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POLICY AND WELFARE EFFECTS OF
WITHIN-PERIOD COMMITMENT

FERNANDO M. MARTIN
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Consider the problem of a benevolent government that needs to finance the provision of a
public good with distortionary taxes and cannot commit to policies beyond the current
period. In such a case, public expenditure is inefficiently low. If the government further
loses the ability to set tax rates before production in the period takes place, then it will not
internalize how its policy choices distort current factor markets. Thus, to counterbalance
the costs of future distortions, it increases public good provision. For a calibrated
economy, removing within-period commitment implies a welfare gain worth half a
percent of yearly consumption. A similar gain can be obtained if instead, capital
depreciation is allowed to be fully deducted from taxable income.
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1. INTRODUCTION

In modern developed economies, fiscal budgets are typically proposed and ap-
proved on an annual basis. This suggests the presence of institutions that endow
the government with the ability to “commit” to specific policies, at least for a
certain period of time. For example, in the United States, the President submits
a federal budget to Congress for approval before the start of the fiscal year. In
addition, both chambers of Congress are required to submit concurrent budget
resolutions. There are, however, mechanisms that allow the government to exer-
cise ex post discretion, such as supplemental appropriation and emergency bills.
These may be so significant or frequent that they render the idea of commitment
largely illusory.

Whether some commitment—or a mechanism that substitutes for it—is avail-
able or not depends on the institutional design of an economy. Institutions may be
strong enough to make policy announcements, such as an approved budget, binding
obligations.! This strength may be eroded over time by continually exercising ex
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post discretion. Similarly, times of great stress—such as a national emergency
or a financial crisis—may induce politicians to implement bolder changes to
previously announced policy. Recent examples in the United States include the
several tax provisions and supplemental spending enacted in response to the 2001
and 2007-2009 recessions.?

In this paper, I study how the degree of commitment affects government policy
and general welfare. Specifically, I analyze the determination of government policy
in a standard neoclassical growth model, where a benevolent government provides
a public good financed with income taxes. Critically, the government cannot com-
mit to policy choices in future periods, and mechanisms that could substitute
for commitment (e.g., reputation) are not operative. Under these assumptions, I
consider two alternative institutional scenarios. In the first case, following Klein
et al. (2008), the government can commit to policies announced at the beginning
of each period, i.e., has access to within-period commitment. In the second case,
the government lacks within-period commitment and chooses period policy at
the same time as factor markets operate and production takes place. After pe-
riod policy is revealed, agents make their consumption and savings decisions.
In the context of the neoclassical growth model, the latter timing of events im-
plies that the tax base and tax rate are determined simultaneously. The critical
difference between the two institutional regimes is that, when the government
lacks within-period commitment, it does not internalize the distortionary effect
of taxation on the current labor supply or, equivalently, the consumption—leisure
choice.’

When the government has within-period commitment, it smoothes current and
future policy distortions. Current distortions are directly created by current policy
choices. Future distortions are created by future policy, and therefore induced by
current capital accumulation, which in turn is affected by both current and future
policy. Because taxes are distortionary, a standard result in this type of setting is
an inefficiently low provision of public goods—see Klein et al. (2008) and Martin
(2010). If the government loses its ability to commit within the period, then it no
longer internalizes the distortion created in current labor supply, which leads it
to increase the provision of public goods, to counterbalance the costs of future
distortions. This results in higher tax rates.

For an economy calibrated to the postwar United States, losing within-period
commitment is welfare-improving. That is, the gains from a more efficient supply
of public goods more than compensate for the costs of higher tax rates. The
welfare gain is equivalent to a permanent increase in private consumption of
0.52%. Clearly, these gains depend on how far we are from the efficient supply
of public goods before the regime changes. Economies where the optimal size
of government is smaller report lower improvements from losing within-period
commitment.

The welfare properties of within-period commitment are closely tied to deduc-
tions on taxable income. In particular, the capital depreciation allowance directly
affects the tax base, and thus, has significant implications for the magnitude of
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policy distortions and how they are managed by the government. I show that a
similar welfare gain can be obtained if, instead of losing commitment, the govern-
ment increases the capital depreciation tax deduction from the postwar average
of about 43% all the way up to 100%. This gain arises because a lower taxable
income translates into a smaller intertemporal savings distortion.

Given the results described in the preceding paragraphs, one may be inclined
to conclude that a desirable institutional reform would involve both removing
the government’s ability to commit within a period and increasing the capital
depreciation allowance to 100%. This would be incorrect in some cases. For the
benchmark calibration, such a reform would actually lead to a welfare loss worth
about 2% of consumption. The combined effects of a higher incentive to tax and
a lower tax base result in distortions large enough to overcome the gains from
higher public good provision.

The way I model lack of within-period commitment, as described previously,
departs from earlier work. Most notably, Ortigueira (2006), building on earlier
work by Turnovsky and Brock (1980) and Judd (1998), assumes that government
policy is implemented at the same time as households choose consumption, leaving
savings to be determined residually to satisfy their budget constraint. There is an
analogous case where instead, consumption is left as a residual. One could raise
several conceptual concerns with this earlier approach. First, the modeler has
to arbitrarily assume whether consumption or savings are determined residually,
once government policy is known. Second, the welfare implications of institutional
reform are necessarily vague; e.g., if the government loses the ability to commit
within a period, which of the two cases with lack of within-period commitment
arises? Finally, the approach implicitly assumes that households commit to a
spending or savings decision before taxes are known, instead of waiting for policy
to be revealed before actions are finalized. It appears more plausible that house-
holds are able to defer at least part of their consumption and investment decisions
until after tax rates are known.

Some recent studies on fiscal policy with limited commitment offer alternative
takes on the timing of government actions. Klein and Rios-Rull (2003) assume
the current government decides on today’s labor taxes and tomorrow’s capital
taxes. Ortigueira et al. (2012) assume within-period commitment for income taxes,
but not for debt issuance. Debortoli and Nunes (2010) propose an intermediate
approach to intertemporal commitment, by modeling an economy in which the op-
portunity to reoptimize policy arrives stochastically. If we consider the benchmark
case of a government with access to within-period commitment only, Debortoli
and Nunes study the effects of increasing commitment, whereas this paper, like
Ortigueira’s, analyzes the effects of reducing it.

