*

A Theory of Optimal Capital Taxation
Thomas Piketty, Paris School of Economics

Emmanuel Saez, UC Berkeley and NBER

October 23" 2011

Abstract

This paper develops a realistic, tractable normative theory of socially-optimal capital
taxation. We present a dynamic model of savings and bequests with heterogeneous tastes
for bequests to children and for wealth accumulation per se. We derive formulas for optimal
inheritance tax rates expressed in terms of estimable parameters and social preferences.
The long-run optimal inheritance tax rate increases with the aggregate steady-state flow
of inheritances to output, decreases with the elasticity of bequests to the net-of-tax rate,
and decreases with the strength of preferences for leaving bequests. For realistic para-
meters, the optimal inheritance tax rate should be as high as 50%-60% -or even higher
for top bequests- if the government has meritocratic preferences (i.e., puts higher welfare
weights on those receiving little inheritance). In contrast to the Atkinson-Stiglitz result,
bequest taxation remains desirable in our model even with optimal labor taxation because
inequality is two-dimensional: with inheritances, labor income is no longer the unique
determinant of lifetime resources. In contrast to Chamley-Judd, optimal inheritance taxa-
tion is desirable because our preferences allow for finite long run elasticities of inheritance
to tax rates. Finally, we discuss how capital market imperfections and uninsurable idio-
syncratic shocks to rates of return can justify shifting one-off inheritance taxation toward
lifetime capital taxation, and can account for the actual structure and mix of inheritance
and capital taxation.
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1 Introduction

According to the profession’s most popular theoretical models, socially optimal tax rates on
capital should be equal to 7x = 0% in the long run—including from the viewpoint of those
individuals or dynasties who own no capital at all. This is a very strong result indeed, especially
since it is supposed to apply to all forms of capital taxation, either on the capital stock or on the
capital income flow, and either at the time of wealth transmission or during one’s lifetime. That
is, if we were to take this result seriously, then we should be pushing for a 0% inheritance tax
rate, a 0% property tax rate, a 0% corporate profit tax rate, a 0% interest and dividend income
tax rate, etc., and transfer the resulting revenue loss onto increased tax rates on labor income
and/or consumption (or lump sum taxes). Few economists however seem to endorse such a
radical policy agenda. Presumably this reflects a lack of faith in the profession’s most popular
models. This is in our view one of the most important failures of modern public economics.
The objective of this paper is to develop a realistic, tractable, and robust normative theory of
socially optimal capital taxation. By realistic, we mean a theory providing normative conclusions
that are not fully off-the-mark with respect to the real world (i.e., positive and significant capital
tax rates). By realistic, we also mean a theory offering such conclusions for reasons that are
consistent with the reasons which - we feel - are at play in the real world. By tractable, we
mean that optimal tax formulas should be expressed in terms of estimable parameters and
should quantify the various trade-offs in a simple and plausible way. By robust, we mean that
our results should not be too sensitive to the exact primitives of the model nor depend on strong
homogeneity assumptions for individual preferences. Ideally, formulas should be expressed in
terms of estimable “sufficient statistics” such as behavioral elasticities and hence be robust to
changes in the underlying primitives of the model. Such an approach has yielded fruitful results
in the analysis of optimal labor income taxation (see Piketty and Saez, 2011 for a recent survey).
In our view, the two key ingredients for a proper theory of capital taxation are, first, the
importance of inheritance, and, next, the imperfection of capital markets. With zero inheritance
(i.e. if life-cycle savings account for the bulk of wealth accumulation), and with perfect capital
markets (i.e. if agents can costlessly and risklessly transfer resources across periods at a fixed
interest rate r), then we believe that the case for zero capital taxation would indeed be very
strong—as in the standard Atkinson-Stiglitz framework. Therefore, our paper proceeds in two

steps.



First, we develop a theory of optimal inheritance taxation. We present a dynamic model of
savings and bequests with heterogeneous random tastes for bequests to children and for wealth
accumulation per se. The key feature of our model is that inequality permanently arises from
two dimensions: differences in labor income due to differences in ability, and differences in inher-
itances due to differences in parental wealth accumulation and transmission. Importantly, top
labor earners and top successors are never exactly the same people, implying a non-degenerate
trade-off between labor taxation and inheritance taxation. In that context, in contrast to the
famous Atkinson-Stiglitz result, bequest taxation remains desirable even with optimal labor tax-
ation because, with inheritances, labor income is no longer the unique determinant of life-time
resources. In sum: two-dimensional inequality requires two-dimensional tax policy tools.

We derive formulas for optimal bequest tax rates expressed in terms of estimable parameters
and social preferences. The long run optimal bequest tax rate 7p increases with the aggregate
steady-state flow of bequests to output b,, decreases with the elasticity of bequests to the
net-of-tax rate e, and decreases with the strength of preferences for bequests. For realistic
parameters, the optimal linear inheritance tax rate should be as high as 50% — 60% if the
government has meritocratic preferences (i.e., puts higher welfare weights on those with little
inheritance). Because real world inherited wealth is highly concentrated (basically half of the
population receives close to zero bequest), our results are very robust to reasonable changes in
the social welfare objective. I.e. the optimal tax policy from the viewpoint of those receiving
zero bequest is very close to the welfare optimum for bottom 50% bequest receivers.

For top bequests, the optimal inheritance tax rate 7 can be even larger (say, 70% — 80%),
especially if bequest flows are large, and if the probability of bottom receivers to leave a large
bequest is small. Therefore our normative model can account for the relatively large bequest tax
rates observed in most advanced economies during the past 100 years, especially in Anglo-Saxon
countries between the 1930s and the 1980s (see Figure 1). To our knowledge this is the first
time that a model of optimal inheritance taxation delivers simple and tractable formulas that
can be used to analyze this important part of real world tax policies.

Our model also illustrates the critical importance of perceptions and beliefs systems about
wealth inequality and mobility (i.e. individual most preferred tax rates are very sensitive to
expectations about bequests received and left), and about the aggregate magnitude of the

bequest flow b,. When b, is small, say around 5% of national income, as was the case in



Continental Europe during the 1950s-1970s, then bequest taxes should be moderate (new savings
should be encouraged in reconstruction periods). But when b, is high and rising, as has been
the case since the 1980s-1990s (b, is currently about 15% of national income in a country like
France, and 20%-25% of disposable income, like in the 19" century), then bequest taxes should

be large - so as to reduce the tax burden falling on labor earners.!

Second, we show that if we introduce capital market imperfections and uninsurable idio-
syncratic shocks to rates of return into our setting, then we can turn our positive optimal
inheritance tax results into more general optimal capital tax results.

The basic intuition is the following. From a welfare viewpoint, as well as from an optimal tax

" not the raw value of bequest

viewpoint, what matters is the capitalized bequest by = byet
by;. received by a given individual i (with H = generation length, typically 30 years, ry; = rate
of return)). But at the time of setting the bequest tax rate 75, nobody has any idea about the
future rate of return on a given asset is going to during the following 30 years. I.e. nobody
knows what e™! is going to be. Rates of return are notoriously difficult to predict, and they
vary enormously over assets and across individuals. E.g. someone who inherited an apartment
in Paris in the 1970s had no idea what the total returns and capitalized value of this asset would
be three decades later. Therefore for simple insurance reasons it makes more sense to split the
tax burden between one-off bequest taxes 75, and lifetime capital taxes Tx (annual property
taxes and/or taxes on flow returns).

We show that if the uninsurable uncertainty about future returns is large, and if the effort
elasticity of rates of return is moderate, then the resulting optimal lifetime capital tax rate 7x
can be very high - typically higher than the optimal bequest tax rate 75, and labor tax rate 7.

This can account for the fact that in modern tax systems the bulk of aggregate capital
tax revenues comes from lifetime capital taxes (rather than from inheritance taxes). It is also
interesting to note that the countries which experienced the highest top inheritance tax rates
also applied the largest tax rates on top incomes, and particularly so on tax capital incomes (see
Figures 2-3). This suggests that the policy makers who implemented these policies viewed taxes
on large inheritances and large capital incomes as complementary. To our knowledge this is the

first time that a model of optimal capital taxation is able to jointly account for this important

I The historical evolution and theoretical determinants of the aggregate bequest flow b, were recently studied
by Piketty (2011). Here we build upon this work and extend Piketty’s r-vs-g model in order to study normative
issues and optimal tax policy.



set of facts.

Of course we do not pretend that these highly progressive policies implemented in the U.S.
and the U.K. between the 1930s and 1980s were necessarily optimal. The way we calibrate
our optimal tax formulas in the present paper should be viewed as illustrative and exploratory.
But at least we offer a theoretical framework which for some parameter values can rationalize
such policies - and for some alternative parameter values could also rationalize different policies.
Ideally our approach should contribute to a tax debate based more upon empirical estimates,

and less upon abstract theoretical results and ideology.

The rest of the paper is organized as follows. Section 2 relates our results to the existing
literature. Section 3 presents our basic results on optimal inheritance taxation. Section 4 intro-
duces capital market imperfections and analyzes the consequences for the optimal mix between
one-off inheritance taxation and lifetime capital taxation. Section 5 extends our results in a
number of directions, particularly elastic labor supply, closed economy, life-cycle saving, popu-
lation growth, and intergenerational redistribution. Section 6 offers some concluding comments.

Most proofs are gathered in the appendix.

2 Relation to existing literature

There are two main results in the literature in support of zero capital income taxation: the
Atkinson and Stiglitz (1976) theorem, and the Chamley (1986) and Judd (1985) results. We
discuss each in turn and then discuss the more recent literature introducing capital market

imperfections in the analysis.

Atkinson-Stiglitz. Atkinson-Stiglitz show that there is no need to supplement the optimal
non-linear labor income tax with a capital income tax in a lifecycle model if leisure choice is
(weakly) separable from consumption choices and preferences for consumption are homogeneous.
In that model, the only source of lifetime income inequality is labor skill and hence there is no
reason to redistribute from high savers to low savers (i.e. tax capital income) conditional on labor
earnings.? This key assumption of the Atkinson-Stiglitz model breaks down in a model with

inheritances where inequality in lifetime income comes from both differences in labor income

2Saez (2002) shows that this result extends to heterogeneous preferences as well as long as time preferences
are orthogonal to labor skills. If time preferences are correlated with labor skills, then taxing saving is a desirable
and indirect way to tax ability.



and differences in inheritances received. In that context and conditional on labor earnings, a
high level of bequests left is a signal of a high level of inheritances received, which provides a
rationale for taxing bequests.

The simplest way to see this point is to consider a model with inelastic and uniform labor
income but with differences in inheritances due to parental differences in preferences for bequests.
In such a world, labor income taxation is useless for redistribution and taxing inheritances is
desirable for redistribution (as long as inheritances are not infinitely elastic to taxation).

This important point has been made by Cremer, Pestieau, and Rochet (2003) in a stylized
model with unobservable inherited wealth where they show that taxing capital income becomes
desirable. Our model allows the government to directly observe (and hence tax) wealth. Farhi
and Werning (2010) also propose a related analysis but consider a model from the perspective
of the first generation of donors who do not start with any inheritance (so in effect there is
no inequality at all along the inheritance dimension). In this context, bequests should actually
be subsidized as they should be untaxed by Aktinson-Stiglitz (ignoring inheritors) and hence
should be subsidized when taking into account inheritors. As we shall see, this result is not

robust to models where people both receive and leave bequests.

Chamley-Judd. Chamley-Judd show that the optimal capital income tax should be zero
in the long-run. This zero long-run result holds for two reasons.

First, and as originally emphasized by Judd (1985), the zero rate results happens because
social welfare is measured exclusively from the initial period (or dynasty). In that context,
a constant tax rate on capital income creates a tax distortion growing exponentially overtime
which cannot be optimal (see Judd 1999 for a clear intuitive explanation). Such a welfare
criteria can only make sense in a context with homogeneous discount rates. In the context
of inheritance taxation where each period is a generation and where preferences for bequests
are very heterogeneous across the population, this strikes us as a particularly bad definition of
social welfare. We will adopt instead a definition of social welfare based on long-run equilibrium
steady-state utility.> We show in appendix how the within generation and across generation

redistribution problems can be disconnected using public debt so that there is effectively no loss

3In models with uncertainty, using the initial period social welfare criteria leads to optimal policies where
inequality grows without bounds (see e.g. Atkeson and Lucas 1992). Obtaining “immiseration” as an optimal
redistributive tax policy is obviously absurd and should be interpreted as a failure of the initial period social
welfare criteria. Farhi and Werning (2007) show that considering such long-run steady-state equilibrium as we
do in this paper eliminates the immiseration results.



of generality in focusing on steady state welfare.

Second, even adopting a long-run steady-state utility perspective, the optimal capital income
tax rate is still zero in the standard Chamley-Judd model. This is because the supply side
elasticity of capital with respect to the net-of-tax return is infinite in the infinite horizon model
with constant discount rate.! Our theory leaves this key elasticity as a free parameter to be
estimated empirically. Our model naturally nests the Chamley-Judd case when the elasticity is
infinite. We think this is a much better approach as there is no compelling empirical evidence
for an infinite elasticity.

We should stress that all these authors were aware of these limitations. The basic ideas here
are not new. What is new is that we put them together in a simple model and re-arrange the

various effects so as to obtain robust, tractable theoretical formulas for optimal tax rates.

Capital Market Imperfections. A number of papers have shown that taxing capital
income can become desirable when capital market imperfections are introduced, even in models
with no inheritance. Typically, it is good to tax capital as a way to redistribute from those
with no credit constraints (the owners of capital) toward those with credit constraints (non-
owners of capital). Aiyagari (1995) and Chamley (2001) make this point formally in a model
with borrowing constrained infinitely lived- agents facing labor income risk. They show that
capital income taxation is desirable when consumption is positively correlated with savings

5 There are

(but do not attempt to compute numerical values for optimal capital tax rates).
numerical computations such as Conesa, Kitao and Krueger (2009) or Cagetti and DeNardi
(2009). Conesa et al. calibrate an optimal tax, OLG model with uninsurable idiosyncratic
labor productivity shocks and borrowing constraints, and find 7 = 36% and 7, = 23% in their
preferred specification. The main effect seems to be that capital income tax is an indirect way
to tax more the old and to tax less the young, so as to alleviate their borrowing constraints.
This is an interesting and potentially important effect. But we do not believe that this is the
most important explanation for 75 > 0. If the old vs. young issue was the main issue, then we

would probably find other, more direct ways to address it (e.g. age-varying income taxes; some

policies, e.g. pension schemes, do depend on age).

4This follows from the fact that the net-of-tax rate of return needs to be equal to the Golden rule level in the
long run (see appendix B).

°This correlation is always positive in the Aiyagari (1995) model with independent and identically distributed
labor income, but Chamley (2001) shows that the correlation can be negative theoretically.



Models based upon government time-inconsistency. Yet another way to explain
real-world, positive capital taxes is to assume time inconsistency. Zero capital tax results are
long run results, but never hold in the short run. Le. it is always tempting for short-sighted
governments to have 75 > 0 in the short run, even though optimal long run 75 is equal to
0%. We do not believe however that this is an important part of the explanation as to why we
observe positive capital taxes in the real world. E.g. we feel that even long-sighted governments
view positive and substantial inheritance tax rates (say, of the kind we have been observing over
the past 100 years, see Figure 1 above) as part of a fair and efficient permanent tax system. So
in this paper we assume away time inconsistency issues, and we always look at long run optimal

tax policies - assuming full commitment.

3 A Theory of Optimal Inheritance Taxation
3.1 Notations and definitions

We consider a small open economy facing an exogenous, instantaneous rate of return on capital
r > 0. To keep notations minimal, we focus upon a simple model with a discrete set of gener-
ations 0,1, ..,¢,.. Each generation has measure one, lives one period (which can be interpreted
as H-year-long, where H = generation length, realistically H ~ 30), then dies and is replaced
by the next generation. Total population is stationary and equal to N, = 1.

Generation t receives average inheritance (pre-tax) b, from generation ¢ — 1 at the beginning
of period ¢. Inheritances go into the capital stock and are invested either domestically or abroad
for a “generational” rate of return R = ¢’ — 1. Production in generation ¢ combines labor from
generation ¢ and capital to produce a single output good. The output produced by generation
t is either consumed by generation ¢ or left as bequest to generation ¢ + 1. We denote by vy
the average labor income received by generation t. We denote by ¢; the average consumption of
generation t and b;,; the average bequest left by generation ¢ to generation t 4+ 1. We assume
that output, labor income and capital income are realized at the end of period. Consumption

¢; and bequest left b,,; also take place at the end of the period.’

6We focus upon this one-period, discrete-time model for notational simplicity only. All results and optimal
inheritance tax formulas can be easily extended to a full-fledged, multi-period, continuous-time model with
overlapping generations and life-cycle savings. See section 5 below.



Individual ¢ in generation ¢ maximizes utility:
max Vy; = Vi(cui, Wi, bryr) st ey +wy < G = (1= 7p)bue™ + (1 — 70)yre

With: ;; = (1 — 7p)bge™ + (1 — 71)yLi = total after-tax lifetime income (combining labor
income y4;, inheritance received b;; and the returns on inheritance received Rby;)

¢y; = consumption

wy; = end-of-life wealth = b,,1; = pre-tax raw bequest left to next generation

Bt+1i =(1-7 B)thieTH = after-tax capitalized bequest left to next generation

Tp = bequest tax rate, 7, = labor income tax rate

We derive optimal tax formulas holding for large classes of utility functions V;, using a

sufficient-statistics approach. In order to fix ideas, we focus upon the Cobb-Douglas case:
Vi(e,w,b) = ' 5w ib™ (s, > 0,85 > 0,8 = Sui + 55 < 1)

This simple form implies that individual ¢ devotes a fraction s; of his lifetime resources to
end-of-life wealth, and a fraction 1 — s; to consumption. Our key results - and in particular
our optimal tax formulas - also hold with CES utility functions, and actually with all utility
functions Vj(c,w,b) that are homogenous of degree one (so as to allow for balanced growth
paths).” In effect, these more general forms imply that the fraction s; can depend on relative
prices (i.e. the inheritance tax rate and the rate of return), rather than being fixed as in the
Cobb-Douglas (or log-log) case, where income and substitution effects exactly offset each other.

We use a standard wealth accumulation model with exogenous growth. Output in generation
t is given by a constant return to scale production function Y; = F(K;, L;), where K; is the
physical (non-human) capital input and L, is the human capital input (efficient labor supply).
Though this is unnecessary for our results, in order to simplify the notations we assume a
Cobb-Douglas production function: Y; = KL, ™.

Aggregate human capital is the sum over all individuals of raw labor supply I;; times labor
productivity hy @ Ly = fl N, lyshydi.  Average productivity h; is assumed to grow at some
exogenous rate 1 + G = e97 per generation (with g > 0): h; = hee?’t. With inelastic labor
supply (I = 1), we simply have: L; = N;h; = hoed*t.

Taking as given the “generational” rate of return R = ¢ — 1, profit maximization implies

Ky

that the domestic capital input K is chosen so that Fx = R, i.e. K; = Bﬁ L; (with g = v =
t

"See in particular the proof of proposition 2 below.



% = domestic generational capital-output ratio).® It is important to keep in mind that Y; is
domestic output. In an open economy, Y; might differ from national income if the domestic
capital stock (used for domestic production) differs from the national wealth.

It follows that output V; = 81aL, = 1= ho(1 + G)! also grows at rate 1 + G = e/ per
generation. So does aggregate labor income Y;; = (1 — «)Y;. And so do per capita output,
capital and labor income y;, ki, yr: (= Vi, Ky, Y, divided by N; = 1). The aggregate economy
is on a steady-state growth path where everything grows at rate 1 + G = 9" per generation.

With ¢ = 1 — 2% per year and H = 30 years, 1 + G = 97 ~ 1.5 — 2. With r = 3% — 5%
per year and H = 30 years, 1 + R = e ~ 3 — 4.

3.2 Steady-state inheritance flows and distributions

The individual-level transition equation for bequest is the following:
bei1i = sil(1 — 71)yru + (1 — 75)bye™] (1)

In our model-and we believe in the real world—there are three independent factors explaining
why different individuals receive different bequests b;,1; within generation ¢ 4 1: their parents
received different bequests by;, and/or earned different labor income ¥;,;, and/or had different
tastes for savings s; = s,,; + sbi.g

In particular, an important point in our set-up is that taste parameters vary across individ-
uals. E.g. some individuals might have zero taste for wealth and bequest (s,; = s5; = 0), in
which case they save solely for life-cycle purposes and die with zero wealth (“life-cycle savers”).
Others might have taste for wealth but not for bequest (s,; > 0,55 = 0) (“wealth-lovers”),
while others might have no direct taste for wealth but taste for bequest (s,; = 0,85 > 0)
(“bequest-lovers”). The taste for wealth could reflect direct utility for the prestige or social sta-
tus conferred by wealth. In presence of uninsurable productivity shocks, it could also measure
the security brought by wealth, i.e. its insurance value (so this modeling can be viewed as a
reduced form for precautionary saving). The only difference between wealth- and bequest-lovers

is that the former do not care about bequest taxes while the latter do.

