the number of capitalists
equals that of private firms.
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domestic private firm h produces a differentiated tradable good of variety
h under monopolistic competition facing Rotemberg-type nominal price
rigidities (see e.g. Walsh, 2010, Wickens, Chapter 9, 2008, and Bi et al.,
2013).

2.5.1 Demand for the domestic private firm h’s product

Each domestic private firm h faces demand for its product, yfl “(h). The
latter comes from domestic households’ private consumption and invest-

H NY w,H N b,H
ment, c¢,'(h) and x,(h), where c; Hpy = Z c ( )+ 2 ¢ (h)+ ) ¢, (h)
w=1 b=1

and x,(h) = ) xf(h), from the domestic state-owned enterprise’s use of

private goods as inputs in its production function, denoted as g;(h), from the
domestic government’s investment, g! (%), from the ﬁnancial intermediary
which is located in the domestic country, denoted as 7;(h),! and from for-
eign households consumptlon of the domestic private goods, ¢! (h), where

EUEDY ckF( h) + Z c; ( )+ Z c ( ) with a star, again, we denote
k=1
the counterpart of a Varlable in the forelgn country. Thus, aggregate demand

for each variety h is:

Since we have:

¢ H (1 ZZZI(P;230)¢ (54)
e (h) = i—f(})ﬁfh))(b (55)

17Gee also Curdia and Woodford, 2010 and 2011, for a similar modelling of resources
consumed by banks.
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Nk—C H \¢
£ gt( 4 ) (57)
N& AP (h)
. Nkgi [ PH ¢
'(h) = R 58
~ ¢
— v; ( PH )
h)=— 59
vt( ) Nk(PtH(h) ( )
k,F ro\¢
k,F C &
h)=— 60
b (= (Ptp(h)) (60)
w,F* rr \®
. P
cF (=2 ( f ) 61
t ( ) Nk* Ptp*(h) ( )
b,F* e o\¢
b,F Ct b
h)=—|— 62
Ct ( ) k* (PtF (h)) ( )
we can rewrite the relation (52) as
k=c , k=i~ . F* P\
T k[ +x,+ N g+ Ng, + Uy + ¢ ]X(PH(h)) (63)
t

Nk NV NY
where ¢;’ = kZ c iy CZU'H + ) cf’H is domestic households’ total con-
1 —

Nk
sumption of private home goods, x; = ¥ x¥ is domestic capitalists’ total
k=1

private investment, N¥g¢ denotes domestic private sector’s total domestic
goods and services that are used by the domestic state-owned enterprise for
the production of total domestic public goods and services, N¥g! denotes
domestic public infrastructure investment, v; denotes total resources con-

N
sumed by the financial intermediary and cf" Z ¢’ RE Z cf Y cf’F
b*=1

is foreign households’ total consumption of prlvate home goods (i.e. domes-
tic country’s exports). Also notice that the law of one price implies that in
Egs.(60), (61) and (62):
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PtF* S_t PtH (64)
PF(h) Pf;<h> PH (h)
t

and recall that the number of domestic capitalists equals that of foreign

capitalists(see Subsection 2.1).

Since domestic aggregate demand, Nkyf{ 4 is:

[ +x;+ NFg +Nk§§+'vvt+cf*] (65)

then domestic aggregate demand for each variety h is rewritten as:

Hd wa( PP\
’ h — ’
Vi ( ) Vi (PtH(h))

2.5.2 Domestic private firms’ optimization problem

Nominal profits of each domestic private firm & are defined as:

P@;(h) = PH(h)yf (h)=PH rfk,_y ()= W nf (h) - W n (h)- ¢ (P 12PH i
1w (h) = B (h)y;" (h) =P ri kg () =W ni" (h) =Wy ni (h) Z(PH(h)nH ) t Yt
(67)
where y!(h) stands for the production of domestic private firm k, /! stands
for the total private output in the domestic economy divided by the number
of domestic capitalists, 7w/’ stands for the steady state value of the gross
domestic goods inflation rate, k;_1(h) denotes the domestic private physical
capital input chosen by domestic private firm h, n}’(h) denotes domestic
private workers’ labor input chosen by domestic private firm h, 1n¥(h) denotes
the domestic capitalists’ labor input chosen by domestic private firm h and
¢F > 0is a parameter which determines the degree of nominal price rigidity.
The quadratic cost that the domestic private firm h faces once it changes
the price of its product is proportional to aggregate domestic private output
divided by the number of domestic private firms (which is equal to the
number of domestic capitalists as we have said in Subsection 2.1).'®

18This specification of Rotemberg-type cost is similar to that of Bi et al., 2013. Here,
working with summations, instead of integrals, we should have a pricing cost which is
proportional to the aggregate domestic private output divided by the number of private
firms. With this modification, we can derive the same NK Philips curve as Bi at al, 2013.
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All domestic private firms use the same technology represented by the
production function(similar to e.g. Hornstein et al., 2005, and Baxter and
King, 1993):

0= A Ik ke ma] )" )

where A; is an exogenous TFP, kf_l denotes the stock of domestic public
infrastructure divided by the number of domestic capitalists,'” 0 < a < 1
is the share of domestic private physical capital, 0 < 8y < 1 is the output
elasticity of domestic public infrastructure for domestic private firm h and
0 <0 <1 is the labor efficiency parameter of domestic capitalist. We assume
a positive 0y, which implies that the production function has increasing
returns to scale with respect to all inputs, as in Baxter and King, 1993.
Notice that we keep CRS over private inputs.

Profit maximization by domestic private firm / is also subject to the
demand for its product, Eq.(66) as derived above. But, instead of using
Eq.(66), we can equivalently use the following equation, Eq.(69), which
expresses the demand for domestic good & in terms of production:

yH<h>=yH( B )(P (69)
t "Bl (h)

where

P H 2 H
IO T R

PH (| yH(h)

This equation can be derived by considering the equations of Subsection
2.5.1 and the following relation, that associates aggregate demand for each
variety h with its production by domestic private firm h:

g o[ By T f
R (h)x{l 2 [P&(h)nH Y (h) 7o

The term in the brackets captures the Rotemberg-type pricing cost and
reflects the discrepancy between production and demand as one expected in
a Rotemberg-type fashion(see e.g. Bi et al., 2013, and Lombardo et al., 2008).

Each domestic private firm h chooses its price, P (h), and its inputs,
ki(h), nlt‘(h), ny(h), to maximize discounted expected lifetime real dividends,

9The stock of domestic public infrastructure is common for all domestic private firms.
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maxE, ) E(.+w;(h), subject to Eq.(69) and its production function, Eq.(68).
t=0
The objective function of domestic private firm 4 in real terms is given by:

0 2
- PH(h) w, P w,w k k ¢" [ Bl(h) Py
max E, ;~0,0+t P, Yt (h)_?trt ki—1(h) —winy (h)_wtnt(h)_7 W—l B
(71)

where = (., is a stochastic discount factor taken as given by the domestic pri-
=10 VU by et \ [\ O
. .. . = _ 11 = i 1 _1tl
vate firm h. This is defined as Z o,; = .]_{){Ri} =p i]_!) [( P )(1+r§+1 )( 5 ) ]
1= = 1
and arises from the Euler of domestic government bonds.

2.5.3 Domestic private firms’ optimality conditions

Following the related literature, instead of solving the above problem, we
follow a two step procedure. We first solve a cost minimization problem,
where each domestic private firm h minimizes its cost by choosing factors of
production given technology and prices. The solution will give a minimum
real cost function, which is a function of factor prices and output produced
by the domestic private firm. In turn, given this cost function, we solve
the dynamic profit maximization problem of domestic private firm h by
choosing its price.

Cost minimization problem: In the first stage, we solve a static cost
minimization problem, where each h minimizes its cost by choosing its
factors of production, k;(h), n't((h), ny’(h), subject to its production function,
Eq.(68), given technology and prices. The cost function is defined in real
terms as follows:

Ltk (h) + wind (h) + wing (h) (72)

The solution to the cost minimization problem gives the following input
demand functions:

P H
?trt ki_1(h) = mc,ay,’ (h) (73)
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winf (h) = me,0(1 - a)yf (h) (74)

wi'nf’ (h) = mey(1 - 0)(1 - )y (h) (75)

where mc, = (! (h)) (as we will show just below, by summing up these
three factor demand functions, the real cost is a function of production)
stands for the real marginal cost, which, by definition, is the derivative of
the associated minimum real cost function, §(y/?(h)), with respect to the
production, ! (h).

Summing up the three above equations it arises the following relation
for the associated minimum cost function of 4 in real terms:

P () = mepf! (h) (76)
Where the real marginal cost, mc;, it can be shown that equals:

[e4

wk o wy 1-01""
{9(1—a)} X{(l—@)(l—a)} } 77)

implying that mc; is common for all domestic private firms since it only
depends on prices, parameters, stock of domestic public infrastructure
divided by the number of domestic capitalists and technology which are
common for all domestic private firms.

Profit maximization: The solution to the cost minimization problem
above gave a minimum real cost function, Eq.(76), which is a function of
prices and output produced by the domestic private firm. In turn, given this
cost function, we solve the dynamic profit maximization problem of / by
choosing its price. Specifically, in the second stage, domestic private firm h
chooses its price, PtH(h), to maximize the discounted expected lifetime real
profits:

1 PtH rg‘r
me;, = ——m——— | ——
! Ak )0 P«

_<I>_P( B! () _1)2&%#
H

max E iaoo B 1)~ gty
Otzo e ' 2 \PH () b

(78)

The above profit maximization is subject to the Eq.(69), which is equiva-

lent to the demand equation that the monopolistically competitive domestic
private firm h faces, Eq.(66).
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The first order condition gives:

_ PA(h) y My pH (h) _
(1-¢) P Vi (h)+(]5mCtyt (P [PtHl nH lpt —PtHl(h)nH_

P ( by )( 1+ )(Cfﬂ] Hl_ Pl (h) ] Pl (h) PtljlyH (79)

Py N1+, ) & PH(hyrcH | PH(hyrcH Pryy "

po

Thus, the behavior of / is summarized by Eqs.(73), (74), (75) and (79).

All domestic private firms solve the identical problem and they will set
the same price, P (h), which implies, through the Eq.(20) (or the identical
Eqs.(35) and (50)), that PH(h) = PH.

More details of the above problem and its solution are in Appendix D.

2.6 Public sector

We now present the public sector. We specify the production function of
public goods and services and, then, the government budget constraint.

2.6.1 The state-owned enterprise

Following most of the related literature,?’ we assume that total domestic

public goods and services, N¥y¥, are produced using goods and services
purchased from the domestic private sector, N¥g¢, and total domestic public
employment, [¥. In particular, following e.g. Linnemann (2009) and Econo-
mides et al.(2013, 2014), we use the following Cobb-Douglas production
function in aggregate terms:

Nhys = A, (NRg5) " (1) (80)

where 0 < 6, <1 is a technology parameter. Notice that we assume that both
domestic private and domestic public good production face the same TFP;
this is because we do not want our results to be driven by exogenous factors.
The total cost of domestic public production, N¥g¢ + w?I¥, is financed by the
domestic government through taxes and bonds (see the budget constraint of
the domestic government, Eq.(82), below).

Similarly, we assume that total public goods and services in the foreign
country, N¥9$*, are produced using goods and services purchased from

205ee Economides et al., 2014, for details and a review of the literature on the production
function of public goods.
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the private sector, N*g¢*, and total public employment, [ . In particular,
following e.g. Linnemann (2009) and Economides et al.(2013, 2014), we use
the following Cobb-Douglas production function in aggregate terms:

Cc*
t

% 8% * *—C* 0% +\1-05
NFpE = Ay (NFge) (1) (81)
where 0 < 60 <1 is a technology parameter. Notice that we assume that both
private and public good production in the foreign country face the same TFP;
this is because we do not want our results to be driven by exogenous factors.
The total cost of foreign public production, N¥g¢* + w2 1¥", is financed by

the foreign government through taxes and bonds (see the budget constraint
of the foreign government, Eq.(85), below).

2.6.2 Government budget constraint

In the domestic country, the period budget constraint of the “consolidated”
public sector expressed in real terms?! is(See Appendix E for details):

S t P t* Pt*— 1
P, P

P pE__ PH_. _ P,
ftg—l + Rt—l tTtbt_l + Png + %tgé + g;u + t_mt—l = (82)

Qi1
f ) P,

pH Y P pf Y P
=m, +1f l—t iy R ) R R e |
P k K
) v v v v
w
k. k

v
w,,w —w
wyny +Fwt ny +8;

+Tf

H
kP T
Vt_P t—1 T Wt Ty
t

P’(‘
+7 4+ b+ S L
P,

where f? is the real value of end-of-period domestic public debt held by
each foreign capitalist at t (expressed in foreign prices),?” b; is the end-
of-period domestic real public debt held by each domestic capitalist at ¢,
%g;, as implied by above definitions, is total public spending on goods and
services purchased from the private sector in real terms at t divided by the
number of domestic capitalists, %gﬁ is, as implied by above definitions, total
public investment in infrastructure in real terms at ¢ divided by the number
of domestic capitalists, 7/ = Ttl’k + ‘;—:Ttl’w + Z—Z'ctl’b are total real lump-sum
taxes/transfers (if positive, it denotes total lump-sum taxes paid to the

211 have aggregated over all agents, divided by the total number of agents and, in turn,
divided all terms by v.

22That is, since the returns to bonds held by domestic capitalists and foreign capitalists
can differ, our modelling implies that the government bond market can be segmented.
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government; if negative, it denotes transfers received by the government)
at t divided by the number of domestic capitalists and m; is the end-of-
period stock of real money balances at ¢ divided by the number of domestic
capitalists. All other variables have been defined above.

Therefore, as in e.g.Alesina et al., 2002, we include four main types of
government spending (purchases of goods and services from the private
sector, public investment in infrastructure, public wages and transfers to in-
dividuals). We also include three main types of taxes (taxes on consumption,
labor and capital income).

Equivalently, if we define total nominal public debt in the domestic
country as NKD, = N*B, +Nk*StP‘f, then, dividing by the number of domestic
capitalists, it becomes in real terms d; = b; + % tg 23 with b, = A,d, and

SfTI:F tg =(1-A;)d;, where 0 < A; <1 denotes the fraction of domestic public
debt held by each domestic private agent(domestic capitalist) and 0 <1 —
A; <1 is the fraction of domestic public debt held by each foreign private
agent(foreign capitalist). Then, the above government budget constraint is

rewritten in real terms as:

S P, Py P PtH—c PtH—i —w P
Qi1 B P St—lpt*_l(l Aio)di + Ry P Ai1dig + P g+ P gyt 8 t P My g =
(83)

H w b F w b H

=my +1f lPL (cf’H + v—c}”’H + v—ci’H) el (cl,f’F + v—c?"F + v—cf’F)l +1f lrl‘Pka_l + ZD}"] +
Pt Uk Uk Pt Uk Uk Pt

n k_k v" w,w —wl l
+1/ |wing +7wt ng +g; |+t +d;

where d,; = %.

In each period, one of {tf, Ttk, rf,gg,gi,gy’, Ttl, A, d;} needs to follow residu-
ally to satisfy the government budget constraint in the domestic country. We
assume, except otherwise said, that this role is played by the end-of period
total public debt divided by the number of domestic capitalists, d,.>*

Here, we model public infrastructure as a stock variable assuming that it
accumulates like private physical capital (see also e.g. Fischer and Turnovsky;,

23Recall that the number of domestic capitalists equals that of foreign capitalists.

24Here, we treat the share of domestic public debt held by foreign private agents, 0 <
1-1; <1, as exogenous variable setting as value its data average. In a similar way, we treat
this variable for the foreign country.
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1998). Hence, the stock of domestic public infrastructure divided by the
number of domestic private firms (which is equal to the number of domestic
capitalists as we have assumed in Subsection 2.1), k$, evolves according to:

g
2 kt—l

2
. g K
§§:ktg—(1—6g)ktg_l+£—[—t—l] k| (84)
where 0 < 08 <1 is the depreciation rate of domestic public infrastruc-
ture stock and £8 > 0 is a parameter capturing adjustment costs related to
domestic public infrastructure stock.

Similarly, the period budget constraint of the “consolidated” public sector

in the foreign country expressed in real terms®> is (see Appendix E for
details):
Py Py g Py P B e P
Qiigpr TR b 8 8 A8 e =
S.p; P P P; P; P;
(85)
pH* vV v pr (e b
s cx | Lt k,Hx w,Hx* b,Hx t k,Fx w,Fx b,Fx
} v v / v v
pH* . v s P +
+f rf*—lt)* Ko @ [ w4 —wi T+ g+ b+ S lt)*ftg
t v 4

where, as we have mentioned, a star denotes the counterpart of a variable or
a parameter in the foreign country.

