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Abstract

This paper implements a general equilibrium model with heterogeneous agents
to determine the impact of basic income on total welfare, defined as the sum
of agents’ utility. Firstly, a central planner solution is described. Afterwards, a
decentralized solution where the government chooses only public expenditure and
taxation is analyzed. Next, a subsidy s is assigned to agents who do not work.
Finally, the introduction of basic income w is discussed. All models are calibrated
using aggregate EU15 data. The results show that while the conditional subsidy s
improves total welfare with respect to the basic decentralized model, basic income
does not. Moreover, basic income causes a non negligible reduction in working

hours and economic output.



1 - Introduction

Basic income is commonly acknowledged as an universal unconditional payment in cash,
paid at the individual level on a periodic base (Widerquist et al., 2013; Van Parijs and
Vanderborght, 2017).

In the last twenty years a growing literature has tried to assess its desirability. This
is reflected in a wide production of papers, where founding works are Atkinson et al.
(1996) and Van Parijs (2001), and in concrete policy initiatives. For example, in Finland
a basic income experiment has started in January 2017 and it is programmed to last up
to January 2019 (Kela, 2016).

Different authors and institutions share the idea that the current social security
system is under pressure. Esping-Andersen (2002, p. 2) writes about a new welfare chal-
lenge, characterized by a revolution in demographic and family behavior, which is caus-
ing a “proliferation of new and far less stable household and family arrangements”; the
technological transformation and dominance of service employment produce a “wholly
new set of societal winners and losers”. Similarly, Bonoli (2007) points out that new
social risks - the fact that employment income alone sometimes is not sufficient to ensure
a poverty-free existence, family instability and the difficulty for two-earner couples to
reconcile work and family life - “are not well covered by the welfare states that we have
inherited from the postwar years”. “Existing social protection systems were, in large
part, modeled on employer-employee contracts, stable careers pattern, and social con-
tracts, which can appear outdated today” (OECD, 2017, p. 1). Many authors, such as
Van Oorschot (2002) and Mkandawire (2005), point out that the current means-tested
social security policies are administratively costly to implement, they are likely to stig-
matize the beneficiaries causing a drop of adoptions and people that are eligible often do
not receive them; means-tested benefits cause also the so called poverty trap situation,
i.e. when the means-tested benefits depend on income, people could be unwilling to
start a new working activity if the rise in income determines the reduction or loss of the
benefits.

According to people advocating basic income introduction, basic income is the answer
to these problems. Van Parijs and Vanderborght (2017) describe the basic income as “a
radical proposal for a free society and a sane economy”.

The features of basic income - cash income, individual, universal, obligation free -



are radical. The consequences of the introduction of this policy however are mostly
unknown. In fact, it has never been applied in the form just described. The only
current basic income scheme that satisfies the above-mentioned characteristics is the
state of Alaska basic income scheme (Widerquist et al., 2013). Nevertheless, this scheme
is financed by profits obtained from a fund created with oil revenues. Given that in most
countries basic income policies should be financed with taxation, the Alaska case fails
to represent the economic consequences of financing a basic income policy (Van Parijs
and Vanderborght, 2017). This problem is common to other small scale experiments
that are usually financed through the general state budget and hence do not take into
consideration the consequences of financing basic income. Moreover, such experiments
are too small to properly show the effects of basic income on labor market conditions
(Van Parijs and Vanderborght, 2017).

As written by Van Parijs and Vanderborght (2017), the amount of resources assigned
to basic income should be between two extremes. It should be high enough to make
a difference, but at the same time it should be sustainable. Some authors consider
as minimum level of basic income the level that it would be achievable replacing all
existing cash transfers (OECD, 2017). Amounts higher than this level would require an
increase in taxation or a shift of resources among different public expenditures. Murray
(2008, p. 2) writes: “No matter how theoretically persuasive those arguments might
be, no Western nation can afford to add a significant GI [Guaranteed Income] to its
existing commitments. On the contrary, all Western nations need to restructure their
existing benefit systems to avoid bankruptcy. If a GI is to be financially feasible, it must
replace existing programmes rather than augment them”. Van Parijs and Vanderborght
(2017) write about a basic income of 25% of GDP per capita which would for example
correspond, corrected according to purchasing power parity, to $860 a month in UK. In
UK the total government expenditures are around 41% of GDP, and the average EU
28 total government expenditures amount to 45.8% of GDP in 2017 (Eurostat, 2018).
Also, assuming that part of the cost of basic income scheme could be covered by the
abolition of existing money transfers, it is clear that there is a trade-off between basic
income, increase in taxes, and the other public expenditure.

“Since about 1960, this literature [basic income literature] has become extremely
rich, covering such diverse topics as the philosophical justification of the idea; its eco-

nomic and political feasibility; or its impact on freedom, social justice, economic activity,



psychological well-being, and much more” (Widerquist et al., 2013, p. ix). The recent
anthology of Widerquist et al. (2013) summarizes the current state of the knowledge and
it gives an overview about its complexity. Obviously, the literature production is not
limited by the papers presented in this anthology, since in the last years there have been
further developments. The feasibility of basic income has been further discussed (Torry,
2014) and numerous researches have assessed the consequences on income at individual
and household level of introducing and financing a basic income scheme (OECD, 2017,
MacDonald, 2016; Martinelli, 2017; Jones and Marinescu, 2018).

Nevertheless, much it is left to do concerning the development of a general equilibrium
model that offers an overall picture of the desirability of basic income in a theoretical
framework, where the different consequences of the introduction of basic income could
be easily assessed and the channels through which basic income influences the overall
economic output could be easily identified. Only one paper takes this approach. Yunker
(2013) develops a general equilibrium model for basic income and he calibrates it for the
U.S. In his paper, he looks to the effects of basic income using a one period ls model,
i.e. labor - savings model, where agents differ in their labor productivity. Yunker (2013)
shows that the introduction of basic income increases social welfare, specified as the sum
of individual welfare, but, at the same time, it determines a reduction of output and
savings.

The aim of this paper is to contribute to the literature production in this prospective.
Indeed, a general equilibrium model is developed to answer the question whether basic
income should be introduced in the European framework, i.e. the estimates of the model
parameters are based on EU15. In detail, firstly the central planner allocation will be
analyzed. Then, it will be discussed if the laissez-faire market allocation where the
government decides only public expenditure and taxation decentralizes the planner’s
allocation. Afterwards, it will be analyzed if the market allocation with a conditional
benefit, i.e. means-tested benefit, assigned to agents that do not work decentralizes the
planner allocation and, if not, improves upon the laissez-faire market. Finally, the paper
discusses how basic income modifies the economy output compared to the conditional
benefit.

In the next section, section 2, the models are presented. In section 3, the models
are calibrated. In section 4 the models are numerically solved and the results analyzed.

Section 5 contains the concluding remarks.



2 - The Models

Generally speaking, the models are developed to make the main characteristics of basic
income easily identifiable. Indeed, the models structure accommodate the main advan-
tages and disadvantages that the literature attributes to basic income. In detail, basic
income allows to redistribute wealth among agents. In fact, each agent receives the
same monetary amount; if the tax system is not regressive, this means that rich agents
receive a payment lower than the taxes they pay to finance it, compared with poorer
agents. Secondly, basic income could mitigate the effects of negative income shocks on
labor income, being its payment periodic and unconditional. Finally, the supporters of
basic income underline its effects on labor market; implicitly, they prefer it compared to
the current social security systems. Indeed, unemployment benefits or other poverty re-
duction subsidies could determine shame/stigma costs (Baumberg, 2016); basic income
is assigned to everybody, hence it avoids these costs. Moreover, basic income, being
unconditional, is considered a good instrument to exit the unemployment trap, i.e. the
situation in which agents do not start a work activity to not lose the benefits (Carone
et al., 2004; Carone, Salomaki et al., 2004). At the same time, basic income has to be
financed by taxation; this would affect the agents’ labor supply and capital supply, and
hence their utility.

First Best Model

The economy is populated by n infinitely living agents identified by the subscript ¢, such
that ¢ € I = {1,...,n}. In each period of time the agent’s utility depends on the level
of leisure, [;, private consumption, ¢;, and public expenditure, g. With the term public
expenditure we refer to what the literature calls public consumption, i.e. defence, public
order, justice, health, education (Fiorito and Kollintzas, 2004).

In each period of time the output of the economy is produced according to a Cobb-
Douglas production function, whose inputs are aggregate capital, K, and aggregate
labor, L:

Y = F(K,L)= AK'"?L¢ (1)

The central planner chooses in each period of time the amount of leisure and consumption

for each agent, public expenditure and capital that maximize social welfare, specified



as the sum of individuals utilities. Hence, the planner solves the following recursive

maximization problem:

V< ) {Ci}i%%);g,K’[;u <C“l“g)+v V( )] ( )

subject to

Y et g+ K =AK"L? 4+ (1-6)K

L= &0-1) (3)

K given

;o L A ) Viel
Ing =phng +e, ¢~N(00), 0<p<l1

The prime symbol identifies the variables one period ahead. A is the total factor pro-
ductivity, v is the inter-temporal discount rate chosen by the central planner, ¢ is the
depreciation rate of capital. The agents’ available time is normalized to one. It can be
used for leisure, [;, and labor, n;. & is the agent specific labor productivity where ¢; is
an exogenous shock to agent’s productivity.