The paper is organized as follows. Section 2 describes the environment and
characterizes government policy for the two cases considered. Section 3 conducts
a numerical evaluation of the model, including policy experiments and alternative
specifications. Section 4 concludes. The Appendix covers alternative implemen-
tations of lack of within-period commitment, as described in the preceding.
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2. THE MODEL
2.1. Environment

Consider an economy populated by a continuum of identical households. Time
is discrete and indexed by ¢t = 0, 1, ..., co. Households are endowed with one
unit of time per period for work and leisure, and may accumulate capital, which
depreciates at a rate § € [0, 1] every period.

The lifetime utility of a representative household is given by

o0

Zﬁtu(ct, 1 —ny, Gy,

t=0

where B € (0, 1) is the discount factor, c is consumption of a homogenous private
good, n is labor, and G is consumption of a public good. The instantaneous utility
function u is continuously differentiable, strictly increasing, and strictly concave
in all its arguments.

Firms maximize profits and use capital and labor as inputs. The production
function has constant returns to scale and is given by F'(k, n), where F is differen-
tiable, strictly concave, and strictly increasing in both arguments. Factor markets
are perfectly competitive.

The government supplies the public good, financed with revenue from taxes 7 on
household income. As in Ortigueira (2006), Klein et al. (2008), and Martin (2010),
among many others, there is no government debt. This is an extreme version of
limited commitment, in which the government can renege, with impunity, on all
past promises, including debt obligations. In such a case, private agents would not
buy public debt at any price, although it is possible that the government may want
to accumulate assets—see Klein et al. (2008) for further discussion.*

Using uppercase letters to denote aggregate allocations, the government period
budget constraint is

G; = u[F(K;, N;) — 06K,],

where 6 € [0, 1] is the capital depreciation allowance in taxable income. Typically,
taxation models assume this allowance to be either zero or one. Actual tax codes
only allow some types of capital depreciation to be deducted and then according
to specific schedules, which may not correspond to the actual “economic” depre-
ciation. As we shall see later, the value of 6 has an important effect on equilibrium
policy because it affects the tax base.’

Given factor prices r, and w, and income taxes 7,, the budget constraint of the
household is

¢+ ki = A =)0 — 08k, +wing] +[1 — (1 — 60)5]k;. @

For any given sequence of factor prices and government policies,
{re, wy, 7, G4 }22,, and initial capital ko, household behavior can be character-
ized by a sequence {c;, ki1, n;}72,, that satisfies (1) and the familiar first-order
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conditions from the household’s optimization problem:
—uc(c, 1 —ny, Gy) + Buc(cryr, 1 —nigy, Gogt)
X[ =0=0)0+ 1= 7441 —08] =0, 2

uc(c,, 1 —n,, GHA = t)w, —ue(e;, 1 —n;, Gi) =0, 3)

where u. and u, are the derivatives of the utility function with respect to consump-
tion and leisure, respectively.

2.2. Competitive Equilibrium

In a competitive equilibrium, factor prices are equal to the respective marginal
products. Thus, r; = Fx(K;, N;) and w; = Fy(K;, N;), where F; is the derivative
of F(K, N) with respect to argument i = {K, N}. Consistency dictates that
¢; = Cy, ki1 = K;41 and n, = N,. From the government budget constraint, we
can write taxes as

G,
~ F(K,,N,) —08K,’

T

whereas the resource constraint specifies aggregate consumption,
Ci=F(K, N)+UA-8)K, — G, — Kt+1~
Using these equilibrium conditions, (2) and (3) become

_uC(F(Kta N)+A-8)K, -G — K1, 1 = Ny, Gt)
+ e (F(Kis1, Nes) + (1 = Ky — Got — Kiga, 1 = Nigt, Gyt

Gra
x B 1—(1—9)8—|—|:1— :|
{ F(Ki1: Neer) — 03K o1

X (FK(KI+17 Nt+1) - 96)} = 05

uc(F(Ki, N+ (1 = 8K, — G — K1, 1 = Ni, Gy)

F(K;, N;) — 05K,
_“L’(F(Km N)+ (A =38)K, — G, — K1, 1 — Ny, Gt) =0,

y [1 _ G: ]FN(K,, N))

which can be written compactly as

q)(KtaKt+l,Kt+2a Nt’Nl-Hlele-H) =0, (4)
W(KhKf-Fl’Nthl) =O' (5)
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Given initial aggregate capital K, and a sequence of public expenditures {G,}72,
a competitive equilibrium is characterized by a sequence {K,yi, N;};2, that
satisfies (4) and (5) for all + = 0,1, ..., co. In the following, we shall study
how government expenditure is determined.

2.3. Government Policy

Assume the government is benevolent but cannot commit to policies beyond
the current period. Furthermore, focus on the case where governments base their
decisions solely on fundamentals.® Thus, let us analyze Markov-perfect equilibria,
i.e., equilibria where aggregate household behavior and government policy depend
only on the aggregate capital stock. Given this approach, I will formulate the
problem of the government recursively.’

The limited-commitment assumption still leaves open the question of how much
commitment the government has within a period. For example, can the government
commit to policy announcements made at the beginning of the period or does it lack
even this small amount of commitment? If so, how do events unfold in a period?

The recent literature on Markov-perfect taxation has focused on two cases. For
example, Klein et al. (2008), Azzimonti et al. (2009), and Martin (2010) consider
the case where the government can commit to policy announcements within a
period. Ortigueira (2006), based on earlier work by Turnovsky and Brock (1980)
and Judd (1998), proposes an alternative environment where households choose
consumption and labor at the same time as the government chooses the tax rate,
and thus, savings are left as a residual to satisfy the household’s budget constraint.
There is a similar case one could analyze in which, instead, consumption is left
as a residual—see Appendix C. One drawback with this approach to modeling
lack of within-period commitment is that one has to arbitrarily assume whether
consumption or savings are determined residually, once government policy is
known. Furthermore, why would households commit to all their spending or
savings decisions before taxes are known, instead of waiting for policy to be
revealed before actions are finalized?

In this paper, I consider two cases to analyze the effects on policy and welfare
of within-period commitment. In the first environment, following Klein et al.
(2008), the government has the ability to commit to a policy at the beginning
of the period; i.e., it has within-period commitment. Thus, G and by implication
T are determined at the beginning of each period, before households make any
decisions. In this case, the government fully internalizes the effects of its policy
choices on the current decisions of households.

In the second environment, the government chooses policy at the same time as
factor markets operate. In other words, the tax rate and the fax base are determined
simultaneously. Subsequently, households decide on consumption and savings. In
this case, the government does not internalize the effects of its policy choices
on factor markets and production in the current period. In particular, given that
capital is supplied inelastically, the government takes the labor supply as given.
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This scenario avoids making an arbitrary choice about whether consumption or
savings are determined residually, because both are chosen after tax rates are
announced, whereas it preserves the notion that governments can wait until some
economic decisions are made before setting a policy for the period. Note that an
equivalent formulation consists of having the government set policy after factor
markets close, but before goods markets open.

