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Abstract

We compare optimal nonlinear savings taxation under different assumptions
with regard to the government’s ability to commit to its future tax policy. In
particular, we incorporate the possibility that individuals may differ in their be-
liefs regarding the probability of commitment. When these beliefs are homoge-
neous, we find that optimal marginal savings tax rates always fall between those
under the polar cases of full-commitment (zero marginal savings taxation) and
no-commitment (progressive marginal savings taxation). However, this result no
longer holds when beliefs are postulated to be heterogeneous. The effects of be-
liefs changing in response to past commitment or no-commitment decisions by the
government are also quantitatively explored.
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1 Introduction

Previous studies that examine optimal nonlinear taxation of capital/savings have typi-
cally assumed full commitment by the government, while a few studies have considered
no commitment. Under full-commitment, the government announces its tax policies for
the present and future, and then simply implements those polices. Importantly, it is also
postulated that individuals completely believe that the government will implement its
announced policies. Under no-commitment, the government re-optimizes its tax policies
period by period, irrespective of any previous promises or announcements. Individuals
are aware that the government will re-optimize each period. Neither full-commitment
nor no-commitment is an entirely satisfactory description of how governments actually
implement taxation. The problem with the full-commitment assumption is that taxation
is not time consistent, as the tax system may no longer be optimal in future periods.
The problem with no-commitment is that it ignores the long-term gains to be obtained
by a government that can make and keep its promises. In reality, governments do re-
form their tax systems, though such reforms tend to be infrequent. As a result, actual
practice seems to lie somewhere between what would occur under full-commitment and
no-commitment.!

As in the related literature, we adopt the Mirrlees (1971) approach to examine opti-
mal nonlinear taxation of labor income and savings. However, we do so in two environ-
ments that fall between the polar cases of full-commitment and no-commitment. The
first is ‘loose commitment’, under which it is common knowledge among individuals and
the government that the probability of commitment is p.2 That is, the government does
not reform the tax system with probability p, but does so with probability (1—p). Loose-

commitment admits full-commitment and no-commitment as special cases (p = 1 and

!Gaube (2007) assumes full commitment, but compares short-term (annual) taxation of income
as practiced by governments, versus optimal long-term taxation. He shows that short-term taxation
cannot implement the optimal long-term tax contract. Gaube (2010) shows that time-consistent annual
taxation (so-called partial commitment) may yield higher welfare than long-term taxation without
commitment.

2Guo and Krause (2014) examine optimal nonlinear income taxation under loose commitment. How-
ever, there are no savings in their model, and their focus is on the revelation and use of skill-type
information. Debortoli and Nunes (2010) examine capital and labor taxation under loose commitment
in a representative-agent model.



p = 0, respectively). While we think that loose-commitment is a better assumption than
full-commitment or no-commitment, it is still not ideal. In particular, loose-commitment
assumes that all individuals and the government know and agree that the probability of
commitment is p. The second environment that we consider is a setting we call ‘commit-
ment without credibility’. In this setting, the government sets taxes as it would under
full-commitment. The only difference is that individuals recognize that the government
will be tempted to reform the tax system in the future. Individuals therefore attach
some probability to re-optimization; thus, the government’s promise to commit is not
completely credible. Moreover, we allow individuals to differ in their beliefs regard-
ing the probability of commitment. We think commitment-without-credibility better
describes the environment in which governments actually set taxes, as opposed to full-
commitment, no-commitment, or loose-commitment. Commitment-without-credibility
is also a relatively modest departure from the common assumption of full-commitment.

In standard Mirrlees-style models in which individuals differ only by their skills, the
existing literature has found that zero marginal savings taxation is optimal under full-
commitment (based on Atkinson and Stiglitz (1976)).> Under no-commitment, however,
savings taxation is progressive, in that optimal marginal savings tax rates are increasing
in individuals’ skills (see, e.g., Brett and Weymark (2008) and Farhi, et al. (2012)). It
is tempting to view the results under no-commitment as providing the upper-bound on
the size of the optimal marginal savings tax distortions. We show that, under loose-
commitment, optimal marginal savings tax rates do always fall between those under
full-commitment and no-commitment. Under commitment-without-credibility, however,
circumstances are more complicated. Our main result is that some individuals may
face larger marginal savings tax distortions under commitment-without-credibility than
they would under no-commitment, even though all individuals believe that there is some
chance of commitment under the former.

In sum, relaxing the full-commitment assumption that individuals completely believe

3This finding is often viewed as providing support for the Chamley (1986) and Judd (1985) result
that capital should not be taxed in the long-run. Straub and Werning (2015) have recently challenged
the Chamley-Judd result.



that the government can commit may have substantive effects. Specifically, the charac-
teristics of optimal nonlinear savings taxation do not simply fall between those under
full-commitment and no-commitment. The explanation for this counter-intuitive finding
follows from the (we think, realistic) assumption that individuals may disagree vis-a-vis
the perceived probability of commitment. Under full-commitment and no-commitment,
all individuals agree that the probability of commitment is one and zero, respectively.
Therefore, individuals differ only by their skills.* Under commitment-without-credibility,
individuals differ by their skills as well as their beliefs. This makes the optimal tax prob-
lem more complicated (formally, it becomes a multi-dimensional screening problem), as
it must now take into account this second source of heterogeneity. It will be shown
that belief heterogeneity itself calls for marginal savings tax distortions; thus a further
contribution of our paper is that it identifies a new rationale for taxing savings. It is
this new rationale that makes it possible for some individuals to face larger marginal
savings tax distortions under commitment-without-credibility than they would under
no-commitment.