8The annual capital-output ratio is B,,ua = H - 8 = a(H/R) = aH/(e™ — 1) ~ a/r if r is small.
9A fourth important factor in the real world is the existence of idiosyncratic shocks to rates of return r;
(which we introduce explicitly in section 4 below). Pure demographic shocks (such as shocks to the age at death

of parents and children, number of children, etc.) also play an important role.



In the real world, most individuals are at the same time life-cycle savers, wealth-lovers and
bequest-lovers. But the exact magnitude of these various saving motives does vary a lot across
individuals, just like other tastes.!” We allow for any distribution and random process for taste
parameters (possibly with some intergenerational persistence). In order to ensure the existence
of a unique ergodic steady-state distribution of wealth, we simply require the random process
to be drawn from a full support distribution: whatever your parental taste, you always have a
positive probability to end up with any taste.!! This also implies that in each generation there
is a positive density of “zero receivers” (i.e. individuals who receive zero bequest, because their

parents had zero taste for wealth and bequest).?

Assumption 1 Taste parameters (Syi, Sp;) are drawn according to a full-support random process:
For all swti, spti > 0, Swi1i, Soet1i > 0, 9(Swet 1y Sver1i|Swtis Soei) > 0
(where Sy, Spii = parental tastes, Syii1i, Sper1i = children tastes, g(.) = density function).
We denote by g(Swi, Sp;) the stationary cross-sectional distribution, and by s = E(s;).

A special case is no taste memory: for all Swii, Svti, §(Swtt1i> Svt41i|Swtir Soti) = G(Swt1i> Sbt41i)

In the “no taste memory” case (tastes are drawn i.i.d. for each cohort), then by linearity

the individual transition equation (1) can be easily be aggregated into:
b1 = s[(1 = 7)yre + (1 — 75)be’™] (2)

Let us denote the aggregate capitalized bequest flow-domestic output ratio by b,; = v =
eTH !

Yt
biy1/yr = bytHe*(”*g)H , we obtain the following transition equation for b,;:

3 Dividing both sides of equation (2) by per capita domestic output y, and noting that

byrr1 = "D [s(L = 7L)(1 — @) + s(1 — 75)by (3)

In order to ensure convergence towards a non-explosive steady-state, we must assume that the

average taste for wealth and bequest is not too strong:

0For some evidence on the unequal distribution of bequest motives, see Kopczuk and Lupton (2007).

'The random process for tastes could also depend on parental productivity shocks or bequest received,
providing that we make the appropriate full support assumption (so as to ensure ergodicity).

12 Another way to obtain the same outcome is to assume that the idiosyncratic shocks to rates of return 7
are such that in each generation there is a positive density of bankrupt individuals (or to assume demographic
or health shocks with similar effects). The important point is that in the real world there is always a large set
of zero (or near zero) receivers, for a variety of reasons.

10



Assumption 2 s(1 — 75)e9H < 1

In case assumption 2 is violated, then the economy will accumulate infinite wealth as com-
pared to domestic output. At some point it will not be a small open economy any more, and

the world rate of return will have to fall in order to restore assumption 2.'3
s(1—7)(1 — a)elr—9H
1—s(1—r71pg)elr—9H
the aggregate inheritance-output ratio converges, and in steady-state all bequests grow at the

ast — +oo. Le.

In case assumption 2 is satisfied, then b,;, — b, =

same rate at output.

We also need to specify the structure of labor productivity shocks. Individual ¢ in generation
t is characterized by a within-cohort normalized productivity parameter ;. By definition, we
have: yry = Ouyre (with E(0;) = 1). Productivity differentials 6;; could come from innate
abilities, acquired skills, or sheer luck - and most likely from a complex combination between
the three. We assume that productivity shocks also follow a full support, exogenous random

process.

Assumption 3 Productivity parameters 0; are drawn according to a full-support random process
over some interval [0y, 01]: for all 0,;, 0,4 1;, h(0441:01) > 0
(where 0,; = parental productivity, 0,.1; = children productivity, h(.) = density function).
We denote by h(0;) the stationary cross-sectional distribution, with E(6;) = 1.
A special case is no labor productivity memory: for all 04,041, h(0441404) = h(0i11;)-

Another special case is no labor productivity inequality: 0y = 01 = 1.

Finally, we note z; the within-cohort normalized bequest (i.e. we write down received
bequest as the product of normalized times average bequest: by = 24;b;), and ¢,(z) the distrib-
ution of normalized bequest within cohort ¢ . Given some initial distribution ¢,(z), the random
processes for tastes and productivity g(.) and h(.) and the individual transition equation (2)
entirely determine the low of motion for the distribution of inheritance ¢,(z) and the joint

distribution of inheritance and labor productivity, which we note ,(z, ).

Proposition 1 (a) Under assumptions 1-3, there exists a unique steady-state for the aggregate
inheritance flow-output ratio b, , the inheritance distribution ¢(z) and the joint inheritance-
productiwity distribution 1(z,0). Whatever the initial conditions, ast — 00, by — by, ¢, — ¢

and P, — 1.

13 Assumption 2 needs to be generalized in order to apply outside the no-taste-memory case. See appendix
proof of Proposition 1.

11



s(1—72)(1 — a)elr—9H
1—s(1—r7p)elr—9H
Otherwise, b, is also unique but depends on g(.) and h(.) (no closed form formula).

(b) Under “no taste memory” special case, b, =

(c) Under “no labor inequality” special case, (z,0) = ¢(z) is one-dimensional. Otherwise,
W(z,0) is two-dimensional and has full support.

(d) In all cases, there are “zero bequest receivers” in steady-state: ¢(0) > 0.

Proof . The steady-state uniqueness result follows from standard ergodic convergence the-
orems (see appendix proof for details). QED

Two points are worth noting here. First, the aggregate magnitude of inheritance flows rel-
atively to output b, is a positive function of r — g. In societies with high returns and low
growth, wealth coming from the past is being capitalized at a faster rate than national income.
Successors simply need to save a small fraction of their asset returns to ensure that their in-
herited wealth grows at least as fast as output. Conversely, with low returns and high growth,
inheritance is dominated by new wealth, and the steady-state aggregate inheritance flow is a
small fraction of output.

This simple r-vs-g model is able to reproduce remarkably well the observed evolution of
aggregate inheritance flows over the past two centuries. In particular, it can explain why
inheritance flows were so large in the 19" and early 20" centuries (20%-25% of national income
in 1820-1910), and why they are becoming large again in the late 20" and early 21%' centuries
(about 15% in 2010 in France, up from less than 5% around 1950-1960) (see Figures 4-5).
Typically, with » = 4% — 5% and g = 1% — 2%, simple calibrations of the above formula
show that the annual inheritance flow b, can indeed be as large as 20% — 25% of national

14 Available evidence suggests that the French pattern also applies to Continental

income.
European countries that were hit by similar growth and capital shocks. For countries like the
United States and the United Kingdom, the long-run U-shaped pattern of aggregate inheritance
flows was possibly somewhat less pronounced.

Next, one key feature of our model is that inequality is two-dimensional: in steady-state,

within each cohort, there will always be some individuals with low inheritance z and high labor

productivity 6, and conversely. As we shall see, this explains why the Atkinson-Stiglitz result

UE.g. withr—g = 3%, H =30, a = 30%, s = 10%, 75 = 71, = 0%, then b, = 23%. With r — g = 2%,
then b, = 16%. With r — g = 3% and 7 = 30%, then b, = 13%, but b, /(1 — 7) = 19%. For detailed simulations
using a full-fledged, out-of-steady-state version of this model, with life-cycle savings and full demographic and
macroeconomic shocks, see Piketty (2011).
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does not hold, and why we need a two-dimensional tax policy tool (75,7) (a redistributive

labor income tax is not enough).

3.3 Basic optimal tax formula

We now define our optimal tax problem. We assume that the government faces an exogenous
revenue requirement: public good spending must satisfy Gy = 7Y, where 7 > 0 and Y, is domestic
output. For the time being we assume that the government has only two tax instruments: a
proportional tax on labor income at rate 7, > 0, and a proportional tax on inheritance at rate
T > 0. We impose a period-by-period budget constraint: the government must raise from
labor income Y7; and inheritance B; received by generation ¢ an amount sufficient to cover
government spending 7Y; for generation ¢t. We assume that government spending happens at
the end of the period (in the same way as private consumption). Hence, the period ¢ government

budget constraint looks as follows:
rH __
TryYre + b’ = Ty,

ie.: 7(l—a)+71Rb, =7 (4)

One can interpret the bequest tax 7gbe™ in two equivalent ways. It could be that the tax
is raised on the capitalized value of bequest be™” at the end of the period. It could also be
the tax is raised on raw bequest b, at the beginning of the period, and then the tax revenue
is invested by the government at market rate of return r until the end of the period. As long
as capital markets are perfect and everybody gets the same return r, these two ways of raising
the tax are fully equivalent, and the choice of tax instruments is irrelevant. In section 4 we
introduce heterogenous returns and capital market imperfections, which allows us to analyze
the optimal mix between inheritance taxation and lifetime capital taxation.

The question that we now ask is the following: what is the tax policy (71, 7p) maximizing
long-run, steady-state social welfare? That is, we assume that the government can commit
for ever to a tax policy (7. = 7,7t = Tp)i>0 and cares only about the long-run steady-
state distribution of welfare V;;. Under assumptions 1-3, for any tax policy there exists a

unique steady-state ratio b, and distribution ¢(z, ). The government chooses (7, 75) so as to

13



maximize the following, steady-state social welfare function:!?

%%
SWF = / / . V20
2>000<0<0; 1~

With:V,y = average utility level V; attained by individuals ¢ with normalized inheritance z; = 2

Fd\I/(z, 0) (5)

and productivity 6, = 0
w,p = social welfare weights as a function of normalized inheritance z and productivity 6

' = concavity of the social welfare function (I' > 0)'

A key parameter to answer this question is the long-run elasticity ep of aggregate inheritance
ratio b, with respect to the net-of-bequest-tax rate 1 — 75 (letting 7, adjust to keep budget
balance, see equation (4)):

dby 1—7 B

U1 —1p) 0, (6)

In general, one might expect eg > 0: with a higher net-of-tax rate 1 — 75 (a lower tax rate

Tg), agents may choose to devote a somewhat larger fraction of their resources to inheritance,
in which case the aggregate, steady-state inheritance ratio will be somewhat bigger. But this
could also go the other way, because ep is defined along a budget balanced steady-state frontier:
lower bequest taxes imply higher labor taxes, which in turn make it more difficult for high labor
earners to accumulate large bequests.

E.g. with Cobb-Douglas preferences, and in the absence of taste memory, then by substi-
tuting 7,,(1 — o) = 7 — 75b, (equation (4)) into the steady-state formula for b, (Proposition 1),

we obtain:
1—7— (r—9)H
b, — s( T — e (7)
1 — selr—9)H

It follows that eg = 0 in the simplified, one-generation equals one-period Cobb-Douglas model.
In the full-fledged overlapping generations and continuous-time model, one can show that if
inheritance tends to occur around mid-life, which is the case in practice, then ep is close to
zero.!” Of course, the Cobb-Douglas form and the no-taste-memory assumption are restrictive,
and for general utility functions and random processes for tastes, then eg could really take any
value. We view ep as a free parameter to be estimated empirically. The important point here
is that there is no reason to expect ep to be infinitely large, unlike in infinite-horizon dynastic

models.

15This steady-state maximization problem can also be formulated as the limit solution of a dynamic social
welfare maximization problem (with a social rate of time preference going to zero). See Appendix B.
OIfT =1, then SWF = [[ _ ,pegw=0108(Vap)d¥(z,0).

17Gee section 5 below.
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Throughout this paper we are particularly interested in the zero-bequest-receivers social
optimum, i.e. the optimal tax policy from the viewpoint of those who receive zero bequest, and
who must rely entirely on their labor income to make their way in life. This corresponds to the
case with a linear social welfare function (I' = 0) and the following welfare weights: w,y = 1
if 2 =0, and w,g = 0 if z > 0. Since private preferences V;() are homogenous of degree one,
[' = 0 implies that the government does not want to redistribute income from high productivity
to low productivity individuals - maybe because individuals are viewed as responsible for their
productivity parameter 6. In contrast, individuals clearly bear no responsibility at all for their
bequest parameter z. Therefore it seems very appealing from a normative viewpoint to try to
reduce as much as possible the inequality of lifetime welfare opportunities along the inheritance
dimension.'® Indeed, in the political debate about estate taxation, the left insists on taxing idle
wealthy “trust funders” heirs while the right insists on the plight of those who work hard to
accumulate a fortune for their family and children only to see it partly confiscated by “death
taxes”. Hence, it seems reasonable to put more weight on bequest leavers than on bequest
receivers. So we start by characterizing this zero-bequest-receivers optimum, which one might

also call the “meritocratic Rawlsian optimum”:

Proposition 2 (zero-bequest-receivers optimum). Under assumptions 1-3, linear social
welfare (T' = 0), and the following welfare weights: w.,g =1 if z =0, and w9 = 0 if z > 0, then

1—-(1—a-— b —71Rb
_ ( a —T)sp/by and 7y — T — Tgb,
1+ep+ s 11—«

TB
with syo = E(spi|z; = 0) = the average bequest taste of zero bequest receivers.

Proof . Take a given tax policy (7,7p). Consider a small increase in the bequest tax
rate drp > 0. Differentiating the government budget constraint, 7.,(1 — o) + 75b, = 7, in

steady-state drp > 0 allows the government to cut the labor tax rate by:

bydTB 1 E€EBTRB
-«

1
1+€B

drp = — ) (<0 aslong as 75 <

1—7 B
Note that d7 is proportional to the aggregate inheritance-output ratio b,: with a larger
aggregate inheritance flow, a given increase in the bequest tax rate can finance a larger labor

tax cut.

18 Maybe surprisingly, the recent normative literature on fairness, equal opportunity and responsibility has
devoted little attention to the issue of inheritance taxation. E.g. Roemer et al. (2003) and Fleurbaey and
Maniquet (2006) focus on income taxation. See however the interesting discussion in Fleurbaey (2008, pp.146-
148).
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An individual ¢ who receives no inheritance (b;; = 0) chooses b;,1; to maximize
Vi(cti, wis, ber1s) = Vi((1 = 71)Yrt — berti begri, (1 — 75) (1 + R)bysns).

The first order condition in byyq; is Vi = Vi + (1 — 75)(1 + R)V;,; This leads to by =
$i(1 —71)yry (with 0 <'s; < 1) We can define v; = (1 — 75)(1 + R)V;,/V.; the share of bequest
left for bequest loving reasons (1 — v; is the share left for wealth loving reasons), and s,; = v;s;
the strength of the bequest taste. In the Cobb-Douglas utility case, s;; is simply the fixed
exponent in the utility function. In the general homogeneous utility case, s;; may depend on
Tgand 1+ R.

Using the envelope theorem as b;,1; maximizes utility, the utility change dV; created by a

budget balance tax reform d7 g, dr; can be written as follows:

dVi = =Voyrudrr, — Vi, (1 + R)biyyidr g

ERBTRB by l—TL
l—-a 1-—7p

Sbi

Le.: d‘/; = ‘/CiyLm'dTB |:<1

11— B
The first term in the square brackets is the utility gain due to the reduction in the labor
income tax (as noted above, it is proportional to the aggregate inheritance ratio b,), while the
second term is the utility loss due to reduced net-of-tax bequest left (it is naturally proportional
to the bequest taste sp;).
By using the fact that 1 — 7, = (1 —a — 7+ 75b,)/(1 — ) (from the government budget

constraint), this can be re-arranged into:

1— 1—(1
dV; = Veyrudrp L { (1+ep)7s by — Spi

l—7p |l—a—T7+7gby 4

Summing up over all zero-bequest-receivers, we get:

fzi:() VeilyreiSpid ¥
fzi=0 Veiyrud¥

1-(1
ASWF ~ dry (Atep)rn , sbo} with sy =

l1—a—7+7Rb Y
1 —(1—a—"7)sp/by

l1+e B+ Sko
Note 1. The proof works with any utility function that is homogenous of degree one (and

Setting dSWF = 0, we get the formula: 75 = . QED.

not only in the Cobb-Douglas or CES cases). In the general case, sy is the average of sy,
over all zero-bequest-receivers, weighted by the product of their marginal utility V,; and of

their labor income yr;;. In case sp; LV.yry (e.g. in case there is no taste memory, or no labor
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productivity inequality), and in case the utility functions V;() are Cobb-Douglas, then s, is the
simple average of s;; over all zero-bequest-receivers: sy = E(Spi|2; = 0).

Note 2. The optimal tax formula can be extended to the case I' > 0 : one simply needs to
Jozo Veiyrsy Vi dW

J =0 VeyruVi ' d
order to take into account the lower marginal social utility Vi’F of zero-receivers with high utility

replace sy by: sy = . Le. the formula for sy needs to be reweighted in

V; (i.e. zero-receivers with high productivity 6;). In case the social welfare function is infinitely
concave (I' — 400 ), then the planner puts infinite weight on the least productive zero-bequest
receivers, so that s, is the average bequest taste within this group: sy = E(spi|2; = 0,60; = 0p).

This corresponds to what one might call the “radical Rawlsian optimum”.'?

The optimal tax formula is simple, intuitive, and can easily be calibrated using empirical
estimates. First, a higher bequest elasticity eg unsurprisingly implies a lower 75. As eg — +00,
75 — 0%, i.e. one should never tax an infinitely elastic tax base.

More interestingly, a higher bequest flow ratio b, implies a higher 7 5.

Example 1.Assume 7 = 30%, a = 30%, spo = 10%, e = 0.
If b, =20%, then 75 = 73% and 71 = 22%.

If b, = 15%, then 75 = 67% and 7, = 29%.

If b, = 10%, then 75 = 55% and 71, = 35%.

If b, = 5%, then 75 = 18% and 71, = 42%.

That is, with high bequest flow b, = 20%, zero receivers want to tax inherited wealth at a
higher rate than labor income (73% vs. 22%); with low bequest flow b, = 5%, they want the
opposite (18% vs. 42%).

The intuition is the following. In societies with low b, (typically because of high g), there
is not much tax revenue to gain from taxing bequests. So even zero-receivers do not like
bequest taxes too much: it hurts their children without bringing much benefit in exchange.
High growth societies care about the future, not about the past. Conversely, in societies with
high b, (typically because of low g), it is worth taxing bequests, so as to reduce labor taxation
and to allow people with zero inheritance to live a better life - and in particular to accumulate

wealth and leave a bequest (if they so wish).

9The most appealing welfare optimum is probably in between the meritocratic and the radical Rawlsian
optimum (depending on how much one considers individuals are responsible for their productivity - a complex
ethical issue on which this paper has nothing to say).
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It is worth noting that the impact of b, is quantitatively more important than the impact of
er. That is, behavioral responses matter but not hugely as long as the elasticity is reasonable.?’

Ezxample 2.Assume 7 = 30%, a = 30%, sp0 = 10%, b, = 15%.

If eg =0, then T = 67% and 71, = 29%.

If eg = 0.2, then 75 = 56% and 7, = 31%.

If eg = 0.5, then 75 = 46% and 71 = 33%.

If ep =1, then 75 = 35% and 71, = 35%.

This is probably the most important lesson of this paper: once one allows the elasticity of
capital supply to be a free parameter and to take moderate values (non-infinite), then one can
naturally obtain fairly large values for socially optimal bequest tax rates. If we take b, = 15%
(current French level), then we find that as long as the elasticity ep is less than one the optimal
inheritance tax rate is higher than the optimal labor tax rate. In practice, this bequest elasticity
effect ep is also mitigated by the labor supply elasticity effect ey, , which further reinforces this
conclusion (see section 5).

Finally, a higher bequest taste s,y implies a lower 75. The key trade-off captured by our
theory is that everybody is both a receiver and a giver of bequest (at least potentially). This
is why zero receivers generally do not want to tax bequests at 100%. Of course if s, = 0 (zero
receivers have no taste at all for leaving bequests), then we obtain 75 = 1/(1 + ep) as a special
case: we are back to the classical revenue maximizing rule, and 73 — 100% as eg — 0. But as
long as spp > 0, we have interior solutions for 75, even if eg = 0. In fact, for very high values

of sy, and very low values of b,, one can even get a negative 73, i.e. a bequest subsidy. For

Yy
plausible parameter values, however, the optimal bequest tax rate 7 is positive, and generally

much larger than the optimal labor tax rate 7.2

3.4 Alternative social welfare weights

The main limitation of Proposition 2 is that it puts all the weight on the individuals who receive
exactly zero bequest (possibly a very small group). But because real world inheritance is highly

concentrated (basically half of the population receives very close to zero bequest), our optimal

20We leave a proper estimation of ep to future research. Preliminary computations using time and cross
section variations in French inheritance tax rates (e.g. in the French system childless individuals pay a lot more
bequest taxes than individuals with children) suggest that e is relatively small (at most eg = 0.1 — 0.2).