Given the assumptions on the environment, from the point of view of an in-
dividual household, there is no distinction between observing the actual tax rate
for the period and (correctly) anticipating it. Thus, in both institutional scenarios,
households’ behavior is characterized by (4) and (5). The difference lies in which
household responses to current policy will be internalized by the government.

2.4. Within-Period Commitment: “Government-Moves-First”

Consider first the case where the government commits to policy announcements
within a period, which corresponds to the environment analyzed by Klein et al.
(2008). When the government makes its announcement it needs to take into account
how households will react in the current period, i.e., how consumption, labor, and
savings decisions will be affected by current taxes, given anticipated future policy.

Adopting what is known in the optimal taxation literature as the primal ap-
proach, we can write the government’s problem as choosing current K’, N, and
G, subject to households behaving competitively, as characterized by (4) and (5),
and given future anticipated policy G(K), which in turn implements household
behavior characterized by AV/(K) and H (K ) and provides net present value utility
V(K).

The problem of the government can be written as

Kr/nI%xG u(F(K,N)+(1-8K—-G—-K',1-N,G)+BV(K,

subject to
(K, K',H(K"), N,N(K'),G,G(K')) =0, (6)
V(K,K',N,G) =0. @)

DEFINITION 1. When the government is endowed with within-period commit-
ment, a Markov-perfect equilibrium is a set of functions {H,N,G,V} : R, —
R, x [0, 1] x Ry x R such that for all K > 0:

() {H(K),N(K),G(K)} = argmax g v g u(F(K,N)+(1—-8K -G —-K',1 —
N, G) + BV(K'), subject to (6) and (7);
(i) V(K) = u(F(K, N(K)+(1-8)K—-G(K)—H(K), 1-N(K), G(K))+BV(H(K)).

Assuming an equilibrium with differentiable policy functions exists, we can

further characterize it using the first-order conditions of the government’s prob-
lem.? For clarity of exposition, let us switch to shorthand notation, i.e., ignoring

https://doi.org/10.1017/51365100513000886 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100513000886

1408 FERNANDO M. MARTIN

the arguments of functions. With associated Lagrange multipliers A and p on the
two constraints of the problem, the first-order conditions are

—ue + BVg + Ak + u¥g =0,
ucFy —ug + A0y + p¥y =0,
—Ue +ug +APg + u¥s =0,

where Tg = O + P Hy + Py Ny + PGk
‘We can use the last two of these equations to solve for the Lagrange multipliers:
- Wy (g —uc) = Vo (ucFy — uy)
Dy — Oy
_ Pn(ug —ue) — PglucFy —up)
- OV — PsWy '

)

The envelope condition implies (see Appendix A for derivation)
VK = MC(FK +1-— 5) + )»q)[( + /,L\I/K

We thus get (arranged by wedges)

Fy —u)(@®eWy — WSk
—u¢-+,3ui.(F1’<+1—3)+(u ug)(Pg¥g GXKk)

OyVs — PPy
(g —u)(Py Vg — Wy Xg)
OyVs — Wy
N Bl Fy — ) (P Wi — Ve ®@y) Bl —u) (P Wi — Wy ) —o
Py — ¥y Py — PV

®)

Because this equation contains the derivatives of policy functions, it is typically
called a generalized Euler equation or GEE.

There are five policy wedges the government is internalizing. Each of these
would be equal to zero at the first-best allocation (which would be implemented
if lump-sum taxes were available). Two wedges are directly created by current
policy, whereas the other three are created by future policy and thus depend on the
effects of current and future policy on capital accumulation.

First, we have the current distortions created by the use of linear taxation:
ucFy—ugand ug —u.. The former is the consumption-leisure wedge and the latter
is the inefficiency in public good provision. These two wedges cannot be eliminated
simultaneously: public goods are created with an inefficient transformation of
private goods (linear taxes) and this same technology reduces the incentives to
supply labor. Second, capital accumulation affects policy in the following period.
Thus, there are three additional wedges the current government is internalizing:
u Fy —uy, wy —ug, and —u. + Bu, (F + 1 — 8). The last wedge is the effect
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of future income taxes on current capital accumulation. The current government
cannot directly control any of these three wedges, but can affect their magnitude
by controlling the effects of its own policies on current savings.

Note that there is no wedge created by current policy on capital accumulation,
because from the perspective of the current government capital is supplied inelas-
tically. One way to make the government view the current taxation of capital as
distortionary is to allow for variable capital utilization. In this case, one could in
addition grant government the power to tax capital and labor income differently.
As shown in Martin (2010), for an economy calibrated to the postwar United
States (with a parameterization similar to the one assumed in Section 3), steady
state capital and labor tax rates are roughly the same.

2.5. Lack of Within-Period Commitment: “Simultaneous Actions”

Suppose now that the government cannot commit to an announcement within the
period. Specifically, income taxes are set at the same time as factor markets operate
and production takes place.

In this scenario, the current government does not internalize the effects its
policy choices have on current labor decisions. Unlike the previous case, the
government now takes N = A/(K) as given. Thus, we can write the government’s
problem as choosing K’ and G, subject to households behaving competitively, as
characterized by (4) and N (K), given future anticipated policy G(K), which, in
turn, implements future household behavior characterized by N'(K) and H(K)
and provides net present value utility V(K ). Note that (5) is no longer a constraint
in the government’s problem—it has been replaced by the function N'(K).

The problem of the government can be written as

max u(FIK, NI(K)+(1—-8K —G—K',1-N(K),G)+ B VK",
subject to
dK,K',H(K),N(K), N(K", G, G(K")) = 0. 9)

DEFINITION 2. When the government lacks within-period commitment, a
Markov-perfect equilibrium is a set of functions {H,N,G,V} : R — Ry x
[0, 1] x Ry x R, such that for all K > 0:

(i) {H(K),G(K)} = argmax g, g, u(F(K,N(K)+(1-8)K—G—K', 1-N(K), G)+
BYV(K') subject to (9);
(i) W(K, H(K), N(K),G(K)) =0;
(iii) V(K) = u(F (K, N(K)+(1-8)K—-G(K)—H(K), I-N(K), G(K))+BV(H(K)).