A government that resists the temptation to reform would hope to gain commitment
credibility, making it possible to obtain higher social welfare in the future. We exam-
ine this issue in an extension of our commitment-without-credibility model, in which
individuals’ beliefs regarding the probability of commitment change in response to past
commitment /no-commitment decisions by the government. Changing beliefs generates
two opposing effects. Commitment raises probabilistic-beliefs and the level of social
welfare possible in the future. But at the same time, the increase in probabilistic-beliefs
makes implementing reform even more tempting, and succumbing to this temptation
lowers probabilistic-beliefs and future social welfare. The net effect is, therefore, theo-
retically ambiguous. However, we calibrate our model using empirically-plausible para-
meter values, under which we find that the net effect of changing beliefs is positive, in
that a higher level of social welfare in the long-run is attainable.

The model we use is admittedly simple, but simplicity is necessary for the following

4Under loose-commitment, individuals also differ only by their skills, because all agree that the
probability of commitment is p.



reasons. First, it is well-known that optimal tax problems with two unobserved charac-
teristics are notoriously difficult to solve, even in simple settings.® In our model, however,
we can solve the optimal tax problem without imposing the usual restrictions needed
to make the multi-dimensional screening problem tractable.’ That said, we do restrict
attention to belief heterogeneity among high-skill individuals only. Nevertheless, this
restriction strengthens our main findings, as it shows that only a limited second source
of heterogeneity is required. Second, we wish to compare the size (not just sign) of the
optimal marginal savings tax rates across different commitment regimes. Our simple
model makes such analytical comparisons possible.

The remainder of the paper is organized as follows. Section 2 outlines our mod-
elling framework, while Sections 3, 4, and 5 present optimal nonlinear taxation under
no-commitment, loose-commitment, and commitment-without-credibility, respectively.
Section 6 extends our model to an infinite-horizon setting to examine commitment-
without-credibility over the long-run. Section 7 concludes, while all proofs are contained

in an appendix.

2 Preliminaries

We examine a two-period economy with a unit measure of individuals, with a propor-
tion ¢ € (0, 1) being high-skill workers (denoted by H) and the remaining (1 — ¢) being
low-skill workers (denoted by L). The wage rates of the high-skill and low-skill workers
are wy and wy, respectively, with wy > wy > 0. Each high-skill worker believes that
the probability of commitment is high or low, denoted p and p* respectively, with
1> p? > pl > 0. Let 7Tjﬁ denote the population of high-skill individuals who believe
that the probability of commitment is j, where superscript j = L or H for low and high
probability, respectively. We then have 7% + 78 = ¢. Low-skill individuals have a com-

mon belief regarding the probability of commitment, but we do not specify its notation

5See, for example, Boadway, et al. (2002) and the discussion within.

6These restrictions include specifying the problem in such a way that the two characteristics can
be aggregated into one (e.g., Boadway, et al. (2002) and Brett and Weymark (2003)), or assuming a
perfect correlation between skills and the second source of heterogeneity (e.g., Golosov, et al. (2013)
and Krause (2014)).



because it will be seen below that their common belief plays no role in the design of the
optimal tax systems. The model could be extended to incorporate heterogeneous beliefs
among low-skill individuals. However, the multi-dimensional screening problem would
become much more complicated, making it less clear as to which incentive-compatibility
constraints may bind (see Section 5).

All individuals consume, work, and save in period 1, and then live-off their savings
in period 2. Thus, period 2 can be thought of as the retirement period. Preferences are

represented by the quasi-linear utility function:
u(cl) — 1 + su((1+1)s]) (2.1)

where CZ is type #j’s first-period consumption, l{ is type 77’s labor supply, and sg is type
1j’s savings. For low-skill individuals, the superscript j is redundant; thus we have ¢;, [;,
and s;, where ¢ = L. The specification that the utility function is quasi-linear is a little
stronger than the usual formulation in the literature whereby it is additively separable.
However, quasi-linearity enables us to compare the size (not just sign) of the optimal
marginal savings tax rates across different commitment regimes. The market interest
rate is given by r > 0; therefore, second-period consumption is equal to (1 + 7‘) The
function wu(-) is increasing and strictly concave, while 6 € (0,1) denotes the discount
factor. For future reference, we use yf = wilf to denote the pre-tax income of a type ij
individual.

In the absence of taxation, individuals would choose ¢/, I, and s/ to maximize the

1) 1)

utility function (2.1) subject to the budget constraint:

c + s < will (2.2)
which yields the marginal condition:
u'(c])
. =1 (2.3)
(1 4+rmu((1+1)s )

In the presence of taxation, equation (2.3) might not be satisfied. The resulting



marginal distortion is commonly interpreted as a ‘tax wedge’ or ‘implicit marginal tax

rate’ on savings. Thus, we define:

)
S(L+r)uw((1+7r)s])

MTRS! =1 — (2.4)

as the (implicit) marginal tax rate on savings faced by a type #j individual.