Therefore, the social planner in each time period chooses {¢;}i, {l;}i, g and K’, such
that all agents derive the same marginal utility from private consumption and hence it
is not possible to increase total utility moving one unit of consumption from one agent

to another
Ui(%liag) =\ Viel, (4)

the disutility that an agent suffers from a marginal reduction of his or her leisure time
is equal to the utility that the central planner can provide by making the agent working
this additional time and using the resulting output increase for consumption or public

expenditure,

the sum of each agent’s marginal utility of public goods is equal to the marginal utility of

private consumption, i.e. total utility cannot be increased allocating one unit of output



from public expenditure to private consumption,
i=1

and the level of capital is set such that the loss of utility of not assigning one unit
of marginal consumption or public expenditure today is equal to the expected utility
of allocating tomorrow for consumption or public expenditure the additional output

obtained from the today additional marginal increase of capital
A=vEN[F/(K',L')+1—-94]. (7)

Notice that, equation (4) and (5) imply that the social planner chooses each agent private

consumption and leisure time such that

uilci li,g) (e, 9) Vi, j el (8)
& 3

Decentralized Models

In this section, there is not a central planner anymore that decides the amount of labor
and leisure time for each agent and allocates private consumption, but rather a govern-
ment that decides the level of public good and taxation. From this basic specification,
whose result will be analyzed in detail in section 4, two different policies are introduced.
A benefit s which is assigned only to the agents that do not work, and a basic income
w, which is an unconditional benefit assigned to all agents. For conciseness, it is di-
rectly presented here the situation in which the subsidy s is in place, and afterwards the
situation in which basic income is introduced.

In brief, agents choose the level of private consumption, labor and capital that max-
imize their utility function, given the level of taxation and public expenditure chosen
by the government. The government, taking into account the optimal agents’ decisions,
fixes the level of taxation and public expenditure that maximize the sum of individual
utilities.

As before, there are n infinitely living agents identified by the subscript ¢, such
that ¢ € I = {1,...,n}. There is a representative firm that produces output according
to a Cobb-Douglas, i.e. linearly homogeneous neoclassic, production function, ¥ =

AK'=?L? whose inputs are aggregate capital, K, and labor, L; A is the total factor
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productivity. The capital and labor are supplied to the firm by the agents; in return,
each agent gets a wage and the interests on capital supplied. In detail, in regard to
capital, each agent maintains the ownership over the capital lent in the previous period,
k;, that is utilized for production in the current period. Hence, in the current period,
he or she owns other than the interests on the capital lent, also the amount of capital
that lasts after production, i.e. (1 —d)k;. As in the first best model, the prime symbol

identifies the variables one period ahead in time.

The firm’s problem

In each period of time, aggregate capital is the sum of capital provided by the agents

and aggregate labor is the sum of labor supplied by the agents:

K=Yk )

L=) &1 (10)

The firm chooses the demand for aggregate capital, K, and the demand of aggregate

labor, L, to maximizes its profit:
IM=AK"°L? —wL —rK. (11)

Note that the firm takes the wage rate, w, and the return paid on capital supplied by
the agents, r, as given and the input markets are set as perfectly competitive.

The maximization problem leads to:

r=(1-¢)AK°L? (12)

w = pAK L (13)
or equivalently

r=(1- ¢>A(Z W%Z@-(l —1;))? (12a)

w= A k)Y G- 1) (134)

This means that the firm demands capital and labor up to the point that their marginal

product equates their rental cost, » and w.
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The agents’ problem

Each consumer chooses the level of private consumption, ¢;, leisure, [;, and capital, &},
such that
Vi(ki, g, 7) = max[u'(c;, li, g) + xEV' (K, g', 7')] (14)

Ciybi Ry

subject to

li+n; =1
ki+ci=0—7)rki+ (1 —0)k+ (1 —7)&wn; + I,,s (15)
k; given
iy liymi ki >0
where

0, n; >0
I —

K3

1, nZ:O

lnggzplnf’b—’—e;a ElNN(O7052)7 OSpSI

Note that we assume that the government can fix only a constant tax rate and public

expenditure level over time. Hence,
(16)

The agents’ common inter-temporal discount rate is identified by x. 7 is the tax rate.
Notice that income from labor and capital are taxed at the same constant tax rate.

The value s represents an exogenous benefit that is assigned if an agent does not
work. Hence, the indicator I takes value one only if n; is equal to zero. The value s is
therefore a means-tested benefit that reproduces the unemployment trap situation, i.e.
individuals that stay unemployed not to lose the unemployment benefits.

Finally, notice that the capital held by each agent has to be at lest zero, i.e. the agents
are borrowing constrained. This is a commonly used setup in the literature (Aiyagari,
1994; Huggett, 1996).

12



The first order conditions of the agents’ problem are:

ui(ci, liy g) = pa (17)
wy(ci liy ) = (1 — 7)§w (18)
pi = xEpi((L—7)r' +1-10) (19)

This means, looking at equation (17) and (18), that at optimum all agents choose in each
period of time their labor participation such that the marginal utility that they obtain
by enjoying one unit of leisure is equal to the utility they get by working an additional

hour and consuming what they get:

In this framework, taxation reduces the agents’ return to labor. Hence, this decentralized
solution allows an efficient allocation of labor only if taxation is set equal to zero. Indeed,

only if 7 = 0:

(1—7)w, that is (1—T)¢A(Zki)1*¢(25i(1—zi))qﬁ*l

is equal to

Fr(K,L), thatis ¢AK1‘¢(i (1 —1))
=1

Equation (19) underlines that each agent supplies capital up to the point the utility he
or she loses by not consuming a marginal unit of resources today is equal to the expected
present value of the utility he or she gets by supplying today an additional marginal unit
of capital.

u(ci, li, 9) = XEul (¢, L, g) (1 —7)r' +1—06) Viel (21)
As with labor, the tax rate on capital revenues set to finance public expenditure de-
termines a wedge with respect to the first best situation. Consequently, the first best
allocation cannot be achieved.

Note that if we remove the means-tested benefit s, the first order conditions of the

agent’s problem remain the same.

The government

A stationary equilibrium is given by a feasible allocation [g, ¢, [, k that satisfy the

feasibility constraint|, a price system [w, r| , and a government policy |7, ¢] such that

13



(a) given the price system and the government policy, the [feasible| allocation solves
both the firm’s problem and the agents’ problem; (b) given the allocation and the price
system, the government policy satisfies the sequence of government budget constraints
and (c) the distribution of agents over the state variable k is constant.!

In this section, we are looking at the government policy that in stationary equilibrium
maximizes the welfare of the economy, specified as the sum of the present value of each
agent’s utility.

In detail, given that 7" = 7 and ¢’ = g, the problem of the central planner is to

n

max Y Vi(ki,g,7) = max[Y_u'(c;, li,g) + XE Y EV'(K,,g,7)] (22)
- i=1

g,7
=1

such that in each period of time the government budget constraint is satisfied,

n

Z T(r.n)ki + Swapyn:) = g+ Z I;s (23)

i=1 =1
9,720, (24)

the feasibility constraint is satisfied,

Y atg+ K =AK"CL? 4+ (1-)K, (25)
=1
where .
K=Yk (26)
=1
and

L= &(1-1b) (27)

given that the price system is

n

r=(1-¢)AY m)”(Z &(1—1,))° (12a)

i=1

w = ch(Z ki)1_¢(z &(1 1), (13a)

!This definition is the stationary formulation of Sargent and Ljungqvist (2012, Chapter 16)’s defini-

tion of competitive equilibrium.
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and {c;}i, {l;}s, {k!}; solve the agents’ problem specified by the equations systems (14)
and (15).

Notice that, as Yunker (2013), we set the problem such that the government maxi-
mizes the sum of the present value of agents’ utility. Hence, the discount rate that the
government uses to discount future utilities is the agents discount rate. We could set
that the central planner evaluates future utilities of the agents differently from what the
agents do. Nevertheless, as it will be further explained in section 3, in the literature
the social discount rate is estimated to have the same value of our calibrated agents
inter-temporal discount rate.

Note that if in a model there is only one representative agent, the knowledge that
two constraints are satisfied among the feasibility constraint, the government budget
constraint and the agent budget constraint, it implies that also the third one is satisfied.
This it is not the case with heterogeneous agents. In fact, if the feasibility constraint
and the government budget constraint are satisfied, this does not imply that the agents’
budget constraints are satisfied. Indeed, from the merging of the government budget
constraint and the feasibility constraint we get the sum over ¢, Vi € I, of the individual
budget constraints. Hence, the agents budget constraints are never redundant. On
the other hand, if the agents budget constraints and the government budget constraint
are satisfied, then also the feasibility constraint is satisfied. Therefore, the feasibility
constraint is omitted in the government maximization problem.

Finally, note that in the feasibility constraint the exogenous benefits, I,,,s, are inside
the consumption term.

In each period of time, the optimal level of g and 7, given that r and w are specified

by the equations (12a) and (13a), are

> wul(einlig) —e+ > plui (il g) — uly(ci,li ) (1 — T)wie )
=1 =1

n (28)
+ Z Vi[uf:g(ch ll7g) - EXuf:g(C{i? liag)(<1 - T)TEK/,L/) +1- 5)] =0
i=1
€ Z(T(K,L)ki + &wre,nyni) + Z pitig(ci, li, 9)Ew ke 1)
i=1 i=1 (29)

+ Z vixBul(c;, 1, Q)TZK',L') + ZQ‘[—T(K,L)]% — &wk,pyns) = 0,
i=1

=1
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where ¢ is the multiplier of the government budget constraint, p;, Vi € I, is the multiplier
of the agent’s i labor supply equation (20), v;, Vi € I, is the multiplier of the agent’s
i capital supply equation (21) and ¢;, Vi € I, is the multiplier of agent’s ¢ budget
constraint.

Notice that if we remove the benefit s the first order conditions with respect to g
and 7 do not change.

Moreover, shame/stigma costs associated to this type of conditional benefit could be
easily introduced by using a cost parameter, e.g. d, which reduces the value of benefit
available to the agents, I,,,[s — d], while in the government budget constraint the cost of

the benefit remains Y " | I,s.