21See the discussion on bequest subsidies in appendix A2.
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tax results are actually very robust to reasonable changes in the social welfare objective. We
show this in two steps. First, the above formula can be extended in order to compute the

optimal tax rate from the viewpoint of those inheriting 2% of average inheritance:

Proposition 3 (z%-bequest-receivers optimum). Under assumptions 1-3 , linear social
welfare (I' = 0), and the following welfare weights: w.o = 1 for a given z > 0, and w,p = 0 if
2 % z, then

(a) TB:1—(l—a—T)sbz/by—(1+63+8bz)z/0Z and TL:T_TBby

(1+ep+ sp:)(1—2/6.) l—a’

with sy, = E(sy|zi = z) = average bequest taste of z-receivers and 0, = FE(0;|z; = z) = average
labor productivity of z-receivers (under no labor productivity memory special case: 0, =1).

(b) There is z* > 0 such that 75 > 0 if and only if z < z*.

Proof. The proof is essentially the same as for Proposition 2. The formula can be extended
to the case I' > 0, and to any combination of welfare weights (w.4): one simply needs to replace
sp., z and 6, by the properly weighted averages 5,, Z, and #. In case I' — +oo, then for
any combination of positive welfare weights (w.¢) (in particular for uniform utilitarian weights:
wsp = 1 Vz,0) we have: 3, — sp0 = E(spi|z = 0,0; = 0y) and Z/6 — 0, i.e. we are back to the

radical Rawlsian optimum. See appendix proof for complete details. QED.

Unsurprisingly, individuals with higher z want lower bequest taxes. People who receive
more than z* do not want any bequest tax at all. If one cares mostly about the welfare of high
receivers, then obviously one should not tax inheritance. Conversely, for individuals with very
low z, the formula delivers optimal tax rates that are very close to the meritocratic Rawlsian
optimum. One simple way to calibrate the formula is the following. The bottom 50% share in
aggregate inherited wealth is typically about 5% (or less), which means that their average z is
about 10%. Their average labor productivity 6, is below 100% (bottom 50% inheritors also earn
less than average), but generally not that much below, say at least 50% (which would imply
that they are all fairly close to the minimum wage, i.e. that they almost perfectly coincide with
the bottom 50% labor earners) and more realistically around 70%. As one can see, this has little
impact on optimal tax rates. Inheritance is so concentrated that bottom 50% bequest receivers

and zero bequest receivers have welfare maximizing bequest tax rates which are relatively close.

Ezxample 3.Assume T = 30%, a = 30%, b, = 15%,ep = 0.2, 5p, = 10%.
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If 2=0%, then 7p = 56%and 71, = 31%.
If z2=10% and 0, = 70%, then 75 = 49% and 71, = 32%.
If 2=10% and 0. = 50%, then T3 = 46% and 71, = 33%.

Our optimal tax formulas show the importance of distributional parameters for the analysis
of socially efficient capital taxation. They also illuminate the potentially crucial role of per-
ceptions about distributions. If individuals have wrong perceptions about their position in the
various distributions, this can have large impacts on their most preferred tax rate. E.g. with
full information all individuals with inheritance below z* should prefer a positive bequest tax.
Interestingly, z* is generally below one. I.e. people with inheritance above average do not want
to tax inheritance at all. In actual fact, the distribution is so skewed that less than 20% of the
population has inherited wealth above average. But to the extent that many more people believe
to be above average, this might explain why (proportional) bequest taxes can have majorities
against them.

In order to further illustrate the role played by distributional parameters, one can also rewrite

the optimal tax formula entirely in terms of relative distributive positions:

Corollary 1 (z%-bequest-receivers optimum). Under assumptions 1-3, linear social wel-
fare (T = 0), and the following welfare weights: w,g = 1 for a given z > 0, and w,y = 0 if
2 %z, then:

1—e—9Hy, 4 /9. (1 0 — 75b
(a) 7= c vs:/0: — (14 ep)z/0: and TL:T B

(1+ep)(1—2/6.) l—a ’

E(bt+1i|zi = Z)

by 1
vV, = Sy./S, = share of z-receivers wealth accumulation due to bequest motive

with ©, = = average bequest left by z-receivers/average bequest left

(b) Ifz, — 0 as z— 0, then Tg — 1/(1 +ep) as z — 0, (revenue mazximizing tax rate)

Proof. One simply needs to substitute (1 — a — 7)sp. /b, by e DHy 2./0, — s [T+ (1—
Tp)z/0,] in the original formula. See appendix proof for details. QED.

By construction, both formulas are equivalent. Whether one should use one or the other
depends on which empirical parameters are available. The original formula uses the aggregate
inheritance flow b, (a parameter that is relatively easy to estimate, since it relies only on

aggregate data) and the bequest taste s;, (a preference parameter that is relatively difficult to
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estimate).?? The alternative formula is based almost entirely on distributional parameters which
in principle can be estimated empirically - but require pretty demanding microeconomic data
(such as wealth data spanning over two generations).?* Its main advantage is that it illuminates
the key role played by distribution for optimal capital taxation.

In particular, one can see that the optimal tax rate 75 depends both on z (i.e. the distribution
of bequests received) and on z, (i.e. the distribution of bequests left). In case both distributions
are infinitely concentrated, e.g. in case the share of bottom 50% successors in received and given
bequests is vanishingly small, then the tax rate maximizing the welfare of this group converges
towards the revenue maximizing tax rate 75 = 1/(1 + ep). This is an obvious but important
point: if capital is infinitely concentrated, then from the viewpoint of those who own nothing
at all, the only limit to capital taxation is the elasticity effect. If the elasticity ep is close to 0,
then it is in the interest of the poor to tax the rich at a rate 75 that is close to 100%.

We leave a proper empirical calibration of our optimal tax formula to future research. Here
we simply illustrate the crucial role played by the distribution of z,. If x, = 10%, i.e. if the
children of bottom 50% successors receive as little as what their parents received (relatively
to the average), then the optimal bequest tax rate is 77% for an elasticity eg = 0.2 (it would
be 95% with a zero elasticity). But if z, = 100%, i.e. if on average they receive as much as
other children, then the optimal bequest tax rate is only 45%. Presumably the real world is in
between, say around z, = 50%.

Example 4.Assume 7 = 30%,a = 30%,b, = 15%,ep = 0.2,z = 10%,0, = 70%,v, =
50%,r = 4%, g = 2%, H = 30, so that e""9H = 1.82

If x,=10%, then 75 = T7% and 71 = 26%.

If z,=>50%, then T = 61% and 71 = 30%.

If x,=100%, then 75 = 42% and 71 = 34%.

22Due to the relatively low quality of available fiscal inheritance data in most countries, it is actually not that
simple to properly estimate b,. The best way to proceed is to use national wealth estimates, mortality tables,
age-wealth profiles and aggregate data on gifts. This is demanding, but this does not require micro data on
wealth distributions. See Piketty (2011).

Z3High quality micro data on wealth spanning two generations is rarely available - and when it is available it
usually does not include high quality data on labor income (see e.g. the micro data collected in Paris inheritance
archives by Piketty et al. (2006, 2011), which can be used to compute z., but not 6.). One can however
obtain approximate estimates of the distributions z, and 6, using available wealth survey data. Note that the
alternative formula also uses the preference parameter v,, which to some extent can be evaluated in surveys
asking explicit questions about saving motives (and/or by comparing saving behavior of individuals with and
without children). Yet another possibility is to set v, equal to one in order to get lower bounds for the optimal
tax rate.
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Note that our framework implicitly double counts welfare arising from bequest planning
as bequests enter the utility of donors and enter the budget constraint of donees. When we
focus on zero-receivers as in Proposition 2, then there is no double counting in social welfare
as inheritances received are never counted. However, for z%-receivers, both bequests received
and bequests left are counted. As discussed in the literature (e.g., Cremer and Pestieau, 2004
and Diamond, 2006), double counting raises issues as it can generate “free utility” devices by
subsidizing giving and taxing back proceeds. This issue arises in our setting when social welfare
weights are heavily tilted toward high 2% receivers. Indeed, if z > 6., then 75 is no longer well
defined as the government would want an infinite subsidy to bequest: it is always desirable for
very high bequest receivers to decrease 75 and increase 7.

In our view, double counting does shape the debate on the proper level of estate taxation:
bequest taxes are opposed by both those receiving bequests and those planning to leave bequests,
and the views of those voters will in part shape the social welfare objective of the government.
In principle, for reasonable welfare criteria that do not put too much weight on high receivers,
this issue should not arise. But there is so much uncertainty about the true parameters (not
to mention the existence of self-serving beliefs) that it would be naive to expect a consensus to
emerge about the proper level of inheritance taxation. Maybe our formulas can at least help to

focus the public debate and future empirical research upon the most important parameters.

3.5 Non-linear inheritance taxes

Our basic optimal tax formula can also be extended to deal with non-linear bequest taxes. We
now assume that the tax rate 75 applies only above an exemption b > 0. Most estate or
inheritance tax systems adopt such exemptions. The exemption is sometimes very high relative
to average in countries such as the United States where less than 1% of estates are taxable, or
more moderate as in France where a significant fraction of estates are taxable (typically 10%-
20%).2* Naturally b} = b*e9H! grows at rate g to ensure a steady state equilibrium. Denoting

by Bj aggregate taxable bequests (i.e., the sum of b; — bf across all bequests above b}), the

24Note that in any case the fraction of the population paying bequest taxes is generally much less than 50%
- a fact that must naturally be related to the high concentration of inherited wealth (the bottom 50% always
receives barely 5% of aggregate inheritance, while the top 10% receives over 60% in Europe and over 70% in the
U.S.). See Piketty (2011).
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government budget constraint becomes
(1 — )+ 750 =T, (8)

where bj, = e"I B¥ /Y, is capitalized taxable bequests over domestic product.

Let us denote by 0" the average bequest above bf. That defines the Pareto parameter
a = b /(b* — bf) of the upper tail of the bequest distribution. Let us assume that in steady-
state a fraction p; = p* of individuals leave a bequest above b;. We have B = p*- b} -a/(a—1).

As above, we can define the elasticity e}; of taxable bequests with respect to 1 — 75

* Y — 4. 0%
BTt b " ®)

Y

where e* is the average elasticity (weighted by bequest size) of individual bequests by; above
b;. Empirical studies can in principle estimate e* and a is directly observable from tabulated
statistics by estate size.

With this nonlinear inheritance tax, we will also have a unique ergodic steady-state. The
optimal non linear inheritance tax (for given threshold b*, and from the viewpoint of zero bequest

receivers) can be characterized as follows.

Proposition 4 (nonlinear zero-bequest-receivers optimum). Under adapted ergodicity
assumptions 1-3, and the following welfare weights: w.o =1 if 2 =10, and w.9 = 0 if z > 0, then

:1—(1—04—7')3;)‘0/17; and TL:T—TBbZ

1+ e*+ sp 11—«

TB

)

with s}y = E[(sei/si)(birrri — bjm) |2z = 0]/ E(Gi|2; = 0] = strength and likelihood that non-

receivers will leave taxable bequests.

Proof. The proof is similar to Proposition 2 and can be easily extended to the case of

z-bequests-receivers. See appendix for details. QED.

Three remarks are worth noting. First, if zero-receivers never accumulate a bequest large
enough to be taxable, then sj, = 0, and the formula reverts to the revenue maximizing tax rate
75 =1/(1+e%) =1/(1+a-e*).”> More generally, if zero-receivers have a very small probability
to leave a taxable bequest (say, if b* is sufficiently large), then sj;, is close to 0, and 7 is close the

revenue maximizing tax rate. This can be easily generalized to small z-receivers (say, bottom

25 Note that the formula takes the same form as in standard optimal labor income tax theory. See Saez 2001.
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50% receivers). If the elasticity is moderate (say, e} = 0.2), then this implies the socially
optimal inheritance tax rate on large bequests will be extremely high (say, 75 = 70% — 80%).

We believe that this model can help explain why very large top inheritance tax rates were
applied in countries like the U.S. and the U.K. between the 1930s and the 1980s (typically
around 70%-80%; see Figure 1 above). In particular, the fact that the rise of top inheritance
tax rates was less dramatic in Continental Europe (French and German top rates generally
did not exceed 30%-40%) seems qualitatively consistent with the fact these countries probably
suffered a larger loss in aggregate inheritance flow ratios b, and b}, following WW1 and WW2
capital shocks.?®

Of course there are many cultural and /or political economy factors (and not just pure norma-
tive factors) which have certainly played an important role in order to account for the observed
historical evolution of inheritance taxes. For instance, some political scientists have pointed

out that bequest tax rates were relatively small pretty much everywhere prior to WW1, and

¢ t.27

then suddenly rose shortly after the war, which might be due to a “war mobilization” effec
Others have stressed the possibility of a specific, radical U.S. preference for equal opportunity
and highly progressive inheritance taxation.?® All these factors probably mattered, and we cer-
tainly do not pretend that our optimal tax formulas alone can account for observed patterns. In
particular, our formula point out for the crucial importance of beliefs about wealth inequality

and mobility, and ideally one would need to explain where these beliefs come from and why

they seem to change over time.?’ But at least our formula offer a theoretical framework which

26Note that the German top rate reached 60% in 1946-1948 when it was set by the Allied Control Council,
and was soon reduced to 38% in 1949 when the Federal Republic of Germany regained sovereignty over its tax
policy. One often stated argument was the need to favor reconstruction and new capital accumulation. See e.g.
Beckert (2008).

27See Scheve and Stasavage (2011). One limitation of this theory is that if anything the war mobilisation
effect should have been bigger in France and Germany than in the US or the UK. A related story would be that
the Bolshevik revolution created a serious threat for wealth holders in western countries (it is safer to pay large
inheritance taxes than to face a revolution; conversely the fall of the Soviet Union might contribute to explain
the ideological shift since 1990). But again a limitation of this theory is that it is unclear why the Soviet threat
should have had a bigger impact in the US and the UK.

28 Apparently many U.S. economists and politicians were shocked to learn in the 1910s-1920s that wealth was
almost as concentrated in America as in Old Europe - which might have prompted the rise of confiscatory top
inheritance tax rates. See Beckert (2008). However this does not square with the fact that the rise also occurred
in the UK.

29F.g. the decline in top inheritance tax rates observed in the U.S. and the U.K. since the 1980s might reflect
the fact that more individuals now believe that they have a large probability to leave a high bequest (i.e. they
believe in large sj,). The dynamics of beliefs might itself be influenced by the evolution of inequality (when the
rich have a higher share of income and wealth, it might be easier for them to spread their view in the media and
via lobbyists and think tanks). This is far beyond the scope of the present paper.
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one can use to think about the pros and cons of large top inheritance tax rates.

Second, from a more theoretical standpoint, as b* grows, there are two options: either s;,/ by,
converges to zero or converges to a positive level. The first case corresponds to an aristocratic
society where top bequests always come from past inheritances and never solely from self-made
wealth. In that case again, the optimum 75 should be the revenue maximizing rate. The second
case corresponds to a partly meritocratic society where some of the top fortunes are self-made.
In that case, even for very large b*, non-receivers want a tax rate on bequests strictly lower than
the revenue maximizing rate. In reality, it is probable that s;,/ b, declines with b* as the fraction
of self-made wealth likely declines with the size of wealth accumulated. If the elasticity e* and
a are constant, then this suggests that the optimum 75 increases with 0*. The countervailing
force is that aristocratic wealth is more elastic as the bequest tax hits those fortunes several
times across several generations, implying that e* might actually grow with b*.3"

Third, one can also ask the question of what is the optimal b* from the point of view of
zero-receivers. Solving for the optimal b* is difficult mathematically. If the optimal 75 is zero
when b* = 0 (because zero-receivers care a lot of leaving bequests), then it is likely that 75
will become positive when b* grows (if society is relatively aristocratic). Then a combination
7 > 0 and b* > 0 will be better that 75 = 0 and b* = 0. The trade-off is the following:
increasing b* reduces the tax base b, and hence estate tax revenue (with not much of a boost
due to behavioral responses) so this is a negative. The positive is that it reduces s;;, (probably
at a faster rate than 0y, allowing for a greater optimal 7.

Finally and more generally, real world estate tax systems generally have several progressive
rates, and ideally one would like to solve for the full non-linear optimum. Unfortunately there
is no simple formula for the optimal nonlinear bequest tax schedule. The key difficulty is that a
change in the tax rate in any bracket will end up having effects throughout the distribution of
bequests in the long-run ergodic equilibrium. This difficulty does not arise only in the simple
case where there is a single taxable bracket. One needs to use numerical methods to solve for

the full optimum. We leave this to future research.

30This is easily seen in a simple model with homogeneous labor income and individuals who value bequests or
do not, and those tastes are iid in the population with no memory. In that case, inheritance level just reflects
the number of prior generations in a row who were valuing bequests. The distribution of bequests is Pareto but
the elasticity is growing with the size of the estate. See appendix for details.
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4 From Inheritance Taxation to Capital Taxation
4.1 Are Inheritance Taxes and Lifetime Capital Taxes Equivalent?

So far we have focused upon optimal inheritance taxation. We have derived optimal tax formulas
that can justify relatively large bequest tax rates, providing that the aggregate inheritance flow
is sufficiently large. Typically, with inheritance flows b, around 10%-15% of national income (as
observed in today’s developed economies, with a gradual upward trend), our formulas suggest
that socially optimal bequest tax rates 7 should be around 40%-60%, or even higher, thereby
raising as much as 5%-8% of national income in annual tax revenues.

In the real world, we do observe total revenues from capital taxes of this order of magnitude,
or even higher: currently about 9% of GDP in capital taxes in the European Union (out of a
total of 39% of GDP in total tax revenues),*! and about 8% of GDP in capital taxes in the U.S.
(out of a total of about 27% of GDP in total tax revenues).*> However only a small part comes
from inheritance taxes - generally less than 1% of GDP. This reflects the fact that bequest tax
rates are usually relatively small, except for very top (taxable) estates. E.g. in France the top
statutory rate for children successors is currently 45%, but the average effective tax rates on
bequest and gifts is around 5%. In today’s developed economies, typically in the EU and in the
US, the bulk of revenue from capital taxes comes from “lifetime capital taxes” (i.e. capital taxes
paid during one’s lifetime rather than at the time of wealth transmission). In practice, lifetime
capital taxes can fall either on the capital stock (annual property and wealth taxes, with total
revenues generally around 1%-2% of GDP) or on the capital income flow (taxes on corporate
profits, taxes on rental income, interest, dividend and capital gains, with total revenues typically
about 4%-5% of GDP ). Empirical simulations in Piketty (2011) show that lifetime capital taxes
have had a much larger historical impact than bequest taxes on the magnitude and evolution
of aggregate inheritance flows.

Why do we observe so small inheritance taxes and so large lifetime capital taxes? In the

simplest version of our model, all forms of capital taxation are equivalent, so the tax mix does

31The exact numbers vary from year to year, especially in recessions (total tax burden fell from 39.6% of EU
GDP in 2006 and 2007 to 39.3% in 2008 and 38.4% in 2009, while capital taxes fell from 9.3% 2006 and 9.4%
in 2007 to 8.9% in 2008 and 7.9% in 2009), but this is secondary here. See Taxation trends in the European
Union, 2011 Edition, Eurostat, p.282 (total taxes) and p.336 (capital taxes), GDP-weighted EU 27 averages.

32Using OECD tax revenue statistics and summing up inheritance and property taxes, corporate taxes, capital
gains taxes and capital income taxes (we attributed 20% of income tax revenues to capital), we find the following
numbers for the for the U.S.: total tax revenues fell from 27.8% of GDP in 2006 and 2007 to 26.1% in 2008 and
24.1% in 2009, while capital taxes fell from 9.5% in 2006 and 9.4% in 2007 to 7.7% in 2008 and 7.4% in 2009.
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not matter. First, it is equivalent for the government to tax at rate 7 the capitalized value of
bequests tax b,e" at the end of the period, or to tax at rate 75 the raw value of bequest b, at
the beginning of the period, and then invest the tax revenue at market rate of return r until
the end of the period. Next, and most importantly, rather than taxing bequests b; at rate 7p,

it is also equivalent to tax the returns to capital Rb; at rate 7x such that:*3:

e’ 715(1+ R)

1— H=1+(1- 1) e =
(1—-7p)e +(1—7x)(e ) Lie Tk ] B
Ezample 5.Assume r = 4%, H = 30, so that e’ =1+ R =3.3

If B — 20% then TK — 29%

If ™TB = 40% then TK = 57%

If 75 =060% then T = 86%.