Let D denote the total nominal foreign public debt in foreign currency
divided by the number of domestic capitalists. This can be held either by a
foreign private agent(foreign capitalist), B = A;D; , or by a domestic private

8
agent(domestic capitalist), % = (1-A})D;.?° Then, we have:

251 have aggregated over all agents, divided by the total number of agents and, in turn,
divided all terms by vk.
26Recall that the number of domestic capitalists equals that of foreign capitalists.
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(86)
pH~ W b prx W L
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+1, rt"—ltJ ki + @i [+ wt*nt*+—vk* wi n g |+ 1+ dj

Similarly, in each period, one of {t%*, 7/, /"', g5, g'*, g, t/*, A}, d}} needs to
follow residually to satisfy the government budget constraint in the foreign
country. We also assume, except otherwise said, that this role is played by the
end-of period total public debt divided by the number of foreign capitalists,
d;.

Similarly, the stock of foreign public infrastructure divided by the num-
ber of foreign private firms (which is equal to the number of foreign capital-
ists as we have assumed in Subsection 2.1), k’tg*, evolves according to:

. 2

e g B .

g =k (1=K + | -1 k7, (87)
2 ko

where 0 < 08" <1 is the depreciation rate of foreign public infrastructure

stock and £8* > 0 is a parameter capturing adjustment costs related to foreign

public infrastructure stock.

2.7 World financial intermediary

We use a simple and popular model of financial frictions (see Cardia and
Woodford (2010 and 2011), Benigno et al.(2014) and Philippopoulos et
al.(2017)). In our model there is a financial intermediary or bank that
intermediates between international lenders and international borrowers.
This bank is located at home country and its role is limited to traditional
banking meaning that receives deposits from lenders and lends the funds to
borrowers.

The bank aims at maximizing its profits. These profits are defined as
revenues, net of transaction or monitoring cost, minus costs. Specifically, the
revenues of the bank comes from lending foreign government and foreign
capitalists, N¥ £ — N* f¥* at the rate Q;. The transaction (or monitoring)
costs are assumed to have a quadratic form in the volume of loans, Nkft -
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N** £k Except from the above operational costs (transaction or monitoring
costs), the bank faces cost coming from collecting funds from domestic
government and domestic capitalists, N ff — N* £ at the rate Q;.?” Thus,
the profit of bank divided by the number of domestic capitalists is written
in real terms (details are in Appendix G):>®

Pt 1 ko WBL P o B D g
= Qi ( 1 t—l)_EPt_H?t( A A SO 15tp P* (ft 1= f5)
(88)

where lé)l;H 7 ft |)? is real transaction cost divided by the number of

foreign capltahsts and Y > 0 is a cost parameter in international borrowing
(see Subsection 3.1 below for its value). On the RHS, the terms in the
brackets are the revenues, net of transactions, while the last term (outside
the brackets) is the cost of borrowing, that is payments to the savers 29

At each t, the bank chooses the volume of its loan, Nkftg_*1 _ Nk= £k ., taking
Q-1 and Q;_; as given. The optimality condition is (details are in Appendix
G)I30

St
Qt—l Si_1
g* k*
LR (5 - fR)
where, in a currency union, S; = 1; thus, Q; > Q; which means that borrowers
pay a sovereign premium.
Notice that the Eq.(89) is rather intuitive and compatible with several

empirical studies. In particular, this equation expresses a positive relation
between the interest rate at which a country borrows from the international

Qi1 = (89)

27Here, ft is each domestic capitalist’s real foreign assets denominated in foreign currency,
and f? is real domestic public debt held by each foreign capitalist in the domestic country;
similarly in the foreign country. Thus, if N*ff — N**££ is positive, it denotes net foreign
assets in the home country and, then, N*£* — N** £f* will be positive denoting net foreign
liabilities in the foreign country. In equilibrium, we would have (f*" - f) + S‘TI:‘*(ftg -fFH=o0
meaning that the international assets of one country equals the international liabilities
of the other country. Again, recall that the number of domestic capitalists equals that of
foreign capitalists. Appendix G provides details.

28Recall that the number of domestic capitalists equals that of foreign capitalists.

29As in Ctrdia and Woodford (2010 and 2011), any resources consumed by the bank for
the monitoring of its financial operations will be part of the domestic aggregate demand for
the composite good (details are in Appendices D and G).

30Recall that the number of domestic capitalists equals that of foreign capitalists.
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market and its total (private and public) foreign debt. In other words, the
worse is a country’s total foreign debt, the higher is the sovereign interest
rate premium this country faces in international lending.

2.8 Monetary and fiscal policy

We now specify policy rules of the monetary and fiscal policy instruments.

2.8.1 Single monetary policy rule in a monetary union

In a flexible exchange rates regime, the exchange rate would be an endoge-
nous variable and the two countries’ nominal interest rate, R; and Rj, could
be free to be set independently by national monetary authorities, say, to
follow national Taylor-type rules. Moving to a monetary union regime, like
eurozone, we could assume that only one of the nominal interest rates, say R;,
can follow a Taylor-type rule, while R} is an endogenous variable replacing
the exchange rate which becomes an exogenous policy variable (see Gali and
Monacelli, 2008, for a similar modelling).

Specifically, we assume a single monetary feedback policy rule of the
following form:

+ (90)

2 *
log(f) = ¢r lﬁlog(%)+ (1 —ﬁ)log(%)

H Hx
sl )

where 7r; and 7t} are the gross inflation rate of CPI in domestic and foreign
country respectively, which are defined as n; = % and 7} = %, ¢ >0
and ¢, > 0 are feedback monetary policy coefficients on price inflation and
on output gap respectively, 0 < 77 < 1 is the political weight given to the
domestic country relative to the foreign country, variables without time
subscripts denote values of the corresponding variables in a new reformed
steady state and, again, a star as superscript denotes the counterpart of a
variable in the foreign country.

2.8.2 National fiscal policy rules

Each country can follow its fiscal policy independently. National fiscal au-
thorities in each country implement fiscal policy following simple feedback
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policy rules. This means that fiscal policy instruments react to easily observ-
able endogenous macroeconomic indicators. In particular, in each country,
we allow all the main spending-tax policy instruments, namely, the ratio
of real government spending on private goods and services to real GDP,
defined as s?, the ratio of real government spending on investment to real
GDP, defined as s, the ratio of real public wage bill to real GDP, defined as
s/, and the tax rates on consumption, capital income and labor income, 77, Ttk
and 7/ respectively, to react to the public debt-to-GDP ratio as a deviation
from a target value according to the following simple linear rules (see e.g.
Schmitt-Grohé and Uribe, 2007, and Philippopoulos et al., 2017, for similar

rules):

sp=s8—yf (i =1) (91)
si=s' =yl (I =1) (92)
st =s" =y (1 =1) (93)
o =+ yf (g =1) (94)
=t yf (- (95)
T ="+ (g =1) (96)

where [;_; is the end-of-period government liabilities as share of GDP at
t —1 (defined below), qu forq=g,1i, w, ¢, k, n, are respectively feedback
fiscal policy coefficients on public liabilities gap, and variables without
time subscripts (i.e. 8 st s¥ ¢,k 1", I) denote values of the corresponding
variable in the new reformed steady state. For example, as further discussed
in Section 4 below, the public debt burden target, /, can be set to a value
less than in the data (this will be the case of debt consolidation where fiscal
policy systematically brings public debt down over time).

From the budget constraint of the domestic government, domestic public
liabilities as share of GDP at the end of period t-1 expressed in real terms
are:

S
Ri_1 A 1D+ Qi —st_tl (1=A1)Ds
H  H
P2y

Fiscal policy in the foreign country is modelled similarly.

Iy = (97)
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2.9 Exogenous variables

In this subsection, we will define the exogenous variables. Regarding the
exogenously set policy instruments, we set the nominal exchange rate S; at 1
(under fixed exchange rates) at all t and the fraction of domestic public debt
held by domestic capitalists, A;, at its data average value at all t. We also
assume that the lump-sum transfers as share of GDP, si, remain constant
over time at their status quo steady state value(see Subsection 3.2 below). As
we present in detail in the Appendix H.3, instead of working with nominal
exchange rate, we can work with gross rate of exchange rate depreciation,
defined as ¢; = SS and assume that its value remains constant at 1. Finally,
the TFP, A;, remains constant over time and equal to 1. Again, exogenous
variables of the foreign country are determined similarly.

2.10 Final Equilibrium system

We now combine all the above to solve for a Decentralized Equilibrium (DE)
for any feasible policy. The DE is defined to be a sequence of allocations,
prices and policies such that: (i) every type of households maximizes util-
ity; (ii) every private firm maximizes profit; (iii) the state-owned enterprise
produces public goods and services; (iv) the world financial intermediary
maximizes profit; (v) all constraints, including the government budget con-
straint and the balance of payments, are satisfied; and (vi) all markets clear,
including the international asset market; (vii) policy instruments follow
feedback rules.

This equilibrium system is presented in detail in Appendix H. It consists

of 64 equations in 64 endogenous variables, [clt‘, c]; A cf o+ Neriongs H e o+ ,c?, cf "

C? Fr ”];f Wi, ”t ,wy, mltcx my’, mt’ rt ’ kf: kigr xtlft ’ Qt'yt ’yt » MCy, wtk) Vi, T(th sy TCfI'
TTt, dt,lt, che (R (B ct ey H*, c}”’F*, cbe (DA bFs nlt‘*, wk, n?, W, mk, mv,
mb, ok kR kT xR R R, Qo 8 met, &0 o, e, dz 1, and 13 feedback
pohcy rulesin 13 pohcy instruments, [Rt,s‘f,st,st ,Tt,Tf,Tt ,sf s s T, T,
7). This is for given the exogenous variables, [e;, A;, /\t,At,At,st,si ], as de-
ﬁned in Subsection 2.9, the values of the feedback (monetary and fiscal)
policy coefficients in the policy rules as defined in Subsection 2.8 and initial

conditions for the state variables.
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3 Data, parameterization and status quo steady
state

In this section we solve the model numerically employing commonly used
parameter values and fiscal data from Germany and Italy over the period
2001-2011. We choose this time period because 2001 is the year that the
euro introduced and 2012 is the year when Italy began fiscal consolidation
efforts (see e.g. EMU-Public Finances (2015) by the European Commission).

3.1 Parameters and fiscal policy variables

The model is solved numerically using parameter values and fiscal data
averages as listed in Tables 1 and 2 respectively. The time unit is meant to be
a year. The two countries are heterogeneous with respect to their discount
factors (see p and p* in Table 1), fiscal policy variables (see fiscal policy
instruments in Table 2) and some parameters related to public sector (see
vl b Gg, 9; in Table 1). In all other respects, the two countries are assumed
to be symmetric.

3.1.1 Structural parameters

The key parameters of the model, that capture the net foreign asset/debt
position of these two countries, are the different discount factors in two
countries, f and %, and the cost parameter in international borrowing, .
Specifically, the values of discount factors, the values of f and *, coming
from the Euler equations of government bonds in the two countries at the
steady state, fQ/m =1 and *Q*/n* = 1, where Q/m and Q*/7* are the real
interest rates in the two countries. According to the data over the period
under consideration, the real interest rate in Germany, Q/7, is lower than
that in Italy, Q*/7*, implying that the Germans are more patient than the
Italians since the above Euler equations will give  =0.9833 > * = 0.9780.
As for the cost parameter in international borrowing, 1, we set its value so
that, from the optimality condition of the bank at the steady state, Eq.(89) at
the steady state,?! we match the Italy’s net foreign debt liabilities, %(Nkfg*—
N**fk) (which are equal to Germany’s net foreign assets).

Some parameter values related to public sector change across countries.
In particular, the percentage of public employees in Germany and Italy are

31Given that at steady state all variables remain constant over time, time subscripts are

eliminated and the Eq.(89) is reduced to Q* = — <
q.(89) Q L
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set at values 0.16 and 0.2 respectively, which are close to the data. Further-
more, in Germany the share of private goods in public production, 6,, is

defined as % and takes the value 0.3, while in Italy this parameter, 0g, is

defined in a similar way, Sg,f_;%, and takes the value 0.35.

All other parameter values are common for both countries and set at
commonly used parameter values in related studies. Let us briefly discuss
some of them. First of all, we set the neutral value of 0.5 at the political
weight variable, 77. In addition, 6 and 6,’2, which stand for the output
elasticity of public infrastructure are both set at 0.05, as in Baxter and King,
1993.32 The parameters 0 and 6%, standing for capitalists’ labor efficiency
parameters in each country, are set so that we obtain a reasonable value for
the ratio of capitalists’ wage to private workers’ wage, ;‘j—yk, and ;’—,’Z, which, in
our model, equals to 1.7 in Germany and 1.6 in Italy. We set Rotemberg’s
price adjustments cost parameters, ¢ and ¢, at 1.56 which correspond
to a probability approximately 20 per cent a firm not to be able to reset its
price each year in a Calvo pricing model (see e.g.Keen and Wang, 2007).

We report that our main results are robust to changes in these parameter
values (these results are available upon request). Thus, although our numeri-
cal experiments below are not meant to provide a rigorous quantitative study;,
they illustrate the qualitative dynamic features of the model in a realistic
way.

3.1.2 Fiscal policy

Regarding fiscal policy variables in two countries, we set the steady state
values of government spending-to-GDP ratios (i.e. public consumption,
public investment and public wage bill as shares of GDP) and the tax rates(on
consumption, capital and labor) at their data averages in each country over
2001-2011.33 In particular, as a measure of s& and s8, which are found in the
state-owned enterprise production function and typically thought of as part
of total public spending on consuming private goods and services, we use
the associated data. Furthermore, we use data of public investment as share
of GDP as a measure of s’ and s’ and of public wage bill as share of GDP
as a measure of s¥ and s¥*. Measure of s and s, that captures lump-sum
transfer payments as share of GDP, follows residually from each country’s

32Leeper et al., 2010, report that there is a lack of consensus on the productivity of
public capital in the literature and, consequently, in their experiments they assigned to this
parameter the value 0.05 as in Baxter and King, 1993.

33This is the so-called status quo steady state (see Subsection 3.2 below).
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government budget constraint. It is also worth to mention that lump-sum
taxes/transfers are distributed to each class of households in each country
according to their shares in the population. As tax rates, 7¢, 7, Tk ok
" and " we use the associated effective tax rates (or what Eurostat calls
implicit tax rates).

Regarding policy instruments along the transition, they can react to de-
viations of endogenous macroeconomic indicators from their steady state
values.>* As for the fiscal (tax-spending) policy instruments along the transi-
tion, they can respond to the inherited public debt as a deviation from its
steady state value, where this reaction is quantified by the coefficients in
the feedback policy rules (see e.g. qu =0, whereg=g,1i, w, ¢, n, k, in the
domestic country’s fiscal policy rules, Eqs.(91)-(96). Similarly for the foreign
country’s case.). In our experiments we use only one fiscal instrument at a
time in each country to respond to debt imbalances by setting the associated
feedback policy coefficient on debt gap at 0.1 (e.g. ¥ = 0.1 and y;* = 0.1),%°
while we switch off the feedback policy coefficient on debt gap of other fiscal
policy instruments. In all cases studied, other things equal, the above fiscal
policy can guarantee a unique transition path.

As for monetary policy, we assume a Taylor-type rule (see Eq.(90)) for
the nominal interest rate of the monetary union that aggressively react
to each country’s inflation meaning that the associated feedback policy
coefficients (¢, and ¢7,) are set both at 1.5, while the feedback monetary
policy coefficients on output gap (¢, and ¢3) are both set at 0.5. Aggressive
reaction of nominal interest rate on each country’s inflation can guarantee
determinacy. We report that our main results are robust to changes in these
values.

)

3.2 Steady state solution in the status quo model

Table 3 reports the steady state solution when parameters and policy in-
struments are set as the values in Tables 1 and 2. Note that, since policy
instruments react to deviations of macroeconomic indicators from their

34Since policy instruments react to deviations of macroeconomic indicators from their
steady state values, feedback policy coefficients do not play any role in steady state solutions.
Also, recall that “money is neutral” in the long run, so that the monetary policy regime also
do not matter to the real economy at the steady state.