Basic income

Introducing basic income, w, the problem of the government remains very similar to the
previous case. Note that we assume that the government can fix only a constant level
of basic income over time, i.e w’ = w. In detail, the government’s objective is

max Y " V'(k;, g9,7,w) = max[ Y _u'(ci,li,g) + xE Y EVi(k,g,7,w)] (30)
i=1 it

P i=1
where {c¢;}i, {l;}i, {ki}; solve the agents’ problem specified by the equations systems
(14) and (15), with the only difference that the agents’ budget constraint is
E+c=0-7)rki+ (1 =0k + (1 —71)§wn; +w. (31)

This means that the first order conditions of the agent problem remain the same. Intro-
ducing basic income, the budget constraint of the government becomes

n

Z T(rr, ki + Sw pyng) = g+ nw (32)
i=1
g, 7,w > 0. (33)
The feasibility constraint
icﬁ—g—irK’:AK1_¢L¢—|—(1—5)[{7 (34)
i=1

and the price system specified by the equations (12a) and (13a) remain the same. As

before, in the feasibility constraint the basic income is inside the consumption term.

16



Moreover, knowing that the government budget constraint and that each agent budget
constraint are satisfied, the feasibility constraint can be omitted.

Given this setup, in each period of time the FOC with respect to w is:

i S = ne. (35)
=1

where, as before, ¢;, Vi € I, is the multiplier of agent’s ¢ budget constraint and ¢ is
the multiplier of the government budget constraint. This means that basic income is
expanded up to point that the gain in utility when marginally relaxing the budget
constraint of each agent - the gain in utility of giving each agent one marginal unit of
additional resources - is equal to the cost of financing this measure - the cost of increasing

the government expenditure of n marginal units.

3 - Calibration

To solve the models, we assign values to the model parameters using estimates based on
EU15 data. For the Cobb Douglas production function, the parameters to be estimated
are ¢ and A. The agent’s utility function is set to be a nested CES function:

y—1

wi(enlig) = (067 + (1—a)l;7 )7
¢—1
'C

e (36)
+(1-p)g )=

G=Bc¢
This functional form is relatively simple but sufficiently sophisticated to capture the
substitutability relations between public expenditure, private consumption and leisure,
which constitute key elements to determine the optimal level of these three variables.
Moreover, as stated by Bouakez and Rebei (2007), it clearly represents the decreasing
marginal return of its arguments. To compute the agent’s utility «, §, the elasticity of
substitution among private consumption and public expenditure ¢, €.4, and the elasticity
between aggregate consumption and leisure 7, €z, are estimated. Finally, the depreci-
ation rate, §, the parameters governing the evolution of agents’ productivity, p, o, the
inter-temporal social discount rate that is used in the first best model, v, and the agents’
common inter-temporal discount rate, y, are estimated.
¢ is set to match the empirical labor share i.e. ¢ = 0.64 (Arpaia, Pérez and Pichel-
mann, 2009). As in Conesa, Kitao and Krueger (2009) and Garcia-Mila, Marcet and

17



Ventura (2010), A is set to one. The share parameter [, using the estimates of Coenen,
Straub and Trabandt (2012), is set equal to 0.75. The share parameter « is calibrated
such as each agent’s working time is approximately 1/3 of his or her time. Note that
the calibration is performed using the decentralized model with neither basic income,
i.e. w, nor benefits for agents that do not work, i.e. s, when the tax rate is set equal
to 0.4. This tax rate is used as benchmark since it is the average tax rate with respect
to GDP in EU15 (European Commission, 2018a). Hence, « is set equal to 0.58. Using
the estimates of Auteri and Costantini (2010), the elasticity of substitution between
private consumption and public consumption - €4 - is set equal to 0.65. The elasticity of
substitution between aggregate consumption and leisure - € - is set equal to 2 (Coenen,
Straub and Trabandt, 2012; Ercolani and e Azevedo, 2014). p is set equal to 0.95 and
o equal to 0.21 (Storesletten, Telmer and Yaron, 2001; Chang and Kim, 2006). The
discount rate of the first best problem, v, is set equal to 0.96 (Evans, 2007). The agents’
common inter-temporal discount rate, i.e.y, is set such that the steady state net interest
rate when taxation is at 40% is 4% (Ercolani and e Azevedo, 2014; Smets and Wouters,
2003).

In table 1 the parameters used in the models are reported.

¢ A a B €cg €cl 0 P Oe v X
064 |1 ]058 |07 |065| 2 |0.1]0.95]|0.21 1| 0.96 | 0.96

Table 1: Parameters value

4 - Results

To solve the models presented, firstly the productivity process is discretized. Then, a
grid search technique is applied to compute, for all the models, the steady state of the

economy and the associated total welfare, i.e.

I

i=1

The MATLAB code for each model is in the appendix.
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First Best Model

As anticipated, we use a grid search technique to find what is the level of public ex-
penditure, capital and, for each agent, the level of private consumption and labor that
maximize total welfare. Note that to compute the first best model we use the results of
equation (8), i.e.
ui(ci,li,g) _ uj (¢, 15, 9) vijel.
&i &

Hence, given the consumption and leisure time of one agent, the consumption and leisure

time of all the other agents is fixed accordingly. This means that, if we choose agent 1

as reference agent, the central planner problem becomes

V(K) = max_[u'(ci,l1, 9) + u*(ca(er, ), bo(er, 1), g) + -
c1,l1,9,K' (38)
o u(enler, ), (e, ), g) + vEV (K]

subject to
n

Y et g+ K =AK"L? 4+ (1-6)K
=1
- (39)
L = Zfl(l — li]cl,ll)
=1

K given

(S
lnfz/ = pln&; + 62, € ~ N(O,U?)7 0<p<1

In MATLAB, we implement the model fixing each time a different level of public expen-
diture, g, to see what level maximizes total welfare. Table 2 summarizes the results. In
detail, V' is the total welfare of the economy, Y is total output, K is the level of capital,
K/Y, the capital output ratio, WT the average working time, C'is the steady state level
of average consumption, C'/Y is the consumption output ratio and ¢/Y is the public
expenditure output ratio.

We notice that, at all the different public expenditure levels, the central planner
chooses a steady state level of capital such as net marginal productivity of capital is

equal to 4%, which is the long run level of the net marginal productivity of capital
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g | V | Y| K |K/)Y|WT| C |C/Y]|g/Y
0.1 | 1554 | 1.12 | 3.04 | 2.72 | 0.35 | 0.72 | 0.64 | 0.09
0.2 | 16.36 | 1.17 | 3.29 | 2.81 | 0.36 | 0.64 | 0.55 | 0.17
0.3 | 15.76 | 1.20 | 3.38 | 2.82 | 0.37 | 0.56 | 0.47 | 0.25
0.4 | 14.57 | 1.07 | 2.85 | 2.65 | 0.32 | 0.39 | 0.36 | 0.37
0.5 | 12.58 | 0.97 | 2.26 | 2.34 | 0.30 | 0.24 | 0.25 | 0.52

Table 2: First Best Model

according to equation (7). Moreover, the capital output ratio is around 3, which is
commonly acknowledged to be the ratio taking place in the economy. 2

According to our first best model, a public expenditure of 0.2 is welfare maximizing.
Of great interest it is how the central planner treats the different agents. With a public
expenditure of 0.2, but the same takes place in the other situations, we observe that the
labor supply is unequally divided among agents. The central planner makes the more
productive agents work all their available time, while makes the working time of less
productive agents equal to zero. At the same time, the central planner compensates the
more productive agent with a share of consumption that is 4 times the consumption of
the least productive agents. Indeed, the central planner, in the attempt to maximize
total welfare, makes the more productive agents work longer hours and then compensates
their reduced leisure time with higher consumption. However, note that all agents enjoy
about the same level of welfare; for the less productive agents the welfare comes mostly

from leisure time, whereas for the more productive agents it comes from consumption.

Basic Decentralized Model

Now, we look to the decentralized solution, and, in particular, we keep as benchmark
case a decentralized model with neither the government subsidy s nor basic income w.
In table 3 we compute some aggregate statistics when tax rate is set to 0.1, 0.2, 0.3, 0.4,
0.5 and 0.6. We look at these tax rates because they are the tax rates with respect to
GDP that we find in EU15 (European Commission, 2018a). Compared to the first best
model, the GINT coefficient, the fraction of individual with zero net worth, i.e. NW, and

the fraction of wealth to the richest one percent, i.e. R1, are computed.

ZNotice however that Piketty (2015) states that the figure for rich countries could be in reality more

near to 5-6.
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| V| Y | K |KY|WT| C|C/Y| g |g/Y|GINI|NW| RI
0.1 | 9.66 | 0.64 | 1.93 | 3.02 | 0.23 | 0.38 | 0.60 | 0.06 | 0.10 | 0.60 | 0.18 | 0.04
0.2 [ 10.92 | 0.79 | 2.02 | 2.57 | 0.30 | 0.43 | 0.54 | 0.16 | 0.20 | 0.61 | 0.19 | 0.04
0.3 1093|079 | 1.74 | 2.21 | 0.33 | 0.38 | 0.48 | 0.24 | 0.30 | 0.62 | 0.19 | 0.04
0.4 10.36 | 0.73 | 1.39 | 1.90 | 0.33 | 0.30 | 0.41 | 0.29 | 0.40 | 0.62 | 0.19 | 0.04
05| 9.44 | 0.63 | 1.00 | 1.57 | 0.32 | 0.22 | 0.34 | 0.32 | 0.50 | 0.62 | 0.19 | 0.07
0.6 | 837 | 0.52|0.66 | 1.27 | 0.28 | 0.14 | 0.27 | 0.31 | 0.60 | 0.62 | 0.29 | 0.12

Table 3: Decentralized model with neither w nor

As we can see, a tax rate of 0.3 is associated with a slightly higher total welfare
than the other tax rates analyzed. Hence, according to our model, this is the optimal
tax rate that the government should set. Observe however, that this tax rate performs
similarly with respect to the 20% tax rate. Basically, the model suggests that the agents,
starting from a low level of public expenditure, accept an increase in taxation and hence
a reduction in private consumption, if this implies an increase of public expenditure. A
welfare maximizing tax rate of 20%-30% could seem low compared to the tax rates we
find in Europe. However, we should remember that our central planner is responsible
only for the expenditure in public consumption.