That is, it is equivalent to tax bequests at 75 = 40% or to tax capital income flows at
T = 57% (or T = 43% if the we take the equivalent instantaneous tax rate).3? More generally,
any intermediate combination will do. I.e. for any tax mix (7p,7x), one can define Tp =
T+ (1— TB)TKHLR. Intuitively, Tp is the adjusted bequest tax rate (including the tax on the
return to bequest). It is equivalent to use any tax mix (7, 7Tf) delivering the same 7.

The reason why we get this general equivalence result between all forms of capital taxes in
our simple model is because each generation lives only one period (which we interpret as H-year-
long), with consumption taking place entirely at the end of the period. Zero-bequest receivers
do save out of their labor income, but their savings go entirely to their children. Therefore
taxing the returns to capital has exactly the same effect as taxing bequests (it has the same

distributive effect, and the same distortionary effect on consumption vs bequest decisions).

33Here it is critical to assume that the utility function Vi; = V (cy, wy;, byt 14) is defined over after-tax capitalized
bequest by 1; = (1 — 75)[1 4+ (1 — Tx)R]bsy1i. If Vi; were defined over after-tax non-capitalized bequest by 1; =
(1 — 7p)bt114, then zero-receivers would strictly prefer capital income taxes over bequest taxes (in effect 7 > 0
would allow them to tax positive receivers without reducing their utility from giving a bequest to their own
children). However this would amount to tax illusion, so we rule this out.

34In the above equation we model the capital income tax 7x as taxing the full generational return Rb; all at
once at the end of the period. Alternatively one could define 7 as the equivalent instantaneous capital income
tax rate during the H-year period, in which case the equivalence equation would be: 1 — 75 = e "5™H je.
TK = w. Both formulas perfectly coincide for small tax rates and small returns, but differ otherwise.
E.g. in the above example, we would have instantaneous 7x = 19%, 43%, 76% (instead of generational 75 =
29%,57%,86%). Note that it would also be equivalent to have an annual wealth tax or property tax at rate
Tw = r7i (with a fixed, exogenous rate of return, annual taxes on capital income flows and capital stocks are
equivalent). In the above example, we would have instantaneous 7y = 0.8%, 1.7%, 3.0%.
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Clearly the conclusion would be different in a full-fledged, multi-period model with life-

cycle savings.?

Positive capital income taxes 7x > 0 would then impose extra distortions
on intertemporal consumption decisions (within a given lifetime, including for individuals who
do not receive and do not leave any bequest). Following the Atkinson-Stiglitz logic, it would
generally be preferable to have 7 = 0 and to raise 100% of the capital tax revenue via a
bequest tax 75 > 0. Of course, if the intertemporal elasticity of substitution is fairly small
(as available estimates suggest), then this extra distortion would also be small, and both tax
policies would be relatively close to one another. The point, however, is that in the real world
we do observe a strong collective preference in favor of lifetime capital taxes (either stock-based
or flow-based) over one-off bequest taxes, so there must be some substantial reasons for this
fact. For instance, most individuals seem to prefer to pay an annual property tax equal to 1%
of their property value (or 25% of their 4% annual return) during 30 years rather than to pay
30% of the property value all at once at the time they inherit the asset. Why is it so? More
generally, the question we ask is the following: what are the extra benefits brought by lifetime
capital taxes over bequest taxes which can counterbalance this extra intertemporal distortion
and explain why the former are used more heavily than the latter?

There are potentially several factors which can play a role. It could be that real world
individuals do not understand well the economic models at work, and/or are subject to various
forms of tax illusion (e.g. maybe smaller taxes are less visible than big ones; or maybe people
always prefer to pay taxes later in life rather than when they inherit). This can certainly be part
of the explanation, especially in light of the extremely low observed levels of effective bequest
tax rates (which might well be far below socially optimal levels). But we feel that there must
also exist some additional, deeper reasons. One interesting argument put forward by Cremer,
Pestieau and Rochet (2003) is that in case a comprehensive bequest tax is informationally or
administratively impossible, then it is efficient to use capital income taxation. The problem is
that it is not at all obvious that the latter is less informationally demanding than the former.

Here we explore two different mechanisms explaining why lifetime capital taxes are more
heavily used than one-off inheritance taxes: the existence of a fuzzy frontier between capital
income and labor income flows; and the existence of uninsurable idiosyncratic shocks to rates

of return. Each mechanism allows us to explore different aspects of the optimal capital tax

35See section 5 below for such an extension.
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mix. We certainly do not pretend that these are the only important factors. In particular,
other forms of capital market imperfections, such as borrowing constraints, might well play an

important role as well.?

4.2 Fuzzy frontier between capital and labor income flows

The simplest rationale for taxing capital income is the existence of a fuzzy frontier between
capital and labor income flows. For instance, self employed individuals can to a large extent
decide which part of their total compensation takes the form of wage income, and which part
takes the form of dividends or capital gains. Opportunities for income shifting also exist for a
large number of top executives (e.g. via stock options and capital gains). If the gap between
the labor income tax rate 7, > 0 and the capital income tax rate 7 > 0 is substantial, then
it is likely that many taxpayers will re-arrange their business and compensation package so
as to minimize their tax burden. There is extensive empirical evidence that income shifting
is a significant issue, and accounts for a large fraction of observed behavioral responses to
tax changes.’” At some level, this fuzzy-frontier problem can be viewed as the consequence
of capital markets imperfections. With first-best markets, full financial intermediation and
complete separation of ownership and control, there should be no problem to distinguish the
returns to capital services from the returns to labor services.

For simplicity, here we assume “full fuziness”: individuals can costlessly and limitlessly shift
their labor income flows into capital income flows, and vice versa. That is, both income flows
are informationally undistinguishable for the tax administration, so both tax rates have to be
the same: 7, = T = Ty, where 7y > 0 is the comprehensive income tax rate.>® Under this
assumption, our basic optimal tax formula (Proposition 2) can be easily extended, and the new

fiscal optimum can be characterized as follows:

Proposition 5 (comprehensive income tax cum inheritance tax). Under the full-fuziness

assumption, the zero-bequest-receivers optimum involves a bequest tax Tg and a comprehensive

36Borrowing constraints can be exacerbated by indivisibility problems and may force successors to quickly sell
their property in order to pay large inheritance taxes. Anecdotal evidence suggests that this is an important
reason why people dislike inheritance taxes (“ death taxes ”) and prefer to pay small property taxes and other
lifetime capital taxes during 30 years rather than a large bequest tax all at once.

37See the recent survey by Saez, Slemrod, and Giertz (2011) for US evidence and Pirttila and Selin (2011) for
an analysis of the dual income tax system introduced in Finland in 1993.

38Note this rationale for a comprehensive income tax treating equally all forms of income was often mentioned
in the original Haig-Simons literature.
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income tax T, = T = Ty such that:

?B(l—i‘R)—TKR and TL:TK:Ty:T_?Bby

"B TV R) - xR 1-a

1-(1-a- 7) b0/ by

With : 7
B 1+ eg + spo

Proof . The proof is essentially the same as Proposition 2, except that the steady-state
government budget constraint is now: 7.(1 — «) + 75b, + (1 — TB)TKbyHiR = 7. Define
Tp =7+ (1 — TB)TK%% the adjusted bequest tax rate (including the tax on the return to
bequest). so that 7, = %ﬂzy. After-tax, capitalized bequest left to next generation can be
rewritten as follows: by, = (1 — 75)[1 + (1 — 7x)R]bis1; = (1 — 75)(1 4+ R)bs,1;. The elasticity
ep of steady-state b, with respect to (1 — 75) (for given 7) is the same as the elasticity of b,
with respect to (1 — 7p). To complete the proof, one simply needs to look at small changes in

dT g, dt, rather than d7p,d7r, (see appendix proof for details). QED

Example 6.Assume 7 = 30%, a = 30%, syo = 10%,ep = 0, and r = 4%, H = 30, so that
e =1+R=33

If b, = 20%, then Tp =73% , so that 7, = Tx = Ty = 22% and 75 = 68%

If b, = 15%, then Tp = 67% , so that 7, = Tx = Ty = 29% and 75 = 59%

If b, = 10%, then Tp = 55% , so that 7, = Tx = Ty = 35% and 75 = 41%

If b, = 5%, then Tg = 18% , so that 7, = Tx = Ty = 42% and 75 = —16%

The impact of comprehensive income taxation is straightforward: it reduces somewhat the
level of socially optimal inheritance tax rates. With plausible inheritance flows, say b, ~
10 — 20%, the socially optimal inheritance tax rate is typically much larger than the socially
optimal labor tax rate, so that taxing capital income at the same rate as labor income has a
relatively limited impact. For instance, with b, = 15% (which is the level prevailing in France
in 2010), then taxing capital income at rate 7, = T7x = 7y = 29% implies that the bequest tax
rate can be reduced from 75 = 67% to 73 = 59% In other words, a comprehensive income tax
system reduces the need for inheritance taxation, but not by that much.

For very small inheritance flows, say b, = 5% (prevailing in the 1950s-1970s in countries
strongly hit by war destructions, such as France and Germany), the effect is much larger. Socially

optimal inheritance tax rates are relatively small to start with, and should actually become
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negative in case we tax capital income at the same rate as labor income. This might explain
the large number of exemptions for capital income that were created during the reconstruction
period, particularly in countries like France or Germany. When inheritance flows are infinitely
small, then one should exempt capital income from taxation in order to encourage new capital
accumulation. The problem, however, is that this may lead to income shifting, and that such
exemptions tend to persist over time (or actually to extend during the 1990s-2000s, in the
context of tax competition), even though the reconstruction period is by now well over and
inheritance flows are back to much higher levels.

Of course, whether income shifting is sufficiently massive to justify fully aligned income tax
rates (7, = Tx = Ty) is very much an open empirical issue. Here we assumed full-fuzziness, so
that the tax administration is forced to align rates. In practice, only a fraction of the population
can easily shift capital into labor income (and vice-versa). This has to be weighted against costs
of capital taxation in a model with life-cycle savings. Therefore the resulting optimal tax gap
AT = 7, — T > 0 should depend negatively on the fraction of income shifters and positively
on the intertemporal elasticity of substitution.?® Note also that the administrative capability to
distinguish between capital and labor income flows and to impose separate tax rates is to some
extent endogenous. E.g. it is easier if for the tax administration to observe or estimate capital

income if taxpayers file annual wealth declarations in addition to annual income declarations.

4.3 Uninsurable idiosyncratic shocks to rates of return

We now assume away the fuzzy-frontier problem. That is, we assume that the administration
can tax at separate rates capital and labor income flows, and we analyze the implications of
uninsurable idiosyncratic shocks to rates of return for the optimal tax mix.

The basic intuition is straightforward. From a welfare viewpoint, as well as from an optimal
tax viewpoint, what matters is capitalized bequest by; = b€, not raw bequest b,;. But at the
time of setting the bequest tax rate 7, nobody has any idea about the future rate of return on
a given asset is going to during the following 30 years. Le. nobody knows what e’ is going
to be. Rates of return are notoriously difficult to predict, and they vary enormously over assets

and across individuals. So it makes more sense to charge part of the tax burden via bequest

39 Alternatively if one assumes a finite elasticity of income shifting with respect to the gap in tax rates, then
the optimal tax gap will depend negatively on this elasticity (see Piketty, Saez, Stantcheva (2011)). Here we
implicitly assumed an infinite elasticity, so that tax rates have to be exactly equal.
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taxation 7pg, and part of the tax burden via lifetime capital taxation 7, - possibly a much
larger part, in case the uncertainty about future returns is very large.

E.g. take someone who inherited a Paris apartment worth 100,000€(in todays euros) in
1972. At that time nobody could have guessed that this asset would worth one or two millions
€ by 2012. So instead of charging a very large bequest tax rate at the time of asset transmission,
it might be collectively more efficient to charge a moderate bequest tax in 1972, and then to tax
the asset continuously between 1972 and 2012, via property taxes and/or rental income taxes.

In order to capture this intuition and solve for optimal tax rates, we assume that individual
life-time rates of returns R;; = €™ —1 vary across individuals. Let us denote by R the aggregate
rate of return across all individuals. We assume that shocks Ry; are idiosyncratic so that there
is no risk in aggregate.

In the case where R;; is exogenous to the behavior of individuals, then it is clearly optimal
for the government to set 75 = 100% to insure individuals against risky returns. In effect, the
government is replacing risky individual returns R;; by the aggregate return R , thereby provid-
ing social insurance. Standard financial models assume that individuals can insure themselves
by diversifying their portfolios but in practice self-insurance is far from complete.

In order to make the problem non trivial (and more realistic), we introduce moral hazard, i.e.
we assume that the individual random return Ry;(e;;). depends on some individual, unobservable
effort input e;;. Importantly, we assume that the return conditional on effort remains stochastic
so that the government cannot infer individual effort e;; from observing individual capital income
and the individual stock of wealth. Without loss of generality, assume a simple linear relationship

between the probability R;; to and effort ey;:
Ry = Eeyi + ey,

where ¢4; is a purely random iid component with mean Ry, > 0. Hence the expected return R
is just equal to the product of effort productivity parameter ¢ and effort e;;. One can think of
es; as the effort that one puts into portfolio management: how much time one spends checking
stock market prices, looking for new investment opportunities, monitoring one’s financial inter-
mediaries and finding more performing intermediaries, etc. Parameter £ measures the extent
to which rates of return are responsive to effort. When ¢ is close to 0, Ry; is almost a pure
noise: returns are determined by luck. Conversely when ¢ is large (as compared to the mean

and variance of €;), Ry; is determined mostly by effort.
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We assume that the effort disutility cost C(ey;) is proportional to portfolio size, so that in
effect individuals with different levels of inherited wealth end up with the same distribution of
returns (and in particular the same average return). That is, we assume C'(e;;) = (1—7p)byc(ey),
where (1 —7p5)by; is portfolio size (net-of-tax bequest) and c¢(ey;) is a convex, increasing function
of effort.*?

To simplify further the derivations, we assume that C'(e;) enters the utility function as a

monetary cost, so that the individual maximization programme and budget constraint look as

follows:

max Vi = V(¢ wei, ber1i)  ste citwy < Ju = (1=75) [14+(1=7k ) Ruilbri+(1=71)yrei—(1—7 ) buic(er;)
It follows that optimal effort e;; = e is the same for all individuals and is given by:
e =e st. de)=&01—rTk)

From this, we can define ey the elasticity of the aggregate rate of return R = £e with respect

to the net-of-tax rate 1 — 7.4

We view er as a free parameter, which can really take any
value, and which in principle can be estimated empirically. So for instance if ¢ is sufficiently
small, i.e. if luck matters a lot more than effort in order to get a high return, then er can be
arbitrarily close to zero. Conversely if £ is sufficiently large, i.e. if returns are highly responsive
to effort, then er can be arbitrarily large.*?

Unsurprisingly, the optimal capital income tax rate 7x. depends negatively upon the elas-
ticity eg. If eg is close to zero, then the government should provide full insurance by taxing
capital income at rate 7 = 100%. Conversely, if ey is sufficiently large, then the disincentive

effects of taxing capital income are so large that one should have no capital income tax at al

(T = 0%). Unfortunately, there exists no simple closed-form formula for the intermediate case,

40Tt would be interesting to introduce scale economies in portfolio management (i.e. by assuming that cost
rises less than proportionally with portfolio size), so as to generate the realistic prediction that higher portfolios
tend to get higher returns (at least over some range). We leave this issue to future research.

41 Alternatively, one could assume non-monetary disutility cost C(es;), so that individuals maximize Uy =
Vii — Cleg). If Viy = V(cy, wei, bey1:) is homogeneous of degree one, we have V'’ = k; - 4y, so that optimal
effort ey; is given by: ¢/(es) = Kk:&(1 — Tk). So ey; varies with individual taste parameters (and also with risk
aversion, which needs to be introduced-otherwise idiosyncratic returns shocks do not matter; see appendix).
This complicates the analysis and brings little additional insight.

#2The elasticity er also depends on the curvature of the effort cost function. E.g. if c(e) = e!*7/(1 +7), then
e=[E(1—Tx)]V7, and R = Ro + &"7/7(1 — 7)) /n.
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so one needs to use numerical solutions methods in order to calibrate the optimal tax rate, as

is illustrated by the example below.

Proposition 6 (optimal capital income tax). With uninsurable idiosyncratic shocks to
rates of return, then the zero-bequest-receivers tax optimum involves a bequest tax T, a capital

income tax T and a labor income tax T such that:
7p(l+ R) — xR
(1 + R) — TKR

(a)[feR—>0,thenTK—>100%,TB—>TB(J: :FB(1+R)—R<FB

T —Tpb L 1—(1—a—"7)su/b
d —2Y (with T = Y
and T, — —— (with Tp [P )
(b) If er is sufficiently small, then Tx > T,
—Tpgb
(c) There existser > 0 s.t. if eg — €r, then 7 — 0%, 75 — Tp and T, — % > TK

(d) If eg is sufficiently large, then Tx < T,

Example 7.Assume 7 = 30%,a = 30%,s = 10%,eg = 0,2 = 0%, 0, = 100%,v,z, =
50%, r(tTx = 0%) = 4%, g = 2%, H = 30, so that e("~9" = 1.82. Those simulations are done
with MATLAB assuming Ry = 0, £ = 1 and iso-elastic cost of effort ¢(R) = R-(R/R)**Y/°r /(1+
1/er). See appendix for details.

If ep = 0.0 then 7 = 100%, 75 = 9%, and 71, = 34%.

If ep = 0.1 then 7 = 78%, 75 = 35%, and 7 = 35%.

If ep = 0.3 then 7 = 40%, 75 = 53%, and 71, = 36%.

If e = 0.5 then 75 = 17%, 75 = 56%, and 71, = 37%.

If ep = 1 then 75 = 0%, 75 = 58%, and 71, = 38%.

These simulations rely on simplifying assumptions and should be viewed as illustrative and
exploratory.

In particular, we know very little about what should be considered a reasonable value for the
elasticity er of the macro rate of return R with respect to the net-of tax rate 1 — 7x. Available
macroeconomic evidence shows that aggregate rates of return, factor shares and wealth-income
ratios are relatively stable over time and across countries, which -given that taxes vary a lot-

would tend to suggest relatively low elasticities er (say, eg = 0.1 — 0.2 at most).*> This would

431t could be that when some individuals put higher effort e;;, then the way they obtain higher returns Ry; is
mostly at the expense of others, i.e. the aggregate R is very little affected. In the extreme case where this is a
pure zero-sum game (R fixed), then the relevant elasticity is eg = 0, and the optimal tax rate is 7 = 100%.
For a model based upon pure rent-seeking elasticities, see Piketty, Saez and Stantcheva (2011).
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seem to imply that the optimal capital income tax rate is much larger than the optimal labor
income tax rate. E.g. if eg = 0.1 then in our simulations 75 = 78% and 7, = 35%.

However our simulations also show that the results are very sensitive to the exact value of eg
. E.g. if e = 0.5 then capital income should be taxed much less than labor income: 7 = 17%,
and 77, = 37%. This is because in the model a lower return R is not only bad for the capital
income tax base: it also has a negative impact on the aggregate steady-state bequest flow b,.*

In addition, these simulations do not take into account the distortionary impact of 75 on
intertemporal consumption allocation along the life-cycle (the magnitude of which depends on
the intertemporal elasticity of substitution). A proper empirical calibration should take this
into account. We leave this to future research.

The main contribution here is simply to provide a simple conceptual framework which can
be used to think about the pros and cons of having 7 > 7, or 7 < 7. In particular, we
clarify the conditions under which it might be optimal to tax capital income at very high rates.

It is interesting to note that the countries which have experienced very large top inheritance
tax rates (particularly the U.S. and in the U.K. between the 1930s and 1980s; see Figure 1
above) also experienced very large top capital income tax rates (see Figures 2-3) In particular,
during the 1970s, both the U.S. and the U.K. applied higher top rates on ordinary unearned
income (such as capital income) than on earned income (i.e. labor income). One plausible way
to account for this fact is to assume that policy makers had in mind a model very close to ours,
with a relatively low elasticity of rates of return eg with respect to effort, and with strongly
meritocratic social preferences.*’

More generally, 7 > 7, was actually the norm in most income tax systems when the
latter were instituted in the early 20th century (generally around 1910-1920). At that time
income tax systems typically involved a progressive surtax on all forms of labor and capital
income (including imputed rent), and a set of schedular taxes taxing wage income less heavily
than interest, dividend, rent or business profit. In the more recent period, it has become more

common to have Tx < 7, via special tax exemptions for various categories of capital income.

44 This explains why the elasticity €z at which the optimal tax rate Tx ceases to be positive is finite. See
appendix.

45 Another possible explanation is that U.K. and U.K. policy makers put lower social welfare weights on
individuals with high return shocks (“lucky speculators”) than on individuals with high labor income (strong
meritocratic view). Yet another way to view the problem is to introduce speculative effort into the model (higher
effort brings higher returns, but at the expense of others; see above).
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But we feel that this mostly reflects a rising concern for international tax competition and tax
evasion and the persistent lack of tax coordination (the view is that it is easier to reallocate one’s
financial portfolio abroad than one’s labor income, and that it is harder to apply the residence
principle of taxation for capital income; or at least this is a view that became very influential
in a number of small open economies, typically in Nordic countries), rather than considerations

about the global welfare optimum.

