[11. OPTIMAL ECONOMIC POLICY

We now endogenize tax policy, g . To do so, we consider a benevolent government
which maximizes the sum of al households well-being.*® The government plays Stackelberg
vis-a-vis the private economy. In other words, the government takes into account the DCE
characterized above. We assume commitment technologies so that the government chooses
its policy once-and-for-all.

The government maximizes the sum of dl i ’s utility functions [see equations (4a)-
(4b)] subject to each individud’s i optima decison rules in a DCE [this is summarized by
equations (5), (6), (9) and (10d)] and its own budget congraint [this is summarized by
equations (10a) and (10b)]. The current-value Hamiltonian, H , of thisproblem is
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where g' and |' are the multipliers associated with (5) and (6) respectively for each
individud i . Thatis, g' isthe socid margind vaue of capital for individud i ,and | isthe
socid margind vaue of the private margind utility of assstsfor individua i1 . Note that in the
problem above, we have used (10d), i.e. the sum of profit shares across individualsis zero.

The firg-order conditionsfor g,c',1',g', k' are repectively:
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1° Alternatively, we could use the median-voter approach. Our approach (i.e. benevolent government) is
more general (see below). Note that we assume that all individuals are given the same weight by the
government. Alternatively, we could assume that the weight given to poor peopleis higher than the one
given to rich people, by appropriately using the relevant multipliers (see Bewley [1982] and Kehoe et al
[1990)).

10



l=rli - i I'[@- 9)D@)- T - d- —)]+g’ (11b)
c N
¢ =¢[(L- q)D(@) - 1 - d(1- )] (110

K =(1- q)D@)k' +d(K- k') - ¢ (11d)
z 0

| b d(N-D] =

e AE AT I g o - da- ) e

(1~ baD(@)K - & d(K- k)2

g'=rg

where D() > 0 has been defined in (9) above, and D, (q) = % 0.

These necessary conditions are completed with the addition of the transversdity
condition:

[@- q)D(@)] - r - d(2- %) <r (11f)

which follows from (11¢) and ensures utility is bounded.’

It can be easily shown that the utility function and the condraints are strictly concave
inq,if (1- a- q)<0 (thisis a sufficent condition for concavity). Then, snce the utility
function and the condraints are continuous and bounded, and since the utility function is
grictly concave in the controls (c',q) and the constraints are linear in ¢' and grictly
concavein q, existence is assured. Further, snce the utility function and the congtraints are
both jointly concave in the controls (c',q) and the state variable (k') , the necessary
conditions in (11a)-(11f) are adso sufficient for optimdity. This establishes existence of a
solution of the optima control problem.

We point out four features of the model. First, the second-order conditions imply
(1- a- q)<0. That is, the optima tax rate is within the subset 0<1- a <q <1. The
optima tax rae is higher than 1- a (which is the productivity of public production

" Capital cannot grow faster than consumption in steady state. Hence, the utility from public
consumption servicesis also bounded if (11f) is satisfied.
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sarvices), because the government provides - in addition to public production services -
public consumption sarvices and transfer payments. This implies tha when policy is
endogenous, we can only be on the downward-doping part of the growth-tax rete relaion
(compare it with the case in which policy is exogenous at the end of previous section).
Therefore, dong the optima path, tax increases aways reduce growth. This is an intuitive
result: tax policy is not optima when a higher tax rate can increase growth (which hgppens
when 0<q <1- a).

Second, when public consumption services are absent (i.e. n = 0), equation (11a)
implies q =1- a in dl time periods’® That is, the optima tax rate is constant over time,
and equd to the productivity of public production services. This specid case gives Barro's
[1990] flat tax rate. In this case there are no trandtiond dynamics. This is aso the case in
Alesinaand Rodrik [1994].%°

Third, when both public consumption and production servicesare absent (i.e. n = 0
anda =1),q =0 indl time periods. That is, the optima tax rate is zero dl the time. This
implies zero tax revenues, and hence zero transfer payments. It aso implies that the

equilibrium return to capitd is not bounded below (i.e. D(q) =0), and hence long-run

growth is not optima (see (11¢)). Therefore, the government finds it optima to redistribute
income from the rich to the poor only when it can aso provide public production services, it
isthe latter that generates long-run growth.