Regarding the overall performance of the model, if we look at the results according
to the tax rate of 30%, the model matches the economy main characteristics. The
private consumption-output ratio implied by the model is around 50% and the average
consumption output ratio in Euro area is 50% (European Commission, 2018b). The
public consumption-output ratio in the model is 30% and the average public consumption
in Europe is around 20% of GDP (Fiorito and Kollintzas, 2004). For what concerns the
capital-output ratio, our figures are less than 3-4. Nevertheless, they are in line with the
results in general equilibrium literature; indeed the Smets and Wouters (2003) general
equilibrium model for euro area implies a 2.2 capital output ratio. Finally, the wealth
GINT coefficient matches the current one, estimated to be .60-.70 (Davies et al., 2009).
The model is less representative in regards to the amount of agents with zero wealth
and the amount of wealth held by the richest one percent of the agents; indeed, in the
economy the share of individuals with no wealth is about 5-15% and the wealth to the
top one percent ranges between 20-30% (Davies et al., 2011; Atkinson and Piketty, 2010).
However, this is an expected result. Indeed, the structure of our model follows Aiyagari

(1994), and we know that to match the wealth distribution we should use models such
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as Huggett (1996) and Cagetti and De Nardi (2006), but this falls outside of the scope
of this paper.

In table 4 we see the percentage change in welfare, V', consumption, C, assets holding,
A, and working time, WT', for the least productive agents and more productive agents
when we move from one tax rate, i.e.“starting tax rate”, to the following one, i.e. “final
tax rate”. Note that L identifies the low productive agents and H the high productive

ones. In columns V, the levels of welfare at the “final” tax rate are also reported.

T V-L V-H CL | CH | AL | AAH| WT-L | WI-H
from 0.2 to 0.3 | 2.42, -1% | 3.09, 1.5% | -17% | -12% | -16% | -13% | 0.2% 9%
from 0.3 to 0.4 | 2.28, -6% | 2.95, -5% | -24% | -20% | -22% | -20% -5% 2%

Table 4: Welfare - Consumption - Assets - Labor distribution

Moving from one tax rate to the higher one, all agents enjoy a higher public ex-
penditure level. However, they all experience a reduction in their available resources.
In particular, the increase in taxation reduces considerably the consumption level and
capital accumulation capability of less productive agents.

Compared to the first best solution, this decentralized solution implies a lower total
welfare, V., which is also distributed differently among the different classes of agents.
Indeed, in the first best model all agents enjoy about the same level of welfare, while
in the decentralized solution the welfare of more productive agents is about 30% higher

than the welfare of less productive agents.

Subsidy for Not Working Agents

Now we look to the decentralized models with a subsidy assigned when an agent does
not work. In detail, we look at tax rates of 0.2, 0.3, 0.4 and 0.5 with s equal to 0.02,
0.05, 0.07, 0.08 and 0.1. The results are summarized in table 5; the column S/Y is the
ratio of total expenditure sustained by the government for financing s over total output.

First thing to observe is that the results with s equal to 0.07 associated to 7 equal
to 0.5 and 0.2 and all the results for s equal to 0.08 and 0.1 are not reported. The
reason is that, if the government commits to assign a benefit of this size, it has not
enough resources to finance this policy. Indeed, many agents stop working. As a result,

aggregate output reduces and with it average consumption and public expenditure. The
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T-8 \% Y s/Y | K/Y | WT| C |[C/Y| g |g/Y|GINI|NW | RI
.2-.02 | 10.74 | 0.74 | 0.012 | 2.62 | 0.27 | 0.40 | 0.54 | 0.14 | 0.19 | 0.60 | 0.09 | 0.06
.3-.02 | 10.96 | 0.76 | 0.012 | 2.28 | 0.30 | 0.38 | 0.49 | 0.22 | 0.29 | 0.59 | 0.09 | 0.04
4-.02 | 10.35 | 0.69 | 0.015 | 1.94 | 0.28 | 0.29 | 0.41 | 0.27 | 0.39 | 0.59 | 0.05 | 0.04
.2-.05 | 10.02 | 0.59 | 0.055 | 2.73 | 0.18 | 0.34 | 0.59 | 0.09 | 0.15 | 0.66 | 0.14 | 0.05
.3-.05 | 10.64 | 0.65 | 0.047 | 2.31 | 0.22 | 0.34 | 0.52 | 0.16 | 0.25 | 0.59 | 0.16 | 0.05
4-.05 | 10.34 | 0.60 | 0.054 | 1.95 | 0.22 | 0.28 | 0.46 | 0.21 | 0.34 | 0.60 | 0.19 | 0.04
.3-.07 | 10.24 | 0.54 | 0.090 | 2.32 | 0.18 | 0.30 | 0.56 | 0.11 | 0.21 | 0.62 | 0.18 | 0.08
A4-07 | 9.84 | 0.44 | 0.123 | 1.98 | 0.14 | 0.23 | 0.52 | 0.12 | 0.28 | 0.69 | 0.29 | 0.04

Table 5: Decentralized model with subsidy s for not working agents

economy converges to a degenerate solution with consumption, labor supply, capital and
public expenditure equal to zero.

We have seen that when 7 is equal to 0.5 or 0.2 the sustainable level of s is lower.
Indeed, 7 equal to 0.5 determines a lower total output due to its distortive effects on
labor supply and capital supply, and 7 equal to 0.2, even if it does not distort the
economic activity, does not allow the government to collect enough resources to finance
a high benefit s.

Note that the highest levels of subsidy that are sustainable correspond to around 1/3
of the steady state average consumption.

Among the non degenerate solutions, the tax rate at 0.3%, together with a moderate
small subsidy of 0.02 is associated with the highest total welfare. The subsidy s improves
slightly total welfare with respect to the situation in which this subsidy is not introduced.
In detail, comparing the basic model with 7 at 30% and this model with 7 at 30% and
s at 0.02, we see that capital, output and average consumption remain about constant,
public expenditure and working time are slightly lower and all the inequality indexes of
our economy decrease. If we look specifically to the more productive and less productive
agents, we notice that moving from the situation in which there is not subsidy to a
subsidy of 0.02, the welfare of the less productive class of agents increases by around
1% and the welfare of the more productive agents decreases by 0.4%. Consumption for
less productive agents decreases by 3%, and that of more productive agents increases by

about 2%. The amount of assets of less productive agents increases by 9%, while for more
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productive ones it decreases by 2%. Finally, the working time of less productive agents
is reduced approximately by around 26%, while the working hours of more productive
agents is reduced approximately by 3%.

Basically, the introduction of the subsidy leaves unchanged the behaviors of more
productive agents but it greatly modifies the behavior of the less productive ones. Indeed,
low productive agents can decide to go out of the labor market since, even if they do
not work, they can enjoy the small level of consumption guaranteed by s. Hence, these
agents enjoy more leisure time and their total welfare increases.

Note that this outcome goes in the direction of the first best solution, where the
working time of less productive agents is equal to zero.

From these results, one supporting statement of basic income is weakened. In detail,
supporters of basic income underline that the unconditionality of the basic income is a
key advantage with respect to conditional subsidies. The results show instead that a
conditional subsidy assigned to not working agents could be welfare improving. More-
over, this type of subsidy affects the behavior of less productive agents but it does not

change much the behavior of more productive agents.

Basic Income

Finally, we introduce basic income to the economy. In table 7 we summarize the results
for tax rates at 20%, 30% 40% and 50% with a basic income of 0.02, 0.05, 0.07, 0.08
and 0.1. BI/Y are the expenditures of basic income with respect to the economy total

output.

7w | V | Y |BIY|K/Y|WT| C |C/Y| g |g/Y|GINI|NW | Rl
2-.02 | 10.52 | 0.69 | 0.03 | 2.59 | 0.26 | 0.39 | 0.57 | 0.12 | 0.17 | 0.61 | 0.19 | 0.05
3-.02 | 10.87 | 0.73 | 0.03 | 2.23 | 0.29 | 0.37 | 0.51 | 0.20 | 0.27 | 0.62 | 0.19 | 0.04
4-.02 | 10.38 | 0.67 | 0.03 | 1.87 | 0.29 | 0.29 | 0.44 | 0.25 | 0.37 | 0.63 | 0.19 | 0.05

2-.05| 955 | 051 | 0.10 | 2.67 | 0.18 | 0.32 | 0.62 | 0.06 | 0.12 | 0.60 | 0.18 | 0.13
.3-.05 | 1048 | 0.61 | 0.08 | 2.24 | 0.23 | 0.35 | 0.57 | 0.13 | 0.22 | 0.64 | 0.19 | 0.08

4-.05 1039 | 0.58 | 0.09 | 1.91 | 0.23 | 0.29 | 0.51 | 0.18 | 0.31 | 0.64 | 0.19 | 0.10

Table 6: Decentralized model with basic income
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As with the subsidy s, some levels of basic income are not sustainable, i.e. the
economic activity converges to zero. In detail, this happens with all tax rates when w is
higher than 0.05.

Among the stable solutions, the taxation level of 30% with a basic income of 0.02 is
the combination that maximizes total economy welfare. This policy implies a slightly
lower total welfare than the situation in which there is no basic income in the economy.
Moreover, basic income has non negligible consequences on the steady state of the econ-
omy. Indeed, average working time decreases by around 12%, average capital by 6%,
and consequently total output decreases by approximately 8%. Average consumption
and public expenditure decrease respectively by 2.5% and 17%.