5 Extensions
5.1 Elastic Labor Supply

So far we assumed inelastic labor supply. We now show how the optimal labor and bequest tax
rates should be set simultaneously in a model with elastic labor supply.
In order to ensure balanced growth path (and to avoid exploding labor supply), we need to

assume a specific functional form for the disutility of labor:
U; = Vie O or, equivalently: U; = log V; — hy(1)

where [ is labor supply and h;(.) is increasing and convex (and could differ across individuals).
Individual ¢ labor income is yr4; = v,0;l; where 0; is individual productivity (with mean one

6gHz‘,

across the population) and v; = v, is the average wage rate of generation ¢.** We denote by

vy = (1 — 71)v,0; the net-of-tax wage of individual 7.

Individual ¢ chooses b;;1; and [; to maximize:
log Vi(vyl; + (1 — 75)(1 + R)byi — byt besri, bir1i(1 — 75)) — h(1;)
Because V; is homogeneous of degree one, we have V; = k - ; and hence
log V' — h(l;) = cte +log (vl + by;) — h(l;),

where b; = (1 — 75)(1 + R)by; is net-of-tax capitalized bequest (i.e. non-labor income). The

first order condition for [; is:

Ut

h/ lz —_
Q Vili 4 by

46 As discussed above vy = Ff, = vo(1 + G)? grows at rate 1 + G per generation.
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Hence (uncompensated) labor supply [; = [ (Uti;l_)ti) is a function of the net-wage and non-
labor income homogeneous of degree zero. Hence, uniform growth in the wage rate and non-labor
income leaves labor supply unchanged. Therefore, we can have a balanced growth path. 1(vy, by;)
naturally increases with v;; and decreases with by

The government budget constraint defines 7, as a function of 75 as we had before. Consider
a small reform d7p and let dr; be the required labor tax rate adjustment needed to maintain

budget balance. Differentiating the government budget constraint, we have:
dTLth + TLdth + dTBbt + TBdbt = 0,

which can be rewritten as:

dTLth |:1 — TL 6L:| = —dTBbt |:1 — 1 75 €B:| s

]_ — T — TR
where
1—75 db and -7, dyn
(& — n er — ,
B b d(l—1p) BTy d( =1y

are the elasticities of bequests and labor income with respect to their net-of-tax rates. Im-
portantly, note that those elasticities are general equilibrium elasticities where both 7, and
T change together to keep budget balance. dr; > 0 and drp < 0 discourages labor supply
through a reduction in the wage rate and through income effects as inheritances received are
larger (Carnegie effect). drp > 0 and d7; < 0 discourages bequests through the price effect but

indirectly encourages bequests as individuals keep a larger fraction of their labor income.

Proposition 7 ( zero-bequest-recetvers optimum with elastic labor supply). Under
adapted ergodicity assumptions 1-3, and the following welfare weights: w.g = 1 if z = 0, and

w.e =0 if z >0, then

l1—(1—a—71-(1+4+ep))sw/b — 7b
S T (Lter)s/by g, T 7B .
l+ep+spw-(1+er) 11—«
with syo = E(sp|lzi = 0) = the average bequest taste of zero bequest receivers (weighted by

marginal utilityx labor income).
Tp increases with ey, iff T(14+ep)+ spo(l —a) > b,
If e, — +oo (infinitely elastic labor supply), then T — 7/b, and 7, — 0
If eg — 400 (infinitely elastic bequest flow), then T — 0 and T, — 7/(1 — @)
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If spo = 0 (zero-receivers have no taste for bequests), then g = 1/(1 + ep) is the revenue

maximizing rate.

Proof: The proof is similar to that of Proposition 2 (see appendix proof for complete
details). QED

This formula is similar to the inelastic case except that e; shows up both in the numerator
and denominator. The inequality 7(1 4 ep) + spo(1l — @) > b, is very likely to be satisfied. E.g.
if 7 = 30% and b, = 15%, it is satisfied even for ez = 0 and s, = 0. That is, a higher labor
supply elasticity e, generally implies a higher bequest tax rate 7.

Intuitively, a higher labor supply elasticity makes high labor taxation less desirable, which
for given aggregate revenue requirements makes the optimal tax mix tilt more towards bequest
taxes (and more generally towards capital taxes in presence of capital market imperfections,
which we do not model here in order to illuminate the pure labor supply effect).

If sp0 = 0, then we obtain again the revenue maximizing rate simple formula 75 = 1/(1+4e¢p).
The reason is the following: at 75 = 1/1(1 + ep), we have dr, = 0 for any small d7z. Hence,
the labor supply response becomes irrelevant.*’

The following examples illustrate the quantitative impact of e;,. When both bequests and
labor supply are elastic, the planner faces a race between two elasticities. In case labor is more
elastic than bequests, then incentive effects reinforce the case for taxing labor income less than
bequests. With b, = 15% (current French level), it is clear that for reasonable elasticity values
one wants to tax labor less than bequests. I.e. one would need very large bequest elasticities -
above one - and zero labor supply elasticity to reverse this conclusion.

Example 8.Assume T = 30%, a« = 30%, spo = 10%, b, = 15%

If eg =0 and e;, =0, then 7 = 67% and 71, = 29%.

If eg =0 and e;, = 0.2, then 75 = 69% and 71, = 28%.

If eg=0and e, =1, then 75 = 78% and 71, = 26%.

If eg =0.2 and e, =0, then 75 = 56% and 71 = 31%.

If eg = 0.2 and e, = 0.2, then 75 = 59% and 71, = 30%.

If eg=0.2and e;, =1, then 73 = 67% and 71, = 29%.

47This is analogous to the fact that 1/(1+ ey,) in the revenue maximizing rate in optimal linear labor income
taxation even if there are income effects.
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5.2 Closed economy

So far we focused upon the small open economy case. I.e. we took as given the world instanta-

neous rate of return r > 0 (and the corresponding generational return 1 + R = ).

We now show that our optimal tax formulas also apply to the closed economy case.
In a closed economy, the domestic capital stock K; is equal to domestic inheritance (i.e.

reH

K, = By), and the generational rate of return 1 + R, = """ is endogenously determined by the

marginal product of domestic capital:

«
Ry = Fg = —
By
. Kt —r H . . .
With: 3, = v = bye”"" = domestic capital-output ratio.
t
Rt «

= —. le. closed economies with larger levels of capital
1+ R, by & P

accumulation and inheritance flows have lower rates of return.

This can be rewritten:

The rest of the model is unchanged. Under assumptions 1-3, then for any given tax policy
(T, TL), we again have a unique long run steady-state: b, — b,, Ry — R, ¥; — ¥ (Proposition
1). This follows from the fact in the open economy case the long run b, is an increasing function
of the exogenous rate of return R (i.e. long run capital supply is upward sloping). Since the
demand for capital is downward sloping, there exists a unique long run rate of return R clearing
the capital market: i -

1+R b

The only difference with the open economy case is that a small tax change drg > 0 now
triggers long run changes dR > 0 and dv < 0 (where v = F, is the wage rate). Le. higher
bequest taxes lead to lower capital accumulation (assuming eg > 0), which raises the marginal
product of capital and reduces the marginal product of labor. However the envelope theorem
implies that these two effects exactly offset each other at the margin, so that the optimality
conditions for (7, 7) are wholly unaffected as in the standard optimal tax theory of Diamond
and Mirrlees (1971), i.e. we keep the same optimal formulas as before (Proposition 2 and
subsequent propositions). The important point is that the elasticity ep entering the formula

is the pure supply elasticity (i.e. not taking into account the general equilibrium effect), and

similarly for the elasticity ey, in the case with elastic labor supply.

Proposition 8 (zero-bequest-receivers optimum with closed economy). Under adapted

ergodicity assumptions 1-3, and the following welfare weights: w.o =1 if 2 =0, and w.p = 0 if
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z >0, then

1-(1-a-— b —T1pb
_ (1 —a—7)sp/by and 7, =~ 78b
1+ep+ S 11—«

TB )

Proof. See appendix.

5.3 Overlapping generations and lifecycle savings

So far we focused upon a simple discrete time model where each generation lives for only one
period (which we interpreted as H-year long, say H = 30). We assume that consumption took
place entirely at the end of the period, so that in effect there was no lifecycle saving.

We now show that our results and optimal tax formulas can be extended to a full-fledged,
continuous time model with overlapping generations and lifecycle savings. As far as optimal
inheritance taxation is concerned, we keep the same closed-form formulas for optimal tax rates.
Regarding optimal lifetime capital taxation, we keep the same general, qualitative intuitions,
but one needs to use numerical methods in order to compute the full optimum.

We assume the following deterministic, stationary, continuous-time OLG demographic struc-
ture.*® Everybody becomes adult at age a = A, has one kid at age H > A, and dies at age
D > H. So everybody inherits at agea =1 = D—H > A. E.g. if A=20, H =30 and D = 70,
then I = 40. If D = 80, then I = 50. This is a gender free population.

For simplicity we assume zero population growth (at any time ¢, the total adult population
N, includes a mass one of individuals of age a € [A, D] and is therefore equal to Ny = D—A), and
inelastic labor supply (each adult ¢ supplies one unit of labor [;; = 1 each period, so aggregate
raw labor supply L; = N;hy = (D — A)hget).

We denote by N, the cohort receiving inheritance at time ¢ (born at time ¢t — I). Each

individual i € N, solves the following finite-horizon maximization program:
max Vi; = V (U, weip, Bt+Hi)

s.c. Cy+wup <Gy =(1-— TB)Bti + (1 —71)Jru

With: Uy; = utility derived from lifetime consumption flow (¢tiq) a<a<p

48In order to obtain meaningful theoretical formulas for inheritance flows (i.e. formulas that can be used with
real numbers), we need a dynamic model with a realistic age structure. Models with infinitely lived agents or
perpetual youth models will not do, and standard two or three-period OLG models will not do either. Here we
follow the continuous-time OLG model introduced by Piketty (2010, sections 5-7 and appendix E; 2011, section
5).
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wy;p = end-of-life wealth = b;, ;;; = pre-tax bequest left to next generation

BH mi = (1 —75)bit mie™® = after-tax capitalized bequest left next generation

Cri = faa:f crioe” P~ da = end-of-life capitalized value of consumption flow ¢,

7 = end-of-life capitalized value of total lifetime resources

by = be" @D = pem = end-of-life capitalized value of received bequest by;
ULt = f =D Yriia€"P~da = end-of-life capitalized value of labor income flow ¥y 4iq

a=

Tp = bequest tax rate, 7, = labor income tax rate

In the same way as in the discrete-time model, our optimal tax formulas hold for large
classes of utility functions V}; and Uy, using a sufficient-statistics approach. Regarding Uy;, we

assume that it is proportional to ¢;: U, = ucy;. This holds if Uy, takes a standard discounted

a=D —é(a-2),. 1*7]
ti

_1
wn € =7 as well as for less standard (but maybe more realistic)

utility form Uy; = |
utility specifications involving for instance consumption habit formation.* Regarding V;, for

notational simplicity we again focus upon the Cobb-Douglas case:
V(U,w,b) = U0 =wiw* b (s,; > 0,84 > 0,8 = Syi + sp; < 1)

This simple form implies that individual ¢ devotes a fraction s; = s,; + Sy of his lifetime
resources to end-of-life wealth, and a fraction 1 — s; to lifetime consumption. Our results
again hold with CES utility functions, and actually with all utility functions V (U, w, b) that are
homogenous of degree one

We also need to specify the lifetime structure of labor productivity shocks. To keep notations
simple, we assume that that at any time ¢ the average productivity h; is the same for all cohorts,
and that each individual ¢ keeps the same within-cohort normalized productivity #;, = 6; during
his entire lifetime.”® So we have: yr, = Oiyre?@ D, It follows that the end-of-life capitalized

value of labor income flows 7;; can be rewritten:

YLti = Qi/\(D - A)theTH (10)

(r=g)(I-A) _ ,~(r—g)(D~1I)

with: A = =) (D = A)

498ee Appendix A, proof of proposition 9.

0Tn effect we assume a flat, cross-sectional age-productivity profile at the aggregate level. The A formula can
easily be extended to non flat profiles (e.g. with replacement rate p < 1 above age retirement age R < D) and
to more general demographic structures (e.g. with population growth n > 0).
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Intuitively, A corrects for differences between the lifetime profiles of labor income flows vs.
inheritance flows (dollars received earlier in life are worth more). When labor income flows acrue
earlier in life than inheritance flows then A > 1 (and A < 1 conversely with early inheritance).
In practice, inheritance tends to happen around mid-life, and \ is typically very close to one.”!

The individual-level transition equation for bequest is now the following:

bevrri = Sil(1 — 70)01e + (1 — 73)bue™] (11)

Y

In the “no taste memory” case (tastes are drawn i.i.d. for each cohort), then by linearity

the individual transition equation can be easily be aggregated into:

by = s[(1 —1)AND — A)therH +(1-— TB)bteTH] (12)
B, by by

Y B Ny (D— A)yt
. Dividing both sides of the previous equation by per capita domestic output ¥;, we obtain the

The aggregate bequest flow-domestic output ratio is defined by: b,; =

following transition equation for by;:

byrrrr = " [s(1 — 7)A1 — @) + s(1 — 75)by] (13)

s(1 —7)A(1 — a)elr—9H
1—s(1—7pg)er—9H
I.e. we obtain exactly the same steady-state formula as in the discrete-time, one-period

In case assumption 2 is satisfied, then b,, — b, = as t — +o0.

model, except for the correcting factor A (which in practice is close to one).

Note that b,; is now defined as the cross-sectional, macroeconomic ratio between the aggre-
gate inheritance flow B; transmitted at a given time ¢ and domestic output Y; produced at this
same time ¢. This is approximately the cross-sectional inheritance-national income ratio plotted
on Figures 4-5.52

We impose a cross-sectional government budget constraint:
7Y + 7B = 7Y

ie.: 7,(1—a)+71b, =71 (14)

In the no-taste-memory special case, the steady-state formula for b, along a budged-balanced

path can therefore be rewritten as follows:

1 For detailed empirical calibrations and theoretical extensions of the A formula, see Piketty (2010, sections
5-7, and appendix E, tables E5-E10).

2Gee section 3 above. National income is close to domestic output in countries with small net foreign asset
position.
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o sAl -7 —a)eloH
1 =514+ (A= 1)1gletr—9H

by (15)

It follows that the long run elasticity ep of b, with respect to 1 — 75 is positive if A < 1
(inheritance happens earlier in life than labor income receipts, so cutting bequest taxes is good
for wealth accumulation), and negative if A > 1 . If inheritance happens around mid-life, then
A~ 1and eg ~ 0. Of course, the Cobb-Douglas form and the no-taste-memory assumption are
restrictive, and in general eg could really take any value, just like in the discrete-time model.
Next, one can easily show that we obtain exactly the same optimal bequest tax formula for
the continuous-time model with overlapping generations and lifecycle savings as in the simplified

discrete-time model where each generation leaves only one period:*

Proposition 9 (continuous time model). Under assumptions 1-3, linear social welfare (I' =

0), and the following welfare weights: w.g =1 if 2 =0, and w.9 = 0 if z > 0, then

1-(1-a- b — b
_ (1 —a—7)sp/by and 7, — = 78b
1+ep+ s 11—«

B
with spg = E(spi|z;i = 0) = the average bequest taste of zero bequest receivers.
Proof. The proof is essentially the same as proposition 2. See appendix for details. QED

Regarding optimal lifetime capital taxation, the key difference is that with lifecycle savings
we now have an extra distortion. That is, positive tax rates on capital income 75 > 0 distort
the intertemporal allocation of consumption (c,) A<a<D within a lifetime. The magnitude of
the associated welfare cost depends on the intertemporal elasticity of substitution ¢ = 1/
(which might well vary across individuals). As long o is relatively small, the impact on our
optimal capital tax results should be moderate. Unfortunately there does not seem to exist any
simple closed-form formula taking these effects into account, so one needs to resort to numerical
solutions. We leave this to future research.

In presence of lifecycle savings, one might also want to think about more imaginative optimal
tax structures than the conventional taxes on inheritance receipts and labor and capital income

flows that we have been considering so far.

931f we were to adopt a generational government budget constraint rather than a cross-sectional government
budget constraint, then the A\ correcting factor would enter the formula for the optimal 75. As long as A ~ 1
this would make little difference.
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One might first think that the ideal tax system should be based upon total capitalized
lifetime resources, i.e. individual i € N, should pay tax 7, = T(Y) (with g, = bi; + Trti)-
Intertemporal consumption choices would be undistorted. There are three problems with this.
First, one might want to put different welfare weights w.y on inherited and earned resources
(meritocratic social preferences), in which case it is desirable to have separate tax schedules.
Next, even with uniform welfare weights on all individuals with similar total resources, it might
be desirable to have separate tax schedules because elasticities eg and e, are different. Finally,
the problem with this solution is that one cannot wait until the end of life in order to compute
individual capitalized resources and tax liabilities.

In the absence of idiosyncratic shocks to rates of returns (and assuming away fuzzy frontier
problems), one should just charge the relevant bequest tax rate 75 > 0 at the time of inher-
itance, and have no capital income tax (7x = 0). But with idiosyncratic shocks r; one does
not know the right rate of tax at the time of inheritance. With eg = 0, then one should simply
set 7 = 100% and replace r; by the average return r, = E(ry), i.e. the government should
provide safe savings accounts offering the average, macroeconomic rate of return to everybody.
But with egr > 0, one faces a complex trade-off between the er distortion and the o distortion.

Alternatively, one might want to try tax differently the returns to inherited wealth and the
returns to life-cycle wealth. In a way this is what existing tax systems attempt to do when they
offer preferential tax treatment for particular forms of long term savings (pension funds). One
could also try to generalize this by having individual wealth accounts where we recompute the
updated capitalized value of inheritance each period and charge the correct extra tax (whether
the individual saved or consumed the extra income). But this is fairly complicated, so it might
be easier to tax all actual returns, especially if ¢ is small. These are important issues for future

research.

5.4 Population growth

So far we assumed that all individuals had exactly one kid, so that population was stationary:
N; = 1. All results can be easily extended to a model with population growth.

L.e. assume that all individuals have on average 1+ N kids, so that population grows at rate
14+ N = ™ per generation: N, = Nye"#t. E.g. if everybody has on average 1 + N = 1.5 kids
(i.e. 2(1 + N) = 3 kids per couple), then total population rises by N = 50% by generation, i.e.
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by n =log(1+ N)/H = 1.4% per year (with H = 30).

The rest of the model is unchanged. Average productivity h; is again assumed to grow
at some exogenous rate 1 + G = 9 per generation: h; = hoed?t. Aggregate human capital
Ly = N;hy = Nohoe"t9Ht grows at rate (1 4+ N)(1 + G) = e"*9H per generation. Taking as
given the world, generational rate of return R = e"* — 1, profit maximization implies that the
domestic capital input K; is chosen so that Fx = R, i.e. K; = BﬁLt (with 6 = % = 2.
So output Y; = ST L, = B1-a Nohge™ 9t also grows at rate (1 + N)(1 + G) = e"t9H per
generation. So does aggregate labor income Y7, = (1 — «)Y;. Per capita output, capital and
labor income v, k¢, yr: (= Yy, Ky, Y, divided by N,.) grow at rate 1 + G = e9.

Individuals’ preferences over wealth accumulation Vi; = V' (¢, wy, l_)tﬂi) could well be corre-
lated with their effective number of children 1 + N;. They could also have unequal tastes for
their various children. As long as ergodicity assumptions 1-3 are satisfied, Proposition 1 holds,
i.e. there exists a unique steady-state for the aggregate inheritance flow-output ratio b, and
for the joint inheritance-labor distribution ¢(z, #). In the “no taste memory” special case, one

can easily see that the transition equation for b, = eT;ItBt. (where By = N;b; is the aggregate

bequest flow received by generation ¢) now looks as follows:

b1 = " [s(1 — 7)1 — @) 4+ s(1 — 75)by] (16)

s(1—71)(1 — a)elr—m—9H
1— (1 — rg)et—n—oH

So that: by, — b, =

I.e. one simply needs to replace the productivity growth rate g by the sum of population
and productivity growth rates n + g. In societies with infinitely large population growth (i.e.
where individuals have an infinite number of children), inheritance does not get you very far.
Wealth gets divided so much between generations that one should rely on new output and large
saving rates in order to become rich. The formula and intuition also work for countries with
negative population growth (i.e. with N < 0), see Germany, Italy, Spain.