Letting A be the Lagrange multiplier associated with the government’s budget
constraint, the first-order conditions are

—uc+ BVx +AZg =0,
—ue+ugy + A =0,
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where g = O + g Hy + Py Ny + P Gy, as defined earlier. From the
second equation, we get an expression for the Lagrange multiplier,

(ug - uc)
o

A=—

The envelope condition implies (see Appendix A for derivation) that
Vi =uc(Fg +1—=28) + ucFy — up))Ng + A(Px + PyNk),

and so the GEE becomes

—u) T

e+ B F o+ 1= 8) + B E} — N — O
G

Buy — u)(Py + PyNg)

=0. 10
o, (10)

In this case, the government is internalizing four wedges, which is one fewer than
in the case with within-period commitment. The missing distortion is u.Fy — uy,
because the government decides on policy at the same time as factor markets
operate and therefore does not internalize the effects of current policy on the labor
supply. Note, however, that the current government does internalize the effect of
policy on tomorrow’s labor supply, i.e., the wedge u. F, — u,. The reason is that
the government can indirectly affect this future distortion by how its policy actions
affect current capital accumulation.

In contrast to the previous case, allowing variable capital utilization in an
economy without within-period commitment would not make the government
view the taxation of current capital income as distortionary. The reason is the
same as the reason that the government does not internalize the distortion in the
labor supply: policy is chosen while factor markets operate. Hence, the distribution
of the tax burden between capital and labor income cannot be pinned down. In
other words, regardless of whether we allow variable capital utilization or not,
granting government the power to tax capital and labor income differently would
lead to indeterminate tax rates.” One solution would be to tax both types of income
uniformly, as assumed here.

3. NUMERICAL EVALUATION
3.1. Calibration

Consider the following functional forms:

ulc,1-=n,G) =a(l —ag)lnc+ (1 —-a)(1 —a,)In(l —n) + o, InG,
F(K,N)=K'N'"7,
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TABLE 1. Benchmark

parameters

Parameter Value
o 0.300
o, 0.130
B 0.960
y 0.360
) 0.080
0 0.420

witha, ag, ¥ € (0, 1). Period length is equal to a year. The calibration is borrowed
from Klein et al. (2008) to facilitate comparisons to that paper and subsequent work
that adopted the same parameterization—see Table 1. Throughout the paper, let the
benchmark case be the environment with within-period commitment, which for
benchmark parameters roughly matches the postwar U.S. economy.!” To calibrate
0, which was implicitly set to 1 in Klein et al. (2008), I use “Corporate Capi-
tal Consumption Allowances” from the National Income and Product Accounts
(see NIPA Table 6.22). The coefficient of depreciation allowance is obtained by
dividing corporate capital consumption allowances by the total depreciation of
private capital and consumer durables. The average between 1962 and 2006 is
42%.

The numerical algorithm used to approximate the Markov-perfect equilibrium
in each case is a variant of a standard projection method. First, define a grid
over K. Second, make initial guesses for the value of the functions H, A/, and
G at each grid point. The number of unknowns is thus three times the number of
grid points. Third, solve a system of equations that includes the two first-order
conditions of the agent’s problem and the GEE from the government’s problem,
evaluated at all the grid points. Thus, the number of equations is three times the
number of grid points. Because some of the equations include variables evaluated
at K’, I use cubic splines to interpolate the values of policy functions between
grid points. Hence, for each update in the guess, the splines are also updated. To
solve the equilibrium, [ use 50 grid points. To verify the approximation, I evaluate
the resulting functions at 1,000 grid points within the grid endpoints and take the
sum of squared residuals of the equations used. As a reference, using benchmark
parameters, the sums of squared residuals for the GEE in the two cases are 8¢~
and 3e~ 1.

All welfare calculations conducted in the following are done in terms of private-
good consumption equivalent compensation. Consider two different economies
(which share preference parameters), a and b, and let {(K) be the permanent
fraction of private-good consumption that an agent would be willing to give up in
order to be indifferent between staying in economy a and switching to economy b,
for any level of capital K . Given the assumptions on preferences, the corresponding
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TABLE 2. Steady state statistics

Ramsey Within-period No within-period

First-best planner commitment commitment
K/Y 2.959 2.306 2.449 2.276
G/Y 0.254 0.259 0.205 0.271
Cc/G 2.008 2.145 2.923 2.021
K 1.906 0.966 1.063 0.946
N 0.350 0.262 0.262 0.262
T — 0.281 0.223 0.293

welfare measure is defined as

(1= BV (K) = V'(K)] } _q

a(l —ay)

£(K) = exp {

3.2. Steady State

Table 2 shows the steady state statistics at benchmark parameters. As a reference,
the table includes the statistics for the first-best (i.e., with lump-sum taxes) and
the Ramsey planner (full intertemporal commitment) long-run allocations.!!
Relative to the first-best, both Markov taxation cases exhibit too little capital
and labor, which is a typical result in models with linear income taxes. When the
government is endowed with within-period commitment (i.e., moves first), the
provision of public goods is inefficiently low. In contrast, when the government
lacks within-period commitment, the provision of public goods is too high. In
the latter case, the government does not internalize the effect of taxes on the
labor supply, so it implements a higher tax rate—and therefore, higher public
good provision—than when it can commit at the beginning of the period. The
fact that public good provision ends up being too high follows from the ways the
government internalizes all other wedges, as we shall analyze in the following.

3.3. Policy and Welfare

Figure 1 shows policy distortions as functions of the aggregate capital stock.
Wedges are displayed as ratios, Sul,(Fx + 1 — 8)/uc, u.Fy/ug, and ug/u., thus
providing a comparable measure of deviation from the first-best, where they would
all be equal to one. Recall that governments internalize distortions created today,
as a result of current policy, and tomorrow, as a result of future policy, which in
turn is affected by current capital accumulation—see equations (8) and (10).

All three distortion ratios are larger than one when the government can commit
within the period. The government internalizes all wedges and thus smoothes dis-
tortions across margins. When the government lacks within-period commitment,
it no longer internalizes the current distortion on the consumption—leisure margin,
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FIGURE 1. Policy wedges.
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FIGURE 2. Policy and welfare.

u.Fny — uy. Thus, to compensate for all the wedges it cannot directly control,
i.e., the intertemporal distortion —u. + Bu.(F; + 1 — §) and future distortions
u, F}, —uj, and ”; —u.,, the government reduces the current wedge between private
and public goods consumption, u, — u.. The result is higher tax rates and public
good provision.