3 No Commitment (NC)

We begin by examining optimal nonlinear taxation of labor income and savings when it
is common knowledge that the government cannot commit.” In this case, all individuals
know that the probability of commitment is zero, and therefore individuals differ only
by their skills. As it is certain that the government will re-optimize in period 2, its
behavior in period 2 can be described as follows. Choose consumption levels ¢;, and cy

for the low-skill and high-skill individuals, respectively, to maximize:

(1 = d)uler) + dulen) (3.1)

subject to:

(I=¢)ep + ey < (1 —¢)(1+71)sp + (1 +71)sy (3.2)

where s; and sy are, respectively, the savings by low-skill and high-skill individuals
in period 1. Equation (3.1) is the second-period utilitarian social welfare function,
while equation (3.2) is the government’s second-period budget constraint; i.e., aggregate
consumption in period 2 must be less than or equal to the stock of aggregate savings.® It

is shown in the appendix that the solution to program (3.1)—(3.2) equalizes consumption

"In addition to Brett and Weymark (2008) and Farhi, et al. (2012), there have been a number of
recent papers that examine dynamic nonlinear taxation without commitment. See, e.g., Apps and Rees
(2006), Berliant and Ledyard (2014), Krause (2009, 2017), Guo and Krause (2011, 2013, 2015a, 2015b),
Aronsson and Sjogren (2016), and Morita (2016). However, the focus of those papers is not on savings
taxation, but rather on how the government may use skill-type information revealed in earlier periods
to implement first-best taxation in latter periods.

8We assume throughout the paper that the government does not save or borrow and its revenue
requirement is zero; thus taxation is implemented for redistributive purposes only.



(c;, = cg), which we denote by c(é, 7, sr,sy). Let W(o,r, sp,sy) denote the level of
social welfare attainable in period 2, which is the value function associated with program
(3.1) — (3.2).

In period 1, the government chooses tax contracts, (mp,sr,yr) and (my, sy, yu),

for the low-skill and high-skill individuals, respectively, to maximize:

(1—¢) |u(mr —sr) — Z_LJ +¢ [u(mH —sp) — Z—f{ + W () (3.3)

subject to:
(1= @)y —mr) + ¢y — mu) > 0 (3.4)
u(myg — sg) — 5}—][{{ + du(c(+)) > u(mg — sg) — 3]—2 + du(c(+)) (3.5)

where m; denotes type i’s post-tax income; thus first-period consumption is equal to m;—
s;. Equation (3.3) is a utilitarian social welfare function, which takes into account how
savings decisions made in period 1 affect the level of social welfare attainable in period
2. Equation (3.4) is the government’s first-period budget constraint, and equation (3.5)
is the high-skill type’s incentive-compatibility constraint. In period 1 the government
does not know who is high-skill and who is low-skill, so the tax contracts must be
incentive compatible. That is, the utility a high-skill individual obtains from choosing
(my,sy,yy) must be greater than or equal to what they could obtain by choosing
(mr,sr,yr).? As all individuals receive the same level of consumption (and hence utility)
in period 2, the last term on both sides of equation (3.5) is redundant. But to assist

interpretation of the incentive-compatibility constraint, we do not delete this term.

4 Loose Commitment (LC)

In this section, we examine optimal nonlinear taxation of labor income and savings

under loose commitment. In this case, it is common knowledge among individuals and

9Following the standard practice, we omit the low-skill type’s incentive-compatibility constraint, as
it will not be binding. This is because the redistributive goals of the government create an incentive for
high-skill individuals to mimic low-skill individuals, but not vice versa.



the government that the probability of commitment is p. Individuals therefore still
differ only by their skills. LC admits NC and full-commitment (FC) as special cases,
with p = 0 corresponding to the former and p = 1 corresponding to the latter.

In period 1, the government chooses tax contracts, (my,sr,yr) and (my, sy, yu),

for the low-skill and high-skill individuals, respectively, to maximize:

(1) [utme = 52) = 22| 46 |atonng )~ 22

03[ = 0pul( -+ 7)s) + Gu((1+ )s)] + (1= p)IW() (1)
subject to:
(1= &)y — ma) + 0y — mur) = 0 (42)
ulmsy = sm) = 46 [pu((1+ r)sir) + (1= pjue())] >
ulmz = sp) = 4 8 pu((1+ r)sn) + (1= pu(e()) (13)

where equation (4.1) is a utilitarian social welfare function, equation (4.2) is the govern-
ment’s budget constraint, and equation (4.3) is the high-skill type’s incentive-compatibility
constraint. The social welfare function incorporates the expected level of social welfare
in period 2. That is, with probability p the government can commit, and social welfare
will simply equal the aggregate utility individuals obtain from consuming their first-
period savings. But with probability (1 — p) the government will re-optimize (as under
NC), and social welfare will be equal to W(-). Likewise, the incentive-compatibility
constraint incorporates the high-skill type’s expected utility in period 2. It is shown in
the appendix that:
Proposition 1 The optimal marginal taz rates applicable to savings are: MTRSHC >
MTRSE > 0> MTRSEC > MTRSYC.

The superscripts in Proposition 1 are used to distinguish the cases of no-commitment
and loose-commitment. Under both NC and LC, high-skill individuals face a positive

marginal savings tax rate, while that for low-skill individuals is negative.' However,

10The results under no-commitment are closely related to those obtained by Brett and Weymark



the marginal tax rates are closer to zero under LC. It is straightforward to show that
if the government’s ability to commit was perfectly credible (full-commitment), then all
individuals would face a zero marginal tax rate on their savings. That benchmark can
be viewed as an application of the Atkinson and Stiglitz (1976) result on the redun-
dancy of commodity taxes alongside nonlinear income taxation.!! Under NC, high-skill
individuals know that the government will re-optimize the savings tax in period 2, in
order to redistribute some of their savings toward the low-skill. This creates an incen-
tive for high-skill individuals to mimic low-skill individuals in period 1. Thus, to help
deter mimicking, the government brings forward consumption by high-skill individuals
(by taxing their savings) and delays consumption by low-skill individuals (by subsidizing
their savings). These same forces are also in effect under LC, but since LC admits some

chance of commitment, the optimal marginal savings tax rates fall somewhere between

those under NC and FC.