35These values are close to those found by optimized policy rules in related studies (see e.g.
Schmitt-Grohé and Uribe, 2007, and Philippopoulos et al., 2017). They are also consistent
with calibrated or estimated values by previous research(see e.g. Leeper et al., 2010, Forni
et al., 2010, Coenen et al., 2012, Cogan et al., 2013, Erceg and Lindé, 2013).
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Table 1:

Parameter values

Parameter | Germany | Italy | Description
vk, vk 0.20 0.20 share of capitalists in population
vY, v?* 0.64 0.60 share of private workers in population
b, vb* 0.16 0.20 share of public employees in population
a, a 0.3 0.3 share of private physical capital in production
Ok, O, 0.05 0.05 output elasticity of public infrastructure
0,0" 0.26 0.26 labor efficiency parameter of capitalist
Og, 0% 0.30 0.35 share of private goods in public production
B, B 0.9833 | 0.9780 time discount factor
v, v* 0.5 0.5 home goods bias in consumption
U, 1 3.42 3.42 money demand elasticity in utility
0, 0" 0.1 0.1 private physical capital depreciation rate
08, 68" 0.1 0.1 public physical capital depreciation rate
¢r, o 1.56 1.56 Rotemberg’s price adjustments cost parameter
o, ¢ 6 6 price elasticity of demand
nn 1 1 inverse of Frisch labor supply elasticity
o,0" 1 1 inverse of elasticity of substitution in consumption
c,C 1 1 inverse of elasticity of public consumption in utility
i 0.5 0.5 political weight in union-wide policies
Y 0.072 - cost parameter in international borrowing
Xor Xm 0.001 0.001 | preference parameter related to real money balances
Xur X 5 5 preference parameter related to work effort
Xo Xg 0.1 0.1 preference parameter related to public spending
& &" 0.01 0.01 | adjustment cost parameter of private physical capital
&8, &8 0.01 0.01 | adjustment cost parameter of public physical capital
A, A* 1 1 TFP level
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Table 2: Fiscal policy variables (data averages over 2001-2011)

| Variable | Germany | Italy | Description

7€, ¢ 0.19 0.18 consumption tax rate

Tk, Tk 0.20 0.31 capital income tax rate

™, ™ 0.38 0.42 labor income tax rate

s$, s8* 0.19 0.19 government consumption spending as share of GDP
s', " 0.02 0.03 government investment spending as share of GDP
sY, s¥ 0.08 0.10 public wage bill as share of GDP

A, A 0.52 0.61 | share of one country’s public debt held by this country’s agents

Note: The data source is Eurostat.

steady state values, feedback policy coefficients do not play any role in
steady state. In this steady state, which is called the status quo steady state,
the debt-to-GDP ratio and fiscal policy instruments in both countries are set
as in the data averages over 2001-2011, while lump-sum transfer payments
as share of GDP play the role of the residually determined public financing
variable in both countries. This steady state solution will serve as a point
of departure to study various policy experiments. That is, in what follows,
we will depart from this solution to study the implications of various policy
reforms.

4 Description of policy experiments and solution
strategy

The way we model public debt consolidation is similar to that of previous
chapters. Nevertheless, it is repeated here for the reader’s convenience. In
our main thought experiment, the role of fiscal policy in both countries is to
improve either resource allocation or "equality” by bringing its public debt-
to-GDP ratio down over time. This is typically called “debt consolidation”
in the related literature (see e.g.Wren-Lewis, 2010). Specifically, in our main
thought experiment, fiscal policy in both countries (as domestic country
defined to be Germany, while as foreign country defined to be Italy) is
defined as follows: (a) In the new reformed steady state, each country’s
output share of public debt is exogenously set at a target value lower than
their status quo steady state solution (in fact, the public debt-to-GDP ratio
is set at 60% in Germany and 90% in Italy from around 68% and 110%
respectively. Recall that the latter were the status quo steady state values in
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Table 3: ”Status quo” steady state solution

Variables \ Description | Home | Foreign |
yH, yH output 0.8952 | 0.7863
ok ke consumption of 02142 | 02064
’ capitalist ’ :
R consumption of 0.0824 | 0.0843
’ private worker ’ ’
b b consumption of 0.0660 | 0.0680
’ public employee ’ ’
nk nk* labor of capitalist 0.2492 0.2451
n¥, nw* labor of worker 0.3788 0.3736
Kk, ke private physical 1.5226 | 1.1045
’ capital ’ ’
e real wage rate of 05163 | 0.5136
’ capitalist ' :
" real wage rate of 03020 | 0.3196
’ worker ’ ’
rk, ks real retl.lrn to p.rlvate 0.1470 0.1780
physical capital
. interest rate
Q"-Q premium 0.0055
lump-sum transfer
N p-s sfers
s, —s a5 share of GDP 0.1639 | 0.1802
et et | o] consumption as
P e R - share of GDP 0.6257 | 0.6351
private physical
yLH, ykT capital as share of 1.7009 | 1.4045
GDP
d 4 total public debt as
S T share of GDP 0-6861 1.08
(1N _ okt (TP total country’s
el foreign debt as share | -0.0930 | 0.0950
" s of GDP
yk, yk* income of capitalist 0.3584 | 0.3230
v, yu income of private 0.0824 | 0.0843
worker
Y, b income of public |~ 5cch | 0 0680
employee

Note: Parameters and policy variables are as in Tables 1 and 2.
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Subsection 3.2.).

(b) In this new reformed steady state, since each country’s public debt has
been reduced and, thus, fiscal space has been created relative to status quo,
one of public spending categories can be increased or one of the tax rates
can be cut, following residually to close the government budget constraint.
This is known as the long-term fiscal gain from debt consolidation.

(c) Along the transition to the new reformed steady state, in each country,
one of the national tax-spending policy instruments is allowed to react to
deviations from policy targets as discussed in Subsection 3.1 above. Given
that the new debt policy target is set at a value lower than in the status quo
in both countries (i.e. we depart from around 68% and 110% in Germany
and Italy respectively, and end up to say 60% and 90% respectively), this
requires lower public spending and/or higher tax rates (in our experiments,
as we have said, one of public spending categories is cut or one of the tax
rates rises), during the early phase of the transition period. This is known as
the short-term fiscal pain of debt consolidation.

This intertemporal tradeoff, between short-term fiscal pain and medium-
term fiscal gain, also implies that the implications of debt consolidation
depend heavily on the mix of public financing policy instruments used,
namely, which policy instrument adjusts endogenously to accommodate
the exogenous change in fiscal policy (see also e.g. Leeper et al., 2010, and
Davig and Leeper, 2011). Specifically, these implications depend both on
which policy instrument bears the cost of adjustment in the early period of
fiscal pain and on which policy instrument is anticipated to reap the benefit,
once debt consolidation has been achieved. In the policy experiments we
consider below, we will experiment with fiscal policy mixes, which means
that the fiscal authority of each country is allowed to use an instrument in
the transition and perhaps a different one in the new steady state.

In our main thought experiment, the model is solved numerically with
the Matlab toolbox (programs are available upon request) using the following
solution strategy: i) First-order approximate solutions are computed around
the associated new steady state and saddle path stability is checked. ii) The
feedback monetary and fiscal policy coefficients of the instruments used
along the transition path - by the single monetary authority as well as by each
national fiscal authority - are set as the values discussed above in Subsection
3.1°% iii) Then, we will depart from the status quo steady state solution

36 Along this transition, regarding public debt consolidation, we experiment with one
fiscal policy instrument at a time in each country, which means that we allow in each
country only one national fiscal policy instrument to react to its policy target, while switch
off all other instruments(Details are in Subsection 3.1).
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and compute the equilibrium transition path as we travel towards a new
reformed steady state (policy reforms are defined above) by setting as initial
values of the predetermined variables their steady state values in the status
quo economy (see Table 3). Transition dynamics from the status quo steady
state to a new steady state will be driven by debt consolidation policies in
both countries.

5 Results

As expected, had tax-spending policy in both countries remained unchanged
as in the data averages over 2001-2011, the model would be dynamically un-
stable. In other words, some type of fiscal reaction in each country (spending
cuts and/or tax rises) to public debt imbalances was necessary for restoring
dynamic stability.

In the policy experiments considered below, we will study the implica-
tions of debt consolidation when both countries take consolidation measures.
To evaluate the implications of debt consolidation, we need to compare them
to a reference regime. As a reference regime, we will use the case without
debt consolidation in both countries, other things equal(i.e. the status quo
steady state). In all cases, we will study aggregate and distributional impli-
cations both in steady state and along the transition. Regarding aggregate
outcomes, we will look, for instance, at aggregate(or per capita) output.
Regarding distribution, we will compute the net income of the represen-
tative worker and public employee relative to that of the capitalist. In the
transition, we will work with present values of the above variables. All these
variables values are compared to their respective values had we remained in
the status quo permanently.

5.1 Aggregate results(efficiency)
5.1.1 Steady state results

We start with comparison of steady state solutions. Recall that in the SQ
steady state, in both countries, public debt-to-GDP ratio and fiscal policy
instruments were set as in the data and lump-sum transfers followed residu-
ally, while, in the reformed steady state, the public debt-to-GDP ratio is ad
hoc cut®” at 90% in Italy and at 60% in Germany so that one of the fiscal

37In the reformed steady, the value of lump-sum transfers remains as in its status quo
steady state in both countries.
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policy instruments in each country follows residually from the government
budget constraint meaning that in the domestic country, and similarly for
the foreign country, one of the s8¢, s', s¥ is allowed to rise or one of the 7, 7",
7¢ is allowed to be cut.

Table 4 reports the value of aggregate output in the domestic country
in each new reformed steady state depending on what the residual fiscal
policy instrument is (columns). Similarly, Table 5 reports values of aggregate
output in the foreign country in each new reformed steady state depending
on what the residual fiscal policy instrument is(columns).

The conclusions that can be made by the Tables 4 and 5 are:

1) Debt consolidation in Germany (country with solid public finances)
is productive relative to status quo (SQ) in the new reformed steady state
under all cases studied. In terms of efficiency, the best way of using the fiscal
space created by debt consolidation is to finance higher public investment
spending.

2) Debt consolidation in Italy (high-debt country) is also productive
relative to status quo (SQ) in the new reformed steady state under all cases
studied. In terms of efficiency, the best way of using the fiscal space created
by debt consolidation is to finance higher public investment spending.

Summing up, in terms of aggregate economy, our numerical results imply
that it is better for both countries to finance an increase in public investment,
once debt has been reduced.

5.1.2 Transition results

Tables 6 and 7 report the present value of aggregate output in the domestic
and the foreign country respectively ¢ periods after debt consolidation starts
taking place in both countries depending on what the adjusting instrument
is in the transition to a new reformed steady state. Both tables correspond
to the case in which both countries in the reformed steady state use their
fiscal space created by debt consolidation to rise public investment. Every
row of these tables shows the present (discounted) value of aggregate output
over different time horizons depending on what instrument adjusts to bring
public debt down in the transition.

Inspection of the results in Tables 6 and 7 implies that if the criterion is
aggregate, or per capita, output, the best policy mix for both countries is to
use the fiscal space created by debt consolidation to finance a rise in public
investment spending (s’ and s™) and, during the early period of fiscal pain,
to use public consumption spending cuts (s and s8*) to bring public debt
down.
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In the transition to the new reformed steady state, the above policy mix,
when followed by both countries, is productive (see Tables 6 and 7) for both
countries. As said, all this is relative to the status quo.

5.2 Distributional implications (equity)

In this subsection, we study the distributional implications of debt consolida-
tion as measured by the net income of private workers and public employees
relative to that of capitalists.’® All this vis-a-vis the status quo.

I start with the study of the most efficient policy mix for both countries
where public consumption spending cuts (s and s8*) are used to bring public
debt down during the early period of fiscal pain and, once debt has been
reduced, the fiscal space created by debt consolidation is used to finance a
rise in public investment spending (s’ and s™*). Tables 16 and 17 report values

Sw =b
of l;qt and ;ik—‘ (relative net incomes), where @f, v and 'y‘f denote the present

t t
value of the capitalist’s, private worker’s and public employee’s net income
respectively in the domestic country ¢ periods after debt consolidation starts
taking place in both countries. Every entry of Tables 16 and 17 represents the

Sw =b
value of % and ;—5( respectively over different t periods (columns) depending
t

t
on what fiscal policy instrument (rows) is used for debt reduction by the
domestic country during the transition. Similarly, Tables 18 and 19 report

~w* ~bx
the values of 3;~kt_ and % (relative net incomes), where a star denotes the
t t
counterpart of a variable in the foreign country. Every entry of Tables 18 and
~w* ~bx
19 represents the value of ij— and %k respectively over different ¢ periods

t t
(columns) depending on what fiscal policy instrument (rows) is used for
debt reduction by the foreign country during the transition.
Inspection of the results in Tables 16, 17, 18 and 19 implies that the most

38In the domestic country, the net income of the capitalist is defined as v = —7¢ck +
(1-F) [rtr”ct “Lkk 1 +wtk]+ (1=t wknf +(Quy — ey L L ft |+ (R —1) t/\t—ldt—l -
vhslyHrr=1 4 7,%, of the private worker is defined as v’ = —ticf + (1 - twiny —
vRslyHr77~1 and of the public employee is defined as y? = —tfc! + (1 -] k7 st wegTlyH -
vksgytHTTt” L In the foreign country, the net incorne of the capitalist is defined as
Y= el + [rt ot Uk + @]+ ] " ywi g +(Qp - 1)TTt v_v*Lft’i*l
(Ri_ -1)%= AL 1d: 1 —vk*si*yt 17}, of the private worker is defined as p}* = —t{" ¢/ +(1 -
o ywp vk*si*yt *r7}7"" and of the public employee is defined as y?* = —tf*cl* + (1 -

vk kx 1% 1-v*
T )V_St o)yt - RSy Y
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Table 4: Output (GDP) in steady state(SS)

Residual instrument
in the domestic economy T T ( s8 s! s¥

| GDP in the domestic economy || 0.8972 | 0.8965 | 0.8958 | 0.8958 | 0.8997 [ 0.8958 |

Steady state value of the output in status quo (SQ) for the domestic economy

is 0.8952.

Note: The above values are barely affected by other country’s choice of fiscal policy
instrument in the new steady state.

k n

Table 5: Output (GDP) in steady state(SS)

Residual instrument
in the foreign economy T

| GDP in the foreign economy || 0.7919 | 0.7896 | 0.7879 | 0.7879 | 0.7946 | 0.7879 |

Steady state value of the output in status quo (SQ) for the foreign economy

is 0.7863.

Note: The above values are barely affected by other country’s choice of fiscal policy
instrument in the new steady state.

kx " c* $8* i gW*

Table 6: Present value of output (GDP) in the domestic economy over dif-
ferent t periods, y;, after debt consolidation starts taking place, when this
economy uses the fiscal space created by debt consolidation to finance a
rise in public investment spending (s').

Adj. Instr. | 75 Y10 Y20 Y40 Y60 Y80 Voo
* 4.3343 | 8.3271 | 15.3682 | 26.3528 | 34.2040 | 39.8120 | 51.9288
" 4.3258 | 8.3236 | 15.3695 | 26.3595 | 34.2124 | 39.8208 | 51.9376
T°¢ 4.3428 | 8.3408 | 15.3897 | 26.3832 | 34.2365 | 39.8448 | 51.9616
s& 4.3463 | 8.3475 | 15.3990 | 26.3953 | 34.2496 | 39.8581 | 51.9750
st 4.3190 | 8.2948 | 15.3245 | 26.3156 | 34.1710 | 39.7798 | 51.8967
s¥ 4.3413 | 8.3393 | 15.3884 | 26.3819 | 34.2353 | 39.8436 | 51.9604

| SQ  [4.3288]8.3081 | 15.3285 | 26.2736 | 34.0889 | 39.6692 | 51.7251 |

Note: Every row represents a different case depending on what fiscal policy instru-
ment is used by the domestic country to bring debt down during the early period
of fiscal pain. At the same time, in this case studied, we assume that the foreign
country uses the fiscal space created by debt consolidation to rise public invest-

ment spending and, during the early period of fiscal pain, uses public consumption
spending cuts to bring public debt down.
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Table 7: Present value of output (GDP) in the foreign economy over different
t periods, v;, after debt consolidation starts taking place, when this economy
uses the fiscal space created by debt consolidation to finance a rise in
public investment spending (s7).