Fourth, for given aggregate values of consumption, cepitd and their shadow
prices, total differentiation of (11a) implies thet the tax rate, q, increases with (k - k') .
Thus, individuds with rdative low (resp. high) capitd stock prefer high (resp. low) tax rates.
This is because those who are less capitd-endowed than the average prefer higher
redistribution and so higher tax rates. In turn, since the growth rate is negetively affected by
the tax rate dong the optimd path, it follows that more unequa societies grow faster. These
results are smilar to those in the median-voter literature (see eg. Persson and Tabdlini

[19944], Alesnaand Rodrik [1994] and Benabou [1996]).

8 7hisis because [(L- q)D, (q) - D@)] = 2 DEA o1y

aq
¥ Therefore, we extend Alesina and Rodrik [1994] in the following ways: (&) In our model, the
government provides public (production and consumption) goods and explicitly redistributive transfers;
(b) We have amoral hazard problem; (c) We have transitional dynamics.




V. LONG-RUN EQUILIBRIUM PROPERTIES

This section sudies the steady State of (11a)-(11€). We will focus on a steady State
in which dl individuds own ex pos the same amount of capitd. In other words, al
individuds are dike ex post. This choice of the seady date follows naturaly from the
assumption that dl individuds have the same rate of time preference. By contradt,
heterogeneous rates of time preference would lead to a long-run equilibrium in which only
patient agents hold capital . %

This implies that no actud trandfers take place in long-run equilibrium. This is not
very redrictive. We have dready shown how inequdlity affects the tax rate, and in turn the
growth rate, dong the optima path. The criticd feature of redigtribution is the anticipation
of transfers of wedlth as opposed to actual transfers of wedth. And this has been dready
captured in our model by mora hazard behavior. As Benabou [1996] points out, “the fight
over the pie does not necessaxily lead to higher transfers, just to higher distortions’.

Therefore, we invoke the steady state conditions ¢’ °c, I'° 1, g' ° g ad

k' =k into the optimality conditions (118)-(11€). Then, a careful observation of (11a)-
(11e) reveds that if we use the trandformations z © E and y ° gk, we can reduce the

dimensondity of the sysem from five to three. In particular, Appendix A shows tha the
dynamics of (11a)-(11e) are equivalent to the dynamics of (12a)-(12c) beow, which
condiitute a three-dimensiond dynamic sysemin zy ,q. Thus,

z=27%- (r +d)z (123)

A
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% See also Yano [1981] and Bewley [1982]. If we use endogenous discount rates, they become identical
to all agents in long-run, and thereby agents own the same amount of capital (see Epstein [1987] and
Benhabib et al [1988]). Note that most of politico-economy models also use ex post homogeneity. By
contrast, see Fernandez and Rogerson [1995] and Greenwood and Jovanovic [1990] for ex post
heterogeneity.
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where d © d(1- %)>O is the effective redidributive parameter, and

, adb@)(1- a - g)°
n[l-q-a(2-a)

F(q) < 0. Thenegaivedgnof F(q) followsfrom the negative sgn

of [1- g- a(2- a)], whichin turn follows from the negaive Sgn of (1- g - a) dong the
optima path.

We can now look for Balanced Growth Paths (BGPs), i.e. steedy states in which
consumption (¢ ) and capita (k) grow at constant positive rates. When this happens, (11¢)
and (11d) imply that ¢ and k must grow at the same rate, denoted by éc >0 (throughout

the paper, tildes over variables denote optimal steady State values). Hence, z=0in (12a).

We dso look for atax policy (q) that does not change. Hence, q =0 in (12¢). Findly, we

assumethaty (wherey © gk) grows a a constant rate, denoted by 55, . For a steady
date solution to exig, it must be that @ is negative (see aso equation (14) beow).? In
other words, in long-run equilibrium, the socid vaue of the capital stock (y © gk ) grows at

acongant negative rate. The intuition behind a negative q, isasfalows In modes of long-

run growth in generd, equilibrium returns to capital should be decreasing in order to maintain
capitd accumulation over time. Since our mode! includes public consumption, which requires

higher capital accumulation, we need a stronger condition. Hence, G, < 0.?