5 Commitment Without Credibility (CWC)

We now consider optimal nonlinear taxation of labor income and savings when the
government has no intention of redesigning the tax system in period 2. However, indi-
viduals recognize that once savings decisions are made in period 1, the government will
be tempted to re-optimize in period 2. Individuals therefore assign some probability to
the possibility of re-optimization. We call this case ‘commitment without credibility’,
and the heterogeneous beliefs (p” and p’) now play a role. The government chooses a

tax contract (mp, sy, yr) for the low-skill individuals, and (mJﬁ? sf;{, y}{) for each type of

(2008) and by Farhi, et al. (2012). Brett and Weymark consider a two-type, two-period, model without
commitment, in which individuals work in both periods. They show that high-skill individuals face a
positive marginal savings tax rate, while that for low-skill individuals is lower and may be negative.
Farhi, et al. consider a two-period model with a continuum of types, in which individuals work only
in the first period. They conclude that optimal marginal savings tax rates without commitment are
increasing in skills, and are always positive at the top of the skill distribution and always negative at
the bottom.

HStrictly speaking, the Atkinson-Stiglitz result depends upon the assumptions that: (i) labor is
separable from consumption in the utility function, and (ii) all individuals have the same preferences.
We make these assumptions in this paper, as does most of the related literature.

10



high-skill individual, to maximize:

J

(1-0) |u(mr — s1) — 2= + du((1 + T)SL)} +Zw§, [u(mﬂﬁ — ) = T su((1+1)sh)

- ’ v (5.1)
subject to:

(1= ) e —mr) + 3 Syl — ) 2 0 (5.2)

ol — o) — Y5 (14 r)sf) + (1 ()] 2
oty — i)~ Y55 (4 ) + (- pTue)] 69)

wmff = ) — Y45 [pal(1 4+ r)o) + (1= ()] 2
ulms — 1) = =5 48 [p (L4 r)sz) + (1= pule())] (5.4)

oty — ) — Y5 (1 4 )ty + (1 pFJutet )] 2
w(my, — s) — 3]—2 + 0 [pPu((1+7)s) + (1 — pPhule(-))] (5.5)

Equation (5.1) is a utilitarian social welfare function, which is analogous to the so-
cial welfare function that the government would maximize under FC. This reflects the
government’s promise that it will not re-optimize in period 2. Equation (5.2) is the gov-
ernment’s budget constraint, while equations (5.3) — (5.5) are incentive-compatibility

constraints.!?

At this point we encounter the usual challenge associated with multi-
dimensional screening problems, in that there are numerous (in our case, six) incentive-

compatibility constraints that must be considered.!®> However, we conjecture with some

12There are some similarities between the CWC program (5.1) — (5.5) and optimal taxation when
individuals differ by their skills and preferences for savings. This is because the CWC probabilities
could be interpreted as applying different weights to second-period consumption. However, there are
also some key differences, such as that the social welfare function (5.1) does not reflect any preference
heterogeneity. Optimal taxation when individuals differ by their skills and preferences for savings has
been examined by Saez (2002), Tenhunen and Tuomala (2010), Diamond and Spinnewijn (2011), and
Golosov, et al. (2013).

I31f low-skill individuals were also distinguished by their beliefs regarding the probability of commit-
ment, there would be twelve incentive-compatibility constraints to consider.

11



confidence that only (5.3) — (5.5) may be binding for the following reasons.

Consider incentive-compatibility constraint (5.3), which links the HH and HL types.
Recall that HH individuals are high-skill individuals who believe that there is a high
probability of commitment. These individuals think that there is a good chance that
the government will not re-optimize in period 2, and therefore their second-period con-
sumption will be (1+ r)sH. Recall that if the government were to re-optimize in period
2, it would equalize consumption across all individuals. Accordingly, high-skill individ-
uals would have their savings taxed to subsidize second-period consumption by low-skill
individuals. As before, let ¢(-) denote the equalized level of consumption in period 2.
Type HL individuals are high-skill individuals who believe that the probability of com-
mitment is low. They think it is relatively more likely that the government in period
2 will re-optimize, and their second-period consumption will be only ¢(+). Accordingly,
HL individuals will be relatively more reluctant to reveal their type, and they must
be offered a generous tax contract to do so. This means that HH individuals will be
attracted to the tax contract intended for HL individuals, but not vice versa. Incentive-
compatibility constraint (5.3) prevents such mimicking behavior, by ensuring that the
utility a HH individual can expect from choosing (mf sH ¢H) is greater than or equal
to what they could obtain by choosing (mk, sk, y&). Specifically, HH individuals be-
lieve that the probability of commitment is p”, so with this probability they expect to
be able to consume their savings in period 2, but with probability (1 — p) they expect
that the government will re-optimize and their second-period consumption will be ¢(+).
Finally, incentive-compatibility constraints (5.4) and (5.5) reflect the standard assump-
tion that the government seeks to redistribute from high-skill to low-skill individuals,
which creates an incentive for each type of high-skill individual to mimic the low-skill,
but not vice versa. We now obtain the following results:

Proposition 2 Under CWC, the optimal marginal tax rates applicable to savings are:
MTRSE > MTRSHE > 0> MTRS,.