Adj. Instr. | 93 Y10 Y20 Y0 Ys0 Y30 Yoo
™™ 3.7532 | 7.1267 | 12.8621 | 21.1528 | 26.4768 | 29.8909 | 35.5527
™ 3.7390 | 7.1218 | 12.8734 [ 21.1803 | 26.5084 | 29.9231 | 35.5849
[ 3.7733 | 7.1647 | 12.9216 | 21.2306 | 26.5584 [ 29.9730 | 35.6348
5% 3.7785 | 7.1763 | 12.9418 | 21.2566 | 26.5847 [ 29.9991 | 35.6608
5™ 3.7460 | 7.1072 | 12.8334 | 21.1422 | 26.4730 | 29.8876 | 35.5493
sV 3.7705 | 7.1598 | 12.9153 | 21.2235 | 26.5515 | 29.9662 | 35.6280

| SQ  [3.7625]7.1289 | 12.8360 | 21.0623 | 26.3344 | 29.7132 | 35.3158

Note: Every row represents a different case depending on what fiscal policy instru-

ment is used by the foreign country to bring debt down during the early period
of fiscal pain. At the same time, in this case studied, we assume that the domestic
country uses the fiscal space created by debt consolidation to rise public invest-
ment spending and, during the early period of fiscal pain, uses public consumption
spending cuts to bring public debt down.

Table 8: Incomes in steady state (SS) when the fiscal space created by debt
consolidation is used by both economies to finance a rise in their public
investment spending (s’ and s*).

|

H Domestic economy \

Foreign economy

Capitalist’s income

0.3595( 0.3584 )

0.3232(0.3230)

Private worker’s income

0.0829 (0.0824)

0.0851 ( 0.0843)

Public employee’s income

0.0664 ( 0.0660 )

0.0686 ( 0.0680)

Note: In brackets they are reported the associated SQ steady state values.

Table 9: Incomes in steady state (SS) when the fiscal space created by debt
consolidation is used by both economies to cut their labor tax rate (" and
(A

|

H Domestic economy \

Foreign economy

Capitalist’s income

0.3586 ( 0.3584 )

0.3216 ( 0.3230)

Private worker’s income

0.0829 (0.0824)

0.0851 ( 0.0843)

Public employee’s income

0.0664 (0.0660 )

0.0686 ( 0.0680)

Note: In brackets they are reported the associated SQ steady state values.
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Table 10: Values of the income of the private worker and public employee
relative to that of the capitalist in steady state (SS) when the fiscal space
created by debt consolidation is used by both economies to finance a rise in
their public investment spending (s' and s™).

] H Domestic economy \ Foreign economy \

Private worker’s net income

relative to capitalist’s net 0.2306 (0.2299) | 0.2632 (0.2609)
income (?}—korzk* )

Public employee’s net income
relative to capitalist’s net 0.1848 (0.1842) | 0.2123 (0.2104)

b b
income (y—koryk*)
y y

Note: In brackets they are reported the associated SQ steady state values.

efficient policy mix, when followed by both countries, also promotes equity
in both countries. Namely, in both countries, the present values of the net
income of the private worker and the public employee relative to that of
the capitalist rise in all cases and over all time horizons as a result of debt
consolidation. And, as said, all this relative to status quo.

Except for the above case, I have studied several alternative scenarios. I
have experimented with several policy mixes, but I prefer to focus on the
case in which both countries rise their tax rate on capital (¥ and 7¥*) to bring
public debt down during the early period of fiscal pain and, once debt has
been reduced, use the fiscal space created by debt consolidation to finance a
cut in their tax rate on labor (7" and 7). This is a particularly popular policy
politically in terms of redistribution in favor of the "poor”. Every entry of

Sw =b
Tables 20 and 21 represents the value of ;,% and % respectively over different
t 3
t periods (columns) depending on what fiscal policy instrument (rows)
is used for debt reduction by the domestic country during the transition.

Similarly, every entry of Tables 22 and 23 represents the value of zjkl and
t
b
% respectively over different t periods (columns) depending on what fiscal
t

policy instrument (rows) is used for debt reduction by the foreign country
during the transition.

Inspection of the results of Tables 20, 21, 22 and 23 implies that a better
way to improve equity in both countries is to rise their capital tax rate to
bring public debt down, during the early period of fiscal pain, and, once
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Table 11: Values of the income of the private worker and public employee
relative to that of the capitalist in steady state (SS) when the fiscal space
created by debt consolidation is used by both economies to cut their labor
tax rate (t" and ™).

] H Domestic economy \ Foreign economy \

Private worker’s net income

relative to capitalist’s net 0.2311 (0.2299) | 0.2646 (0.2609)
income (?}—kor%)

Public employee’s net income

relative to capitalist’s net 0.1851 (0.1842) | 0.2132 (0.2104)
income (%or%)

Note: In brackets they are reported the associated SQ steady state values.

debt has been reduced, to use the fiscal space created by debt consolidation
to finance a cut in their tax rate on labor. As said, all this relative to status
quo. However, although the present values of the net income of the private
worker and the public employee relative to that of the capitalist in both
countries rise more than in Tables 16, 17, 18 and 19 (i.e. this policy mix
helps the poor more relative to the most efficient case mentioned above), this
policy mix is less efficient at aggregate level. In addition, the present values
of the capitalist’s, private worker’s and public employee’s net income in both
countries fall as the same happens to the aggregate output.

In sum, the most efficient policy mix, in which both countries use the
fiscal space created by debt consolidation to finance a rise in their public in-
vestment spending and, during the transition, use their public consumption
spending cuts to bring public debt down, promotes equity. Nevertheless,
after experimenting with several policy mixes, a better way to promote eq-
uity is both countries to use the fiscal space created by debt consolidation to
finance a cut in their tax rate on labor and, during the early period of fiscal
pain, to use their tax rate on capital to bring public debt down.

6 Closing the chapter and possible extensions
In this chapter was built and solved numerically a new Keynesian D(S)GE

model of a two-country world economy that forms a monetary union. In
this model the fiscal authorities of each country were engaged in public debt
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Table 12: Present values of household j’s income in the domestic econ-
omy over various ¢ periods after debt consolidation starts taking place, 77,

when this economy uses the fiscal space created by debt consolidation to

finance a rise in public investment spending (s’) and, during the transi-

tion, brings debt down through public consumption spending cuts (s9).

7 P Do Vio D0 Do Peo
PVs of domestic
capitalistk's |y o410 | 33368 | 6.1535 | 10.5470 | 13.6853 | 15.9264 | 20.768
income (j = k)
(1.7331) | (3.3263) | (6.1371) | (10.5192) | (13.6482) | (15.8824) | (20.709)
PVs of domestic
private worker
w’s income 0.4020 0.7715 1.4216 2.4350 3.1588 3.6756 4.792
(j=w)
(0.3985) | (0.7649) | (1.4112) | (2.4188) | (3.1383) | (3.6521) | (4.762)
PVs of domestic
public
employee b’s 0.3220 0.6180 1.1389 1.9507 2.5306 2.9446 3.839
income (j = b)
(0.3193) | (0.6128) | (1.1305) | (1.9378) | (2.5142) | (2.9258) | (3.815)

Note: (i) In this case studied, we assume that the foreign country uses the fiscal
space created by debt consolidation to rise public investment spending and, during
the early period of fiscal pain, uses public consumption cuts to bring public debt

down. (ii) Results without debt consolidation are in parentheses.
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Table 13: Present values of household j*’s income in the foreign economy

over various t periods after debt consolidation starts taking place, 37?*, when
this economy uses the fiscal space created by debt consolidation to fi-
nance a rise in public investment spending (s*) and, during the transi-
tion, brings debt down through public consumption spending cuts(s€*).

,\_ix- ,\_]* ,\_]3(- ,\_]* ,\_]X- ,\_]* ,\_]X-
Ys Y10 Y20 Y40 Y60 Y80 Yoo

PVs of foreign
capitalistk's | ) coo0 | 50103 | 50519 | 8.6313 | 10.7979 | 12.1865 | 14.489
income (j = k)

(1.5453) | (2.9279) | (5.2719) | (8.6505) | (10.8158) | (12.2035) | (14.505)

PVs of foreign
private worker
w’s income 0.4037 | 0.7669 | 1.3835 | 2.2735 2.8439 3.2095 3.816
(j=w)
(0.4032) | (0.7640) | (1.3755) | (2.2571) | (2.8221) | (3.1841) | (3.785)

PVs of foreign
public
employee b’s 0.3255 | 0.6184 | 1.1157 | 1.8335 2.2936 2.5884 3.077
income (j = b)

(0.3252) | (0.6161) | (1.1094) | (1.8203) | (2.2760) | (2.5680) | (3.052)

Notes: (i) In this case studied, we assume that the domestic country uses the fiscal
space created by debt consolidation to rise public investment spending and, during
the early period of fiscal pain, uses public consumption cuts to bring public debt
down. (ii) Results without debt consolidation are in parentheses.
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Table 14: Present values of household j’s income in the domestic economy

over various t periods after debt consolidation starts taking place, ;7?, when
this economy uses the fiscal space created by debt consolidation to cut
the tax rate on labor (7") and, during the transition, brings debt down

through a rise in the tax rate on capital (7).

%

,\]
Y10

,\]
Y20

~

~

~

~

Y0 Y60 Y80 Yoo
PVs of domestic
capitalistk's | 2oa | 33109 | 61204 | 105071 | 13.6406 | 15.8776 | 20.7081
income (j = k)
(1.7331) | (3.3263) | (6.1371) | (10.5192) | (13.6482) | (15.8824) | (20.7092
PVs of domestic
private worker
w’s income 0.3984 0.7664 1.4171 2.4304 3.1540 3.6706 4.7865
(j=w)
(0.3985) | (0.7649) | (1.4112) | (2.4188) | (3.1383) | (3.6521) | (4.7620
PVs of domestic
public
employee b’s 0.3191 0.6139 1.1350 1.9467 2.5263 2.9400 3.8338
income (j = b)
(0.3193) | (0.6128) | (1.1305) | (1.9378) | (2.5142) | (2.9258) | (3.8150

Note: (i) In this case studied, we assume that the foreign country uses the fiscal
space created by debt consolidation to cut the tax rate on labor and, during the
early period of fiscal pain, uses capital taxes to bring public debt down. (ii) Results

without debt consolidation are in parentheses.
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Table 15: Present values of household j*’s income in the foreign economy
over various t periods after debt consolidation starts taking place, 77 , when
this economy uses the fiscal space created by debt consolidation to cut
the tax rate on labor (7") and, during the transition, brings debt down
through a rise in the tax rate on capital (7**).

75 V1o %0 Vio V4 Va0 vl
PVs of foreign
capitalist s | 00 | 58806 | 52013 | 8.5551 | 107086 | 12.0896 | 14.3806
income (j = k)
(1.5453) | (2.9279) | (5.2719) | (8.6505) | (10.8158) | (12.2035) | (14.5045)
PVs of foreign
private worker
w’s income 0.4037 0.7667 1.3839 2.2736 2.8439 3.2095 3.8158
(j=w)
(0.4032) | (0.7640) | (1.3755) | (2.2571) | (2.8221) (3.1841) (3.7845)
PVs of foreign
public
employee b’s 0.3253 0.6179 1.1153 1.8323 2.2920 2.5866 3.0753
income (j = b)
(0.3252) | (0.6161) | (1.1094) | (1.8203) | (2.2760) | (2.5680) | (3.0522)

Notes: (i) In this case studied, we assume that the domestic country uses the fiscal
space created by debt consolidation to cut the tax rate on labor and, during the
early period of fiscal pain, uses capital taxes to bring public debt down. (ii) Results
without debt consolidation are in parentheses.
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Table 16: Value of the % over different time horizons (¢) after debt con-

t
solidation starts taking place when the domestic country uses the fiscal
space created by debt consolidation to finance arise in public investment
spending (s').

: O Y10 %0 Y10 Y50 Y50 e
Adj. Instr. 7 = 7 o 7 = T

Tk 0.2316 | 0.2317 | 0.2315 | 0.2313 | 0.2311 | 0.2311 | 0.2310

" 0.2286 | 0.2299 | 0.2301 | 0.2302 | 0.2303 | 0.2303 | 0.2304

T° 0.2301 | 0.2306 | 0.2306 | 0.2305 | 0.2305 | 0.2305 | 0.2305

s8 0.2309 | 0.2312 | 0.2310 | 0.2309 | 0.2308 | 0.2308 | 0.2307

st 0.2298 | 0.2306 | 0.2308 | 0.2307 | 0.2307 | 0.2307 | 0.2307

s¥ 0.2303 | 0.2309 | 0.2308 | 0.2307 | 0.2307 | 0.2307 | 0.2307

] SQ \ 0.2299 | 0.2299 | 0.2299 | 0.2299 | 0.2299 | 0.2299 | 0.2299

Notes:

(i) };q’ stands for the ratio of ¥ to 7%, where 7% and 7* denote the present value of

the net income of the private worker and the capitalist respectively in the domestic
economy for the next t periods after fiscal consolidation starts taking place.

(ii) Every row presents a different case depending on what instrument is used by
the domestic country to bring debt down during the early period of fiscal pain.
(iii) In this case studied, we assume that the foreign country uses the fiscal space
created by debt consolidation to finance higher public investment spending and,
during the early period of fiscal pain, uses public consumption spending cuts to
bring public debt down.
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Table 17: Value of the ;i—; over different time horizons (t) after debt con-
t
solidation starts taking place when the domestic country uses the fiscal
space created by debt consolidation to finance arise in public investment
spending (s').

- D ot 7ao Zio oo o g
Adj. Instr. * 7 o o 7 5 T

T 0.1855 | 0.1856 | 0.1855 | 0.1853 | 0.1852 | 0.1851 | 0.1850

" 0.1833 [ 0.1843 | 0.1844 | 0.1845 | 0.1845 | 0.1846 | 0.1846

T 0.1843 | 0.1847 | 0.1847 | 0.1847 | 0.1847 | 0.1847 | 0.1847

s8 0.1850 | 0.1852 | 0.1851 | 0.1850 | 0.1849 | 0.1849 | 0.1849

s' 0.1841 | 0.1847 | 0.1849 | 0.1849 [ 0.1848 | 0.1848 | 0.1848

sY 0.1736 | 0.1774 | 0.1790 | 0.1801 | 0.1808 | 0.1813 | 0.1821

| SQ  [0.1842]0.1842 | 0.1842 | 0.1842 | 0.1842 | 0.1842 | 0.1842 |

Notes:

~b
(i) ;—2 stands for the ratio of 7! to 7¥, where 7 and 7¥ denote the present value of the
t

net income of the public employee and the capitalist respectively in the domestic
economy for the next t periods after fiscal consolidation starts taking place.

(ii) Every row presents a different case depending on what instrument is used by
the domestic country to bring debt down during the early period of fiscal pain.
(iii) In this case studied, we assume that the foreign country uses the fiscal space
created by debt consolidation to finance a rise in public investment spending and,
during the early period of fiscal pain, uses public consumption spending cuts to
bring public debt down.
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Table 18: Value of the ZL over different time horizons (t) after debt consolida-

Yt
tion starts taking place when the foreign country uses the fiscal space cre-
ated by debt consolidation to finance a rise in public investment spend-

ing (s™).

: v o 50 Vi Y50 Y50 Yoo
Adj. Instr. 7 e ER o = e =
™ 0.2642 | 0.2647 | 0.2646 | 0.2643 | 0.2641 | 0.2640 | 0.2639
" 0.2553 | 0.2586 | 0.2603 | 0.2613 | 0.2617 | 0.2619 | 0.2621
™ 0.2597 | 0.2611 | 0.2617 | 0.2621 | 0.2623 | 0.2624 | 0.2626
s&* 0.2626 | 0.2633 | 0.2634 | 0.2634 | 0.2634 | 0.2634 | 0.2633
5™ 0.2602 | 0.2617 | 0.2627 | 0.2630 | 0.2631 | 0.2631 | 0.2631
sV 0.2603 | 0.2616 | 0.2622 | 0.2625 | 0.2627 | 0.2627 | 0.2628
| SQ  ]0.2609 [ 0.2609 | 0.2609 | 0.2609 | 0.2609 | 0.2609 | 0.2609
Notes:

(i) ;kt— stands for the ratio of %* to 7¢*, where 7 and 7¥* denote the present value

of the net income of the private worker and the capitalist respectively in the foreign
economy for the next ¢ periods after fiscal consolidation starts taking place.

(ii) Every row presents a different case depending on what instrument is used by
the foreign country to bring debt down during the early period of fiscal pain.

(iii) In this case studied, we assume that the domestic country uses the fiscal space
created by debt consolidation to rise public investment spending and, during the
early period of fiscal pain, uses public consumption spending cuts to bring public
debt down.

161



s
Table 19: Value of the ;ﬁc over different time horizons (t) after debt con-

t
solidation starts taking place when the foreign country uses the fiscal
space created by debt consolidation to finance arise in public investment
spending (s").