The rest of this section solves for Z,y” and q . We start with Z . Seiting (12a)

equal to zero, we have:

Z=r+d>0 (13)

2 Setting long-run variablesexogenously (e.g. to be zero) is standard practice in growth models.

% By contrast, when there is no redistribution (d = 0) , the solution for the “actual” variables (z,q)
isindependent of the value of shadow prices (Y ) . Seethe system (12a)-(12c) above.
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S0 that the consumption-to-capitd ratio, Z , is unique and equds the discount factor, r >0,

plus the effective redistributive parameter,d > 0.

We cortinuewith y~. Using G, © Y. and (13), we get from (12b):
y
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which makes clear that for y ° gk to be postive , we need q, <0. Notethat y >0,

becauseboth g >0 and k > 0.
Findly, by setting (12¢) equa to zero, and using (13) and (14), we get:
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Equation (15) is an equation in the long-run tax rate, q~, only. Since
1-a- cT ) <0, the right-hand sde of (15) is negative, S0 that the left-hand sde must be
a0 negative. Then, Appendix B shows

Proposition 1: If the parameters satisfy the following conditions:

0<d<-G (16a)
1ta la e lta l-a 0
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0<r <a b +Cle d 'f(?a b ad * (16b)
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then equation (15) implies that there exists a unique long-run tax rate,
0<1-a <q~ <1. Thistax rate supports a unique Balanced Growth Path (BGP) for

consumption and capital.*

Although equation (15) cannot be solved andlytically for q , it impliesthat q is a

function of parameters a,b,n,r ,d and the exogenous variable éy . Denote this by

q =qa,bn,r.d,G, ). Itisof paticular interest to study the effect of the redistributive

parameter,d, on the optimd tax rateq~, where dA°d(1- %). Recdling tha

0<l-ac< q~ <1, ample comparative static exercisesin (15) can show that:

Lemma 1. If the conditions of Proposition 1 hold, then:

& 1 1la 0
Ca-aapa 204G, ° -
g dad-ajaba A*G o 79, (172)
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To understand (17a)-(17b), we condder (without greet loss of generdity) the

goecid caseinwhich N® ¥ . Then, (17a) is reduced to d >- G3/7>0, and (17b) is

reduced to 0<d <- GVT In other words, if the redistributive parameter (d) is high

enough reatively to the (absolute vaue of the) rate of change in the socid vaue of capitd

21 d+ W§1+~_Iu< 0, multiple steady states are possible. Note that if N ® ¥ , this cannot
e 9 o

happen. That is, when there is alarge number of individuals, multiplicity cannot arise.
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(Gy ), the long-run optimal tax rate increases with d. On the other hand, if d is amdl

enough relative to G"y , the long-run optimal tax rate decreases with d . Thus, the relation

between anticipated redistributive policy and the long-run optimd tax rate is not monotonic.

G

As far as the Baanced Growth Path (éc) is concerned, recdl that .
q

<0 (this

follows from (11c) which implies G =[(1- q)D(q)- r - d(1- %)]). Then, the rlation

between d and éc istheinverse of the relation between d and q , i.e. it is an inverted U-

curve. Namdly, for low d rdativeto @ , éc increaseswith d , whilefor high d redive to

~

q, , G¢ decreaseswith d . All this can be summarized by the following Lemma

Lemma 2: When the rate of redistribution is smaller than the fall in the social value of
capital, growth increases with redistribution, while when the rate of redistribution is

larger than the fall in the social value of capital, growth decreases with redistribution.

Note that the vaue of é'y is criticd for this non-monotonicity. These results are

amilar to thosein Benabou [1996].
V. TRANSITIONAL DYNAMICS

We now move on to study locd stability properties around the steady State. Idedly,
we would like to linearize (11a)-(11€) around (13)-(15). However, due to heterogeneity
aong the optima path, this is not a tractable problem. Since we cannot explicitly sudy the
trangtiona dynamics of the economy under both ex ante and ex post heterogenaity, we will
sudy the trangtiona dynamicsin the specid casethereis arepresentative individud ex post,
and then give an informa argument for the generd case in which individuas differ both ex
ante and ex post.