In both cases, taxes and the provision of public goods are increasing in the
capital stock. When the government cannot commit within the period, tax rates
increase faster with capital because the distortion on the labor market is not
internalized—see the left panel of Figure 2. Thus, as capital increases, u, — u.
decreases and eventually becomes negative, counterbalancing all other (future)
distortions that the government cannot directly control. Higher tax rates imply
that the intertemporal wedge, —u. + Bu..(Fy + 1 — 8), although qualitatively
similar, is larger without within-period commitment.
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The right panel of Figure 2 shows the welfare implications of losing within-
period commitment. As defined earlier, {(K) measures the permanent fraction
of private-good consumption that an agent would be willing to give up in order
to be indifferent between staying in an economy with within-period commitment
(economy a) and switching to an environment without it (economy b). For the
range of capital levels displayed in the chart, there is a welfare gain from losing
the ability to commit within the period. If we were to start at the steady state in the
economy with within-period commitment, the welfare gain would be equivalent
to a permanent increase in private consumption of 0.52%. This is a result often
found in second-best economies, in which an additional friction compensates
for other inefficiencies. In this case, not internalizing labor market distortions
implies a higher public good provision, which brings welfare closer to the first-
best. Welfare gains are decreasing in the capital stock, because the cost of higher
tax rates increasingly erodes the gains from higher public good consumption.
The right panel of Figure 1 shows how, without within-period commitment, the
u.Fn — uy wedge rises at an increasing rate with capital; i.e., the noninternalized
consumption—leisure distortion is increasing and convex in the tax rate.

There are three critical elements determining the welfare properties of losing
within-period commitment, which are dealt with in the remaining sections, one at
a time. First, how the tax base varies with the capital stock affects the slope of the
tax function, and thus the magnitude of distortions created by linear taxation. An
important institutional variable in this respect is the capital depreciation allowance,
which affects taxable income. Second, how much the government with within-
period commitment is undersupplying the public good has a direct implication
for the gains from ignoring the consumption—leisure wedge in order to correct
the public good distortion. Third, the costs of ignoring the distortion in the labor
supply created by taxation depend fundamentally on its elasticity. A less elastic
labor supply would bring closer the policies implemented by governments that
internalize or ignore the consumption—leisure wedge.

3.4. Policy Experiment: Varying Capital Depreciation Allowance

Deductions from taxable income reduce the tax base and therefore imply higher
tax rates to finance a given level of expenditure. Hence, tax deductions have a
direct effect on the magnitude of policy distortions and the welfare properties
of institutional reform. In this paper, the only tax deduction is a proportion 6 of
capital depreciation. As a reference, 6 in the United States, measured as described
previously, has fluctuated between roughly 34% and 51% (averaging 42%) since
1962.

The left panel of Figure 3 displays steady state tax rates as a function of 6,
under the two Markov-perfect taxation regimes considered. As we can see, the
steady state tax rate without within-period commitment grows at a higher rate with
0 than when the government moves first. As the tax base decreases with a larger
deduction, public good provision would decrease if tax rates were left the same.
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FIGURE 3. Effects of varying capital depreciation allowance. Welfare is measured at the
steady state of the economy with within-period commitment.

This effect provides an incentive for higher tax rates, regardless of the degree of
commitment. Because a government lacking within-period commitment does not
internalize the distortion of higher taxes on the current labor supply, it increases
taxes more.

As shown in the right panel of Figure 3, varying 6 has important welfare impli-
cations. If the government can commit within the period, then the best policy is to
increase the capital depreciation allowance up to its maximum. The main reason is
that a higher capital depreciation allowance mitigates the intertemporal (savings)
distortion, which results in a wealthier economy. Relative to the benchmark steady
state, a reform that increases 6 to 100% yields gains equivalent to a permanent
increase in consumption of 0.52%. Note that this gain is the same as that of losing
within-period commitment, as analyzed in the preceding section.

If the government does not have within-period commitment, then the optimal
value for 6 is close to benchmark. Setting 6 to 50% implies a welfare gain of 0.54%
in consumption equivalent terms, relative to the benchmark steady state. Thus,
if we start with an economy without within-period commitment, the gains from
moving 6 from its benchmark value are very small: roughly 0.02% of consumption.
However, varying 6 substantially may imply big losses. For example, relative to
the benchmark, losing within-period commitment and setting 6 to 100% implies
a loss equivalent to a permanent reduction in consumption of about 2%. These
calculations provide a good example of how assuming extreme values of 6 (i.e.,
either zero or one) can lead to misleading welfare results.

3.5. Lack of Commitment and the Size of Government

So far, the working assumption has been that the U.S. postwar economy resembles
the Markov-perfect equilibrium with within-period commitment. Alternatively,
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TABLE 3. Steady state statistics when a, = 0.095

Ramsey Within-period No within-period

First-best planner commitment commitment
K/Y 2.959 2.459 2.547 2.450
G/Y 0.198 0.201 0.167 0.205
Cc/G 2.858 2.992 3.764 2.928
K 1.779 1.070 1.132 1.064
N 0.327 0.262 0.263 0.262
T — 0.219 0.183 0.223

Note: All other parameters are at benchmark.

we could hypothesize that the U.S. is best represented by the economy without
within-period commitment. As Table 2 readily shows, government size is the main
difference between the steady states of these two cases. An alternative thought
experiment would then involve lowering &, so that the public good provision for the
case with no within-period commitment matches the data. Thus, considering the
welfare gains from obtaining within-period commitment is equivalent to studying
the effects of a smaller government. For the benchmark calibration, the gains from
losing within-period commitment come mainly from correcting the inefficient
provision of public goods. It follows that welfare differences across regimes would
be smaller if policy distortions were not too high to begin with.

Suppose then that the U.S. economy is explained by the case without within-
period commitment. This involves a small change in preference parameters: low-
ering o, from 0.130 to 0.095. Table 3 displays the corresponding steady state
statistics. As we can see, the economy without within-period commitment now
features the same steady state statistics as the benchmark economy in Table 2.

The differences between the two Markov taxation economies are still signifi-
cant, but much less pronounced than in Table 2. For example, for the benchmark
parameterization, steady state tax rates differed by 7 percentage points. Now, with
a lower optimal supply of the public good, tax rates differ by 4 percentage points.
Naturally, the welfare differences across environments are smaller as well. Starting
from the steady state of the economy without within-period commitment, the loss
from obtaining this commitment ability is equivalent to a permanent decrease in
consumption of 0.33%. Recall that in the benchmark case, the gain from losing
within-period commitment was 0.52%, which is significantly higher. Another
important difference between parameterizations is that the welfare measure as a
function of capital, £ (K'), becomes flatter as we lower o,.