Next, one can see from the proof of Proposition 2 that our basic optimal tax formula, as
well as all subsequent formulas, are wholly unaffected by the introduction of population growth.
It follows that the impact of population growth on socially optimal tax policies is the same
as the impact of productivity growth and goes through entirely via its impact on b,. That is,
high population growth countries should tax capital less, because capital accumulation is less

inheritance-based and more labor-based and forward looking.
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5.5 Dynamic efficiency and intergenerational redistribution

So far we imposed a period-by-period government budget constraint, i.e. we assumed that
the government could not accumulate assets nor liabilities. This implies in particular that the
government could not directly affect the aggregate level of capital accumulation in the economy,
and hence could not address so-called “dynamic efficiency” issues.

In the technical appendix, we show that our results go through even if it can. That is, we
allow the government to accumulate assets or liabilities, and we prove that the issue of the
optimal capital vs. labor tax mix and the issue of dynamic efficiency and optimal aggregate
capital accumulation are to a large extent orthogonal.

More precisely, we prove the following. In the small open economy case, unrestricted ac-
cumulation or borrowing by the government naturally leads to corner solutions. If the world
rate of return r is larger than the Golden rule rate of return r* = § + I'g (with § = social
rate of time preference and I' = concavity of social welfare function),’® then the government
should accumulate infinite assets in order to have zero taxes in the long run. Conversely, in case
r < r*, the government should borrow indefinitely against future tax revenues. In both cases,
the economy would cease to be a small economy at some point. In the closed economy case,
the government will accumulate sufficient assets or liabilities to ensure that » = r*, and will
then apply the same optimal bequest and labor tax rates as in the case with a period-by-period
budget constraint (except for the interest receipt or payment term).>®

This is an important point, because both issues have sometime been mixed up. l.e. a
standard informal argument in favor of small or zero capital taxation in the public debate is
the view that there is insufficient saving and capital accumulation at the aggregate level.®
This argument is flawed, for a number of reasons. First, there is no general presumption that
there is too much or too little aggregate capital accumulation in the real world (it can go both
ways, depending upon the parameters of the social welfare function). Next, even if we knew for

sure that we are in a situation of excessive or insufficient aggregate capital accumulation, there

>With positive population growth, the Golden rule becomes 7* = § +I'g +I'n where 0 < I'" < 1 is the extent
to which social welfare takes into account population growth (see appendix).

5See appendix B, proposition B3.

%E.g. it is hard to make sense of the famous Kaldor (1955) progressive consumption tax proposal without
some kind of argument saying that there is too little aggregate saving. Note also that Kaldor proposed to use
at the same time a progressive consumption tax and a progressive inheritance tax (this seems consistent with
meritocratic welfare weights w.g, but this is not made fully explicit by Kaldor).
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would exist other and more efficient policy tools than the capital vs. labor tax mix in order to
cope with this. Namely, the government should accumulate assets or liabilities (depending on
whether there is too little or too much capital accumulation to start with), with little effect on
optimal capital vs. labor tax formulas. Those issues have been addressed by King (1980) in the

standard OLG model.

5.6 Uninsurable aggregate shocks to rates of return

It would be interesting to extend our results to aggregate, uninsurable uncertainty about the
future rate of return (by definition, uncertainty at the world level is uninsurable). E.g. assume
that r, can take only two values r, = ry > 0 and r, = ro > 71, keeps the same value for
one generation (i.e. during H years), and follows a Markov random process with a switching
probability equal to p between generations (0 < p < 1). Wenote: e"# = 1+R; < e = 1+ Ry,
The rest of the model is unchanged.

The first consequence is that instead of converging towards a unique steady-state inheritance
ratio b, and joint distribution (2, #) (Proposition 1), the economy now keeps switching between
a continuum of values for b,, and v,. E.g. if the rate of return r, has been low for an infinitely
long time (which happens with an infinitely small probability), then b, is infinitely close to
b,1 (the steady-state associated to stationary rate r, = r1). Similarly, if 7, has been high for
an infinitely long time, then b, is infinitely close to b2 > b,;. In between these two extreme
values, there is a distribution of b,; in between these two values, depending on how much time
the economy has spent with r; and r, in the recent past.

The second consequence is that socially optimal tax rates 714, 75, Tx+ should now vary over
time, and in particular should depend on b,; and R,. Intuitively, we expect the optimal tax mix
to rely more on bequest taxes when the inheritance flow is large, and to rely more on capital
income taxes when the rate of return is high. So the existence of aggregate returns shocks should
in a way reinforce the results found under idiosyncratic returns shocks (see section 4.3). However
it turns out that a complete analytical solution to this problem is relatively complicated. In

particular one needs to specify whether we again have a generation-by-generation government

Ry

Tom = T), or whether we allow government

budget constraint (7:(1 — a) + Tpiby + Trtby
to accumulate assets when returns are high and debts when they are low (which might seem

natural). We leave this interesting extension to future research.
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5.7 Endogenous growth

So far we assumed an exogenous productivity growth rate g > 0, and looked at how ¢ affects
aggregate steady-state bequest flows b, and optimal tax rates 7p. One might want to plug
in endogenous growth models into this setting. By doing so, one could generate interesting
two-way interactions between growth and inheritance.

E.g. with credit constraints, high inheritance flows can have a negative impact on growth-
inducing investments (high-inheritance low-talent agents cannot easily lend money to low-
inheritance high-talent agents). So high inheritance could lead to lower growth, which itself
tends to reinforce high inheritance, as we see below. This two-way process can naturally gen-
erate multiple growth paths (with a high inheritance, high rate of return, low wealth mobility,
low growth steady-state path, and conversely).’” Tax policy could then have an impact on long
run growth rates, e.g. a higher bequest tax rate might be a way to shift the economy towards
a high mobility, high growth path.

The main difficulty with such a model would be empirical calibration. I.e. it is not too
difficult to write a theoretical model with borrowing constraints and endogenous growth, but
it is hard to find plausible parameters to put in the model. One particular difficulty is that
basic cross-country evidence does not seem to bring much support to the view according to
which tax policies entail systematic effects on long run growth rates. I.e. developed countries
have had very different inheritance tax policies - and more generally very different aggregate tax
rates and tax mix - over the past 100 years, but long run growth rates have been remarkably
similar (as evidenced by convergence in per capita income and output levels - from Scandinavia
to America). This explains why we chose in this paper to focus upon an exogenous growth
model. Maybe a better way to proceed would be to keep growth exogenous, and to introduce
the impact of borrowing constraints and inheritance on output and income levels. We leave this

to future research.

5.8 Tax competition

Throughout this paper we assumed away tax competition. I.e. in the small open economy

model we implicitly assumed that capital owners cannot or do not physically move to foreign

7See Piketty (1997) for a similar steady-state multiplicity.
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countries, and that each country is able to enforce the residence principle of taxation (i.e. if its
residents move their capital to foreign countries they still pay the same taxes).

Both hypotheses are highly questionable and rely on strong assumptions about international
tax coordination. In particular, in order to properly enforce the residence principle of taxation,
one needs extensive cooperation from other countries. E.g. if Germany or France or the U.S.
want to tax their residents on the basis of the assets they own in Switzerland, then they need
extensive, automatic information transmission from the Swiss tax administration, which they
typically do not get. This clearly can put strong constraints on the capital tax rates that a
given country can choose.

If we instead assume full capital mobility and tax competition between small open economies
(zero international cooperation), then in equilibrium there would be no capital tax at all: 75 =
T = 0%. In the context of the Chamley-Judd or Atkinson-Stiglitz models where the optimal
capital income tax is zero even absent tax competition, the presence of tax competition is not an
issue but rather an additional reason for the government to remove capital taxes. However, in the
context of our model where large capital and bequest taxes are desirable, such an uncoordinated
tax competition equilibrium would be suboptimal in terms of social welfare. That is, the social
welfare in each country would be larger—-and, under plausible parameter values, substantially

larger—under tax coordination.

6 Conclusion

In this paper, we have developed a tractable normative theory of socially optimal taxation. Our
results challenge the conventional zero capital tax results, which in our view rely on ill-suited
models. If one assumes from the beginning that there is zero or little inheritance, and that the
bulk of wealth accumulation comes from life-cycle savings, then it is maybe not too surprising if
one concludes that inheritance taxation is a secondary issue. If one assumes from the beginning
that the long run elasticity of saving and capital supply is infinite, then it is maybe not too
surprising if one concludes that taxing capital is a bad idea in the long run. Our model removes
these assumptions, and shows that the optimal tax mix between labor and capital depends on
the various elasticities at play and on critical distributional parameters.

At a deeper level, one of our main conclusions is that the profession’s emphasis on 1+ as a

relative price is inappropriate, or at least excessive. We do not deny that capital taxation can
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entail distortions in the intertemporal allocation of consumption. But as long as the intertem-
poral elasticity of substitution is moderate, this effect is likely to be second order as compared
to other effects. In particular, as far as capital taxes are concerned, distributional issues are
likely to be first order. We hope our results will contribute to the emergence of more pragmatic
debates about capital taxation, based more upon relevant empirical parameters and less upon

abstract theoretical results.
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A Omitted proofs for the main results

This appendix includes omitted proofs for the formal propositions stated in the main text of

the paper.

A.1 Proof of Proposition 1 (convergence result) (section 3)

The four-dimensional, discrete-time stochastic process Xy = (241, 041y Swit1i, See+1i) 1S a Markov-
ian process with a state variable b,. It is governed by the exogenous transition functions
9(Swit1is Svta1i|Swis Sori) and h(0yy15|04e) and by the following endogenous transition equation

for normalized inheritance:
zir1i = Si(1—70)(1 — )by + s;i(1 — TB)byte(T’g)Hzti (17)
The law of motion for b, is given by:
bytr1 = so(1 —71)(1 — a)eIH g (1— TB)G(T_Q)Hbyt

where sy = E(s;0;) is the average saving taste weighted by normalized productivity, and s, =
E(s;z;) is the average saving taste weighted by normalized inheritance. In the no-taste-memory
special case (tastes are drawn iid at each generation), then sy = s, = s is independent from the
distribution.

Assume that the state variable b,, converges towards a given b, as t — +oo. Thanks to
assumptions 1-3, the Markovian process verifies the following “concavity property”: for any
relative inheritance positions 0 < 2y < 21 < 2o, there exists 7" > 1 and € > 0 such that
proba(zysr > 21 | 2y = 20) > € and proba(zyir < z1 | zyw = z2) > e. In addition, the
transitions are monotonic (i.e. 2. 1;(2;) dominates 2. 1(z,;) in the first-order stochastic sense if
2y > z;Z) Therefore we can apply standard ergodic convergence theorems to derive the existence
of a unique stationary distribution ¢(z) towards which ¢,(z) converges, independently of the
initial distribution ¢(z) (see Hopenhayn and Prescott (1992, Theorem 2, p.1397) and Piketty
(1997, Proposition 1, p.186)).

To complete the proof, one then needs to ensure that b,, converges towards a unique b, as
t — 4o00. This is trivial in the no-taste-memory special case. In the general case, one needs
to generalize assumption 2 in order to ensure global convergence. E.g. one can assume that

the taste distribution g(Swir1is Spet1i|Sweis Sori) Puts zero mass on all s; = sy + Sp > S (with
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3(1 — 75)e""9H = 1). This is a relatively strong assumption. It can probably be relaxed to a
weaker assumption (e.g. with positive but small mass on s; > 3 ). In any case, note that this is
relatively secondary for our purposes in this paper. L.e. even if there are multiple steady-state
values for b, , then our optimal tax formulas are valid as long the tax change does not shift the

economy towards another b, steady-state.

A.2 Proof of Proposition 2 (basic optimal tax formula) (section 3)

The proof is given in the main text of the paper (section 3). Here we simply discuss and clarify
1—(1—a—7)sp/by, -0

1+ ep + Swo
We have: 75 > 0iff b, > sp0(1—a—7). Intuitively, if we start from 75 = 0and 7, = 7/(1—«),

the conditions under which 75 =

then spo(1 — o — 7) = spo(1 — @) (1 — 7) is the bequest-motive-driven fraction of income that
zero-receivers are going to leave to their children; this measures how much 75 is going to hurt
them. On the other hand b, measures how much fiscal resources the bequest tax is going to
bring them in terms of reduced labor tax. So they want to introduce bequest taxation if and

only if the latter is larger than the former.
s(1—7—a)elr—9H

In the Cobb-Douglas, no-taste-memory special case, then s,y = s, and b, = 1 H
— sel\"~

so that we get the following the condition for 75 > 0:
75 > 0 iff (14 s)e 97 > 1

In particular, if r — g > 0, as is generally the case in the real world, then we always have 75 > 0
In principle, in case ¢ is sufficiently large as compared to r, then one could get a negative
bequest tax, i.e. a bequest subsidy. However, r — g < 0 would violate the transversality
condition, i.e. our steady-state maximization problem could no longer be defined as the limit
solution to an intertemporal maximization problem (see Appendix B). So in effect we always
have 75 > 0 in the no-taste-memory case. The only robust way to get 75 < 0 would be assume
relatively peculiar forms of random processes for taste parameters, e.g. one must assume that
zero-receivers’ bequest taste parameter sy, is larger than the average saving taste s .

Note. The reason why g >> r — 75 < 0 in the no-taste-memory formula follows from the
fact that with a generational budget constraint 7y, + 7be™ = 7Y}, then a bequest subsidy
is equivalent to issuing public debt at the beginning of the period (which is the right thing to

when g >> r). This possibility would disappear if we were to consider the following, alternative
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budget constraint: 7.y, + 7bir1 = 7Y; and hence 7.(1 — «) + TBbye*(’”*g)H = 7. 5 The basic

optimal tax formula for zero-receivers (Proposition 2) would then be:

L= (—a- e/ 0T "
B 1+ ep + Swo L

T — 7b,e” "9

11—« ’

The generational budget constraint 7y, + 7be™ = 7Y, is actually better suited for
empirical calibrations, since it is closer to the cross-sectional budget balance constraint in the
continuous time model with inheritance around mid-life (see section 5). Le. if inheritance flows
are received on average at the same time as labor income flows by a given generation, then
the right way to model the budget balance case (zero intergenerational redistribution) is the
generational budget constraint. However for the sake of completeness it is interesting to analyze
the implications of the alternative budget constraint.

First, if r > g then 7% < 7p.Intuitively, with r > g, bequests b; 11 = b;e?? left by generation
t are smaller than capitalized bequests b.e™ received by generation ¢ , so from the viewpoint of
zero-receivers it is less desirable to tax bequest. Conversely, if r < g then 75 > 7p.

Next, in the Cobb-Douglas, no-taste-memory special case, then by substituting 7.(1 — «) =

7 — 7b,e” "9 into the steady-state formula for b, (Proposition 1), we obtain:

b s(1—7—a)elr—9H (18)
Y1 — ser=9H 4 s(elr—9H — )7y

dby 1—7 B
d(l — T B) by
is what is going on. In the initial formulation, we had ez = 0 : with a generational budget

It follows that eg = > 0 if r > g, and that eg < 0 if » < ¢. Intuitively, here
constraint, the 75 vs 7, tax mix had no impact on the generational transition equation and on
steady-state b,. With the alternative formulation, and with r > ¢, then a higher reliance on
bequest taxes is bad from the viewpoint of the generational budget constraint.

Finally, note that : 7% > 0 iff b,e™"=9% > (1 — @ — 7)s4. In the Cobb-Douglas, no-taste-
memory special case, one can see that we always have 75 > 0, even if g >> r. In particular, in

case g — 400 and b, — 0 , then 7; — 0, but never becomes negative.

A.3 Proof of Proposition 3 (alternative welfare weights) (section 3).

The proof is the same as for Proposition 2 (see section 3), except that we now consider an

individual 7 who receives positive bequest b;; = z;b;, and with total after-tax lifetime income

»8The same issue arises in optimal Ramsey taxation in a life-cycle model. This issue is discussed very clearly
in King (1980).
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Ui = (1—7)(1+ R)by; + (1 — 71)yrsi - Individual ¢ chooses b;11; to maximize
Vi(yti — bes1i, b, (L — 7) (1 + R)big1i).

The first order condition is again V,; = Vi,; + (1 — 75)(1 + R)V;,; This leads to biy1; = sy
(with 0 <'s; < 1) We can again define v; = (1 — 75)(1 + R)V};/V.; the share of bequest left for
bequest loving reasons, and s;,; = v;s; the strength of the overall bequest taste.

The difference with the zero-receiver case is that the utility change dV; created by a budget

balance tax reform d7g, d7; now includes an extra term:
dVi = —Voyrudry, — Vi;(1 + R)biyridrp — V(1 + R)by(1 + ep)drp

The extra term corresponds to the extra tax paid on received bequest b;;. This term includes
a multiplicative factor 1 + ep, because steady-state received bequest b,; = z;b; is reduced by
dby; = —epzibydrp/(1 — 7p) (note that the elasticity is the same at any given normalized level
z; of the inheritance distribution).

Using the fact that (14 R)b; = 2z;b,y, this can re-arranged into:

EBTRB szy 1— TL Ziby Ziby
dVi = Veiyred 1- - 0; i — (1
Yt TB[( 1_TB>1_a (1_TB Tazay ) UregT g

The first term in the square brackets is the utility gain due to the reduction in the labor
income tax, the second term is the utility loss due to reduced net-of-tax bequest left, and the
third term is the utility loss due to reduced net-of-tax bequest received. By using the fact that
l-7,=(1—-a—-71+7b,)/(1 —a) (from the government budget constraint), this can further

be re-arranged into:

Veiyredrp

V= A i —a)

(1—=(14+ep)t) byl — (1 —a— 7+ 7pby)swbl; — (1 +ep+ sp)(1 — 75)2by)

Summing up dV; over all z-bequest-receivers, we get:

Ve yredrp (14 ep+ sp:)(1 — 75)2b,
ASWF = 1-(1 by —(1—a— by)sbs —
SW A—rp)1—a) (1—(1+ep)tp)b, — (1 —a— 7+ T5by) s G
b .= Veillispid ¥ .. Veispiid¥ . S, Veiid®
W1 sz fZi:Z ‘/C,Leld\I/ 9 z — fzz:z ‘/;isbid\I] al cz — —ez
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Setting dSW F' = 0, we get the formula:

o 1—(1—a—"7)sp./by— (L+ep+ sp.)2/0,
7 (1+ep+s.)(1 — 2/0.)

Note 1. This proof is a direct generalization of the proof of proposition 2 and also works
with any utility function that is homogenous of degree one (and not only in the Cobb-Douglas
or CES cases). In the general case, sy, is the average of s;; over all z-bequest-receivers, weighted
by the product of their marginal utility V,; and of their labor productivity 6;, and 6, is the
average of #; over all z-bequest receivers, weighted by the product of their marginal utility V;
and of their bequest taste sp; In case sp; LV.yrs (e.g. in case there is no taste memory, or no
labor productivity inequality), and in case the utility functions V;() are Cobb-Douglas, then s,
is the simple average of s;; over all z-bequest-receivers, and 6, is the simple average of 6; over

all z-bequest receivers : sy, = E(sp|2; = 2) and 0, = E(0;]z; = 2).

Note 2. The optimal tax formula can be extended to the case I' > 0 , and to any welfare

weights combination (w.). L.e. summing up dV; over the entire distribution ¥(z, ), we have:

aSWF = 5 YC%ET—BM (1= (14 en)rn)by — (1— a— 7+ 75b )5 — LT +§b§)(1 ~r5)%h,
with : 5, = J Jzomzozo waVebs,V "4 7 — J Js000<0<0, w.oV.0s,V AW
ffzzo,eog(;SGI wWoeVOV Eaw fszO,eogegel wooVosyV LA’
£ = [ oo CL)ZeVCZ&SbV_Fd\IJamd V.= ffzzo,oogeée_l V.0V taw
J fzzo,eosesel WopVesp V- TdW ¢ 7

Setting dSW F = 0, we get the formula:

_ 1= (1—a—1)8/by,—(1+ep+3,)Z/0
(14+ep+35)(1—2z/0)

TB

Note that for any combination of positive welfare weights (w.¢) (in particular for uniform util-
itarian weights: w,gp = 1 Vz,6), then as I' — 400, we have: 5, — sy0 = FE(spi]|2; = 0,60; = 6p)

and Z/0 — 0, i.e. we are back to the radical Rawlsian optimum.

Note 3. The derivation of 75 presented here and in the proof of Proposition 2 neglects
the fact the steady-state distribution ¥(z, ) may also change in response to a small tax change
dt g, which could affect social welfare SW F' via an extra term dSW F. However we feel that

this extra term is not justified from a normative viewpoint (it is bizarre to let the planner affect
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the distribution of characteristics used to define social welfare), so we prefer in the general case
to define the welfare weights (w.g) “ex post” (i.e. taking as given the steady-state distribution
U(z,0) induced by the optimal policy) The question of endogenous welfare weights raises
complex conceptual issues and would deserve more attention in future research. In any case,
note that this makes no difference as long as we assume no labor productivity memory (6,
randomly drawn for each generation ¢ according to some fixed distribution h(6)) and we consider
z-receivers optima (i.e. w,g = 1 for a given z > 0, and w,.y = 0 if 2’ # 2) - since the sum dSWF
is computed over a fixed distribution ¥(z, 8) = h(#). More generally, empirical evidence suggests
that endogenous distribution effects are not very large - at least for the bottom segments of the
distribution that are relevant for social welfare computations (i.e. the bottom 50% share in
inherited wealth appears to be less than 5%-10% in every country and time period for which
we have data, irrespective of the wide variations in bequest tax rates), so this extra term seems

unlikely to have a large impact on socially optimal tax rates.