To study the case in which individuals are homogenous ex post, we linearize (12a)-
(12c¢) around (13)-(15). Then, the dynamics are gpproximated by the linear system:
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where the dements of the Jacobian evaluated a the steady state are in Appendix C.
nd?*(r +d)F (@)
a(l- b)a*d@)
(because F (q) <0). Given the three-dimensona mode, this sign of the determinant

The determinant of the Jacobian, det(J) = 0, is pogtive

indicates that there are two possibilities: either three positive eigenvaues, or two negative
eigenvaues and one pogtive. Recdl that here dl three variables (zy ,q) ae jump
varigbles. The first posshility, i.e. three postive roots, implies that the BGP is localy
determinate (i.e. saddle-path stable). The second possibility, i.e. two negative roots and one
positive, implies that the BGP is locdly indeterminate (i.e. there exigs a continuum of
equilibrium trgjectories associated with agiven initia condition and aunique BGP ).

The characteristic equation of the Jacobian in (18) is:

det(J)
(r +d)

b~ (r +d +J3,,)b?+[(r +d)J,, + 1b - det(J)=0 (19)

where b denotes the eigenvaues of the Jacobian evaluated at steady State. Observe that

what iscrucid isthesgn of J_ , which is ambiguous (see Appendix C).

qq ?
If J,, >0 (which happens when the effective redistributive parameter d is sl

enough), Descartes Theorem implies that there are three positive roots (see Appendix D).
Inthis case, thereisloca determinacy.

If J,, <O sotha [(r +d)J,, + (da( ) <0 (which happens when the effective

J
r +d)

redistributive parameter d is large enough), Descartes Theorem implies that there is only
one pogtive root (see Appendix D). In this case, there is locd indeterminacy. Specificaly,
this happens when:
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The above results are summarized by the following propostion:

Proposition 2: Under the conditions in Proposition 1, the unique BGP is locally

indeterminate fesp. determinate), when condition (20) does hold ¢esp. does not
hold), i.e. when the effective redistributive parameter d is high (resp. small) enough.

Observe that dthough the transtiona dynamics are affected by various factors (see

the parametersin (20)), they depend criticaly on d. Thus asuffidently large d causesthe

BGP to be locdly indeterminate. Also observe that since do d@- %), as N increases,

A

d dso increases, so that the possihility of indeterminacy increases. That is, when the
number of individuas increases so that free-riding incentives become stronger, the possibility
of indeterminacy increases.

What does Proposition 2 mean? The anticipation of sufficiently large redigtributive
trandfers opens the door for multiplicity. Thet is, there are many possible equilibrium paths
for tax policy, consumption and capital accumulation, each of which is conagtent with a
given initid condition and with convergence to a unique steady state. This result implies that,
in the presence of mord hazard behavior, individuds who sart with smilar endowments may
consume and save a different rates over time. In other words, the anticipation of
redigtribution can itsdlf generate income inequdity over time.

We findly discuss the generd case in which individuals are heterogeneous not only
ex ante but dso ex post. As we sad above, dthough we cannot explicitly study the
trangtional dynamics of this generd case, we can use Propostion 2 aove, to give an
informal argument. It is obvious that when there is ex post heterogeneity, the dimensondity
of the dynamic system (11a)-(11€) increases. Hence, stability cannot become easier when
we move from the specid case in which individuas are heterogenous ex ante to the generd

cae in which individuds are heterogenous both ex ante and ex post. Then, Proposition 2
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implies that the possbility of indeterminacy under a high enough d incresses once
individuas differ both ex ante and ex post. In turn, Lemma 1 implies that this also increases

the possihility of long-run growth decreasing with redistribution.
V1. CONCLUSIONS AND EXTENSIONS

This paper has investigated the effects of redigtributive tranfers on dedrable fiscal
policies and economic growth. Although we remained within the context of the conventiond
wisdom (i.e. redigtribution is bascdly bad for growth), we gave a more complex and
redistic view of the effects of redistributive and alocative policies on economic growth.

We close with three possble extensons. Firg, we have not managed to study
explicitly the properties of the modd under ex-post heterogeneity. This was for technica
reasons. Thus, the task to study equilibria in which individuds differ both ex-ante and ex-
post Hill remains. A second limitation is that we have not taken a sand as to why
redigribution occurs. Recently, there has been a literature on how to rationdize
redistribution (see footnote 3 above). Here, we took redigtribution as given. Third, it would
be interesting to add human capita as an engine of growth, and assume that households have
different human capita endowments (see Glomm and Ravikumar [1992], Perotti [1993] and

Fernandez and Rogerson [1995, 1996]). We leave these extensions for future work.