High-skill individuals face positive marginal savings tax rates, while low-skill individ-

uals face a negative marginal savings tax rate. This is qualitatively the same as under

NC and LC, and the intuition for the progressive pattern of optimal marginal savings

12



taxation is analogous. Those high-skill individuals who believe that the probability of
commitment is low (the HL type) face the largest marginal savings tax distortion. This
is because HL individuals think it is relatively more likely that the government will re-
optimize the savings tax. Accordingly, they must face the highest marginal savings tax
rate to deter mimicking.

Proposition 3 HH indiwiduals and low-skill individuals always face lower marginal
savings tax distortions under CWC' than under NC, i.e., MTRSH < MTRSNC and
MTRSYY < MTRSy. However, HL individuals may face a greater marginal savings
taz distortion under CWC than under NC, i.e., MTRSEL > MTRSYNC is possible.

The HH individuals and low-skill individuals always face lower marginal savings
tax distortions under CWC than under NC, for the same reason that optimal marginal
savings tax distortions are lower under LLC than under NC. However, it is possible that
HL individuals face a larger marginal savings tax distortion under CWC than under NC.
This is possible even though the only difference between FC and CWC is that individuals
under CWC attach some (differing) probability to re-optimization. The intuition is as
follows. Under NC individuals are distinguished only by their skills, as it is common
knowledge that the government cannot commit. Under CWC, however, individuals are
distinguished by their skills and their beliefs regarding the probability of commitment.
Belief heterogeneity itself calls for marginal savings tax rate distortions. An increase in
the degree of belief heterogeneity makes the tax contract intended for HL individuals
more attractive to HH individuals. Accordingly, a higher marginal tax rate on savings by
HL individuals is required to deter mimicking. When belief heterogeneity is sufficiently
severe, HL individuals face a higher marginal savings tax rate under CWC than they
would under NC.

Next, we provide a numerical example to demonstrate the possibility stated in Propo-
sition 3 that MTRSE > MTRSHC. This possibility is demonstrated using plausible
parameter values, thus illustrating that it cannot be considered an unlikely occurrence.

For comparison purposes, the results under FC and LC are also shown.

13



We first postulate that the utility function (2.1) takes the logarithmic form:
In(c) — 1/ +81In((1 4 r)s)) (5.6)

which follows from Chetty (2006) who concludes that a reasonable estimate of the co-
efficient of relative risk aversion is one (which implies log utility). Numerical values
of the parameters are chosen on the following basis. The OECD (2014) reports that
approximately one-third of working-age individuals have attained tertiary level educa-
tion. We assume that such individuals are high-skill and the remainder are low-skill,
i.e., ¢ = 1/3. We then assume that equal numbers of high-skill individuals believe that
the probability of commitment is high or low, i.e., 78 = 7% = 1/6. Fang (2006) and
Goldin and Katz (2007) estimate that the college wage premium is around 60%. We
therefore normalize the low-skill type’s wage to unity and set the high-skill type’s wage
equal to 1.6. Following common practice, we assume an annual market interest rate of
4% and that each period of our two-period economy is 20-years in length. Therefore,
§ =1/(1+r)* = 0.456. Finally, we assume that the LC probability p is 0.5, while the
CWC probabilities are p = 0.75 and p* = 0.25.

The results are shown in Table 1. All individuals face zero marginal savings taxation
under FC (Atkinson and Stiglitz (1976)). Under NC, optimal marginal savings taxation
is progressive (Brett and Weymark (2008) and Farhi, et al. (2012)). The optimal
marginal savings tax rates under LC fall between those under FC and NC (Proposition
1). Under CWC, we have MTRSL > MTRSH > 0 > MTRS;, (Proposition 2), and
HH individuals and low-skill individuals face lower marginal savings tax distortions
under CWC than under NC (Proposition 3). We also have MTRS5 > MTRSE®, thus

demonstrating the counter-intuitive possibility identified in Proposition 3.

6 CWC over the Long-Run

The government’s objective is to maximize social welfare. Given this objective, the

government faces a trade-off when deciding whether or not to reform the tax system.

14



Reforming the tax system yields an immediate increase in social welfare, but also reduces
the level of social welfare attainable in the future if individuals revise down their beliefs
regarding the probability of commitment. On the other hand, a government that resists
the temptation to reform forgoes an immediate increase in social welfare, but may gain
commitment credibility (and higher social welfare in the future) if individuals revise up
their probabilistic-beliefs. To explore these issues, we examine an infinitely-repeated
version of the two-period CWC economy described in Section 5.