- N N T R P R T B T

Adpdnstr. | 55 | S | g | | o | A | 5
ok 0.2130 | 0.2134 | 0.2134 | 0.2131 | 0.2130 | 0.2129 | 0.2128
T 0.2063 | 0.2088 | 0.2102 | 0.2109 | 0.2112 | 0.2113 | 0.2115
T 0.2094 | 0.2105 | 0.2111 | 0.2114 | 0.2116 | 0.2116 | 0.2117
58* 0.2117 | 0.2124 | 0.2124 | 0.2124 | 0.2124 | 0.2124 | 0.2124
st 0.2098 | 0.2111 | 0.2119 | 0.2121 | 0.2122 | 0.2122 | 0.2122
sW* 0.1882 | 0.1933 | 0.1976 | 0.2015 | 0.2033 | 0.2042 | 0.2055

| SQ  [0.2104 ] 0.2104 | 0.2104 | 0.2104 | 0.2104 | 0.2104 | 0.2104 |
Notes:

b
(i) ;,% stands for the ratio of 97 to 9, where 5¢* and 7 denote the present value of
t

the net income of the public employee and the capitalist respectively in the foreign
economy for the next t periods after fiscal consolidation starts taking place.

(ii) Every row presents a different case depending on what instrument is used by
the foreign country to bring debt down during the early period of fiscal pain.

(iii) In this case studied, we assume that the domestic country uses the fiscal space
created by debt consolidation to rise public investment spending and, during the
early period of fiscal pain, uses public consumption spending cuts to bring public
debt down.
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Table 20: Value of the % over different time horizons (t) after debt consoli-

t
dation starts taking place when the domestic country uses the fiscal space
created by debt consolidation to cut the tax rate on labor (7").

. Vs Y10 %30 Yao Y60 Y30 Voo
Adj. Instr. 7 = 7 o 7 = T

Tk 0.2313 | 0.2315 | 0.2315 | 0.2313 | 0.2312 | 0.2312 | 0.2311

(e 0.2270 | 0.2285 | 0.2298 | 0.2304 | 0.2307 | 0.2307 | 0.2308

T° 0.2292 | 0.2297 | 0.2303 | 0.2306 | 0.2308 | 0.2308 | 0.2309

s8 0.2304 | 0.2306 | 0.2309 | 0.2309 | 0.2310 | 0.2310 | 0.2310

s 0.2289 | 0.2299 | 0.2309 | 0.2310 | 0.2310 | 0.2310 | 0.2310

s¥ 0.2295 | 0.2300 | 0.2306 | 0.2308 | 0.2309 | 0.2309 | 0.2309

] SQ \ 0.2299 | 0.2299 | 0.2299 | 0.2299 | 0.2299 | 0.2299 | 0.2299

Notes:

(i) };q’ stands for the ratio of ¥ to 7%, where 7% and 7* denote the present value of

the net income of the private worker and the capitalist respectively in the domestic
economy for the next t periods after fiscal consolidation starts taking place.

(ii) Every row presents a different case depending on what instrument is used by
the domestic country to bring debt down during the early period of fiscal pain.
(iii) In this case studied, we assume that the foreign country uses the fiscal space
created by debt consolidation to cut the tax rate on labor and, during the early
period of fiscal pain, rise the tax rate on capital to bring public debt down.
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Table 21: Value of the Z over different time horizons (t) after debt consoli-

t
dation starts taking place when the domestic country uses the fiscal space
created by debt consolidation to cut the tax rate on labor (7").

- D ot 7ao Zio Jio o %
Adj. Instr. * 7 o o 7 5 T

T 0.1853 | 0.1854 | 0.1855 | 0.1853 | 0.1852 | 0.1852 | 0.1851

" 0.1820 [ 0.1832 | 0.1842 | 0.1846 | 0.1848 | 0.1848 | 0.1849

T 0.1836 | 0.1840 | 0.1844 | 0.1847 | 0.1848 | 0.1849 | 0.1849

s8 0.1846 | 0.1847 | 0.1849 | 0.1850 | 0.1850 | 0.1850 | 0.1850

s' 0.1834 | 0.1841 | 0.1849 | 0.1850 | 0.1850 | 0.1850 | 0.1850

sY 0.1690 | 0.1720 | 0.1769 | 0.1807 [ 0.1822 | 0.1828 | 0.1835

| SQ  [0.1842]0.1842 | 0.1842 | 0.1842 | 0.1842 | 0.1842 | 0.1842 |

Notes:

~b
(i) ;—2 stands for the ratio of 7! to 7¥, where 7 and 7¥ denote the present value of the
t

net income of the public employee and the capitalist respectively in the domestic
economy for the next t periods after fiscal consolidation starts taking place.

(ii) Every row presents a different case depending on what instrument is used by
the domestic country to bring debt down during the early period of fiscal pain.
(iii) In this case studied, we assume that the foreign country uses the fiscal space
created by debt consolidation to cut the tax rate on labor and, during the early
period of fiscal pain, rise the tax rate on capital to bring public debt down.
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Table 22: Value of the % over different time horizons (t) after debt consol-

t
idation starts taking place when the foreign country uses the fiscal space
created by debt consolidation to cut the tax rate on labor (7).

E3

: 9" Yo %50 Yio Y50 Uio Vs
Adj. Instr. 7+ 6R ER o7 i 5 =
™ 0.2659 | 0.2660 | 0.2661 | 0.2658 | 0.2656 | 0.2655 | 0.2653
[ 0.2565 | 0.2592 | 0.2612 | 0.2624 [ 0.2628 | 0.2630 | 0.2633
[ 0.2613 | 0.2620 | 0.2627 | 0.2633 | 0.2635 | 0.2636 | 0.2638
58 0.2648 | 0.2648 | 0.2647 | 0.2647 | 0.2647 | 0.2647 | 0.2646
5™ 0.2613 | 0.2625 | 0.2639 | 0.2643 | 0.2644 | 0.2644 | 0.2644
sV 0.2620 | 0.2626 | 0.2633 | 0.2637 [ 0.2639 | 0.2640 | 0.2641
| SQ  ]0.2609 | 0.2609 | 0.2609 | 0.2609 | 0.2609 | 0.2609 | 0.2609 |
Notes:

(i) ;kf— stands for the ratio of 7" to 9~*, where 7** and 75 denote the present value

t
of the net income of the private worker and the capitalist respectively in the foreign
economy for the next ¢ periods after fiscal consolidation starts taking place.

(ii) Every row presents a different case depending on what instrument is used by
the foreign country to bring debt down during the early period of fiscal pain.

(iii) In this case studied, we assume that the domestic country uses the fiscal space
created by debt consolidation to cut the tax rate on labor and, during the early

period of fiscal pain, rise the tax rate on capital to bring public debt down.
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Table 23: Value of the £ over different time horizons (t) after debt consol-

t
idation starts taking place when the foreign country uses the fiscal space
created by debt consolidation to cut the tax rate on labor (7).

. DS Of DR Zip Ve Tio %
Adj. Instr. % S B S S S =
™™ 0.2143 | 0.2144 | 0.2144 | 0.2142 | 0.2140 | 0.2140 | 0.2138
[ 0.2071 | 0.2092 | 0.2108 | 0.2116 | 0.2119 | 0.2121 | 0.2123
[ 0.2106 | 0.2112 | 0.2117 [ 0.2122 [ 0.2124 | 0.2125 | 0.2126
s&* 0.2134 | 0.2134 | 0.2133 [ 0.2133 [ 0.2133 | 0.2133 | 0.2133
5™ 0.2106 | 0.2116 | 0.2127 | 0.2130 | 0.2131 | 0.2131 | 0.2131
sV 0.1886 | 0.1919 | 0.1964 | 0.2009 | 0.2031 | 0.2042 | 0.2056
| SQ  [0.2104 ] 0.2104 | 0.2104 | 0.2104 | 0.2104 | 0.2104 | 0.2104 |
Notes:

N : & ~b —&
(i) }74,( stands for the ratio of v{* to v}, where y/* and y;* denote the present value of
t

the net income of the public employee and the capitalist respectively in the foreign
economy for the next t periods after fiscal consolidation starts taking place.

(ii) Every row presents a different case depending on what instrument is used by
the foreign country to bring debt down during the early period of fiscal pain.

(iii) In this case studied, we assume that the domestic country uses the fiscal space
created by debt consolidation to cut the tax rate on labor and, during the early

period of fiscal pain, rise the tax rate on capital to bring public debt down.
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reduction over time. The emphasis was on the aggregate and distributional
implications of debt consolidation, where income heterogeneity in each
country, and hence distribution, had to do with the distinction between
“capitalists”, "private workers” and ”“public employees”. Since the results
have already been written in the introduction, here I just mention some
possible extensions. First, it would be interesting to examine what happens
when policy is chosen optimally, with both cooperative and non-cooperative
rules. Second, it would be interesting to allow for deviations from rational

expectations (see e.g. Angeletos et al., 2018).

Appendix A Households as capitalists

This appendix provides details and the solution of domestic capitalists’
optimization problem. Each domestic capitalist k = 1,2,..., N* solves an inter-
temporal problem, in which he acts competitively to maximize discounted
expected lifetime utility, and an intra-temporal one, in which he minimizes
consumption expenditures.

A.1 Domestic capitalists’ optimization problem

Inter-temporal problem: Each domestic capitalist k acts competitively to
maximize discounted expected lifetime utility:

[Se]

Eo;ﬁfU(ci‘,n’:, mt, 5 ) (98)

where cf is k’s consumption bundle at t as defined below in the intra-

temporal problem, Eq.(105), nlt‘ is k’s hours of work at ¢, mlt‘ is k’s end-
of-period real money balances at t, v¥ are public goods and services at t
divided by the number of domestic capitalists implying that the per capita
public goods and services are defined as v*v?, E, is the rational expectations
operator conditional on the current period information setand 0 < <1is
the time preference rate.

In our numerical solutions, we use a utility function of the form (see also
e.g. Gali 2008):

tr 1y —Xn T Xm 1_[/[ g 1_C (99)

k\l-o ky1+n ky1-p k.,8\1-C
c n m v
U(Ck kmltclytg): (ct) (1) (my) . (v*yy)
1-0 I+n
where x,,, x,,,, Xg, O, 1, 1y C are standard preference parameters.
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The budget constraint of each domestic capitalist k (written in real terms)

is:
T T ok k. k
t t
(100)
SP* P_1
+ Q11— ft 1t —L b}
t
P
+ =L 1m]t‘_1—Ttl’k+7ztk
Py

where xF is k’s real private investment at ¢, f is the real value of k’s end-of-
period internationally traded assets at t denominated in foreign currency
(if negative, it denotes foreign private debt), b¥ is k’s end-of-period real
domestic government bonds at ¢, r{‘_l is the gross real return to inherited
private physical capital between ¢ — 1 and ¢, k¥ is k’s end-of-period private
physical capital at t, @;" is k’s real dividends paid by domestic private firms
at t, wF is domestic capitalists’ real wage rate at t, Q,_; is the gross nominal
return to international assets between t-1 and t, R;_; > 1 is the gross nominal
return to domestic government bonds between f -1 and ¢, Ttl'k are real lump-
sum taxes/transfers to each k from the government at t, 7,k are profits
distributed in a lump-sum fashion to each k by the financial intermediary
(see below) at t, S; is the nominal exchange rate (where an increase in S;
implies a depreciation), 0 < 7 < 1 is the tax rate on consumption at ft,
0 < tF <1 is the tax rate on capital income at ¢, 0 < 7/ < 1 is the tax rate on
labor income at t, P, is the domestic consumer price index (CPI) and P is

the price index of home tradables. Small letters denote real variables e.g.
k k

k k k l

k= P* bk = E)Tk = P , Tk = P , wk = &,Ttl'k = 4. Also, letters with
a star as superscrlpt denote the counterpart of a Varlable in the rest-of-the
world, e.g. P/ stands for the consumer price index (CPI) abroad.

The motion of private physical capital for each domestic capitalist k is:

g(k Y
k \1.k k k

t-1
where 0 < 6 <1 is the depreciation rate of domestic private physical capital
and £ > 0 is a parameter capturing adjustment costs related to domestic
private physical capital.

Therefore, in the inter-temporal problem, each domestic capitalist k
chooses {cf, xf,nt,mt,bf,ft ,kk }ie, to maximize Eqs.(98) and (99) subject to
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Eqs.(100) and (101), by taking as given prices {rf, wk, Qi R, B, PH,PIY,,
dividends {EB;k}in, profits {ﬂk}fio, policy variables {S,, 7¢, /', ¥, Ttl’k}‘;io, and
initial conditions, {m'fl, bfl, kfl,f_k1 |3

Intra-temporal problem: Each domestic capitalist k minimizes the follow-
ing total consumption expenditure:

Ptcf = PtHcf’H + Pthf'F (102)

where P/ is the price index of foreign tradables (expressed in domestic cur-
kH . . o . .

rency), ¢;” is the composite domestic private good consisting of h varieties
consumed by domestic capitalist k as defined below (see Eq.(106)) and c];’F
is the composite imported private good consisting of f varieties consumed
by domestic capitalist k as defined below(see Eq.(107)).

Each domestic capitalist k’s total consumption expenditure is split into
total expenditure on private home goods and private foreign goods respec-

tively as follows:%”
Nk
PR = PR (et () (103)
h=1
NK
prett =) PRIt (f) (104)
f=1

where cf’H(h) denotes the quantity of each variety h produced by domestic

private firm h and consumed by each domestic capitalist k, ch(f) denotes
the quantity of each imported variety f produced by foreign private firm
f and consumed by each domestic capitalist k, P (h) is the price of variety
h produced at home and Pf(f) is the price of variety f produced abroad
expressed in domestic currency.

The consumption bundle of k is defined as:

KH\Y { kF\l-v
k (Ct )(Ct )
C, =
t vv(l_v)l—v

where v is the degree of preference for domestic private goods (if v > 1/2,
there is a home bias).

(105)

39Recall that, in Subsection 2.1 in the main text, we have assumed that the number
of domestic firms(and, consequently, that of domestic varieties) equals that of domestic
capitalists as well as that the number of foreign firms(and, consequently, of imported
varieties) equals that of foreign capitalists.
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Using a Dixit-Stiglitz aggregator, the composite domestic private good
consumed by each k, clf’H, consists of h varieties and is given by:*’

Nk 1\s o o1

k.H P kH

A=) () ek (106)
h=1

where ¢ > 0 is the elasticity of substitution across private good varieties
produced in the domestic country.

Similarly, using a Dixit-Stiglitz aggregator, the composite imported pri-
k,F
vate good consumed by each k, c;

by:41

, consists of f varieties and is given

N¥ 1 é oot %
o =) () 1o (107)
F=1
Therefore, in the intra-temporal problem, each domestic capitalist k
chooses {Cf’H, cf'F} to minimize its total consumption expenditure, Eq.(102),
subject to its consumption bundle, Eq.(105), by taking as given prices,
{PH,PF}, and consumption bundle, cf. Next, each domestic capitalist k
chooses {CI;’H(h), clfp(f)} to minimize the sum of its consumption expendi-
ture on private home goods and private foreign goods, sum of Eqs.(103) and
(104), subject to the composite private domestic good and the composite

private foreign good consisting of varieties, Eqs.(106) and (107), by taking

as given prices, {P(h), Pf(f)}, and consumption bundles, cf’H and cf’F.

A.2 Domestic capitalists’ optimality conditions

Each domestic capitalist k acts competitively taking prices and policy as
given.

Inter-temporal problem: The first order conditions include the k’s bud-
get constraint, Eq.(100), the law of motion of domestic private physical
capital, Eq.(101), and:

40Recall that, in Subsection 2.1 in the main text, we have assumed that the number of
domestic firms (and, consequently, of domestic varieties) equals that of domestic capitalists.

4IRecall that, in Subsection 2.1 in the main text, we have assumed that the number of
foreign firms (and, consequently, of imported varieties) equals that of foreign capitalists.
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e B
(1+7) P,

t+1 t+1
(108
( ]] /)) 1 + Tt-ﬁ-l Pt+1 )

2 k
5 kt+1 kt+l kt+1
x|(1=8)+(1 -1k )k, - —[ 1] +&[ =L
[ A )k

(k)= pr (Cﬁl)_a Py B
1+ E—ﬁ—(1+th+1)Qt t+1mﬁ (109)
() P (cf)”
T R e "
1_ n
X’ <i‘>—(’<(1+z}))wi‘ (1)
k\—o Y
k(b = : ()" B (112)

(1+7) " (I+7,) Py

Eqgs.(108), (109) and (110) are respectively the Euler equations of domestic
private physical capital, internationally traded assets and domestic govern-
ment bonds, Eq.(111) is the optimality condition for work hours and Eq.(112)
is the optimality condition for real money balances.