We can revisit the policy experiment of varying 6, using this alternative bench-
mark. Figure 4 shows the effects of varying 6 on steady state taxes and welfare,
keeping the same vertical axis as in Figure 3, for comparison with the results in
the preceding section.

As argued earlier, the effects of institutional reforms are now less dramatic
because a lower o, implies that the Markov taxation economies are closer to the
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FIGURE 4. Effects of varying capital depreciation allowance when o, = 0.095. Welfare is
measured at the steady state of the economy that lacks within-period commitment.

optimal allocation. When the government can commit within a period, the best
policy is still to allow all of the capital depreciation to be deducted from taxable
income. Relative to the alternative benchmark, gaining the ability to commit within
a period and setting 6 to 100% has no effect on welfare. This is congruent with the
result in the preceding section, for the benchmark case, where the gain from losing
within-period commitment was basically equivalent to the gain from setting the
depreciation allowance to 100%.

If the U.S. economy is described by the model where the government cannot
commit within the period, then welfare would improve if the depreciation al-
lowance were increased. Setting 6 to 90% would increase welfare by 0.25% in
consumption-equivalent compensation terms. Note that going all the way to 100%
would still be beneficial relative to the benchmark, although marginally worse
than the optimal choice.

3.6. Alternative Specifications

A more general specification for the utility function could be

(=)l —a)(l=m'" G
I — xe 1- Xg

u(c,1 —n,G) =a(l —ag)lnc+

where x, would determine the labor-supply elasticity and thus affect the magnitude
of the consumption-leisure wedge, whereas x, would determine the elasticity of
intertemporal substitution for the public good. In the benchmark case, we assumed
Xe=xe =1

Table 4 shows the effects of recalibrating the benchmark economy assuming
Xxe = 2. The only other parameters that change are « and o,. As we can see, the
two Markov taxation economies resemble each other more than in the benchmark
parameterization.
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TABLE 4. Steady state statistics when x, = 2, ¢ = 0.367, oy = 0.147

Ramsey Within-period No within-period

First-best planner commitment commitment
K/Y 2.959 2.334 2.449 2.337
G/Y 0.244 0.249 0.205 0.248
C/G 2.129 2.266 2.919 2.281
K 1.771 0.983 1.061 0.985
N 0.325 0.262 0.262 0.262
T - 0.270 0.224 0.269

Note: All other parameters are at benchmark.

TABLE 5. Steady state statistics when y, = 1.5, o, = 0.042

Ramsey Within-period No within-period

First-best planner commitment commitment
K/Y 2.959 2.348 2451 2.340
G/Y 0.218 0.244 0.204 0.246
C/G 2.506 2.334 2.933 2.298
K 1.822 0.994 1.064 0.989
N 0.335 0.262 0.262 0.262
T — 0.264 0.223 0.268

Note: All other parameters are at benchmark.

When the government cannot commit within the period, a less elastic labor
supply implies a lower cost from tomorrow’s consumption—leisure wedge, which
results in lower incentives to increase public good provision to counterbalance
distortions. Thus, taxes and public good provision are not as high as in the bench-
mark parameterization. The welfare gains from losing commitment are similar in
the steady state, 0.54%, but the profile in terms of capital is much flatter. In other
words, with a less elastic labor supply, the welfare gains from losing within-period
commitment are more consistent across different levels of capital.

Empirical estimates for the value of y, center on unity, as in the benchmark
pararneterization.12 Because, as shown earlier, the size of government (i.e., the
value of a,) affects some of the results, it is useful to explore the effects of varying
the elasticity of intertemporal substitution of the public good. Table 5 recalibrates
the economy assuming that x, = 1.5 and adjusting «, appropriately, so that the
economy with within-period commitment is kept observationally equivalent with
respect to the benchmark parameterization.

With a lower elasticity of intertemporal substitution for public goods (and a
correspondingly smaller ¢, ), the first-best supply of public goods is lower than in
the benchmark parameterization. Thus, the cost of undersupplying public goods
in the Markov-perfect equilibrium with within-period commitment is not as high.
Still, the welfare gains from losing within-period commitment are similar to the
benchmark, about 0.54% of period consumption.
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4. CONCLUDING REMARKS

A general, albeit not altogether novel, lesson is that the welfare properties of policy
depend on the margins the government perceives as being distorted. In some cases,
correcting certain distortions while ignoring others may improve welfare. Varying
the degree of commitment is one way to alter the distortions being internalized by
the government.

When a government can only commit to policies within a period and is restricted
to following a balanced budget rule, it provides an inefficiently low level of
public goods. If it loses the ability to commit within the period, then it no longer
internalizes policy distortions in current factor markets. The government then
mitigates the private—public goods distortion by increasing taxes and public good
provision. This new policy may, in some cases, improve welfare.

For the calibrated economies presented in this paper, the potential welfare gains
from losing within-period commitment are modest, about half a percent of yearly
consumption. Similar gains could be obtained if instead, capital depreciation
were allowed to be fully deducted from taxable income. However, depending
on the details of the underlying economy and which other reforms are being
enacted simultaneously, loss of within-period commitment may potentially lead
to substantial welfare losses.

NOTES

1. For example, Bohn and Inman (1996) show that, for U.S. states, more stringent balanced-budget
rules have a measurable impact on budget deficits.

2. As a case in point, the difference between the actual U.S. deficit in the fiscal year 2009 and
the figure projected in the original budget proposal was one trillion dollars. See Taylor (2011) for a
discussion of the recent fiscal stimulus packages.

3. Note that, within the context of this paper, there is no corresponding distortion on capital,
because it is supplied inelastically within a period. Capital accumulation is, however, distorted by
future income taxes. In more general environments, income taxes can also distort the current supply
of capital. One example is to allow for variable capital utilization as in Greenwood et al. (1988); see
Zhu (1995) and Martin (2010) for applications.

4. In addition, the balanced-budget assumption simplifies the government’s problem considerably.
As we shall see later, solving for equilibrium government policy involves finding a fixed point in policy
functions, a problem that increases significantly in complexity as we add endogenous state variables.

5. See Guo and Lansing (1997, 1999) for an analysis of the effects of the depreciation allowance
in a standard Ramsey model of optimal taxation. See also Pecorino (1993) and Stokey and Rebelo
(1995) for how tax structure affects growth.

6. In the Appendix, in order to compare the different tax regimes analytically, I will further refine
the equilibrium concept to include only equilibria that are the limits of finite-horizon equilibria. This
requirement alone rules out the type of equilibria studied by Chari and Kehoe (1990) and Phelan and
Stacchetti (2001), among others, which require an infinite horizon.