Before proceeding with our analysis, note that Farhi, et al. (2012) consider an ex-
tension of their two-period model to an infinite-horizon setting, in order to incorporate
the benefits versus costs of reform. They examine a dynamic game in which a devia-
tion (reform) triggers a bad equilibrium, hence no government chooses to reform in the
trigger-strategy equilibrium. The advantage of their approach is that it incorporates
strategic decision-making. The disadvantages are its complexity and that reforms never
occur, which seems unrealistic. Our approach is to assume that each government chooses
to reform or not-reform with some probability. This approach is relatively simple and
consistent with some plausible assumptions regarding government behavior. For exam-
ple, a government that expects to be in power for some time may resist reform to raise
long-run social welfare, while a government that does not expect to be re-elected may
do the opposite. Likewise, governments with different political ideologies, e.g., left-wing
versus right-wing, may be more or less inclined to succumb to the temptation to reform.
6.1 The Infinitely-Repeated CWC Economy
In our model, individuals’ probabilistic-beliefs and the actual probability of commitment
are assumed to follow a Markov process. The initial probabilistic-beliefs, in economy 1
which covers periods 1 and 2, are as previously denoted, i.e., pf and p”. Subsequently, if
the government did not reform (commitment) in economy 7', then individuals in economy
T + 1 revise up their beliefs to pﬁ and pf, where pﬁ > pfl and pf > p’. For example,
if the government did not reform in economy 7" = 3 (which covers periods 5 and 6),
then beliefs in economy 7'+ 1 = 4 (which covers periods 7 and 8) will be pﬁ and pf.
Analogously, if the government did reform (no-commitment) in economy 7', the revised

beliefs in economy 7" + 1 are p and pZ, where pL < p and p& < p*. We also require
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an actual probability of commitment. In economy 1, this probability is denoted by g.
Subsequently, qo denotes the probability of commitment in economy 7' + 1 following
commitment in economy 7', and ¢y denotes the probability of commitment in economy
T + 1 following no-commitment in economy 7.

From economy T + 1 onward, continuation social welfare can be represented by the

following recursive equations:

ZEEY = WES + qeBZEE + (1 — q0)BZLE (6.1)
Zyt = WEE + anBZERE + (1 — an)BZEY (6.2)
ZEG = W+ qeBZEE + (1 — q0)BZyE (6.3)
ZuN =Wl + anBZER + (1 — qw)BZGK (6.4)

where 3 = 6 is the discount factor between any two economies (recall that each economy
has two periods). Social welfare in economy 7'+ 1 under commitment when commitment
also occurred in economy 7' is denoted by ng !, Social welfare in economy 7 + 1 under
no-commitment when commitment occurred in economy 7' is denoted by ngl, while
WEEt and W' can be similarly interpreted. To interpret the recursive equations,
consider for example equation (6.1). If commitment occurs in economy 7"+ 1 following
commitment in economy 7T, yielding social welfare of ng ''in economy 7T + 1, there
is then g probability that commitment will occur again in economy T + 2. But with
probability (1 — g¢) no-commitment will occur in economy 7'+ 2, yielding social welfare
Wit? and activating recursive equation (6.2). The remaining recursive equations can
be similarly interpreted.

Aggregate social welfare over the infinite horizon can now be written as:

SW = qWe+(1=Wy+aB [acZée + (1= g0) Zie] +(1=0)B [an Zéw + (1 = an) 23]
(6.5)
where W} and W}, denote social welfare in economy 1 under commitment and no-

commitment, respectively.
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6.2 Numerical Simulations
To explore how changing beliefs affect the level of social welfare attainable, we conduct
numerical simulations. First, we calibrate the model using plausible parameter values.
These are the same as discussed in Section 5, but with the additional parameters needed
for the infinite-horizon extension. We set ¢ = 0.5, together with go = 0.55 and ¢ = 0.45
to capture the idea that commitment in economy 7' is more likely to be followed by
commitment again in economy 7"+ 1, and vice versa. Likewise, the baseline parameters
chosen for pﬁ and 10f reflect a 10 percent upward revision to the probabilistic-beliefs
following commitment, while pL and p% reflect a 10 percent downward revision following
no-commitment. The full set of baseline parameter values is shown in Table 2. We also
report the optimal marginal tax rates applicable to savings in economy 1, in economy
T + 1 following commitment, and in economy 7"+ 1 following no-commitment. It can be
seen that the qualitative relationships stated in Propositions 2 and 3 continue to hold.

Figure 1 shows the effects of increasing the sensitivity of beliefs in response to com-
mitment and no-commitment decisions by the government, holding all other parameters
(including the actual probabilities of commitment) at their baseline levels. For example,
a 15 percent sensitivity represents a 15 percent rise in probabilistic-beliefs following com-
mitment (pﬁ = 0.8625 and pL = 0.2875), but also a 15 percent decline in probabilistic-
beliefs following no-commitment (p£ = 0.6375 and pL = 0.2125). An increase in belief
sensitivity has two opposing effects. On the one hand, it rewards a government who
resists the temptation to reform, by making higher social welfare attainable in the fu-
ture. On the other hand, a government that chooses to reform to obtain the short-run
increase in social welfare is penalized by the decline in beliefs, making it harder to raise
future social welfare. It turns out that the first effect quantitatively dominates in our
model, with an increase in belief sensitivity raising the level of social welfare attainable
in the long-run.

Figure 2 shows the effects of greater persistence in commitment and no-commitment
decisions, holding all other parameters (including probabilistic-beliefs) at their baseline
levels. For example, a 15 percent sensitivity represents a 15 percent rise in the actual

probability of commitment following commitment (¢c = 0.575), but also a 15 percent
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decline in the actual probability of commitment following no-commitment (gy = 0.425).
As with changes in belief sensitivity, there are two opposing effects. An increase in per-
sistence means that a commitment decision is more likely to be repeated, thus keeping
the economy in the ‘good state’. But a no-commitment decision is also more likely to be
repeated, keeping the economy in the ‘bad state’. In our model the second effect dom-
inates, with greater persistence in commitment and no-commitment decisions reducing
long-run social welfare.