Proof of Corollary 1. The distributional formula can be derived in two alternative ways.
(i) First, starting from the original formula (Proposition 3), one can simply substitute
(1 —a —7)sp./b, by e "9y 2 /0. — sp.[rp + (1 — 7)2/0.]. and obtain immediately the

distributional formula:

A 1—e 9"y 2./0, — (1 +ep)z/0.,
B (1+ep)(1—2/6,)

This substitution comes from the following algebra. I.e. consider an individual ¢ receiving

bequest b; = z;b;, and leaving bequest b;1; = z;b;11. So we have:
berti = si[(1— 70)0iyre + (1 — 7p)zibie”™] = z3b

In steady-state we have b, = e97bh, = e~ (r—9)H byy:. Therefore the equation can be re-

arranged into:

sul(1—71)(1 = a)0; + (1 — 7p)ziby] = e v,

Substituting (1 —7,)(1 —a) =1 —a — 7+ 75b,, multiplying both sides by V.; and summing
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up over all individuals with z; = 2z , this gives:

(1—a—"1)sp./b, = e_(r_g)HszZ/Hz — sp[TB+ (1 —7B)2/0,]
f _ Veilisyd¥ f _, Veispithid¥
Wlth Spr = 2;=z 0, = 2i=z 7
fzi:z VeilidW fzi:z VeispidW
fz.fz Veibiviz,dV fz.fz VeilivdW
T, = — and v, = =

fz:z VeilividW fz:z Veilid¥
(ii) Alternatively, one can return to the equation dV; = —Vyrudrp — Vi, (1 4+ R)byy1idrp —
V(1 + R)by(1 + eg)drp. By substituting byy1; = xibip1 = x;€97by and yrdrp = —be™ (1 —

€BTB .
m)dTB, we get:

dVi = Ve Hdrp [(1 . fBTB > 0, — e~(r—otl Vi g eB)zi]

— TR 1—7'B

Summing up over all individuals with z; = 2 , this gives:

ASWE = VibeTdry [(1 - 16373 ) g, — ot Y2z gy eB)z}

— 7B — 7B
1—e 9"y 2./0, — (1 +ep)z/0.,
(I+ep)(1—2/0,)

(iii) Finally, note that depending on the available parameters, one might prefer to express the

i.e. T =

optimal tax formula in yet another equivalent way. Namely, in the original formula (Proposition
3) one can replace sy, by S, = s-x,-v,/ 7,.%9 In words, the fraction of total resources specifically
left for bequest motives s;, by z%-inheritance receivers is equal to the product of fraction of
total aggregate resources left (s), average bequest left by z-receivers/average bequest left (z.),
the share of z-receivers wealth accumulation due to bequest motive (v,), and divided by average

total resources of z-receivers/average total resources (7,).%° We then get the following formula:

1 -2 e ) (et Ty,

by T,

(1+ep+ 2221 49

z

TR —

By construction, all these formulas are fully equivalent.

9With: 7, = E(Ju|2i = 2)/§: = average total resources of z-receivers/average total resources; and: s ==
bi+1/0: = aggregate steady-state saving rate (bequests/lifetime resources).

605 = by 1/9; = aggregate steady-state saving rate (bequests/lifetime resources). In the no-taste-memory
special case, m, = E(m;|z; = z) (with m; = §+/9:) = average total resources of z-receivers/average total
., Veitlimid¥

resources. In the general case, m, = I A
2=z VetV

= average of m; weighted by the product V;0;.
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A.4 Proof of Proposition 4 (non-linear inheritance taxes) (section
3).
The proof is similar to the proof of Proposition 2.
Consider a small increase in the bequest tax rate drg > 0 above b*. In steady-state this

allows the government to cut the labor tax rate by:

byd *
dTL:—yTB (1— 67’3)

11—« 1—7p
(<0Oaslongas 75 <1/(1+¢€*)).
Consider an agent ¢ with zero received bequest (b; = 0) and with total resources g =

(1 — 71)Yru. We have:

~ ~ bi[l — (1+e")7g] dr
diti = —UrudTr = Yri— b

11—« 1—7p5

Replacing 1 — 71, by (1 — a — 7+ 7b;)/(1 — a), we have:

~ bl —(4e)TR] dr
Ay = Ui Y b

1—a—T+TBb; 1—7pg
(>0aslongas 75 <1/(1+¢e")).

Agent i divides his lifetime resources g;; into lifetime consumption ¢; and end-of-life wealth
wy; = byy1; by maximizing Vi; = V(cy, wyi, b1 — 7 (biy1:—bj 1) ™). Using the envelope theorem,
a change in d7p keeping §;; constant leads to a utility loss equal to —V;(byy1; — b5, 1) d7p. The
utility loss naturally is zero if the individual does not leave a bequest greater than b;,,. The
utility loss coming from dyy; is V.;dyy;.

For individuals leaving bequests above 0}, ;, the first-order condition is Vo; = Vi, + (1-—
75)(14+ R)V};, and one can again define s; = b1 /7 the fraction of life-time resources individual
i devotes to wealth accumulation. Then, we can define: define s,; = s;Vi/Ve and s =

si(1 = 75)(1 + R)Vy;i/Ve;. Hence, we have:

~ % - Shi « dr
dVi = Veidge — Vbi(bt+1i - bt+1)+d7'B =V [dyti - _b<bt+1i - bt+1)+ £ } )
Si 1— B
drp [ b1 —(1+ep)Tp]l s
AV =V i — (b1 — b )T
Vi vl—TB |:yt1—a—T+TBbZ si(Hl 1)

Summing up over all zero-bequest-receivers, we get:

drp [by[1—(1+ep)T5] - Spi
dSWF = Y ViU dV — Vi—(by1; — bF ) d¥ |,
1—17p [ l—a—71+ 7180 /ZFO & /ZFO S; (bes t+1)
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Introducing
S Vit (bysas — b ) a0
oo Vad®

* o
Spo =

We have:

d b1 — (14 €3
AdSWE = 1 5 / VeiljudW { y[ ( 5)7o] — Spo »
z;=0

—Tp l—a—7+7pb;

Setting dSWF = 0, we get:

1A —a—7)(s50/b) _
= and 7,=—">
1+ep + 55 -«

*
T TBby

TB

A.5 Proof of Proposition 5 (fuzzy capital-labor frontier) (section 4)

Start from a tax mix (75,77, Tk) satisfying the full-fuzziness constraint: 7, = 7 = Ty, and
consider a small change drg > 0 This allows the government to cut the labor tax rate by drp,

s.t.:

R R

1+ R)+(1—TB)dTK and dTK = dTL

dTL— byd?B (1_ 63?3

1-7p

) with d?B = dTB<1—TK
An individual 7 who receives no inheritances (b; = 0) chooses by y1; to maximize

Vil(1 = 7)Yzt — besais beyri, (1 = T) (1 + R)begrs).

Therefore, using the envelope theorem as b;.1; is optimized, the utility change dV; created by
dt g, dry, is such that

dVi = =Veyrudrr — Viibiy1,dTp

Utility maximization first order condition in by yq; is Vi; = Vi + (1 — 7p)(1 4+ R)V}; which leads
to byy1; = 8- We can then define sy; = s;,(1 — 7p)(1 + R)V}i/Ve (in the Cobb-Douglas utility,
sp; 1s a fixed exponent in the utility function, in the general homogeneous utility, s,; depends

on 7g). Hence, we have V,; = (sp;/s:)Vei/[(1 —Tp)(1 + R)] and

—dt dTp .
dV; =V [thz'(l —TL) L g ym‘Sbi} -

1-— TL 1-— TB
Replacing 1—7, by (1—a—7+4+7gb,)/(1—«), and —dr, by b,dTp(1-Tp(1+ep))/[(1—a)(1-T5)],

we have:

v, = VeiudT [ 1—(1+ep)Tn

by, — Spil -
1—04—T+?Bbyy Sb]

1—75
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Summing up over all zero-bequest-receivers, and setting dSWF = 0, we get the formula:
1—(1—a—7)sp/by

Tg = The corrected formula for 75 then follows directly from 7 =
14+e+ Spo -
T —TR
TB"'(l_TB)TK_lfR andTK:TL:—l_ay.

Note. In the statement and proof of Proposition 5, we assume implicitly that the bequest
tax is raised at the beginning of the period (with tax revenue invested by the government at rate
R), while the capital income tax is raised at the end of the period on the return to net-of-tax
bequest. Alternatively, one could assume that all taxes are raised at the same time (namely, at
the end of the period: the bequest tax is raised at the end of the period on the capitalized value
of bequests, and the capital income tax is an extra tax on the return to bequests). This is closer
in spirit to the continuous time model, but this would be somewhat strange in the fuzzy-frontier
context (since it would amounts to tax the return twice). Anyway, the formula would be changed
as follows. The government budget constraint would be: 7.(1 —«a)+75b, + 7 KbyHiR = 7. The

adjusted bequest tax rate would be defined as: 75 = TB—FTK%, so that 7, = @. After-
-«

tax, capitalized bequest left to next generation can be rewritten as follows: by, 1; = [(1—75)(1+

R) — 1k R]bi1; = (1 —Tp)(1+ R)biy1;. The formula for optimal 75 would be the same as before

1-(1—-a-— b —Tpb
(L=a=7)sw/by T75% The only difference would
1+ ep + swo -«

be that we now have: 7 =T — 7T Kl—f—iR' As compared to the previous formula, we get lower

(Tp = ). Same thing for 74 = 7, =
bequest tax rates (this is simply because they apply to capitalized bequests rather than to raw
bequests). E.g. in the example given in section 4.2, we would get 75 = 58%, 47%, 31%, —11%
(instead of 75 = 68%, 59%, 41%, —16% ).

A.6 Proof of Proposition 6 (optimal capital income tax) (section 4)

TO BE COMPLETED

The proof follows immediately from a simple continuity result. lL.e. with ez = 0, then
for any positive risk aversion level it is optimal to have full insurance (75 = 100%). So for
er arbitrarily close to 0, then 7y is arbitrarily close to 100%. The same continuity reasoning
applies to er = €r and T = 0%. Note that €p is finite because a lower return R is not only
bad for the capital income tax base: it also has a negative impact on the aggregate steady-state
bequest flow b,

In order to solve the model numerically in the intermediate case, we need to specify the form

of risk aversion. Of course risky returns are detrimental only if individuals are risk averse. A
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simple, albeit extreme, way to capture risk aversion is to posit that bequests leavers consider
the worst possible scenario case where their heir will receive the worst possible return. Let us
assume that the worst possible negative shock for ¢;; is equal to —g¢ < 0. We assume ¢, to be
exogenous and finite so that net capitalized bequests left are always positive even in the worst
case scenario. For simplicity we also assume Rp =0 and £ =1 .

Hence individual ¢ choose 0;,1; to maximize
V(1=7p)[14(eti+R) (1=7 1) —c(R)bri+(1=7 1)y rti—bes1s: bes1is (1=75)bryri(14+(R—e0) (1—7x) —c(R))]

Recall that R is such that ¢/(R) = 1 —7x. We naturally assume that ¢, is already realized when
choosing b;,1;. Assuming the worst possible return R — ¢ is a useful short-cut to capture risk
aversion for risky returns. In general, one could have used a concave utility and expectations
and we could have defined R — ¢y as the certainty equivalent rate of return. However, in that
general case, g would depend on the complete structure of the model (including all tax rates),
making the formulas much less tractable.

The first order condition for b;,4; is such that
Vi= quj—l-v;-j(l—TB)(1+(R—€0>(1—TK>—C(R)) hence v, = ‘/Ei(l—TB)(l—i-(R—Eo)(1—TK)—C(R))/VZ

We also make the Cobb-Douglas utility assumption and assume that s; is orthogonal to 6;

and z; (no memory case). In that case, the first order condition in b;,1; defines:
bipri =5+ [(1 = 7)1+ (1 = 7k) (et + R) — c(R))byi + (1 — T1)yrs]
which aggregates to
biyr=s5-[(1=75) 1+ (1 —7)R—c(R))b: + (1 — 71)yri
The government budget constraint is
Ty + b - [1+ (1 —7x)R — ¢(R)] + Tk 0 R = 7Y,

where Y; is defined such that (1 — «)Y; = yz;. Here, we assume that the bequest tax is raised
on capitalized bequests net of capital income taxes and net of costs to earn return R. As we

shall see, this is the natural assumption to obtain a simple expression for b; as it implies:

s(l—a—-1)Y,

by =5 [(14 B = el®)by +yp = 7] and by = omr—m =y
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which shows that b; does not depend on 75 (for fixed 7) so that eg = 0 and depends upon 7y
only through R. We denote e the elasticity of b; with respect to R. In the general case (not
Cobb-Douglas and with potential memory, we still have R a function of 74 only but b; now

depends in a complex way on both 7, and 75 (for a given 7), which complicates the formulas.

We derive the optimum for zero receivers. For zero receivers, the utility is:
V(1 = 70)0yre — besris besris (1 — T)biyri(1 + (R — €0)(1 — Tx) — ¢(R))]

Optimum 7. Consider a small reform d7g, d7; that leaves the government budget con-

straint unchanged. As eg = 0 and R depends solely on 7, we have db; = dR = 0 and hence
—drpyre = drgb; - [1 4+ (1 = 7x)R — ¢(R)]
For zero receivers, the effect on utility is
dV' = —drrypb; — drpribia (1 + (R —e0)(1 — 7x) — ¢(R))V5

Using the definition of v; = V(1 — 75)(1 + (R — &0)(1 — 7x) — ¢(R))/V/, we have

l1—7p14+(1=7)R—c(R)

AV =drgb, - [14+ (1 — 75)R — c(R)V! |6; —

Therefore, the optimum 75 for zero-receivers is such that:

If_x 1+G
0 1+ (1—7x)R—c(R)

Tg=1—

This formula is the same as the standard formula in Proposition 2 with ez = 0 but with the
rate of return R replaced with the net-rate of return (1 — 7x)R — ¢(R). Naturally, with 7, > 0
and costs of getting return R, the net-return is less than the gross return R and hence 75 is

smaller relative to proposition 2.

Optimum 7. Consider a small reform d7g,d7; that leaves the government budget con-

straint unchanged. We have (as ¢/(R) =1 — 7x):
—dTLth = TBdbt . [1 + (1 — TK)R — C(R)] + TdetR + dTKbt<1 — TB)R + TKbth

As b, depends on 7 only through R, we have

1-— TK dbt R . R R dbt
— eR. th ==t
b d(l—rg) BOROTER CBT R
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which implies that

1 — 2B
T ) T R

—dTL’th = dTKbtR 1-— B —
For zero receivers, the effect on utility is

AV’ = =VidrLypb; — dr (1 — 7p)zibia (R — £0) Vi

. , . 1+G
AV = —Vidrypb; — dr Ve R — eo)vizb
B T e (e TR
dv? s _TKeR(l—i-eg)_TBeReg[l—i-(1—7'K)R—C(R)]_ Vé—fi(l‘i”G)%
Vibdrgh R~ © 1— 7k (1—7x)R 1+ (R—¢e0)(1—7x)—c(R)

which leads to the fairly complex optimal tax formula for 7g:

TK
1—TK

14+ (1—7x)R — e(R) Z(1+ G
14+efy=1—151 R - . .
er(l+ep) T |1 +egrep 1-70)R 1+ (R—e0)(1—7x)—c(R)

If e =0, then 75 = 100% and 75 = 1 — V?Tx(l +G)

If egp > 0, then 75 < 100% and 75 decreases.

Note: with rent-seeking, if ep is zero sum game, then trivially ez = 0 and 7 = 100%. The
optimal tax formula is trivial because zero receivers do not get any extra-return capital income
(hence we do not need to keep track of welfare effects at all). See Piketty, Saez and Stantcheva
(2011).

These formulas can be solved numerically using MATLAB. In the simulation results pre-

sented in section 4.3 we assumed: ¢y = 0.6 - R(7x = 0).

A.7 Proof of Proposition 7 (elastic labor supply) (section 5)

With elastic labor supply, the most natural formulation for the government budget constraint
is

Tryre + Teb = 7Y,
where Y; is an exogenous reference income (which grows at rate 14+ G and independent of 75, 71).

Otherwise the revenue requirements would vary with labor supply, which seems strange.5!

61With inelastic labor supply, we could use actual domestic output Y; which was independent of taxes.
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It is also useful to introduce 7 = 7Y;/Y;, the tax to output ratio (which is now endogenous)

to rewrite the government budget constraint as:
(1 —a)+7pb, =T,
We have:
U'=1log V'[(1 — 70)0;vl; + (1 — 7)(1 + R)by — byi1is bes1i, bes1i(1 — 75)] — h(L;)
Hence, using the envelope theorem as /; and b;,1; are optimized, we have:

.V v,
AU = 7 [—d7ryre — dre(1+ R)by + (1 — 75)(1 + R)dby] — Vbibmidfg,

Using that db,; = —egbydrp/(1 — 75), Vi = (s:/5:)V./(1 — Tp), and by, 1; = ;7 we have:

. Vi ‘ .
dU" = ——<—— [—drryr(1 — 7p) — drp(1 + R)(1 — 75)(1 + €}3)by — GriswdTs)
Vl(l - TB)
; VidTB dTL 1-— B . B
d L i c _ i 1 _ _ 1 1 7 1 _ bz . iSvil
v Vi(l —7p) l drp 1—7'Lth< 7o) = (L+ R) (1 +ep)(1 = 7B)bsi — G Sb]

Using the link between d7p and drp: ypdr(1 —7(1+ep))/(1 —711) = —bdrg(l — 75(1 +

eg))/(1 —Tg), we have:

dU*

VZdTB |:bt 1—(1+€B)TB

V'L(l _ TB) yre 1 — (1 T+ eL)TL YLt ( TL) ( + )( + 63)( TB) t Yt Sb}
We can use b, = b;/Y; = b,(1 — «)/yr and (1 — )7, =7 — 7b, to get:

_ Vidrp byl — (1 +ep)T5]
S Vil—71) [l—a—(14er)(F — T5b,

du’ )yLm‘(l —71) — (1 4+ R)(1 4 €5)(1 — 75)by — gtisbi:| ,

For zero receivers, we have b; = 0 and hence:

‘ 1—(1
Vc a7 by[ ( i GB)TB] )yti — YtiSvi | »

dU' = —
Vil—7p) [l —a—(1+eL)(T —15b,

Setting dSW F = 0 for zero receivers, and defining

_ fZiZU(‘/Ci/Vi)thiSbid\I]
fZiZO(‘/Ci/Vi)thid\I’ ’

Spo =

we obtain:

0— byl — (1 +ep)T5]
1—a—(1+ep) (T —75b)

Rearranging, we obtain the formula in the proposition. The second part is straightforward.

— Spo-
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A.8 Proof of Proposition 8 (closed economy) (section 5).

TO BE COMPLETED
With a closed economy, the most natural formulation for the government budget constraint

is again: Tpyr; + Tby = TY; (see proof of Proposition 7).

A.9 Proof of Proposition 9 (continuous-time model) (section 5).

The proof is the same as proposition 2, except that the time subscript ¢ now denotes the time
at which cohort Nt inherits. We simply need to show that U; = pué; holds for various utility

specifications. We consider two different possible specifications for utility function Ug;:

a=D T—
U, = [/ 6_5(‘1_‘4)0;;7} (specification :: 1),
a=A

with = rate of time preference.
v = elasticity of marginal utility of consumption (=coefficient of relative risk aversion)

o = 1/v = intertemporal elasticity of substitution

a=b Ctia ﬁ
Uoi = [/ e~dla=A) (Hyl=y (specification 2),
a=A Qtia

with ¢y, = individual consumption habit stock

Specification 1 corresponds to the standard discounted utility model. Specification 2 is less
standard but in our view more realistic: it incorporates habit formation into the utility function
(which one can also interpret as a concern for relative status or relative consumption), in the
spirit of Carroll et al. (2000) (more on this below). Our results can also be extended to more
general utility functions, e.g. a mixture of the two.

Specification 1. Under specification 1, standard first-order conditions imply that individual

(a—A)

1 chooses a consumption path ¢y, = cya€9%° growing at rate g. = o(r —9) during his lifetime.