7. See Maskin and Tirole (2001) for a definition and justification of Markov-perfect equilibria.

8. Appendix B shows that a differentiable equilibrium exists under specific assumptions. Among
others, Krusell and Smith (2003) and Martin (2009) report coexistence of differentiable and non-
differentiable Markov-perfect equilibria. Ortigueira et al. (2012) report multiplicity of differentiable
Markov-perfect equilibria. Krusell et al. (2006) analyze an economy where the fundamental equilibrium
(the limit of finite-horizon equilibria) is nondifferentiable.
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9. Note, however, that the current government would internalize future capital and labor tax rates
differently, as only capital taxes create an intertemporal distortion.

10. Target statistics for the environment with within-period commitment are standard: a capital—
output ratio of 2.5 (where capital is defined as private capital plus consumer durables), private con-
sumption roughly three times public goods provision, a share of capital income in total income of about
one-third, government expenditure 20% of GDP, and hours worked about one-fourth of discretionary
time.

11. See Appendix D for a formulation and characterization of the Ramsey problem. Klein et al.
(2008) provide a thorough comparison between Ramsey and Markov-perfect policies, so I omit a
similar analysis here.

12. For example, see Amano and Wirjanto (1997) and Nieh and Ho (2006).

13. I thank an anonymous referee for suggesting that GHH preferences could also yield analytical
solutions. The calculations for the case with three periods are available upon request. I would not
discard the possibility that the analytical solutions may converge to manageable expressions in the
long run.
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APPENDIX A: DERIVATION OF Vg

A.1. GOVERNMENT-MOVES-FIRST

Totally differentiating V(K )—expression (ii) in Definition 1—with respect to K implies
Vi =uc(Fx +1—38)+ (—uc + BV ) Hi + e Fy — ug) Nx + (—ue + ug)Gg.

Using the first-order conditions of the government’s problem, we can rewrite the condition
as follows:

Vi =u(Fx +1—38) — AM(ExHg + PvNg + ©60x) — n(WxpHig + YyNg + UeGk).
In a Markov-perfect equilibrium, totally differentiating (6) and (7) with respect to K implies

$x + TpHg + PyNg + PGk =0,
Wy + WU Hg + UyNg + WeGx = 0.

Using these expressions, we obtain Vx = u.(Fx +1—8) + APgx + uWg.

A.2. SIMULTANEOUS ACTIONS

We follow the same procedure. Note that the first-order conditions of the government’s
problem are different. Thus, in this case, we obtain

Vi =uc(Fg +1—8) + . Fy —u)Nx — AM(ZxHg + PcGk).
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In a Markov-perfect equilibrium, totally differentiating (9) with respect to K implies
Ox + TpHg + PyNg + PGk = 0.

Thus, Vk = uc(Fx + 1 —8) + (ucFy — u) Ny + M(®g + PyNi).

APPENDIX B: ANALYTICAL SOLUTIONS

Under suitable assumptions, we can show the existence of differentiable Markov-perfect
equilibria by solving analytically the problems specified in Section 2. The algorithm for
finding analytical solutions is as follows: (i) assume 7 < oo and use the fact that K7, = 0
to solve the problem of the government using backward induction; (ii) use the finite-horizon
solution for the initial period and take the limit as the horizon goes to infinity to obtain
stationary policy functions. An equilibrium found in this way is the limit of finite-horizon
equilibria, which ensures that we are comparing equilibria of the same type. The algebraic
details of the backward iteration are omitted here for brevity, but the procedure is described
in Martin (2010).

Consider the following assumptions, which are standard for obtaining analytical solu-
tions in this type of environment.

Assumption 1. u(c,1 —n,G) =a.Inc+a;In(1 —n) + o, InG, o, g, oty > 0.
Assumption 2. F(K,N)=K"N'"7,y € (0, 1).
Assumption 3. § =1,0 =0.

PROPOSITION 1. Suppose Assumptions 1, 2, and 3 hold. Then the Markov-perfect
equilibria with and without within-period commitment are equivalent and are characterized
by the following functions:

H(K) = By(1 = p)K"N'7,
N(K) =N,
G(K) = pK"N'™7,

— a(1=py)71-1 _ ag(1-By)
where N = [1 + w7 ] and p = Cactay

Proof. It is straightforward to verify that these functions satisfy the equilibrium
conditions for the respective cases, i.e., the two first-order conditions from the household’s
problem and the GEE from the government’s problem. |

Under Assumptions 1-3, which allow a closed-form solution, both environments ana-
lyzed in Section 2 yield identical equilibria. The reason is that under these assumptions,
labor is not a function of capital, and therefore, it does not matter whether the government
internalizes the effects of its policy on labor decisions or not.
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Other functional forms may yield analytical solutions that are different for each
environment. For example, we could follow Greenwood et al. (1988) and assume

I+x . . .
o In (c - %) + a,G. For a three-period economy, because in this case labor always

depends on the capital stock, one can show that the analytical solutions differ between envi-
ronments. Further increasing the time horizon leads to increasingly intractable solutions.'?

APPENDIX C: ALTERNATIVE SPECIFICATIONS
FOR SIMULTANEOUS ACTIONS

C.1. SIMULTANEOUS ACTIONS WITH CONSUMPTION AS RESIDUAL

Here, we consider the case where the household decides savings and labor at the same
time as the government sets the tax rate and thus, consumption is determined as a residual.
In other words, if the current government were to deviate from the expected tax rule,
the households would not know their consumption until after observing the tax rate. The
problem of the current government can be written as

max u(F(K,N(K)) + (1 —8)K — G —H(K), 1 — N(K), G) + BV(H(K)).

Notice that the current government takes current savings and labor as given, but can affect
current consumption. Because savings are not affected by current government actions, the
problem of the government is static.

DEFINITION 3 (Alternative Case 1). When households and the government move si-
multaneously, and consumption is determined residually at the end of the period, a Markov-
perfect equilibrium is a set of functions {H, N, G, V} : R, — R, x [0, 1] x Ry X R, such
that for all K > 0:

(i) G(K) = argmax; u(F(K,N(K)) + (1 — 8K — G — H(K),1 — N(K), G) +
BV(H(K));
(i) ®(K,H(K), H(H(K)), N(K), N(H(K)),G(K),G(H(K))) = 0;
(i) W (K, H(K), N(K),G(K)) =0;
(iv) V(K) = u(F(K,N(K)+(1-8)K—G(K)—H(K), 1-N(K), G(K))+BV(H(K)).