Figure 3 shows the effect on long-run social welfare when individuals’ beliefs and the
actual probability of commitment move together. For example, a 15 percent sensitivity
means that individuals revise up their probabilistic-beliefs by 15 percent following com-
mitment (pﬁ — 0.8625 and pt = 0.2875), while the actual probability of commitment
also rises by 15 percent (gc = 0.575). Analogously, individuals’ beliefs and the actual
probability of commitment fall by 15 percent following no-commitment (p£ = 0.6375,
pL = 0.2125, and gy = 0.425). It can be seen that more persistence in commitment /no-
commitment decisions, together with corresponding changes in beliefs, increases long-run

social welfare.

7 Concluding Comments

This paper compares optimal nonlinear savings taxation under different commitment as-
sumptions, and introduces a setting we call ‘commitment without credibility’. We think
CWC better describes the environment in which governments actually implement their
tax policies. CWC is a relatively modest departure from the common FC assumption, as
compared to NC and LC. Our specification of CWC captures the observation that when
setting taxes governments do, at least implicitly, indicate that they currently have no
intention of reforming the tax system in the future. However, individuals recognize that
once the future arrives, the government will face the temptation to re-optimize the tax
system. Individuals therefore attach some probability to re-optimization, and we think
it is likely that they will differ in their beliefs regarding these subjective probabilities.

We show that belief heterogeneity itself calls for savings tax distortions, and as such
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optimal marginal savings tax rates under CWC do not necessarily fall between those
under the polar cases of FC and NC. This counter-intuitive result is not possible under
LC, in which all individuals and the government know and agree on the probability of
commitment. However, we think CWC is a more realistic assumption than LC. In a
repeated CWC setting in which beliefs may change, past commitment decisions by the
government are rewarded as individuals revise up their beliefs regarding the probability
of commitment. However, past no-commitment decisions are penalized as beliefs are
then revised downwards. The net effect of changing beliefs on long-run social welfare
could therefore be positive or negative, but our numerical simulations suggest that it is
positive.

When examining CWC over the long-run, we have assumed that each government
chooses to reform or not-reform with some probability. The temptation to reform the
tax system follows from the immediate increase in social welfare that it provides. This
increase in social welfare comes from more redistribution; thus low-skill individuals will
be in favor of reform, ceteris paribus, while high-skill individuals will not. Accordingly,
one could argue that the political power of low-skill versus high-skill individuals may in-
fluence the government’s decision. In an interesting paper, Scheuer and Wolitzky (2016)
examine ‘sustainable’ capital taxation, in that a policy is sustainable if the government
will not face sufficient pressure to force reform. Sustainable capital taxation essentially
buys commitment credibility, the price paid being the tax distortions required to deter
the gathering of popular support for reform. While sustainable capital taxation captures
an important positive (political economy) aspect of tax policy, it is not necessarily opti-
mal from the normative perspective of maximizing social welfare.!* In future research,
it would be interesting to try to model the government’s commitment decision, in a

manner that allows the government to sometimes succumb to the temptation to reform.

HScheuer and Wolitzky (2016) note that sometimes it may be optimal to let the reform occur, but
they suggest that the no-reform constraint might be justified for some unmodeled reason. These include
the government’s loss of political power or future reputation.

19



8 Appendix

Al Proof of Proposition 1
The first-order conditions on y;, and yy in program (3.3) — (3.5) and in program (4.1) —
(4.3) are, respectively:

—_(2}; ?) +A(1—¢)+Z—’; =0 (A.1)
<ijm”+A¢:o (A.2)

where A > 0 is the multiplier on the budget constraint (equation (3.4) and (4.2)), and
6 > 0 is the multiplier on the incentive-compatibility constraint (equation (3.5) and

(4.3)). Solving (A.1) and (A.2) yields:

)\:<1_¢)+i>Oand0H:¢(1—¢)<w—H—1)>O (A.3)

wr, WH wr,

Note that the values of the multipliers are the same in both programs (3.3) — (3.5) and
(4.1) — (4.3).
The Lagrangian corresponding to program (3.1) — (3.2) is:

L= (1-¢)uler)+oulcy) X [(1 — @) (1 +7)sp + (1 +7)sy — (1 — ¢)er, — dcy] (A.4)

where A\? > 0 is the Lagrange multiplier. The first-order conditions on c¢;, and cy are,
respectively:

(1—¢)u'(cL) = N(1—-¢) =0 (A.5)
ou'(cpr) — Mo =0 (A.6)

which implies that ¢, = cy. Let ¢ denote this equalized level of consumption. By the

Envelope Theorem:

oW(-) OL(:)
88[, N aSL

OW () _ L()

aSH 88[{

=u'(c)(1 — ¢)(1+7) and =ud'(c)p(1+7r) (A7)
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The first-order condition on s, in program (3.3) — (3.5) can be written as:

oW ()

—(1 — Qb — QH)u'(mL — SL) +5 aSL

~0 (A.8)

Note that (A.8) implies that 1 — ¢ — 0y > 0. Using (2.4) and (A.7), equation (A.8) can
be manipulated to yield:
by
MTRSNC — <0 A.
r— (A.9)

The first-order condition on sy in program (3.3) — (3.5) can be written as:

oW ()

aSH

—(¢+ 0’ (my — su) + 96 =0 (A.10)