Intra-temporal problem: The first order conditions include the con-
sumption bundle of k, Eq.(105), and:

kH F
T (113)
Ct' 1—vpt
kH H \¢
k,H Cy P,
“(h) = — 114
Ct () Nk (PtH(h)) ( )
k,F F \¢
k,F Ct P
’ = 115
=5 ) (113

Eq.(113) is the optimality condition for sharing the total consumption be-
tween domestic and imported private goods, Eqs.(114) and (115) are demand

equations of domestic capitalist for varieties produced at home and abroad
respectively.
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Plugging Eqs.(114) and (115) into Eqs.(106) and (107) respectively, we
get the following relations for price indexes:

1
Nk -¢

PH=1% [P () (116)

1
Nk* -¢

BF =1y L [BF ()1 (117)

Yet, Eqs.(102), (105) and (113) imply the following relation for consumer
price index(CPI):

P = (P)" (B (118)

Appendix B Households as private workers

This appendix provides details and the solution of domestic private worker
w’s optimization problem. Each domestic private worker w = 1,2,...,N¥
solves an inter-temporal problem, in which he acts competitively to max-
imize discounted expected lifetime utility, and an intra-temporal one, in
which he minimizes consumption expenditures.

B.1 Domestic private workers’ problem

Inter-temporal problem: Domestic private workers have the same utility
function as domestic capitalists (see Eqs.(98) and (99)). Each domestic pri-
vate worker w acts competitively to maximize discounted expected lifetime
utility taking prices and policy as given.

The budget constraint of each domestic private worker w is in real terms:

P
(1+Tf)c}”+m't”:(1—Tf)w}"n}"+t?tlm't”_1—1tl’w (119)
where ¢ is w’s consumption bundle at t as defined below in the intra-
temporal problem, Eq.(123), m}’ is w’s end-of-period real money balances

at t, ny is w’s hours of work at t, w}’ is domestic private workers’ real wage

w

rate at t and Ttl’ are real lump-sum taxes/transfers to each w from the
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government at f. Again small letters denote real variables, e.g. wy’ = -,
l,w . Ttl,w
T, = B -

Theriefore, in the inter-temporal problem, each domestic private worker
w chooses {c}’,n}’,m{’}72, to maximize Eqgs.(98) and (99) for w, subject to
the budget constraint, Eq.(119), by taking as given prices {w}’, P};2 ), policy
variables {7}, Tt”,’ff’w}‘t’io, and initial conditions, m";.

Intra-temporal problem: Each domestic private worker w minimizes
the following total consumption expenditure:

Pc = PHcM 4 pFeF (120)

where c;”’H is the composite domestic private good consisting of h varieties
consumed by domestic private worker w as defined below (see Eq.(124))
and c;”’F is the composite imported private good consisting of f varieties
consumed by domestic private worker w as defined below (see Eq.(125)).
Each domestic private worker w’s total consumption expenditure is split
into total expenditure on private home goods and private foreign goods

respectively as follows:*?
Nk
PH M = PH (et (h) (121)
h=1
N
pret™t =) PE(F)e(f) (122)
=1

where c;”’H(h) denotes the quantity of each variety h produced by domestic

private firm / and consumed by each domestic private worker w and C;”’F( f)
denotes the quantity of each imported variety f produced by foreign private
firm f and consumed by each domestic private worker w.

The consumption bundle of w is defined as:

,H v ,F 1-v
(") (")
w

= V(1 -v)l-v

(123)

42Recall that, in Subsection 2.1 in the main text, we have assumed that the number
of domestic firms(and, consequently, that of domestic varieties) equals that of domestic
capitalists as well as that the number of foreign firms(and, consequently, of imported
varieties) equals that of foreign capitalists.
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Using a Dixit-Stiglitz aggregator, the composite domestic private good
consumed by each w, C?}’H, consists of h varieties and is given by:*?

Nk 1 lp ¢-1 -t
wH _ z Y wH =
i ) h=1 (m) € (h)] ’ (124)

Similarly, using a Dixit-Stiglitz aggregator, the composite imported pri-

vate good consumed by each w, C?}'F, consists of f varieties and is given
by.44

¢
NK 1 ¢-1
F 1 \o F -1
=) () e o (125)
f=1
Therefore, in the intra-temporal problem, each domestic private worker w

chooses cw’H,cw’F to minimize its total consumption expenditure, Eq.(120),
t t P P q

subject to its consumption bundle, Eq.(123), by taking as given prices,
{P,PF}, and consumption bundle, c. Next, each domestic private worker
w chooses {c;”’H(h), c;‘/F(f)} to minimize the sum of its consumption expen-
diture on private home goods and private foreign goods, sum of Eqs.(121)
and (122), subject to the composite domestic private good and the composite
foreign private good consisting of varieties, Eqs.(124) and (125), by taking

as given prices, {P (h), Pf(f)}, and consumption bundles, cf/’H and c;”’F

B.2 Domestic private workers’ optimality conditions

Each domestic private worker w acts competitively taking as given prices
and policy.

Inter-temporal problem: The first order conditions include the w’s bud-
get constraint, Eq.(119), and:

xp(nf) (-1 )wy’
w\— w \—0
) (Z _ gt (C”l)c ]+xm(m;”)—# (127)
1+7 Py | 1+7,

43Recall that, in Subsection 2.1 in the main text, we have assumed that the number of
domestic firms (and, consequently, of domestic varieties) equals that of domestic capitalists.

44Recall that, in Subsection 2.1 in the main text, we have assumed that the number of
foreign firms (and, consequently, of imported varieties) equals that of foreign capitalists.
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Eqgs.(126) and (127) are the optimality conditions for work hours and real
money balances respectively.

Intra-temporal problem: The first order conditions include the con-
sumption bundle of w, Eq.(123), and:

H
@ _ v B (128)
¢ 1-vpH
wH H \¢
P
M (hy = 2L ( f ) 129
t ( ) Nk PtH(h) ( )
w,F F \¢
w,F Cy Pt
v (f)=—*( ) (130)
t NE AP/ (f)

Eq.(128) is the optimality condition for sharing the total consumption be-
tween domestic and imported private goods, Eqs.(129) and (130) are demand
equations of domestic private worker for varieties of private goods produced
at home and abroad respectively.

Plugging Eqs.(129) and (130) into Eqgs.(124) and (125) respectively, we
get the following relations for price indexes:

H _ Nki H1,\11-¢ h
PH =% [P ()] (131)

N 1 =
Pf=0) e Rfon (132)
f=1
which, as expected, coincide with Eqs.(116) and (117) respectively derived
from domestic capitalist’s solution.
Yet, Eqs.(120), (123) and (128) imply the following relation for consumer
price index(CPI):

b= (PtH)v(PtF)l_v (133)

which, as expected, coincides with Eq.(118) derived from domestic capital-
ist’s solution.
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Appendix C Households as public employees

This appendix provides details and the solution of domestic public employ-
ees’ optimization problem. Each domestic public employee b = 1,2,...,N?
solves an inter-temporal problem, in which he acts competitively to max-
imize discounted expected lifetime utility, and an intra-temporal one, in
which he minimizes consumption expenditures.

C.1 Domestic public employees’ optimization problem

Inter-temporal problem: Domestic public employees have the same utility
function as domestic capitalists (see Egs.(98) and (99)). Each domestic public
employee b acts competitively to maximize discounted expected lifetime
utility taking prices and policy as given.
The budget constraint of each domestic public employee b in real terms
is:
(1+78)cl+ml =(1-7] )wi’nﬁ’+PTm? 1 Ttlb (134)
t

where ¢! is b’s consumption bundle at t as defined below in the intra-

temporal problem below, Eq.(139), m! is b’s end-of-period real money bal-
ances at t, n! is b’s hours of work at t, w? is public employees’ real wage rate
at t and Ttl’b are real lump-sum taxes/transfers to each b from the government

b Lb
at t. Again small letters denote real variables, e.g. w/ = VI\% ’L’l b= Tlg :

Assuming that the domestic government exogeneously determines the

total domestic public wage bill in real terms divided by the number of

domestic capitalists, defined as g}’ = kwf’nlt’, we can rewrite the budget

constraint of b as follows:

k
v Py Lb
(1+7f)ef +m) = (1-17) bgt + ;3 m?l_’ft (135)
t
Therefore, in the inter-temporal problem, each domestic public employee

b chooses {cf’, m?}‘t’io to maximize Eqs.(98) and (99) for b, subject to its bud-

get constraint, Eq.(135), by taking as given prices {L};2,, policy variables
{tf, 1/, rt"b,gi“};jo, and initial conditions, mljl.

Intra-temporal problem: Each b minimizes the following total consump-
tion expenditure:

Pcl = pH M 4 pEcbE (136)

176



where cf’H is the composite domestic private good consisting of h varieties

consumed by domestic public employee b as defined below (see Eq.(140))
and cf’P is the composite imported private good consisting of f varieties
consumed by domestic public employee b as defined below (see Eq.(141)).

Each domestic public employee b’s total consumption expenditure is
split into total expenditure on private home goods and private foreign goods
respectively as follows:*>

P = I (et () (137)

prer™ =) PF(f)eF(f) (138)

where cf (L) denotes the quantity of each variety h produced by domestic

private firm h and consumed by each domestic public employee b and cf £ f)
denotes the quantity of each imported variety f produced by foreign private
firm f and consumed by each domestic public employee b.

The consumption bundle of b is defined as:

b,H\V ( bF\l7V
o (C;,()l ()) (139)

Using a Dixit-Stiglitz aggregator, the composite domestic private good
consumed by each b, Cf’H, consists of h varieties and is given by:*°

k 1
N 1

1 ¢
b, 1 \o b, o1
=) () Lk oy’ (140
h=1
Similarly, using a Dixit-Stiglitz aggregator, the composite imported pri-

vate good consumed by each b, cth’F, consists of f varieties and is given
by:*’

4SRecall that, in Subsection 2.1 in the main text, we have assumed that the number
of domestic firms(and, consequently, that of domestic varieties) equals that of domestic
capitalists as well as that the number of foreign firms(and, consequently, of imported
varieties) equals that of foreign capitalists.

46Recall that, in Subsection 2.1 in the main text, we have assumed that the number of
domestic firms (and, consequently, of domestic varieties) equals that of domestic capitalists.

47Recall that, in Subsection 2.1 in the main text, we have assumed that the number of
foreign firms (and, consequently, of imported varieties) equals that of foreign capitalists.
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N ot |7
b,F b,F 5
=) () e o } (141)
f=1
Therefore, in the intra-temporal problem, each domestic public em-

ployee b chooses {cf’H, ctb’F} to minimize its total consumption expenditure,

Eq.(136), subject to its consumption bundle, Eq.(139), by taking as given
prices, {PtH, PtF}, and consumption bundle, Cf. Next, each domestic public
employee b chooses {c?’H(h), cf'F(f)} to minimize the sum of its consump-
tion expenditure on private home goods and private foreign goods, sum of
Egs.(137) and (138), subject to the composite domestic private good and the

composite foreign private good consisting of varieties, Eqs.(140) and (141),

by taking as given prices, {P/(h), PF(f)}, and consumption bundles, cf’H and

b,F
¢, .

C.2 Domestic public employees’ optimality conditions

Each domestic public employee b acts competitively taking as given prices
and policy.

Inter-temporal problem: The first order conditions include the b’s bud-
get constraint, Eq.(135), and:

¢y P

— /3 (Cil'?-l-l)_a
1+ Tf Pt+1

Cc
1+Tt+1

]+xm(m‘;)—ﬂ (142)

Eq.(142) is the optimality condition for real money balances.
Intra-temporal problem: The first order conditions include the con-
sumption bundle of b, Eq.(139), and:

b;
T (143)
bH H \¢
b,H Cy by
’ = — 144
Ct ( ) Nk (PtH(h)) ( )
b,F F \¢
b,F Cc P
¢ (f):_zxtlk*(pft(f)) (145)

Eq.(143) is the optimality condition for sharing the total consumption be-
tween domestic and imported private products, Eqs.(144) and (145) are
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demand equations of public employee for varieties of private goods pro-
duced at home and abroad respectively.

Plugging Eqs.(144) and (145) into Eqs.(140) and (141) respectively, we
get the following relations for price indexes:

S N (146)

PF=1) —IRF(HI? (147)

which, as expected, coincide with Eqs.(116) and (117) respectively derived
from domestic capitalist’s solution (as well as coincide with Eqs.(131) and
(132) respectively derived from domestic private worker’s solution).

Yet, Eqs.(136), (139) and (143) imply the following relation for consumer
price index(CPI):

P, = (PM)"(PF)'™ (148)

which, as expected, coincides with Eq.(118) derived from domestic capi-
talist’s solution (and also coincides with Eq.(133) derived from domestic
private worker’s solution).

Appendix D Domestic private firms

This appendix provides details and the solution of private firms’ optimiza-
tion problem in the domestic country. There are & = 1,2,...,N¥ domestic
private firms. Each firm h produces a differentiated good of variety h under
monopolistic competition and Rotemberg-type nominal price rigidities (see
Bi et al., 2013).

D.1 Demand for the domestic private firm /’s product

Each domestic private firm h faces demand for its product, yf{ (). The
latter comes from domestic households’ private consumption and invest-

H(p) and x,(h), wh Hh=Nk kH ¥ wH ¥ bH p,
ment, ¢;'(h) and x;(h), where ¢;"(h) = kZlct (h) + Zlct ( )+bZICt (h)
- = -
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Nk
and x,(h) = ) xf(h), from the domestic state-owned enterprise’s use of
k=1

private goods as inputs in its production function, denoted as g; (h), from the
domestic government’s investment, g’ (i), from the financial intermediary
which is located in the domestic country, denoted as v;(h),*® and from for-
eign households’ consumption of the domestic private goods, cI” (h), where

. NC e N e N g
= ¥ & (h+ X ¢ (h)+ ¥ ¢/ (h), with a star, again, we denote
k= wr=1 b*=

the counterpart of a variable in the foreign country. Thus, aggregate demand
for each variety h is:

v () = e () + x(m) + g (W) + gl (M + D) +cf ()] (149)
Aggregate demand for each variety h is associated with production of
domestic private firm h according to the following relation:

2

v’ 150
i (h) (130)

where yH (h) stands for the production of domestic private firm h, p/? stands
for the total private output in the domestic country divided by the number
of domestic capitalists, 7w/’ stands for the steady state value of the gross
domestic goods inflation rate and ¢ > 0 is a parameter which determines
the degree of nominal price rigidity. The term in the brackets captures the
Rotemberg-type pricing cost and reflects the discrepancy between produc-
tion and demand as one expected in a Rotemberg-type fashion.
Since we have:

"[_B
|

Hd;\_  H ¢
v " (h) =y, (h)x{l Pﬁl(h)T(H

k,H H \¢
kH Cy b
Hipy= | —1— 151
Ct ( ) Nk (PtH(h)) ( )
w,H H \¢
w,H Cy Pt
(h) = —— 152
Ct ( ) Nk (PtH(h)) ( )
bH H \¢
bH Cy by
“(h) = 153
N (Pﬁ(h)) e

483ee also e.g.Curdia and Woodford, 2010 and 2011, for a similar modelling where any
resources consumed by banks for monitoring of financial operations will be part of the
aggregate demand; the latter are modelled below. That is, the model requires banks use real
resources in the period in which the loan is originated.
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¢
xf(h):x—f( B ) (154)

N P (h)
£(h) = g (L 155
) ngl' PH ¢
H(h) = —t =+ ) 156
~ ¢
— v, ( PH )
v;(h) = — 157
t( ) Nk (PtH(h) ( )
k,F* Fo\¢
k,E* Ct B
e =S (o1t | (158)
t N AR (h)
w,F* F ¢
w,F* Ct Pt
¢, (h)=—% ( : ) (159)
t NF AP ()
b,F* F* \®
b,F* C P,
¢t (h)=—*( : ) (160)
t “ARF(h)
we can rewrite the relation (149) as
¢
t k[ct +x;+N gt+vt+ct ] ( ) (lel)
NV NY
where cH Z c H, Y c;”’H + ) cf’H is total consumption of domestic pri-
Nk
vate home goods by domestic households, x, = Y x¥ is total domestic private

k=1
investment, N k§§ denotes total domestic goods and services of private sector

that are used by the domestic state-owned enterprise for the production
of total domestic public goods and services, N¥g! denotes domestic public
infrastructure investment, Ut denotes total resources consumed by the finan-

cial intermediary and cf’ Z c Fy Z ¢, Fy Z c is total consumption

of domestic private goods by forelgn households (i.e. domestic country’s
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exports). Also notice that the law of one price implies that in Eqs.(158), (159)
and (160):

e
4= (162)
Bo(h) BB BE(h)

t

and recall that the number of domestic capitalists equals that of foreign
capitalists(see Subsection 2.1 in the main text)

Since domestic aggregate demand, Nkyt ) 1
[ct +x:+N gt+vt+ct ] (163)
then domestic aggregate demand for each variety h is rewritten as:

H,d maf P v
“(h
Yt ( ) Yt (PtH(h))

(164)

Another equivalent expression of demand for each variety 4 in terms of
private production follows:

(165)

where

ma_ g [, o'[ P r v
4 _ytx{ 2 [P ()t o

Notice that in the domestic private firm h’s optimization problem below
we should use Eq.(164) as an expression for demand of each variety h. How-
ever, it is more convenient for someone to work with Eq.(165) instead of
Eq.(164).