If we compare less productive and more productive agents, we clearly see that total
welfare of less productive agents increases by around 1%, while the welfare of more
productive agents decreases by around 1.7%. Less productive agents reduce their working
time by 21% and more productive by 6%. Consumption remains stable - less productive
agents reduce their consumption by approximately 0.2% and more productive agents by
0.7%. Regarding assets, the asset holding of less productive agents decreases by 8% and
that of more productive agents decreases by 6%.

These results show that on the one hand, the total cost borne by society to finance
this type of measure is higher than in a case of a subsidy s of the same magnitude. This
implies that since the government has less resources to finance public expenditure, g
decreases and all agents suffer from this reduction. On the other hand, w is assigned
independently of the working condition. Hence, it is no longer necessary to work zero
hours to receive the subsidy. For this reason, less productive agents reduce their labor
supply but not as they do with the conditional subsidy s. Consequently, low productive
agents can maintain unaltered consumption, while with the subsidy s their consumption
decreases by 3%. Note that we identify the higher reduction in working hours when the
benefit s is in place with the unemployment trap situation. Basic income allows also
more productive agents to reduce their working time. However, their increase in welfare
due to higher leisure time does not compensate for their reduction in utility due to the
decrease in public expenditure.

At this point some readers may argue what follows. Since basic income is more
expensive than the subsidy s and it competes with public expenditure for resources,

while in the basic decentralized model taxation at 0.3 maximizes welfare, if we introduce
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basic income it could be optimal to adopt a higher level of taxation, but not as distortive
as the 0.4 tax rate. Nevertheless, even if we consider a tax rate of 0.35 associated to
a basic income of 0.02 and 0.05, we get respectively a total welfare of 10.71 and 10.51,
that are lower than the welfare obtained in the basic decentralized framework.

We have seen that s slightly improves total welfare than the decentralized model
without benefit, while w causes a small reduction in total welfare. Moreover, basic
income changes considerably the steady state level of the economy variables, i.e. output
and working time decrease. While, in fact, a low conditional subsidy s affects mainly
the behavior of less productive agents, basic income modifies the behaviors of all agents.
As reported in the introduction, this result is in line with the findings of Yunker (2013)
who shows that basic income implies a reduction of output and savings.

Given the results of our models, the possibility of introducing the basic income
seems doubtful. In fact, a conditional benefit s could achieve higher total welfare levels
compared to the basic decentralized model, maintaining the cost of the policy limited

to 1.5% of total output and without modifying heavily the agents behavior.

Robustness Checks

To check the robustness of our model, we perform a sensitivity analysis on the model
parameters. In detail, we modify the parameters of the decentralized solution with nei-
ther basic income nor unemployment subsidy, with tax rate fixed at 30%. We modify,
one at a time, the agent’s utility function weight for public and private consumption,
i.e. [, the weight of aggregate consumption and leisure, «, the elasticity of substitution
between private consumption and public consumption, €.,, and the elasticity of substi-
tution between aggregate consumption and leisure, €z. In detail, we set § equal to 0.7
and 0.8, a equal to 0.57 and 0.58, €., equal to 1 and €z equal to 0.8 and 3.2.

Notice that small changes in our parameters leave the economy steady state basically
unchanged. The only considerable change is obtained reducing the elasticity of substitu-
tion between aggregate consumption and leisure from 2 to 0.8, i.e. the substitutability
among leisure and aggregate consumption is reduced. In detail, this change pushes es-
pecially the less productive agents, that before they were enjoying much free time, to

increase their labor supply in order to increase consumption.
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V | Y| K |K/Y|WT| C |C/Y| g |g/Y|GINI| NW | Rl
B.7 11075 [ 0.70 | 1.57 | 2.24 | 0.29 | 0.34 | 0.49 [ 0.22 | 0.31 | 0.66 | 0.20 | 0.14
B.8 | 1081 | 0.82|1.78| 2.17 | 0.34 | 0.36 | 0.44 | 0.25 | 0.23 | 0.61 | 0.19 | 0.08
a .57 | 11.11 [ 0.76 | 1.68 | 2.20 | 0.32 | 0.39 | 0.51 | 0.23 | 0.30 | 0.63 | 0.120 | 0.10
.59 | 11.00 | 0.83 | 1.86 | 2.25 | 0.34 | 0.39 | 0.47 | 0.26 | 0.31 | 0.62 | 0.19 | 0.07
€l [11.23]0.85 | 1.82 | 213 | 0.35 | 0.42 | 0.49 | 0.25 | 0.29 | 0.63 | 0.19 | 0.09
€z-0.8 | 11.21 | 0.92 | 2.11 | 2.30 | 0.44 | 0.48 | 0.52 | 0.27 | 0.30 | 0.66 | 0.41 | 0.05
€z-3.2 | 11.15 | 0.73 | 1.65 | 2.26 | 0.27 | 0.35 | 0.48 | 0.23 | 0.31 | 0.67 | 0.27 | 0.14

Table 7: Decentralized model with neither w nor u

5 - Conclusions

This paper shows that in an economy ruled by a central planner, the central planner
forces more productive agents to work longer hours and assigns higher consumption to
them, while less productive agents have more free time and consume less; this solution
implies a similar level of welfare for each agent. In a decentralized framework, the welfare
of less productive agents decreases considerably since they have to work, even if with
a really low productivity, to earn the means to consume. If we introduce a subsidy s
conditional on not working, i.e. a means-tested benefit, the welfare of less productive
agents increases since they can enjoy, also without working, a minimum consumption.
At the same time, if the subsidy is low and hence the total expenditure to finance this
measure is limited, the behavior of more productive agents remains unchanged.

The introduction of basic income brings a small reduction of total welfare with re-
spect to the basic decentralized model. Moreover, it brings considerable changes to the
steady state level of economy variables. Indeed, both labor supply of all agents and
average output decrease. Hence, this paper shows that basic income is not necessarily
an improvement over a conditional benefit and that it is fundamental in the discussion
on the introduction of basic income to consider what type of changes in the economic

structure we are willing to accept.
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3

Appendix

MATLAB Code

W% %% %% M ODES 6060606767676 %

%I kindly thank Dr Rigas Oikonomou,

professor of UCLouvain,

for making

4 Zavailable to me his replication code of Aiyagari (1994), from which I

5 %have developed my first best model and decentralized models.

6
7
3
9
10
11
12
13
14

%The agents’ productivity process is

%the addacouper function

9%\ DDACOUPER%%%%

function [Z,PI] =

discretized wusing

addacooper (n,mu,rho ,sigma)

15 %The function approximates an AR(1) process following Tauchen (1986)

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Y%and Tauchen and Hussey (1991).
Z is the

%of transition to any of these

%intervals .

%pp 57— for more details.
%

%

%Martin Flodn , 2005

sigmaUNC = sigma/sqrt(l—rho"2);

The process 1is
conditional mean of each interval,

intervals.

discretized into N
PI the probability
See Adda and Cooper (2003)

E = zeros(n+1,1);
Z = zeros(n,1);
PI = zeros(n,n);
MFPI = zeros(n,n);
E(1) = —1EG6;
E(end) = 1E6;
for i = 2:n
E(i) = sigmaUNCsnorm_inv ((i—1)/n) + mu;
end
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36

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
93
54
95
56
o7
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
(0]

Z(i) = nxsigmaUNCx*(norm_pdf ((E(i)—mu) /sigmaUNC) ...
— norm_pdf ((E(i+1)—mu) /sigmaUNC)) + mu;

=
=
Il
= o
oo F

E2 = E(]
th_fcn = @Q(u) n/sqrt(2+pixsigmaUNC"2) x(exp(—(u’'—mu). 2 /...

(2%sigmaUNC " 2) ) .x (norm_cdf ((E2—mux(1—rho)—rho*u’) /sigma) —...

norm _cdf ((El-mu*(1—rho)—rhox*u’) /sigma))) ;
PI(i,j) = quadl(th_fen ,E(i),E(i+1),1e—10);

MFPI(i,j) = norm_cdf ((E(j+1)—mux(l—rho)—rho*Z(1i))/sigma) —...

norm_cdf ((E(j)—mux(1—rho)—rho*Z(1))/sigma);

PI(i,:) = PI(i,:) / sum(PI(i,:));
MFPI(i ,:) = MFPI(i,:) / sum(MFPI(i,:));

function ¢ = norm_cdf(x)
¢ = 0.5 % erfc(—x/sqrt(2));

function p = norm_pdf(x)

b = 1/sqrt(2+pi) * exp(—(x)"2/2);
function y = norm_inv(x)
f =@(x0,a) (0.5 % erfc(—x0/sqrt(2))—a);
y = fzero(f,0,[],x);
Y%%%FIRST BEST MODEL%%%%

upsilon=.96; % intertemporal discount rate
alpha= 0.58; % weight of aggregate consumption and leisure

beta= 0.75; % weight of private consumption and public expenditure
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76 zeta= 0.5385;% zeta=(1 —elasticity(c—g))/elasticity (c—g)

77 gamma= —0.5; % gamma=(1—elasticity (aggregatec—1))/elasticity (aggregatec—1)
78 phi= 0.64; % weight of aggregate labor and capital

79 delta= 0.1; % depreciation rate

80

81 %We run the model for g equal to 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6.

82 %In this example we set g = 0.3

83 g = 0.3;

84

85 nl=5; % we discretize the productivity process in nl intervals

86 rhol=.95; %expected walue of the agents’ productivity shock

87 sigmal= 0.21; %standard deviation of the productivity shock

88

89 [Z,PI] = addacooper(nl,0,rhol,sigmal);

90

91 ll=exp(Z); %conditional mean of each interval

92 prob=PI; ZFprobability of transition to any of these intervals

93

94 %Note that we have just divided our agents in ”"nl” productivity categories
95 %We set a grid of consumption and leisure points for the agents of one
96 %of these "nl” productivity intervals. We call the selected

97 %productivity interval "reference class”.