The utility value Ug; of this consumption path is given by:

a=D ﬁ

_ —d6(a—A) 11— _

U, = [/ g0l )ctw da} = [.CtiA
a=A

1

1 — 6_(5_(1_7)9c)(D_A) ) -

with p. = (
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Note that with g. = o(r — J), we have § — (1 —v)g. = r — g.. So p, can also be rewritten:

1 — o~ (rg)(D-A)\ T
ey
= gc

The end-of-life capitalized value of individual ¢ consumption flow ¢;; is given by:

a=D

~ r(D—a ~

Cyg = / e'l )Ctiada = HCtiA,
a=A

N e~ (r=gc)(D=A)

with p=e
r— e

Therefore we have: U, = ucy;

= gc

So in effect the continuous-time maximization program can be re-written as a two-period

1 — o~ (r—ge)(D—-A)\ T7
with = & = ( ‘ ) e '@ and g, =o(r —9)
o

maximization program:

max Vy; = V (Ui, Weip, br i)
s.c. Cy+wyp <Gy =(1— TB)Bti + (1 —71)Yri-

In the Cobb-Douglas case (V (U, w,b) = Ui —swiqswip®:), the p term disappears, and we
simply have: ¢&; = (1 — $;)0 and wyp = byygi = SiGu (With s; = Sy + Spi)-

In the CES case (V (U, w,b) = [(1 = Sui — $5) U7 + 8w ™7 + sbil_)l_ﬁ]ﬁ), or in the general
case with degree-one-homogeneity (VA > 0,V (AU, Aw, Ab) = AV (U, w, b)), the u term does not
disappear, but the point is that it does not depend on tax rates, so in effect it cancels out from
the first-order condition for optimal tax rates.

Specification 2. One unrealistic feature of specification 1 (making it ill-suited for empirical
calibrations) is that it implies that countries with faster growth should save less. This is because
the utility-maximizing consumption growth rate g. = o(r—9) is independent from the economy’s
growth rate g, so in effect with high ¢ and high expected lifetime income ¢;; young agents borrow
a lot against future growth (i.e. they set ¢4 far above their current earnings y144). In practice
consumption seems to track down income much more closely. The advantage of specification 2
is precisely that the habit formation term ¢;(a) provides a simple and plausible way to deliver
consumption growth paths more in line with income growth. For notational simplicity we assume

gi(a) = e and consider the two following cases:
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so that the utility-maximizing consumption growth rate is always

-caseQa:q:%(

exactly equal to the economy’s growth rate: g. = g)

- case 2b: ¢ = % (so that: g. =g+ o(r —9))

In case 2a, the economy’s saving rate is fully independent of its growth rate and of the rate
of return, and is solely determined by the taste-for-wealth and taste-for-bequest parameters. In
case 2b, utility maximizing consumption paths do react to changes in r, but in a reasonable
way (i.e. with consumption growth rates around the economy’s growth rate). This provides two
useful benchmark points to which the results obtained under specification I can be compared.
Our results could be extended to other intermediate specifications, as well as to more elaborate
models with endogenous habit stock dynamics, such as those developed by Caroll et al. (2000),
which can under adequate assumptions lead to the conclusion that countries with high growth
rates save more (if anything, this seems more in line with observed facts than the opposite
conclusion).

One can see that under both specifications 2a and 2b, U.; can be written: U, = ucy, with
= % given by the same formulas as before, except that one needs to replace g. = o(r — J) by

ge = g (case 2a) or g. = g + o(r — J)(case 2b).

B Extensions to dynamic efficiency and intergenerational
redistribution

Our optimal tax results can be extended in order to analyze the interaction between optimal
capital taxation and dynamic efficiency issues. These extensions are summarized in the main

text of the paper (see section 5.3). Here we provide the formal statements and proofs.

B.1 Intertemporal social welfare function

We first need to properly specify the intertemporal social welfare function. In the main text of
the paper, we solved a steady-state social welfare maximization problem. That is, we assumed
that the government attempts to maximize the following, steady-state social welfare function

(see section 3):

Vl—F
SWF = / / Wog—2—d¥(z,0) (19)
2>0,0<60<0 1-T

With:
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V.o = utility level V; attained by individuals with normalized inheritance z and productivity

w,g = social welfare weights as a function of normalized inheritance » and productivity 6%
' = concavity of social welfare function (I' > 0)%

U(z,0) = steady-state joint distribution of normalized inheritance z and productivity

We now consider the following intertemporal, infinite-horizon social welfare function:

Vt 7 —O6Ht
SWEF = — = Vi
DIRELI )
t=0,1,..,+00 t=0,1,...,400
With: 1+ A = e’ = social rate of time preference’

f/t = social welfare of generation ¢ , which can be written as follows:

B VI—F
Vi / / a2, 0)
sop<o<g LT

This intertemporal social welfare function might not be well defined (i.e. the intertemporal

sum might be infinite). In order to ensure that it is well defined, we need to put constraints
on parameters. First, note that the utility level V.4 attained by generation-t¢ individuals with
normalized inheritance z and productivity § grows at the same rate as per capita output (for

any z,0). To see this, note that V., is given by the following maximization programme:
Vieo = max V(Crz0, Wiz, bip120) St Crog + Wiap < Yoo = (1 — 7p)zbe™ + (1 — 71) 0y

As t — 400, and under assumptions 1-3, b,; = Bie™ /Y, = be™™ Jy, — b,, so that after-tax
income Y9 — [(1 — 75)2by + (1 — 71)0(1 — a)]y: . Le. Yp.p grows proportionally to per capita
output y, = Y;/N; = yoesH*. Since the utility function V(c,w,b) is homogenous of degree one,
it follows that all utility levels V;.y also grow at instantaneous rate g (i.e. at generational rate
1+G = e ast — 400, Vieg = tlig — pgys- So I' > 0 can be viewed as a parameter

measuring the concavity of the social planner’s preferences with respect to income.

62More generally, the welfare weights w.g could depend not only on normalized inheritance z and productivity
0, but also on other individual characteristics, such as taste parameters. This would complicate the notations
without affecting any of the results.

G3If T =1, then SWF = JS.509<o<pw=0108(V20)d¥ (2, 0).

64In the same way as for growth rates 1 + G = €97, population growth rates 1 + N = ™ rates of return
1+ R = e, we use capital letters for generational rates and small letters for instantaneous rates: we note
14+ A = e’ the generational social rate of time preference, and ¢ the corresponding instantaneous social rate
of time preference. E.g. if § = 1% and H = 30 years, then A = 35%, i.e. from the social planner’s viewpoint
the welfare of next generation matters 35% less than the welfare of the current generation.
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Next, a natural constraint to put on welfare weights w;.¢ is that their sum grows at rate
(1 — I")n, where n is the instantaneous population growth rate (possibly zero), and I'' € [0, 1]
can be thought of as a parameter measuring the concavity of the social planner’s preferences

with respect to population size:

// WipdV,(2,0) = Ntl—F’ _ Noe(l—r’)nHt
2>0,0<0<0

In case I = 0, then this means that the sum of welfare weights grows at the same rate as
population, so that in a sense the planner puts equal weight on each individual - whether they
belong to small or large cohorts - so that larger cohorts matter more in terms of social impact.
This is sometime called the “Benthamite” case in the literature: the planner cares about the
total quantity of welfare, supposedly like Jeremy Bentham. Conversely, in case IV = 1, the sum
of welfare weights is constant over time, i.e. the planner does not care about population size
per se: he only cares about average welfare of each cohort (or on the normalized distribution of
welfare within each cohort), and puts equal total weight on each cohort - irrespective of their
size. This is the so-called “non-Benthamite” case.%> Both approaches do have some merit - and
so does the intermediate formulation with IV € [0,1]. In this paper, we do not take a strong
stand on this complex ethical issue. Nor do we take a strong stand about the income concavity
parameter ' > 0 (we later return to this normative discussion).

Our point here is simply that intertemporal social welfare SW F' is well defined (non-infinite)

if and only if:
Assumption 4 §+Tg+I"'n>g+n

So for instance in case I' > 1 (i.e. if the social welfare function is at least as concave as the
log function), and IV =1 (or n = 0), then this condition is satisfied for any J > 0, including for
infinitely small rates of time preference (§ — 0). In our view, this is a desirable property for a
social welfare function. We see no strong normative reason why ¢ should be strictly positive,
i.e. why the social planner should put higher welfare weight on the present or nearby generation
than on future or distant generations. As § — 0, the social planner cares almost exclusively
about the long-run, steady-state social welfare, which implicitly is the only case we considered

so far.

550On Benthamite vs. non-Benthamite social welfare functions, see e.g. Blanchard and Fischer (1989, Chapter
2, pp. 39-45, notes 4 and 13).
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B.2 Period-by-period government budget constraint

In the main text of the paper, we assumed the following period-by-period budget constraint:

T Y + T Bie™ = 7Y ie: tr(l—a)+ TRy =T

In Proposition 2 (and subsequent propositions), we solved for the stationary tax policy
(Toe = 7L, Tt = Tp)i>o Maximizing steady-state social welfare. If we maintain the period-
by-period budget constraint, but now consider intertemporal social welfare maximization, our
results can be extended as follows.

First, if we allow for non-stationary tax policies (714, Tp¢)i>0, then unsurprisingly it will
generally be desirable to have higher bequest tax rates 7p; early on and then to let 75; decline
over time. This simply comes from the fact that the short run elasticity of the bequest flow is
smaller than the long run elasticity. Indeed the elasticity of the initial bequest flow by is equal
to zero: capital in on the table and can be taxed at no efficiency cost.

Next, and more interestingly, as ¢ — oo, then 75, — 75(0), and 77, — 7.(9), and as

0 — 0, these limit tax rates converge towards the steady-state welfare optimum.

Proposition 10 . With a period-by-period government budget constraint, and infinitely small
rates of time preference (6 — 0), then the tax policy sequence (T pt, T pt)i>0 maximizing intertems-
poral social welfare converges towards the steady-state welfare optimums:

(1) Ast — +oo, then T — 75(0), and Ty — 71(9)

1—(1—a—7)sp/by,
2) As 6 — 0, th ) =
(2) As o — en75(0) = 7p 1+ ep + S0

T — 7b,

and 71(8) — 7 = 1o

Proof. The proof is the same as Proposition 2. The formula for s;, with I' > 0 is given
in proof of Proposition 2 (see appendix A2 above). If the social rate of time preference is
vanishingly small (0 — 0), then the intertemporal maximization programme is equivalent to
the steady-state maximization programme (in effect the planner puts infinite weight on the long

run). QED.

B.3 Intertemporal government budget constraint

We now introduce the intertemporal government budget constraint. We start with the open

economy case. The government can freely accumulate assets or liabilities at a given world rate
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of return 1 + R = ¢"# 'We again assume an exogenous public good requirement G, = 7Y, each
period (with 7 > 0). We assume zero initial government assets (Ag = 0). The intertemporal

government budget constraint can be written as follows:%

Z (TLtYLt —|— TBtBteT'H)e—THt — Z T}QG_THt

t=0,1,..,4-0c0 t=0,1,...,4-00

Noting 7y = 714(1 — ) + 7ty the average effective tax rate imposed on generation t total

resources (with 7, > 0), this can be rewritten as follows:

§ ?ty;fe—rHt — § Tne—rl{t

t=0,1,..,+00 t=0,1,...,+00

This budget constraint might not be well defined (i.e. the intertemporal sum might be
infinite). For the sum to be well-defined, we must assume the standard transversality condition,

according to which the rate of return r should be larger than the economy’s growth rate g + n:
Assumption 5 r>g+n

In case this assumption is not satisfied, i.e. in case r < g + n, then the net present value
of future domestic output and tax revenue flows is infinite, so that the government would like
to borrow indefinitely against future resources in order to finance current consumption. In
principle, this should make the world net asset position decline in the long run (i.e. at some
point the domestic economy would cease to be small), so that ultimately the world rate of return
(the world marginal product of capital) should rise so as to restore r > g + n.

Given a tax policy sequence (Tp:, Tri)i>0, the net asset position A; of the government at
time ¢ is equal to the capitalized value of previous primary surpluses or deficits: Ay = (1 +
R)A; + (7; — 7)Y;. The ratio between net government assets and domestic output a; = A4;/Y;

can be written as follows:

ar =TI g 4 (7 — 1) 9T e g, = Z (Fy — 7)er—9—mH(=9)

s=0,1,..,t

66Here we assume a constant ». When r varies over time, one needs to replace e~ by e~ Jicomsds Note that
the intertemporal budget constraint integral converges iff r > n + g (if » < n + g then the net present value of
future output flows and government spending is infinite). More on this below.
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Take any tax policy sequence (7p¢, Trt)i>0 satisfying the budget constraint and converging
towards some asymptotic tax policy (7p,7) as t — +oo. Under assumptions 1-3, b, — b,
and 7, — 7 = 7,(1 — ) + 7b, Then two cases can happen:®’

(i) Either the government runs a long run primary deficit: 7 < 7. This deficit is financed
by the returns to the government assets accumulated through initial primary surpluses: as
t— +o0,a; —a>0

(ii) Or the government runs a long run primary surplus: 7 > 7. This surplus is used to
finance the interest payments on the government debt accumulated through initial primary
deficits: as t — 400, a; — a < 0.

In both cases, the long run government budget constraint and net government asset position

can be written as follows:

7r(l—a)+71pb,+ Ra=T+Ra=r1

Where R=¢e —e0tWH =14+ R—-(14+G)(1+ N)=R—G—~ N -GN
Intuitively, R is the rate at which the government can consume its asset returns while insuring
that assets keep up with economic growth (or equivalently the rate at which the government

should reimburse its debt to avoid exploding debt).%®

B.4 Open economy

The key question is the following: in the long run, will the government choose to accumulate
positive assets or debt? In the open economy case, the answer depends entirely on the level of
the world rate of return r > 0 In case r is sufficiently large (as compared to the planner’s rate
of time preference and concavity parameters), then intertemporal social welfare is maximized
by accumulating positive assets. In case r is sufficiently small, then intertemporal social welfare
is maximized by accumulating debt. More precisely, it all depends upon whether r is larger
or smaller than the so-called modified Golden rule rate of return r* = § + I"n 4+ I'g. L.e. the

optimal policy sequence (7 pt, Tr:):>0 can be characterized as follows:

6THere we neglect exploding asset accumulation paths (a; — +00 or a; — —o0), which in effect are ruled out
by the assumptions 7; > 0 and 7y < 1 (see below).
58In a continuous time model, this rate would simply be 7 = r — g — n.
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Proposition 11 (Open economy intertemporal optimum). Define the modified Golden
rule rate of return r* as follows: v* = § +1"n + I'g. Three cases can happen:

(1) If r > r*, then the social planner chooses to have all tax payments in the short run
(current or nearby generations). I.e. the planner chooses to impose high tazes in the short run,
zero taxes in the long run (T — 0 and Ty — 0) and to accumulate sufficiently large positive
assets to finance public good provision: a; — @ = % >0

(2) If r < r*, then the social planner chooses to postpone tax payments to the long run
(distant generations). I.e. the planner chooses to impose low taxes in the short run, revenue-

maximizing taxes in the long run (tp; — Tp and Tr; — Tr) and to accumulate mazimal debt
T—T
R

(3) If r = r*, then any positive or negative government asset position can be a social optimum

compatible with financing public good provision: a; — ag = <0
(depending on the initial condition and the parameters). For any given optimum @ > 0 or
a < 0, then for infinitely small rates of time preference, the tax policy sequence (Trt, Tpt)i>0

maximizing intertemporal social welfare converges towards the steady-state welfare optimum. Ie.
1— (1 —CY—’/')Sbo/by
1+ es + Swo

ast — 400, Ty — T(0), and Ty — TL(9), and asd — 0, Tp(d) — 75 =

T — Tb, — a/R

l—«

and 71,(8) — 7 =

Proof. Consider the case r > r*, and assume that 7, = 7,(1 — @) + 7pbyy — 7 > 0.
Consider a small change whereby the planner raises the tax rate at time ¢t to 7, = 7 + d7
and reduces the tax rate at some future time s > ¢ to 7, = 7 — dr’ Budget balance requires:
e =D dr = eo"s=dr" If r > r*, one can immediately see that the induce change in social
welfare dSW F' is positive.

TO BE COMPLETED

Note that the only reason why we get finite asset accumulation is because we constrain the
government to use very simple policy instruments. I.e. once the government has accumulated
enough assets to finance public good provision, there is no point accumulating additional assets,
since the government cannot distribute negative taxes (i.e. we assume 7; > 0, and we also
assume away lump sum transfers). Otherwise in case r > r*, the planner would accumulate
infinite assets (a; — +00). In effect, the economy would cease to be a small open economy any
more. So if we are interested in the full social optimum, it makes more sense to look the closed

economy case.
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B.5 Closed economy

In the closed economy case, the domestic capital stock K, is equal to the sum of private and

H

government assets (i.e. K; = B;+ A;), and the generational rate of return 1+ R, = €™ is equal

to the marginal product of capital:

«
Rt — FK - -
By
K,
with: 8, = 7t = bye """ 4 a, = domestic capital-ouput ratio
t

One can show that the government will accumulate assets until the point where the modified
Golden Rule condition is satisfied: r; = r* = § + I'n + I'g. (or, equivalently, 1 + R; = e =
1+ R =™ = (1+A)(1+ N1+ G)F). That is, the government will accumulate assets
until the point where 5, = 8* = %. Will this involve the accumulation of positive government
assets or the accumulation of public debt? Both cases can happen, depending on parameters.
The important point is that the socially optimal level of capital accumulation and the market
equilibrium level of capital accumulation depend on completely independent parameters, so this
can really go both ways. T

On the one hand the socially optimal level 8* depends on the parameters of the social welfare
function §, I, I" . A more patient planner will accumulate more capital. A more concave planner
will accumulate less capital (infinite concavity = intergenerational Rawlsian = no need to leave
any capital to next generations since they will be richer than us; of course one problem if we do
that is that growth might itself disappear).%

On the other hand, the market equilibrium depends on the parameters of private preferences.
If the taste for bequest and wealth is very small, then there will little capital accumulation.

Conversely, if the taste for bequest and wealth is very large, then there will be a lot of capital

accumulation. In a full fledged life cycle model, demographic parameters would also matter

%9n the famous Stern (2007) vs. Nordhaus (2007a, 2007b) controversy about the proper social discount rate
r*, both parties agreed about 6 = 0.1% (Stern views this as an upper bound of the probability of earth crash;
Nordhaus is unenthusiastic about what he views as an excessively low and “prescriptive” value, but does not
seriously attempt to put forward ethical argument for a bigger §) and g = 1.3% (on the basis of observed per
capita growth rates in the long run), but strongly disagreed about I': Stern picked T' = 1, so that r* = 1.4%,
implying a very large net present value of future environmental damages and an urgent need for immediate
action; Nordhaus picked I' = 3, so that r* = 4.0%, implying a more laissez-faire attitude. As argued by Sterner
and Persson (2008), a surprising feature of this debate is that from a cross-sectional redistribution perspective,
I' = 1 implies relatively low inequality aversion and government intervention (probably less than Stern would
support), while I' = 3 implies relatively large inequality aversion and government intervention (which Nordhaus
would probably not support). One way to make the various positions internally consistent would be to introduce
one supplementary parameter, namely the long run relative price of the environment in a two-good growth model
(see Guesnerie 2004).
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(Modigliani triangle formula), and one could end up with very small or very large capital
accumulation, depending on the specifics. The general point is that there is really no reason in
general to expect the market equilibrium to deliver more or less capital accumulation than the
social optimum: it could really go both ways.™

But wherever it goes, the point is that this is essentially orthogonal to the issue of optimal

tax policy:

Proposition 12 (Closed economy intertemporal optimum). The optimal government
policy looks as follows:
(i) First, the optimal government asset and debt policy is chosen so as to satisfy the mod-

ified Golden rule: v, — r* = § +1"n + I'g. The capital-output ratio converges towards the
a o
R*  eH ]

corresponding level: 8, = bye "7 +a, — B = .This will involve government
assets (a; — a > 0) in case private agents tend to under-accumulate capital in this economy
(bye™™ < ), and government debt (a; — @ < 0) in case they tend over-accumulate assets
(bye_”H > [3*). Both cases can happen, depending on parameter values for private preferences
and social welfare function.

(ii) Next, for infinitely small rates of time preference, the tazx policy sequence (Trt, Tpt)t>0

mazximizing intertemporal social welfare converges towards the steady-state welfare optimum. Ie.
1—(1—a—7)sp/by,
1+4+e B 1 Sko

ast — +oo, 1y — 75(0), and Ty — 71(9), and as§ — 0, T5(0) — Tp =

T —71pb, —a/R

11—«

and T(0) — T =

Proof. The proof is essentially the same as proposition 2.

TO BE COMPLETED

"The central point made by Diamond (1965) was exactly this: in a general OLG model, one could very well
get over-accumulation or under-accumulation of capital.
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Figure 1: Top Inheritance Tax Rates 1900-2011
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Figure 2: Top Income Tax Rates 1900-2011
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Figure 3: Top Income Tax Rates: Earned (Labor) vs Unearned (Capital)
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Figure 4: Annual inheritance flow as a fraction of national
Income, France 1820-2008
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Figure 5: Annual inheritance flow as a fraction of
disposable income, France 1820-2008
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