D.1.1 Domestic private firms’ optimization problem
Nominal profits of each domestic private firm h are defined as:
P~(h) PH(h) H(h) PH kk (]’l) Ww W(h) Wk k(h) ¢P( PtH(h) 1)2PH H
wi(h) = —P ri ki (h)-WEn (h)-Wini(h)—— | ———= —
Wt t )Yy t T Ke-1 t My t 1 > Pfl(h)nH t Yt
(166)
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where k;_;(h) denotes the private physical capital input chosen by domestic
private firm h, n}’(h) denotes domestic private workers’ labor input chosen
by domestic private firm h and n’t‘(h) denotes the domestic capitalists’ labor
input chosen by domestic private firm h. The quadratic cost that the domestic
private firm h faces once it changes the price of its product is proportional
to the aggregate domestic private output divided by the number of domestic
private firms (which is equal to the number of domestic capitalists as we
have said in Subsection 2.1 in the main text).*’

All domestic private firms use the same technology represented by the
production function(similar to e.g. Hornstein et al., 2005, and Baxter and
King, 1993):

() = A { k1 (1 [tk ey 0] HiE)™ ae)

where A; is an exogenous TFP, ktg_1 denotes the stock of domestic public
infrastructure divided by the number of domestic capitalists which is com-
mon for all domestic private firms, 0 < @ <1 is the share of domestic private
physical capital, 0 < 0, < 1 is the output elasticity of domestic public in-
frastructure for domestic private firm h and 0 < 6 < 1 the labor efficiency
parameter of domestic capitalist. We assume a positive 8y, which implies
that the production function has increasing returns to scale with respect to
all inputs, as in Baxter and King, 1993. Notice that we keep CRS over private
inputs.

Profit maximization of domestic private firm h is also subject to the
demand for its product as derived above, Eq.(164). But as we have mentioned
before, instead of using Eq.(164), we can equivalently use Eq.(165).

Each domestic private firm h chooses its price, PtH(h), and its inputs,
ki(h), nlt‘(h), ny(h), to maximize discounted expected lifetime real dividends,
maxE, ) E(w¢(h), subject to Eq.(165) and its production function, Eq.(167).

t=0
The objective function of 4 in real terms is given by:

0 2
- P(h) o P W, W K,k ¢" ( PF(h) pfyft
maXEo ;E‘O,OH Pt Yt (h) - ?trt kt—l(h) — W Ny (h) — Wiy (h) - 7 W -1 Pt
(168)

49This specification of Rotemberg-type cost is similar to that of Bi et al., 2013. Here,
working with summations instead of integrals, we should have a pricing cost which is
proportional to the aggregate domestic private output divided by the number of private
firms. With this modification, we can derive the same NK Philips curve as Bi at al, 2013.
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where Z o, is a stochastic discount factor taken as given by the domestic pri-
=1 1 tt_l P. 1+7¢ \ [k, -7
. .. . = _ o - i 1 _1tl
vate firm h. This is defined as Z¢ o,; = ilj(){Ri} =p i]:[) [( B )(HTI_C+1 )( g ) ]
and arises from the Euler of domestic government bonds.

D.1.2 Domestic private firms’ optimality conditions

Following the related literature, instead of solving the above problem, we
follow a two-step procedure. We first solve a cost minimization problem,
where each domestic private firm h minimizes its cost by choosing factors of
production given technology and prices. The solution will give a minimum
real cost function, which is a function of factor prices and output produced
by the domestic private firm. In turn, given this cost function, we solve the
dynamic profit maximization problem of each domestic private firm h by
choosing its price.

Cost minimization problem: In the first stage, we solve a static cost
minimization problem, where each h minimizes its cost by choosing its
factors of production, k;(h), n’f(h), ny’(h), subject to its production function,
Eq.(167), given technology and prices. The cost function is defined in real
terms as follows:

— [pH
min = Perkt_l(hHw;Un;”(h)+w§<n’;(h) (169)
t

The solution to the cost minimization problem gives the following input
demand functions:

H
it ) = ey ) (170
wing (h) = me,0(1 - a)yf (h) (171)
wi'ny (h) = mey(1-0)(1 - a)y; (h) (172)

where mc; = J’(yfi(h)), since, by definition, the real marginal cost is the
derivative of the associated minimum real cost function, {(y/ (h)), with
respect to v/ (h).
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Summing up the three above equations, it arises the following relation
for the associated minimum cost function of 4 in real terms:

(v (h) = meyf (h) (173)

Where the real marginal cost, mc;, it can be shown that equals:

1 PH r*1° wk 0 wY -]
mCt:At(ktg—l)Bk [?t;t [{Q(Iia)} X{—(l—Q)(tl—oc)} ] (174)

implying that mc; is common for all domestic private firms since it only
depends on prices, parameters, the stock of domestic public infrastructure
divided by the number of domestic capitalists and technology which are
common for all domestic private firms.

Profit maximization: The solution to the cost minimization problem
will give a minimum real cost function, Eq.(173), which is a function of
prices and output produced by the domestic private firm. In turn, given this
cost function, we solve the dynamic maximization problem of & by choosing
its price. Specifically, in the second stage, h chooses its price, PtH(h), to
maximize the discounted expected lifetime real profits:

H(p, ~ P H 2 pH H
Attty - ()

PH ()t P,

(o)
maxE, E Eo,0+t
=0

(175)
The above profit maximization is subject to the Eq.(165), which is equiva-
lent to the demand equation that the monopolistically competitive domestic
private firm h faces, Eq.(164).
The first order condition gives:

PH(h) y H o[ P(h) P »l'pf(h)
(1-¢) B (h) + ¢pmey;” (h) = ¢ lW—llfW—

( P, )( 1+ )[C]f+1)_0“1_ Pl (h) l Pl (h) PtillyH (176)

P
pe P J\1+7€ ck PH(h)yreH | PH(h)rH Py 71!

t+1
Thus, the behavior of / is summarized by Eqs.(170), (171), (172) and
(176).
Since all domestic private firms solve the identical problem, they all set
the same price, PH (h), which implies through the Eq.(116) (or the identical
Eqs.(131) and (146)) that PH (k) = PH.
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Appendix E Government budget constraint

This Appendix presents the government budget constraint in some detail. We
start by presenting the domestic government’s budget constraint in nominal
terms:

N¥Q, 1S, FS |+ N*R,_B,_; + N*PHg¢ + N*PHgi + N* PV + N*M,_, =
(177)

= NEM, + 1 [PTef! + PFcf |+ of [NFrf Pk + NFR@ ]+

+ 1 [NEWEnf + N“’Wt ny + NFPgY ]+

+ [NFTE 4 NV T 4 NPT |+ N*B, + N* 8, Ff

where F? is the end-of-period domestic nominal public debt held by each
foreign agent at t and expressed in foreign currency, B; is the end-of-period
domestic nominal public debt held by each domestic capitalist at t, g}’
is the total domestic public wage bill in real terms at ¢ divided by the
number of domestic capitalists, M; is the end-of-period stock of nominal
money balances at t divided by the number of domestic capitalists and

F= Z c Fy Z ct’ + Z c F. The rest of the variables have been defined

w=1
above.

Then, dividing by the current domestic CPI, P;, and the constant number
of domestic capitalists, N¥, we get the government budget constraint in real

terms:°"
S5 B, P pM_. PM_ P
Q170 ft 1 TR biy + g?"" gt+gt + mp1 =
P, P P, b,
(178)

PPk v wn v om\ P kr 0" wr ¥ uF o kP
=mp+1 | — ¢ +—c =, |+ = +—c +—c ||+ | =k +@p |+
tlpt t vkt vkt Pt t 7}kt vkt t tpt t-1

v¥ _ Py
+7/! wi‘nf+—kw}”n}”+g}“ +7 4+ b+ S -L
v P,
Ff B M
where small letters denote real values e.g. f° = P—ti, by = g, m = 3+ and

Ttl = [Tt’ + v—k’ct’ + v—k”[t’b]. All other variables have been defined above.

0T have aggregated over all agents, divided by the total number of agents and, in turn,
divided all terms by vk.
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For convenience, let N¥D, = N*B, + Nk*Stth denote the total nominal
public debt issued by the domestic government. This debt can be held either
by a domestic private agent(capitalist), B, = A;D;, or by a foreign private
agent(capitalist),”! StPtg =(1-AX,)D;, where 0 < A; < 1.°? Then, the above
government budget constraint is rewritten as:

S5/ Py Py P pP_. PP, _, P
- X_)d,_1+R Adi_q + + L+ oY ——m, =
Qtht P SHP;_( t—1)d_1 th t—14¢-1 Ptgt Ptgt 8 P t—1
(179)
PP n v wnu v yu\ PF kF ¥ vb L r P
= my +7f | = L wH U bH) T ((RE LV wE Vb, T e L Ly
t tht ( Vk t vk t P Vk t vk t t t Pt 1 t
w
+1/ wfnf+v—kwt ng +gtl+rtl+dt

where d; = %.

Therefore, as in e.g. Alesina et al., 2002, we include four main types
of government spending (purchases of goods and services from the private
sector, public investment in infrastructure, public wages, and transfers to in-
dividuals). We also include three main types of taxes (taxes on consumption,
labor and capital income). .

In each period, one of {7, 7}, 7", g, 2,3, 7!, A}, d,} needs to follow resid-
ually to satisfy the government budget constraint in the domestic country.

Here, we model public infrastructure as a stock variable assuming that it
accumulates like private physical capital (see also e.g. Fischer and Turnovsky,
1998). Hence, the stock of domestic public infrastructure divided by the
number of domestic private firms (which is equal to the number of domestic
capitalists as we have assumed in Subsection 2.1 in the main text), K , evolves
according to:

>IRecall that the number of domestic capitalists equals that of foreign capitalists as we
have assumed in Subsection 2.1 in the main text.

>2Public debt differs from foreign debt. The end-of-period total domestic public debt
divided by the number of domestic capitalists(Recall that the number of domestic capitalists
is equal to the number of foreign capitalists as we have assumed in Subsection 2.1 in the
main text), written in nominal terms, is N*D; = NkBt+StNk*Ff, where B; = A;D; is domestic
government bonds held by each domestic capitalist and S,F{ = (1 — A;)D; denotes domestic
government bonds held by each foreign investor. On the other hand, the country’s end-of-
period net foreign debt divided by the number of domestic capitalists, written in nominal
terms, is St(Nk"F;g - Nka) =(1-),)NkD, - StNka, where Fl‘ is foreign assets held by each
domestic capitalists (if negative, it denotes liabilities).
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8
2 kt—l

where 0 < 68 <1 is the depreciation rate of domestic public infrastructure
and &8 > 0 is a parameter capturing adjustment costs related to domestic
public infrastructure stock.

Similarly, the government budget constraint in real terms? in the foreign
country is:

2
g =k —(1-06%)KS +5—(£—1] ké (180)
t t t—1 t—1

P, P P pH pH*_ r
* t t—1 8% * * t  —c* t —=ix* — W 1 *
——f>;+R Lp: |+ + +8 + —m;_ =
Qt—l StP; Pt t—1 t—1 P* t—1 Ptae gt Ptx- gt gt Ptx— t—1
(181)
PH* pw va— PF:(- W _ubae
s x| £t k,H* w,H+* b,Hx t k,Fx* w,Fx b,Fx
=m;+ T l P* ?Ct ?Ct + i Ct + . Ct ?Ct +
v v ; v v
H=x
ke | e D ke ke | e e ke LA — b+ Py g
T | kD @ [+ | wE T + w4 g +1 + —f;
P, v P;S;

As we have mentioned, a star denotes the counterpart of a variable or a
parameter in the foreign country.

Let D; denote the total nominal foreign public debt in foreign currency
divided by the number of foreign capitalists. This can be held either by a
foreign private agent(foreign capitalist), B = A;D; , or by a domestic private

&
agent(domestic capitalist), % =(1-A})D;. Then, we have:

* * Hsx Hx
Q* Pt Pt—l Sf—lpt—l (1 )dx- + R P /\* d .+ Pt raals P + Pt 1 —
t—1 StP* Pt Pt 1 t 1 1 t—1 P t—1"t-1 P gt P* gt gt P* mt 1=
t - t t
(182)
PH* vwx- va— PF wx— va—
* cx | Lt k,Hx w,H+* b,Hx t k,Fx w,F* b,Fx
=m;+T —FC + —C + [ + —C —C +
t t [ P; kst vk* t Pt* t Uk* t Uk t
Hsx *
k* kaep kk* —~kx n* ke« ks w w* W | ZW* d*
+Tt P 1 + Wy +Tt wy Ny +_vk wy ny +gt +Tt +
t
|3 —Cx —i%*

In each period, one of {7;%, 7%, 1/, g}, 8} .87 ,’Ct ", A}, d;} needs to follow
residually to satisfy the government budget constraint in the foreign country.

>3] have aggregated over all agents, divided by the total number of agents and, in turn,
divided all terms by vk*.
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The stock of foreign public infrastructure divided by the number of
foreign firms (which is equal to the number of foreign capitalists as we have
said in Subsection 2.1 in the main text), ktg*, evolves according to:

. 2

e g g S8 K .

=k - (168K, + - —— 1| K (183)
ki

where 0 < 68" < 1 is the depreciation rate of foreign public infrastructure

and &8 > 0 is a parameter capturing adjustment costs related to foreign

public infrastructure stock.

Appendix F The state-owned enterprise

Following most of the related literature,”* we assume that total domestic

public goods and services, N¥y¥, are produced using goods and services
purchased from the domestic private sector, N¥g¢, and total domestic public
employment, I£. In particular, following e.g. Linnemann (2009) and Econo-
mides et al.(2013, 2014), we use a Cobb-Douglas production function of the
form:

0y (1g\1-0g

Ny = A(Ng) ™ (i) (184)

where 0 < 6, < 1 is a technology parameter. Notice that both domestic
private and domestic public good production face the same TFP; this is
because we do not want our results to be driven by exogenous factors. The
total cost of domestic public production, N¥g¢ + w?I¥, is financed by the
domestic government through taxes and bonds (see the budget constraint of
the domestic government, Eq.(179), above).

Similarly, we assume that in the foreign country total public goods and
services, N¥*9$", are produced using goods and services purchased from
the private sector, N¥g%, and total public employment, I¥". In particular,
following e.g.Linnemann (2009) and Economides et al.(2013, 2014), we use
a Cobb-Douglas production function in total terms of the form:

NRy = (NP g ) (1) (185)

54Gee Economides et al., 2014, for details and a review of the literature on the production
function of public goods. Again, see Economides et al., 2014, for the role of public capital
in public good production functions.
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where 0 < 0; <1 is a technology parameter. Notice that we assume that in the
foreign country both private and public good production face the same TFP;
this is because we do not want our results to be driven by exogenous factors.
The total cost of foreign public production, N¥g%* + w?*I$", is financed by
the foreign government through taxes and bonds (see the budget constraint
of the foreign government, Eq.(182), above).

Appendix G World financial intermediary

The total profit, net of transactions, of the international financial interme-
diary, which is made from loans between ¢ — 1 and ¢, is defined in nominal
terms as:”°

Qi [(NFEEy ~ N L) = SN B (78 = £ |0y (NFEE, - NS )

(186)
where FF are nominal international assets (in foreign currency) held by each
domestic private agent (domestic capitalist), F¥* are nominal international as-
sets (in domestic currency) held by each foreign private agent(foreign capital-

ist) and ¢ is a cost parameter in international borrowing and %N pH ( fi*l -

t’i*l)z is nominal transaction cost divided by the number of foreign capital-

ists. (N ka_l -N k*th_l) denotes the position of the domestic country in the

world financial market, while (N k*Pf_*l -N kth_*l) denotes the position of the
foreign country. If they are positive (respectively negative), they denote net
asset (respectively liability). Notice that the real resources used by the bank
are assumed to be consumed the time at which the interest payments/income
are repaid/received, namely at time ¢, rather than the time at which the loan
contract was originated, namely at time  — 1.