Using (2.4) and (A.7), equation (A.10) can be manipulated to yield:

O
O+ 0u

MTRSNC = >0 (A.11)

The first-order condition on sz, in program (4.1) — (4.3) can be written as:

/ , oW (-
—(1—¢p—0p)u'(mr—sL)+p(1—¢p—0x)o(1+7)u ((1+T’)SL)+(1—p)(5Ti) =0 (A.12)
Using (2.4) and (A.7), equation (A.12) can be manipulated to yield:
MTRSY = —Ou(l = p)u'le) <0 (A.13)

(1= —0u) [pu' (1 +7)s.) + (1 = p)u'(c)]

The first-order condition on sy in program (4.1) — (4.3) can be written as:

, , oW (-
—(¢0+0m)u'(my — sg) +p(d+0m)o(L+r)u' (1 +7)sy) + (1 — p)é% =0 (A.14)
Using (2.4) and (A.7), equation (A.14) can be manipulated to yield:
MTRSEC = Ol = puc) >0 (A.15)

(@ +0u) [pu' (1 +7)su) + (1 = p)u'(c)]

Finally, using (A.9) and (A.13) it can be shown that MTRSN¢ < MTRSLC and
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using (A.11) and (A.15) it can be shown that MTRSNY > MTRSEC. B

A.2 Proof of Proposition 2

The first-order conditions on yr, y%, and y# from program (5.1) — (5.5) can be written
as, respectively:

M+A(1—¢)+M:0 (A.16)
wy, WH

—(wh — 07 + %)

WH

+ M =0 (A.17)

— (Tl + 05 + 1)

M =0 A.18
i + ATy ( )

where A > 0, 0% > 0, v# > 0, and % > 0 are the multipliers on constraints (5.2) —(5.5),

respectively. Solving (A.16) — (A.18) yields:

(1-9) ¢

WH

A= T S0, 084l = xl(1-9) (— - 1> > 0, and v —0p = 7 (1) (— -1

wr, WH wr,

(A.19)
Note that the multiplier on the budget constraint, A, is the same as in programs (3.3) —
(3.5) and (4.1) — (4.3), and that % > 0.

The first-order condition on sy, in program (5.1) — (5.5) can be written as:
—(1=p—yi =i (mr—sp)+0(1+r)' (1+r)sL) [1 — ¢ — p"'yvl — p"vf;] =0 (A.20)
The first-order condition on my, in program (5.1) — (5.5) can be written as:

(1—¢ =i —yiu'(me —sp) = M1 —¢) =0 (A.21)

which implies that 1 — ¢ — v — 4% > 0. Using (2.4) and (A.19), equation (A.20) can

be manipulated to yield:

— [yH@ = p™) + 5 (1 - p*]
1—¢—~H -1k

MTRS, = <0 (A.22)
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The first-order condition on s in program (5.1) — (5.5) can be written as:

— (T + 08+ I (i — sE) + 61+ ) (L+7)st) [ri +p™ (07 + )] =0 (A.23)

Using (2.4) and (A.19), equation (A.23) can be manipulated to yield:

(1 —p™) (07 + 1)
mi +0f +

MTRSE = >0 (A.24)

The first-order condition on s in program (5.1) — (5.5) can be written as:

= (i = O+ v (my — i) +6(1+ )/ (L+1)s) [m — p™05 +p"vi)] =0 (A.25)

Using (2.4) and (A.19), equation (A.25) can be manipulated to yield:

v (1 —pt) — 07 (1 — pt)

MTRSE =
T — 0 + i

>0 (A.26)

Finally, using (A.24) and (A.26) it can be shown that MTRSE > MTRSH. &
A3 Proof of Proposition 3
Using (A.11) and (A.24) it can be shown that MTRSHC > MTRSH, and using (A.9)
and (A.22) it can be shown that MTRS;, > MTRSYC. Using (A.11) and (A.26) it
can be shown that MTRSEL > MTRSNC if and only if (p*/p") < (6% /+%). Table 1
provides an example where MTRSL > MTRSHC. B
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TABLE 1

A Numerical Example

Baseline parameter values

ESA 0=0.456 w, =1.0 pt =025

7l =Y r=0.04 w, =1.6 p’=075

h=Y p=0.50
FC cwe LC NC
MTRS,; 0.000 0.072 0.167 0.286
MTRS;, 0.000 0.329 0.167 0.286
MTRS, 0.000 -0.174 -0.110 -0.249

Memo item: Under CWC, incentive-compatibility constraints (5.3), (5.4), and (5.5) are all binding. All omitted

incentive-compatibility constraints are slack.

TABLE 2
CWC over the Long-Run

Baseline parameter values

=Y 5=0.456 w, =1.0 pt =025 pt=0275  pt=0225
=y r=0.04 w, =1.6 p"=075  pl=085 p”=0.675
k=Y £ =0.208 q=0.50 q.=0.55 qy =045
Economy T+1 Economy T+1
Economy 1 following commit  following no-commit
MTRS]! 0.193 0.174 0.211
MTRS}, 0.308 0.313 0.304
MTRS, -0.210 -0.202 -0.218
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FIGURE 1

CWC over the long-run: Belief sensitivity
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FIGURE 2

CWC over the long-run: Commitment sensitivity
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FIGURE 3

CWC over the long-run: Equal belief and commitment sensitivity
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