98

99 consumptiongridl = linspace (0.05,1.5,150); %grid points for consumption
100 %of the reference class

101 leisuregridl = linspace(0.05,1/nl,150); %grid points for leisure

102 %of the reference class

103

104 nc = length (consumptionl);

105 nleisure = length(leisurel);

106

107 %Given the consumption and leisure of the reference class, we obtain the
108 %consumption and leisure of the other classes of agents using equation (4)
109 %and (5), i.e. the FOCs of the fist best problem. Hence, for each

110 %combination of leisure and consumption of the reference class, we look
111 %to the leisure and consumption combination of each other productivity
112 %class of agents. Since we set 150 points for consumptiongridl and 150
113 %for leisuregridl , we have for our reference class 22500 different

114 %combination of leisure and consumption.

115
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116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155

for i = 1l:nc
for h = 1:nleisure
fun=0Q(x) EquationsToBeSolved (x,g,1l ,i,h,nl,consumptionl ,leisurel);
%The system of equation ”EquationsToBeSolved” is reported at the
%end of this section.
options = optimoptions(’lsqnonlin’, 'TolFun’, le—15,...
"MaxIterations’, 100000, ’MaxFunctionEvaluations’, 120000);
Ib = zeros(2x(nl—-1),1);
Ib(nl:2x(nl—1)) = 0.05;
ub = 25%ones(2x(nl—1),1);
ub(nl:2%x(nl—1))= 1/nl;
x0 = 0.001%ones(2x(nl—-1),1);
x = lsqunonlin (fun,x0, lb, ub, options);
cons = reshape(x(l:nl—1),nl—1,1);
leisure = reshape(x(nl:2xnl—2),nl—1,1);
consl(i,h) = cons(1);
cons2(i,h) = cons(2);
cons4 (i,h) = cons(3);
cons5 (i,h) cons (4);
cons3 (i,h) = consumptiongridl (i);
leis1 (i,h) = leisure(1);
leis2 (i,h) = leisure(2);
leis4 (i,h) = leisure(3);
leis5 (i,h) = leisure(4);
leis3 (i,h) = leisuregridl (h);
end
end
%To visualize how the combinations of leisure and consumption for

%each agent evolve , we can reshape the results.

%leisl = reshape(leisl ,150,150); %leisure points of agents of the first

Y%productivity interval
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156 %leis2 = reshape(leis2,150,150); %leisure points of agents of the second
157 Z%productivity interval

158 %leis3 = reshape(leis3 ,150,150);

159 %leis4 = reshape(leis4 ,150,150);

160 %leisb5 = reshape(leish ,150,150);

161

162 %cons! = reshape(consl , 150,150); %consumption points of agents of first
163 ZFproductivity interval

164 %cons2 = reshape(cons2,150,150);

165 %cons3 = reshape(cons3,150,150);

166 %cons = reshape(cons4,150,150);

167 %consd = reshape(consd,150,150);

168

169 leisl = leisl (:);
170 leis2 = leis2 (:);
171 leis3 = leis3 (:);
172 leis4 = leis4 (:);
173 leisb = leis5 (:);
174

175 consl = consl (:);
176 cons2 = cons2 (:);
177 cons3 = cons3 (:);
178 cons4d = consd (:);
179 cons5 = consb (:);
180

181 meanconsumption = consl + cons2 + cons3 + cons4d + consbh;
182

183 asset= linspace (0.4,7,40); %we set a grid of assets

184 na=length (asset);

185

186 V=zeros(na,nl); % initial guess for the wvalue function
187 Vl=zeros(na,nl); % we preallocate the wariables for speed
188 aprime = zeros(na,l);

189 diff = zeros(na,l);

190 totalabor = zeros(na,l);

191 oldlaborsupply = zeros(na,l);

192 indexaprime = zeros(na,nl);
193 totalworking = zeros(na,l);
194

195 %%%We solve our recursive problem%%%%
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196

197 while dist >=.02 %As long as the wvalue function is not stationary, we

198 %repeat the loop

199 dist

200

201 for f = 1:na

202

203 laborsupply = ones(na,l); %we set an initial guess of mean labour
204 Zsupply

205 distans = 1;

206

207 while distans > .02 %this while loop updates our initial guess
208 %for mean labor supply. To facilitate convergence, we advice to
209 %start with a less strict constraint and to update it after few
210 %iterations. Remember to take out line 186 when updating the
211 %constraint .

212

213 cc = — asset’ —g + asset(f)"(1—phi)*(laborsupply(f)) "phi +...
214 (1—delta)*asset (f);

215 %note that cc is (na,1) vector. It is the wvalue of average
216 %consumption for each level of mext period asset in our grid,
217 %i.e. asset’, given a starting value of asset, i.e. asset(f)
218

219 indcon=find (cc<0); %we check when consumption is negative

220

221 nextV1=(Vkprob (1,:) ’); %continuation utility

222 nextV1(indcon)= —100; %penalty to negative consumption

223

224 nextV2=(Vkprob (2,:) ) ;

225 nextV2(indcon)= —100;

226

227 nextV3=(Vkprob (3,:) ) ;

228 nextV3(indcon)= —100;

229

230 nextV4=(Vkprob (4 ,:) ) ;

231 nextV4 (indcon)= —100;

232

233 nextV5=(Vxprob (5,:) ’);

234 nextV5 (indcon)= —100;

235
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236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

cc = max(cc,.000000000000000000000000000001) ;

summa = zeros(na,l); %preallocation for speed
minValue = zeros(na,l);
closestIndex = zeros(na,l);

utill= zeros(na,l);

)

util2= zeros(na,l

util4d= zeros(na,l);

(

( )
util3= zeros(na,l);

( )

( )

utilb= zeros(na,l);

for k = 1:na %for each element of the cc wvector, we select

%the nearest wvalue of meanconsumption
[minValue (k) ,closestIndex (k)]= min(abs(meanconsumption—cc(k)))

utill (k)=(alphax(betaxconsl (closestIndex (k))."(—zeta) +...
(1—beta)*g."(—zeta)).  (gamma/zeta ) +...
(1—alpha)x(leisl (closestIndex (k))."(—gamma)))." (—1/gamma) +...
upsilonxnextV1(k) ’;

util2 (k)=(alphax(betaxcons2(closestIndex (k))."(—zeta) +...
(1—beta)*g."(—zeta)) .  (gamma/zeta) +...
(1—alpha)x(leis2 (closestIndex (k))."(—gamma)))." (—1/gamma) +...
upsilonxnextV2(k) ’;

util3 (k)=(alpha=x(betaxcons3 (closestIndex (k))."(—zeta) +...
(1—beta)*g."(—zeta)).  (gamma/zeta) —+...
(1—alpha)x(leis3 (closestIndex (k))."(—gamma)))." (—1/gamma) +...
upsilon*nextV3(k) ’;

util4 (k)=(alphax(betaxcons4 (closestIndex (k))."(—zeta) +...
(1—beta)*g."(—zeta)).” (gamma/zeta) +...
(1—alpha)«(leis4 (closestIndex(k))."(—gamma))).
upsilonxnextV4 (k) ’;

utilb (k)=(alphax(betaxconsb(closestIndex (k))."(—zeta) +...
(1—beta)*g."(—zeta)) .  (gamma/zeta) +...

(1—alpha)«(leis5 (closestIndex(k))."(—gamma)))." (—1/gamma) + ...
upsilonxnextVs(k) ’;

(—1/gamma) + ...

summa(k) = utill (k) + util2 (k) + util3 (k) +utild (k) +utils (k);
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276 end

277

278 [va,ind] = max(summa) ;

279 index = closestIndex (ind);

280

281 totalworking (f) = (1/nl —leisl (index)) + (1/nl—leis2 (index)) +...
282 (1/nl—leis3 (index))+(1/nl—leis4 (index)) + (1/nl—leis5 (index));
283 Ztotalworking is the mean working time in the economy

284 steadyconsumption (f) = consl(index) + cons2(index) +...

285 cons3 (index )+ cons4 (index )+ cons5(index);

286 %steadyconsumption is mean consumption in the economy

287

288 workl (f) = (1/nl-leis1 (index));

289 work2 (f) = (1/nl—-leis2 (index));

290 work3 (f) = (1/nl-leis3 (index));

291 work4 (f) = (1/nl—leis4 (index));

292 work5 (f) = (1/nl—-leisb (index));

293

294 consumptionl (f) = consl(index);

295 consumption2(f) = cons2(index);

296 consumption3 (f) = cons3(index);

297 consumptiond (f) = cons4 (index);

298 consumption5(f) = consb(index);

299

300 averagelabor (f) = (1/nl —leisl (index))x11(1) +...