Then, dividing by the current domestic CPI, P,, and by the constant size
of domestic capitalists in the population, N¥, the profit of bank received by
each domestic capitalist is defined in real terms as:

>5Thus, at the beginning of period t, agents carry over assets and liabilities from period t—1.
Borrowers honor their preexisting obligations to lenders. In particular, in the international
capital market, where transactions take place via the bank, the bank receives interest income
from borrowers and pays off the lenders. The latter is the interest payments that the bank
promised at t — 1 to pay at t. The bank also pays the monitoring cost associated with these
transactions.
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(187)

Recall that we have assumed in Subsection 2.1 in the main text that the
number of domestic capitalists equals that of foreign capitalists.

Since, in equilibrium, international borrowing equals international lend-
ing at every ¢, namely N¥F$" — N**FF = 5 (NKFF — N¥F$) in nominal terms,
or (£ - fk = Stl;—‘*(ftk — %) in real terms,’® the above profit function can be
rewritten as: t

= Qi

Ptl ey B 1PH St B s
Qt 1 ( t— 1 t—l) D) PtH P, ( ) —Q- g Pt ( t-=1" t—l)
(188)

If the volume of the loan divided by the number of domestic capitalists,57

( ffl - t’i*l), is chosen optimally by the financial intermediary, the first-order

condition is:

Qt—l S,_
Q= - (189)
labpt 1 ( t—l)
P kx

In what follows, we define Qj_, 2 PH L(f$ hl 1 t—1)2 = v;, which is the same

term arising from the above domestic aggregate demand in real terms if
we divide by the number of domestic agents and, then, divide by the the
percentage of domestic capitalists in population, v*. That is, v, is the same
term in the equation

y{{’ [( fH"' C?}H"' bH)"'xt"'gt"'gt"'vt"'(C];F + k*C;H’F*-" &€ fF*)]-
Recall also the assumptlons Nk = Nk& N% = N¥* and Nb = N we have
made in Subsection 2.1 in the main text as well as the assumption that S; = 1

atall t in a currency union regime.

6Recall that the number of domestic capitalists equals that of foreign capitalists.
7Recall that the number of domestic capitalists equals that of foreign capitalists.
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Appendix H Equilibrium in the status quo econ-
omy

This Appendix presents in some detail the status quo equilibrium system,
given feedback policy coefficients. We will work in steps.

H.1 Market clearing conditions and the balance of payments

In the domestic economy, the market-clearing conditions in the capital mar-
kets, the labor markets, the money market, the domestic government bond
market and the domestic dividend market are respectively (and similarly in
the foreign country):>®

Nk
Zkt 1= ZkH(h)
=1
Nk
Zk Zk L(h)
h=1
NEo NE
[ ) 5= Zm)]
k=1 h=1

Nk NF

k k
) =) nih)
k=1 h=1
NV Nk
Y =Y nih)
w=1 h=1

Nb

Yot

b=1

(setting n’t’ =1)

58Recall that we have assumed in Subsection 2.1 in the main text that the number of
domestic capitalists equals that of domestic firms.
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NF N N?
Zm’f + Zm}" + Zmi’ = Nkmt
k=1 w=1 b=1
Nk
Zbk = N*b,
k=1
Nk Nk
k —_~
) wi=) @h)
k=1 h=1

The market-clearing condition for the profits made by the international
financial intermediary (these profits are distributed to capitalists in the
domestic economy who bear the associated transaction costs) is:

Znt = N* TCs

Regarding the balance of payments in each country, this is obtained by
adding the constraints of households, firms and the government. Then, the
balance of payments in real terms in the domestic country>’

PP ([ smr v wnm v om| & - i PtF kF ¥ L
L — T e xR ot ot b L =
P t ok ¢t Skt t T8t T & P, ok

(190)

S ;i(ff—ft

ftk—l )+ ”t Z

¢P( B/ (h) _1)2PtH r
2 \PH, (h)rcH

Nk

where are variables have been defined above. b
H
It can be shown, by solving the Eq.(165), p*(h) = y! (PH ) , with respect
to PH(h)™®, and plugging this term into the domestic price index, P =

9T have aggregated over all agents, divided by the total number of agents and, in turn,
divided all terms by vk.
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k 1-¢

N
2 ﬁ[PtH(h)]l_‘P , that N*pHyH Z PH (h)yH (h). Furthermore, due to

symmetry in private firms’ problem, price of every private firm h, P (h),
will be common for all firms and this, given the relation for domestic price
index above, implies P(h) = PH. Hence, the term of the third line and the
last term of the second line on the RHS of the balance of payments above

o (_pH 2 pH
can be written as -5 (Pﬁltﬁ - 1) ﬁyt and & yt respectively. Therefore,

the balance of payments in the domestic economy is:

2
PtH k vY wH b,H k,=c, =i __H ‘PP PtH
— +— +— +x;+8,+8— -1 +
) o Cs kat Xp T8t 8t~V > PHlﬁH
(191)
PM[ ke v wr v ur P e S Py k o\ =k
+Ft[Ct - vkcf’ R :Stﬁ(ft - -Qa=5t ) P* S - R+

where, recall that the resources used by the financial intermediary, v, =

8* k+\2
Qt 12 PH( =17 t—*l)

2
H ¢f( pH kH wH | b b H kFx | yw* wFx  ybe bFx
Vi ll -7 (PH A 1) l [(Ct +2 Ct +ic )+xt +gt+gt+vt+(ct Sl TR e 1 )]
(See also Appendix D) and where (from Appendix G and market clearing con-

P, gt ks« PH PP ck g
ditions in Appendix H) 7&f = Q}_, 5 il t_l)—%tvt—Qt—lstﬁttfa—;l (ft_1 _ft—l)'
Using these two relations, the balance of payments becomes

2
PR T kH | pv wH I H|q_ o (_B" _ BT kFs
- {[ct +ire +or ]+xt+gt+gt+vt—yt 1-5 PHnH_l —_Tt[ct +

W wF* pb* b, Fx kF w vb ]__[ kF*+ W wF* pb* b,F*]

, are paid by the domestic country, so that

F
EC . tIEC "] so that the terms - ool (i B tiRG
on the LHS is the trade balance.
Working similarly, we get the balance of payments in the foreign country:

pH*
P t*

w b
k,H+ VU w,H* b,Hx

+

+ * 2
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+

e oG

Ptp* k,Fx v w,Fx b b,Fx 1 P gs ") P, Py g ks
Ptae l —.C c _S_tp_t* ﬁ _ft Qt 15 P* Pt ( -1 t—l)

where now
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H= qt’P’b PtH* _ k,H+ | v¥* wHx  vb bH= ks | mex | ix k,F
Vt [1_ ) (PtHieT[H*_l = (Ct TG TRG )+xt T8 T8 +(Ct

Finally, as said in Appendix G above, the market clearing condition in
the market of internationally traded assets is (written in real terms):

i f = S )
t

which means that net foreign liabilities in the foreign country (the LHS) are
equal to net foreign assets in the domestic country (the RHS).

H.2 Decentralized equilibrium
(given policy)

We now combine all the above to solve for a Decentralized Equilibrium (DE)
for any feasible policy. The DE is defined to be a sequence of allocations,
prices and policies such that: (i) every type of households maximizes util-
ity; (ii) every private firm maximizes profit; (iii) the state-owned enterprise
produces public goods and services; (iv) the world financial intermediary
maximizes profit; (v) all constraints, including the government budget con-
straint and the balance of payments, are satisfied; and (vi) all markets clear,
including the international asset market.
The DE is summarized by the following conditions:®’

(1-7)

k k\o k
xp(ny)1(cy)” = w (D1)
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- * k \— * *
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K (ke VKR
bl K | Reen
5 1) +g( o 1] (D3)

ki ; ki

60T have aggregated over all agents, divided by the total number of agents and, in turn,
divided all terms by vk.
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-1 = meay;
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(D57)
b=
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w}” n;” +?IU? 7’1? l+
v
+g7 ||+
1 Ptf
S P* t
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+Ttklf L kf1+wt +1 + b+

. b P+ Hx 2
He VY wHe VT pHe| | ke —oe  =iv He|lq Q[ B
t vk*ct +vk*ct Xy +8& T8 — Yt [1_ > (PHlnH* 1 +
(D58)
PtF* k,Fx v Fx vb b,Fx 1 Pt ") P, Py g ks
+P—;[Ct +WC?} O e (£ - -Qr IS, P — fiai = f5)
P = (P (pfr)t (D59)
PH
pf =" (D60)
Sy
Hx Hx Hx Hx
P P, y P
1— Tt H*+ * = Hx P t -1 t t
( (P ) Ptae yt (P mct}}t (P PH*T(H* P PH*TCH*
* H= H= H
ﬁ:(-(PP* Pi ( 1 +TC* t+1 Pt+1 Pt+1 Pt:—l E_’(i (D61)
Py 1+Tt+1 PH*RH* PH*pH* P} |
7%
v = A"(g; (vk*) (D62)
2
—i% * % * 6 *
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Thus, we have a system of 63 equations [(D1)-(D63)] in the 63 following
endogeneous variables
kH _kF wH wF bH bF
[Cf’ct LA fC?'Ct )€ J”I;’wf'”t Jwp, mf, my ’mtfrtlk k‘tg'xlfy bf,

k+ kHx _kFx w,H+ w,F+ b+ bH»

k g H —~k ~k H F *
f ,Qu Vi, v, meg, wp, 0,1, Py P By e, 67, ¢ ct ey ey el e

b,F+ k k kx 1.8% k 8* H
Ct nt ;wt*;nt th ;mt*ymt ;mt ;rt Ik *lk 7 Ib *;R;ﬁ *;Q:;}]t ;yt *)mczl

~f* * Hsx F=
wr, BT B
Conclusively, the Decentralized Equilibrium is a sequence of

kkaFww,Hw,beHbF k w k k k
[ci,crhey el e e el e ¢ ntfwtfntfwtfmt’mt’mtfrt’k’kt'xt’b’

k+ Kk Hx _kFx w,H+ w,F+ b+ bH»

k § H —k ~k H pF _kx
f , Qv v ,me, wy v, 10, Py B Py e, ¢, ¢ ct ,ct € G,

b,F+ k k k ks 1.8* k 8* H
Ct nt*;wt*;nt th Jmt*lmt ;mt ;rt )k *Ik 1 Ib *;R:;’ft *;Q:;yt ;}}t *lmC;I

~kx* * Hsx Fxy00
wy PP P ]t:o

satisfying the equations [(D1)-(D63)], given:
a) exogenous variables [S;, A, A7]52, ,
b) initial conditions for state variables,

¢) policy.
H.3 Transformed variables

We first express prices in rate form. We define 6 new variables, which are the
gross domestic CPI inflation rate, 7; = %, the gross foreign CPI inflation

rate, 7} = Plz—t, the gross domestic goods inflation rate for the domestic

H
economy, 7 II:H , the gross domestic goods inflation rate for the foreign
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Hx

the gross rate of exchange rate depreciation, €; = %,

b1 Eq.(D60) implies that P’—H =L
t

P,
economy, nf{* = PH*’

B SPT
[

Plugging P* of the latter equation into other equations, this unknown
eliminates and the system of equations is reduced by one equation. Yet, as
we have shown in Appendix E for the domestic economy, we can replace f

and the terms of trade, 77; = -

and bk with SPI’;*( — A4)d; and A, d; respectively. Similarly, we have shown

in the same Appendix for the foreign economy that we can replace f** and
b w 5331:; (1 - A})d; and Ajd] respectively. Hence, in what follows, we use
the 10 new variables 7, 7}, chI, 7‘({{*, €, TTy, Ay, dy, A, df, instead of the
11 variables P, P/, PtH, PtH*, St, PtF, PtF*, ftg, blf, & bf*, meaning that the
variables are reduced by one, as it happens with the number of equations.
Also, for convenience and comparison with the data, we express fiscal and

public finance variables as shares of real GDP, & 7 yt In particular, using the
definitions above, the total public spending on goods and services purchased
from the private sector in real terms divided by the number of capitalists,

PH ¢ . . PH_._ gPF g g
8, can be written as ratio of real GDP, as 4-g; = sy -7, , where s; denotes
the output share of government spending on private goods and services. The

total public investment in infrastructure in real terms divided by the number

of capltahsts, B gt, can be written as ratio of real GDP, as P §t = sﬁ, yt ,

where s! denotes the output share of public investment. The total public
wage bill in real terms divided by the number of capitalists, g}’, can be

H
written as ratio of real GDP, as g}’ = s}’ %ytH, where s{ denotes the output
share of total public wage bill. The total lump-sum taxes/transfers divided
by the number of domestic capitalists in real terms, 7/, can be written as

. pH .
ratio of real GDP, as 7/ = siPLtytH, where as s! are defined the lump-sum

taxes/transfers as share of output. We work similarly for the foreign country.
Finally, given the above, notice that we make use of the following equa-
tions:

PtF B PtH * - PtH *

T = — =9t—F =
PH PH PF*
t t t
s, pH*
S H+ Hx
61 Tt LR e
Thus, il =
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_ v—1
?t = T"Ct
Hx
Pt — TTl—v*
Pae t
t
F
Pt v
F (A
t
Fx
b =17V
px- t
t
Py _
S =g/l
b
c_ 8 H
8t =St ¥t
I i
8t = St¥t
v—1_H

g = s5¢ TT; YVt

l v-1_H
Tt—STTt yt

H.4 Final equations

Using the above, we now present the final non-linear stochastic system
(given feedback policy coefficients).
The domestic country is summarized by the following equations:

k)ry( f) (1 T?) k

xn(nt (1+Tt)wt (Dl))
(Cf)_a v+vi-1 (Cfﬂ)_a vivi-1 1 ,
g s QT : (D2')
(1+th) ' ﬁ(1+ t+1) S 7—(t+1
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2
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Q1€
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Next, the foreign country is summarized by the following equations:

* ks\n*/ k*\o* (1 B Tn*) kex 4
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We finally have the feedback monetary and fiscal policy rules:
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' =1"+y (L = 1) (D717)
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Therefore, we have in total 64 equations in 64 endogenous variables and
13 feedback policy rules in 13 policy instruments. Specifically, we have for

the home country 33 equations, Eqs.(D1’)-(D33’), in 33 endogenous vari-

: kH kF H wF b bH bF
ables, which are [cF, ¢, ¢, %, e, e, el el el nk wk n w, mk, m,

mt,rt,kf, ktg,xt,ft , Q1 V; ,yt,mct,a)tk,vt,ntk,nt,an,TTt, d;, l;], as well as 7 feed-
back pohcy rules, Eqs.(D65’)-(D71’) in 7 policy instruments which are

[R,,s5,si,5Y,7¢, 7k, 7/']. Also, we have for the foreign country 31 equations,

Egs.(D34’)- (D64 ), in 31 endogenous variables, wh1ch are [ck*, T (RFx oo *,

c}”H* cf”F* ¢ ,cf He cf F nt R Wk n 2w, m, m, ml, ek ke kS, xR Ry, R
QLo v¥ me, @™, e, i, d7, 17], as well as 6 feedback pohcy rules, Egs. (D72 )-
(D77’), in 6 policy instruments, which are [s ,st ,st * e, o, t*]. This is
given the exogenous variables, [€;, A;, )\;‘,At,A’;,st,st ], initial conditions for
the state variables, [k* k%, f%,d_1, R_;,m* ,m¥,mb , k& k8, f& d* R,

1,mk*l,m l,mbl,’cr 1,1-1,1*;], and the values of the feedback (monetary
and fiscal) policy coefficients in the policy rules.

Conclusively, we have a system of 64 equations, Eqs.(D1°)-(D33’) and
Egs.(D34°)-(D64’), in the 64 following endogenous variables

k kKkH kKF w wH wF b bH bF k k w k k 1.8
[ci ey ey el e e el ¢ ¢ ,nt,wt,nt,wt,mt,mt,mt,rt,kt,kt,xt,ft,
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~k ~k H
Qtfyt ,yt,mct,wt ,l)t,ﬁt » T, TC; ,T’Ct,dt,lt,Ct en € 565G »Cy ,Cr Gy

b,F* k= | k*

ks 1.8% k* ke + &% + —~—k=*
¢, omywy, g, wy, myt, my fmt f"t ki ki xR ’Qw}’t yYr o ME, W,

e, i, d7, I7] as well as 13 feedback policy rules, Eqs.(D65')-(D71") al?d

Eqgs.(D72')- (D77 ), in the following 13 policy instruments [R,, s¢,s!,s¥, t¢, T¥, /",

8* % w+ ke
ErAE P P i oo il
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