The first-order condition of the government’s problem implies
Ue = Ug. (C.1)

This is the same condition that a government with access to lump-sum taxes would imple-
ment. Thus, when consumption is determined as a residual, government policy eliminates
the wedge between private and public good consumption. However, the economy is not at
the first best; we still have the wedges between consumption and leisure, and current and
future consumption. Note that under special assumptions, a government with full intertem-
poral commitment would implement the same long-run allocation—see Proposition 3 in
Appendix D.
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C.2. SIMULTANEOUS ACTIONS WITH SAVINGS AS RESIDUAL

Now assume that households choose consumption and labor at the same time as the govern-
ment chooses the tax rate. Thus, savings are left as a residual. This environment corresponds
to the one analyzed by Ortigueira (2006). The problem of the current government can be
written as

m(zyixu(C(K), 1 —N(K),G)+ BV(F(K,N(K)) + (1 —8)K — G — C(K)).

In this case, the problem of the government is dynamic, because policy affects capital
accumulation.

DEFINITION 4 (Alternative Case 2). When households and the government move si-
multaneously, and savings are determined residually at the end of the period, a Markov-
perfect equilibrium is a set of functions {C, H,N, G, V} : R, = R% x [0, 1] x Ry xR,
such that for all K > 0:

(i) G(K) = argmax. u(C(K), 1 — N(K), G) + BV(F(K,N(K)) +(1 —8)K — G —
C(K));
(i) ®(K, H(K), H(H(K)), N(K), N(H(K)), G(K), G(H(K))) = 0;
(i) W (K, H(K), N(K),G(K)) =0;
(iv) F(K,N(K)+ (1 —=8K —G(K) —C(K) —H(K) =0;
) V(K) = u(F(K, N(K)+(1-8)K-G(K)=H(K), 1-N(K), G(K))+BV(H(K)).

The first-order condition of the government’s problem is
u, — BV =0. (C.2)
The envelope condition implies
Vk =ulx —ueNg + BV (Fx +1 =8+ FyNg — Cx),
which after using u, = BV from (C.2) implies the following GEE:
—ttg + Buly(Fg +1—8) + Blu, — u)Cy + Bu, Fy — up) Ny = 0.

From the resource constraint, Cx = Fx + FyNx — Gx — Hk, and thus,

—tg + Bu (Fi +1—38) + Bu, — u)(Gy +Hy) + Bu,Fy —up)Ng =0.  (C.3)

This way of writing the GEE makes all the different cases easier to compare, as they can
all be solved in terms of {H, N, G} only.
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TABLE C.1. Steady state statistics for benchmark parameters

Within-period No within-period Alternative Alternative
commitment commitment case 1 case 2
K/Y 2.449 2.276 2.272 2.273
G/Y 0.205 0.271 0.272 0.272
C/G 2.923 2.021 2.008 2.012
K 1.063 0.946 0.943 0.944
N 0.262 0.262 0.262 0.262
T 0.223 0.293 0.295 0.294
¢ 0.00% 0.52% 0.52% 0.48%

C.3. ANALYTICAL SOLUTIONS

PROPOSITION 2. Suppose Assumptions 1, 2, and 3 hold. Then, for all K > 0, the
equilibrium policy functions for Alternative Case i = {1, 2} are

H'(K) = By (1= p)K'N'™7,
N(K) = N,
G'(K) = p'K"N'7,
— a1t 1 — _2e(1=By) 2 _ag(=By)
where N = [1+ G5B ] 0! = 2555 and 0° = 555705
Proof. It is straightforward to verify that these functions satisfy the equilibrium condi-
tions for the respective cases, i.e., the two first-order conditions from the agent’s problem,

the GEE from the government’s problem, the resource constraint, and the government
budget constraint. |

C.4. NUMERICAL RESULTS

Table C.1 extends Table 2 to include the steady state statistics of the two alternative cases
described in the preceding. The last line displays the welfare gain from switching from the
benchmark economy with within-period commitment. As we can see, the variants without
within-period commitment feature very similar steady state statistics. Welfare gains from
losing commitment are highest for “Alternative Case 1,” because the private—public good
distortion is completely eliminated. Note that the consumption equivalent compensation
is only 0.004 percentage points higher than in the standard no-within-period-commitment
case.

The three cases with lack of within-period commitment become more differentiated
as we move toward extreme values for 6. The largest differences occur when 6 = 1,
which implies steady state tax rates of 0.332, 0.468, and 0.407, for the standard case,
alternative case 1, and alternative case 2, respectively. For this parameterization, switching
from within-period commitment to alternative case 1 would imply a welfare gain, whereas
switching to the other two cases without within-period commitment would imply (large)
welfare losses. These calculations are available upon request.
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APPENDIX D: THE RAMSEY PROBLEM

Suppose the government can commit at time zero to all future policy decisions, but is
subjected to a balanced budget constraint, as in Stockman (2001) and Klein et al. (2008).
The problem of the government can be written as follows:

max Zﬁ{ F(Ki,N)+ (1= 8)K, = G, — K11, 1 = N, G,)
t=

(Ki41,Nt,G )72

+ 4P (K, Kiyt; Kiso, Niy Nitt, G, Got) + W (Ko, Koy, Ny, Gr)},

given K, and a standard transversality condition. Switching to shorthand notation, the
first-order conditions are

—ttes + Btesr1(1 =8+ Fx 1) + B Ao @iy
+A @i + B Proipr + W + Bt 1Yk iy =0,
e Fyo— e+ B ' Mo @ym + 2@y + Wy, =0,
—tes g+ B M1 Primt + A Day + Vs, = 0.

In the long run, the allocation {K*, N*, G*, A*, u*} solves

®(K*, K*,K*, N*, N*, G*, G*) =0, (D.1)
W(K* K*,N*,G*) =0, (D.2)
w—1+B0 =8+ Fp)]+ 1 (B 0%, + O + DY)
+ur (Vg + p¥y) =0, D.3)
WES —uh + (BT DY, + D) + urYy =0, (D.4)
—ul+uy+ 1B Lot + OF) + prvg = 0. (D.5)

The following result relates the steady state of Markov case 1 with the Ramsey long-run
allocation [Klein et al. (2008) make a similar observation].

PROPOSITION 3. Under Assumptions 1 and 2, if 6 = 1 then the long-run Ramsey
allocation coincides with the Markov Alternative Case 1 steady state.

Proof. Suppose Assumptions 1 and 2 hold and @ = 1. Then we can verify that 87! dp, +
O = Wi = 0, so that (D.5) simplifies to u} = ug, which is identical to (C.1). Thus,
{K*, N*, G*} is also the steady state of Alternative Case 1. |
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