301 (1/nl —leis2 (index))*11(2) +(1/nl — leis3 (index))*11(3) +...
302 (1/nl — leis4 (index))*11(4) + (1/nl — leisb (index))*11(5);
303 Ztotalabor is the average labor supply in the economy

304 oldlaborsupply (f) = laborsupply (f);

305 diff(f) = laborsupply(f) —averagelabor (f);

306 distans= abs(laborsupply (f)—averagelabor (f));

307

308 %if averagelabor is different from our initial labor supply guess,
309 Y%we update the guess

310

311 if diff(f) > 0.07

312 laborsupply (f) = laborsupply (f) — 0.01;

313 elseif diff(f) < —0.07

314 laborsupply (f) = laborsupply (f) + 0.01;

315 else
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316 laborsupply (f) = (laborsupply(f)+ averagelabor(f))/2;
317 end

318

319 end

320

321 %Value of continuation wutility for each agent
322 VI(f,1)=utill (ind);
323 V1(f,2)=util2 (ind);
324 VI(f,3)=util3 (ind);
325 V1(f,4)=util4 (ind);
326 VI(f,5)=util5 (ind);
327

328 aprime ()= asset (ind);
329

330 for j = 1:nl

331 indexaprime (f,j)=ind;
332 end

333

334 end

335

336 dist=max(max(abs(V1-V)));

337

338 V=V1:

339

340 end

341

342

343 %%%Steady State Distribution
344

345 problongrun=ones(na,l) /(na);

346 Q=zeros(na,na);

347

348 for i=1:na

349 Q(1i,indexaprime (i,1))=1;

350 end

351

352 distprob=1;

353

354 while distprob >=.000000000000001
355 problongrunnew= Q’*problongrun (:) ;
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356 distprob=max(max(abs(problongrunnew—problongrun)));
357 problongrun=problongrunnew ;

358 end

359

360 %%%Aggerate results of the economy

361

362 %average welfare in the economy

363 for k = 1:nl

364 partialwelfare (k) = V(:,k) ’«problongrun (: ,k);
365 end

366

367 averagewelfare = sum(partialwelfare)

368

369 %average capital

370 amean = asset (:) “«problongrun;

371

372 %average working time

373 Workingtime = totalworking (:) *problongrun
374

375 %workingtimel = workl (:) *xproblongrun;
376 %workingtime?2 = work2(:) xproblongrun;
377 %workingtimed = work3 (:) xproblongrun;
378 %workingtime = workj (:) *problongrun ;
379 %workingtime5 = work5 (:) *problongrun ;
380

381 %average labor supply

382 LL = averagelabor (:) "sproblongrun;

383

384 %average consumption

385 averageconsumption = —g —deltaxamean +amean” (1—phi)«LL"(phi)
386

387 %alternatively , we can obtain the average consumption as
388 %averageconsumption = steadyconsumption (:) *problongrun
389

390 %consumptionsteadyl = consumptionl (:) *problongrun

391 %consumptionsteady?2 = consumption2(:) xproblongrun

392 %consumptionsteadyd = consumptiond (:) *problongrun

393 %consumptionsteady4 = consumption (:) *problongrun

394 %consumptionsteadyd = consumptiond (:) *problongrun

395
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396

397 totaloutput = amean”(1—phi)*LL"(phi)

398

399 capitalOutratio = amean/totaloutput

400

401 publicexpenditureOutratio = g/totaloutput
402

403 consumptionOutratio = averageconsumption/totaloutput
404

405

406 I%%EquationsToBeSolved%%%

407

408 function F = EquationsToBeSolved (x,g,1l ,i,h,nl,consumptionl ,leisurel)
409

410 %Paramenters

411 alpha= 0.58;

412 beta= 0.75;

413 zeta= 0.5385;

414 gamma= —0.5;

415

416 cons = reshape(x(1l:nl—-1),nl—-1,1);

417 leisure = reshape(x(nl:2%nl—-2),nl—-1,1);

418

419 F = zeros(2,nl—1);
420

421 for f = 1:nl-1
422

423 F(1,f) = betaxzetax(cons(f))."(—zeta—1)*(alphaxgamma/zeta)*(betax(cons(f))
“(—zeta) + (1—beta)*g."(—zeta))." (gamma/zeta —1)*(1/gamma) *(alphax(beta
x(cons(f)) " (—zeta) + (1—beta)xg."(—zeta)).” (gamma/zeta) +(1—alpha)x*(
leisure (f))."(—gamma))." (—1/gamma—1) —betaxzeta*(consumptionl (i))."(—
zeta —1)x(alphaxgamma/zeta ) x(betax(consumptionl (i))."(—zeta) + (1—beta)x
g."(—zeta)). (gamma/zeta —1)x(1/gamma) x(alpha*(beta*(consumptionl(i))"(—
zeta) + (1—beta)xg.”(—zeta)). (gamma/zeta) +(1—alpha)=*(leisurel (h))."(—
gamma) ) " (1 /gamma1) ;

424

425 if f =1 || f =2

426 F(2,f) = ((1—alpha)«gammax(leisure (f)) " (—gamma—1)x*(1/gamma) x(alpha x (betax(
cons(f)) " (—zeta) + (1—beta)xg."(—zeta))." (gamma/zeta) +(1—alpha)*(
leisure (f))."(—gamma)). " (—1/gamma—1)) /(11 (f) *(betaxzetax(cons(f)). (-
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zeta —1)*(alphaxgamma/zeta ) *x(betax(cons(f))."(—zeta) + (1—beta)*g.”(—
zeta)) .  (gamma/zeta —1)*(1/gamma) x(alpha«(betax(cons(f)) " (—zeta) + (1—
beta)xg."(—zeta)).  (gamma/zeta) +(l—alpha)x*(leisure (f))."(—gamma))
(—1/gamma—1)) ) —((1—alpha ) xgammax ( leisurel (h)) " (—gamma—1) * (1 /gamma) * (
alpha x(betax(consumptionl (i))"(—zeta) + (1—beta)*g."(—zeta))." (gamma/
zeta) +(l—alpha)=*(leisurel (h))."(—gamma))."(—1/gamma—1)) /(11 (3) «x(betax
zetax(consumptionl (i))."(—zeta—1)*(alphaxgamma/zeta ) x(betasx(
consumptionl (i))."(—zeta) + (1—beta)xg."(—zeta)).  (gamma/zeta —1)*(1/
gamma) x (alphax(betax(consumptionl (i)) " (—zeta) + (1—beta)xg."(—zeta))." (
gamma/zeta) +(1—alpha)x*(leisurel (h))."(—gamma))."(—1/gamma—1)));

427 else

428 F(2,f) = ((1—alpha)*gammax(leisure (f))"(—gamma—1)x(1/gamma) x(alpha x(betas(
cons(f)) " (—zeta) + (1—beta)xg."(—zeta)).” (gamma/zeta) +(1—alpha)*(
leisure (f))."(—gamma))." (—1/gamma—1)) /(11 (14+f) *(betaxzetax(cons(f)). (-
zeta —1)x(alphaxgamma/zeta )« (betax(cons(f))."(—zeta) + (1—beta)xg.”(—
zeta)) .  (gamma/zeta —1)*(1/gamma) *( alpha*(betax(cons(f)) " (—zeta) + (1—
beta)xg.”"(—zeta)).  (gamma/zeta) +(l—alpha)x(leisure (f)).”(—gamma))
. (—1/gamma—1)) ) —((1—alpha ) xgammax ( leisurel (h) )" (—gamma—1) * (1 /gamma) * (
alphax(betax(consumptionl (i))"(—zeta) + (1—beta)x*g."(—zeta))." (gamma/
zeta) +(l—alpha)*(leisurel (h))."(—gamma))."(—1/gamma—1)) /(11 (3) *(betax
zeta*(consumptionl (i))."(—zeta—1)*(alphaxgamma/zeta ) *(betax(

consumptionl (i))."(—zeta) + (1—beta)*g."(—zeta)).  (gamma/zeta —1)*(1/
gamma) x (alphax(betax(consumptionl(i)) " (—zeta) + (1—beta)xg."(—zeta))." (
gamma/zeta) +(l—alpha)*(leisurel (h))."(—gamma)). (—1/gamma—1)));

429 end

430

431 F = F(:);

432

433 end

434

435

436 IR%IDECENTRALIZED SOLUTION WITH NEITHER BASIC INCOME NOR SUBSIDY%%%%

437

438 chi=.96; % individual intertemporal discount rate

439 alpha= 0.58; % weight of aggregate consumption and leisure

440 beta= 0.75; % weight of private consumption and public expenditure

441 zeta= 0.5385;% zeta=(1 —elasticity(c—g))/elasticity (c—g)

442 gamma= —0.5; % gamma=(1—elasticity (aggregatec—1))/elasticity (aggregatec—1)
443 phi= 0.64; % weight of aggregate labor and capital

444 delta= 0.1; % depreciation rate
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445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484

tau = 0.3; % we set the level of tazation

g = 0.2; % we set an initial guess for g

nl=4; % we discretize the productivity process in nl intervals
rhol =.95;

sigmal= 0.21;

[Z,P1] = addacooper(nl,0,rhol ,sigmal);
l1=exp(Z) ;

prob=PI;

%equilibrium interest rate

req= (1/sigmaind —1 + delta)/(1—tau);

rhigh=req —.0001;
rlow=req/1.1;

borrow=.0; %borrowing constraint

asset=[linspace(—borrow ,15,400) ]; %grid of asset points

leisure= [linspace(0,1,60)]; %grid of leisure points

na=length (asset);

nleisure = length(leisure);
w = 1; %initial guess for wage
r=(rhigh+rlow) /2; %initial guess for interest rate

L = zeros(1,nl); %preallocation for speed

V1 = zeros(na,nl);

aprime = zeros(na,nl);

indexaprime = zeros(na,nl);

leisurechoice = zeros(na,nl);

consumptionpath = zeros(na,nl);

balance = 1;

V=zeros (na,nl); %initial guess for the wvalue function
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485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
017
518
519
520
521
522
923
524

while balance >=

distgeneral=1;

.001 %we adjust public expenditure if the government

Z%budget constraint is mot balanced.

while distgeneral >=.005 %we adjust the interest rate if it differs

%from the initial guess.

%%%Solve the walue function

while dist >=.001

nleisure

=1:na

for j =1:nl

cc = —asset +(1—delta)*xasset (i) +...
(1—tau)*rxasset (i) +(1—tau)*wxll(j)*(1—1leisure(d));

indcon=find (cc <0);
cc=max(cc,.000000000000000000000000000001) ;

nextV=(Vkprob(j ,:) ’); %continuation utility
nextV (indcon)= —10000;

util=(alphax*(betaxcc.”(—zeta) +...

(1—beta)*g.” (—zeta)). (gamma/zeta) +...
(1—alpha)«(leisure(d)."(—gamma)))." (—1/gamma) +...
chixnextV (:) 7;

[va,ind]=max(util); %mazimize over the asset grid
%we update the wvalue function
if d=1

V1(i,j) = util(ind);

aprime (i, j)=asset (ind);
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525 indexaprime (i, j)=ind;

526 leisurechoice (i,j) = leisure (d);
527 consumptionpath(i,j) = cc(ind);
528

529 else

530 V1(i,j)=max(V1(i,j), util(ind));
531

532 if util(ind) = V1(i,j)

533 aprime (i,j)=asset (ind);

534 indexaprime (i, j)=ind;

535 consumptionpath(i,j) = cc(ind);
536 leisurechoice(i,j) = leisure(d);
537

938 end

539 end

540 end

541 end

542 end

543

544 dist=max(max(abs(VI1-V)));

545

546 V=V1;

547

548 end

549 toc;

550

551

552 %%%Steady state

553

554 problongrun=ones(na,nl)/(naxnl);

555

556 Ql=zeros
557 Q2=zeros
558 Q3=zeros
559 Q4=zeros
560

561 for i=I1:na

562

563 Q1(i,indexaprime(i,1))
564 Q2(1i,indexaprime(i,2))

na,na) ;

na,na) ;

—~ o~~~

na,na) ;
)

na,na);

I
—_ =
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565 Q3(i,indexaprime(i,3))=1;

566 Q4(i,indexaprime(i,4))=1;

567

568 end

569

570 distprob=1;

571

572 while distprob >=.000000000000001
573

574 problongrunl= Ql’xproblongrun (:,1);
575 problongrun2= Q2’xproblongrun (:,2)
576 problongrun3= Q3’xproblongrun (:,3) ;
577 problongrund4= Q4’xproblongrun (:,4) ;

578

579 problongrunnew=[problongrunl ,problongrun2 ,problongrun3 , problongrun4 |;
580 problongrunnew=problongrunnews*prob

581 distprob=max(max(abs(problongrunnew—problongrun)));
582 problongrun=problongrunnew ;

583

584 end

585

586 %%%We update the interest rate and wage rate

587

588 %average capital

589 capital = asset (:) '*problongrun;

590 amean=sum(capital);

591

592 %average working time

593 for j = 1:nl

594 workingchoice (:,j) = 1—leisurechoice (:,j);

595 end

596

597 for k = 1:nl

598 working (k) = workingchoice (:,k) ’*problongrun (: ,k);
599 end

600

601 Workingtime = sum(working)

602

603 %average labor supply

604 for j = 1:nl
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605 worksupply (:,j) = (1—1leisurechoice (:,j))*11(j);
606 end

607

608 for k = 1:nl

609 L(k)
610 end

611

612 LL = sum(L)

613

614 %we update the interest rate

615

616 rnew=(1—phi)=*amean”(—phi)*LL"(phi);

617

618 distgeneral=abs(rnew—r)

619

620 rold = r;

621

622 [r,rnew|

623

624 %we update the wage rate

625

626 wnew = (phi/(1—phi))*rnewsameanxLL"(—1);
627

628 wold = w;

worksupply (:,k) "« problongrun (: ,k);

629

630 [w, wnew|

631

632 if (rnew — r) >= 0.07
633 r =1 4+ 0.01;

634 elseif rnew — r >= 0.01 && (rnew — r) < 0.07
635 r =1 + 0.005;
636 elseif rnew — r >= 0 && (rnew — r) < 0.01

637 r = (r + rnew) /2;
638 elseif (rnew —r) <= —0.07
639 r=r1r — 0.01;

640 elseif rnew — r <= —0.01 && (rnew —r) > —0.07
641 r =1 —0.005;

642 elseif rmew — r < 0 && (rnew —r) > —0.01

643 r = (r + rnew) /2;

644 end
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645

646 w = (phi/(1—phi))=*rxameanxLL"(—1);

647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684

end
%We balance the government budget constraint
diff = g — (tauxrxamean + tauxwxLL)
balance = abs(g — (tauxrxamean + tauswxLL))
(g, tau]
gold = g;
g = (g + tausxrxamean + tauxwxLL)/2
end
Y%A ggregate statistics
for k = 1:nl

partialwelfare (k) = V(:,k) ’«problongrun (: ,k);
end
averagewelfare = sum(partialwelfare);
CapitalOutRatio = amean/(amean”(1—phi)«LL"(phi))
for k = 1:nl

conspartial (k) = consumptionpath (:,k) «problongrun (:,k);
end

ConsumptionSteady = sum(conspartial)

I%We could also get the ConsumptionSteady from the agent budget constraint
%ConsumptionSteady = —deltaxamean +(I—tau)*roldxamean +(1—tau)xLLxwold
ConsumptionOutRatio = ConsumptionSteady /(amean”(1—phi)*LL"(phi))

PublicExpOutRatio = gold /(amean”(1—phi)«LL"(phi))
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685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724

Y%%%Income distribution
LRdist=sum(problongrun’) ;
indexpos=find (LRdist >0);
LRdist1=LRdist (indexpos);

assetl=asset (indexpos);

S(1)=0;
for i=2:length(assetl)+1;
S(i)=S(i—1)+assetl (i—1)xLRdistl(i—1);

end

partial =0;
for i=2:length(assetl)+1;
partial=partial+LRdist1(i—1)*(S(i—1)+S(i))/S(end);

end
GINI=l-partial %GINI coefficient
fractionzero=sum(LRdistl (assetl <=0)) %fraction of individuals with no
YTassets
richestonepercent= min(find (cuamsum(LRdist1)>=.99)); %assets to the
%richest one percent

wealthrich=(LRdist1l(richestonepercent:end) ...

assetl (richestonepercent:end) ’) /amean

IRHIDECENTRALIZED MODEL WITH BENEFIT FOR AGENTS WHO STAY UNEMPLOYEDVi%%%

%With respect to the decentralized model previously described we set,

%at the beginning of the code, the wvalue for s, e.g. 0.02

s = 0.02

%Then, the first part of the recursive problem becomes

dist=1;

tic;
while dist >=.001;
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725
726
27
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
47
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764

for d = 1: nleisure

for i =1:na
for j =1:nl
if d = nleisure %the subsidy is assigned only when the
%agents do mnot work and hence their
%leisure time is 1.
I =1,
else
I = 0;
end

%Note that the consumption wvector depends on Ixs
cc = Ixs —asset +(1—delta)xasset (i) +...
(1—tau)*rxasset (i) +(1—tau)*wxll (j)*(1—1leisure(d));

%Then, also the adjustment process for g changes. Indeed, in the
%government budget constraint it is mecessary to consider that the
%government assigns a benefit to agents that do not work. In detail,

%after the adjustment process of v and w, we set:

subsidirequirements = leisurechoice = 1; %number of cases in which the
%subsidy is required

payment = sxsubsidirequirements;

for k = 1:nl %cost to assign the subsidy to each class of agents

partialsubsidy (k) = payment (:,k) «problongrun (: ,k);

end

subsidy = sum(partialsubsidy); Z%total cost of subsidy for society

%We balance the government budget constraint

diff = subsidy + g — (tauxrxamean + tausxwxLL)

balance = abs(subsidy +g — (tauxrxamean + tauswsxLL))
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765
766
767
768
769
770
771
772
773
774
775
776
T
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804

[g, tau]

gold = g;

g =g —diff/2

end

Y%A ggregate statistics

%As concern to the aggregate statistics , compared to the previous case we

%add :
subsidyOutRatio = subsidy /(amean”(1—phi)«LL"(phi))
for k = 1:nl
conspartial (k) = consumptionpath (:,k) «problongrun (:,k);
end
ConsumptionSteady = sum(conspartial)

I%We could also get the ConsumptionSteady from the agent budget constraint
%ConsumptionSteady = subsidy —deltaxamean +(1—tau)xroldxamean +...

% (1—tau )*LLxwold

Y%IDECENTRALIZED SOLUTION WITH BASIC INCOME)i%%%

%With respect to the decentralized model previously described, we set at

%the beginning of the code the walue for omega, e.g. 0.02

omega = 0.02

%Then, the first part of the recursive problem becomes

dist=1;

tic;
while dist >=.001;
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805

806 for d = 1: nleisure

807

808 for i =1l:na

809

810 for j =1:nl

811

812 %Note that the consumption vector depends also on omega
813 cc = omega —asset +(l—delta)xasset (i) +...

814 (1—tau)*rxasset (i) +(1—tau)*wxll(j)*(1—1leisure(d));
815

816

817

818 %Then, also the adjustment process for g changes. Indeed, in the

819 %government budget constraint now it is mecessary to take into account
820 %that the government assigns omega to the agents.

821

822

823

824 diff = omega + g — (tauxrxamean + tauswsxLL)

825 balance = abs(omega +g — (tauxrxamean + tauxwxLL))

826

827 [g, tau]

828

829 gold = g;

830

831 g = g —diff/2

832

833 end

834

835

836 %%%Aggregate statistics

837

838 %As concern to the aggregate statistics , compared to the previous case we
839 %add :

840

841 omegaoutratio = omega/(amean”(1—phi)*LL"(phi))

842

843 for k = 1:nl

844 conspartial (k) = consumptionpath (:,k) «problongrun (:,k);
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845 end

846

847 ConsumptionSteady = sum(conspartial)

848 %We could also get the ConsumptionSteady from the agent budget constraint
849 %ConsumptionSteady = omega —deltaxamean +(1—tau)xroldxamean +...

850 % (1—tau)*LLxwold
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