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Abstract

This paper derives optimal inheritance tax formulas that (a) capture the key equity-
efficiency trade-off, (b) are expressed in terms of estimable sufficient statistics, (c) are
robust to the underlying structure of preferences. We consider dynamic stochastic models
with general and heterogeneous bequest tastes and labor productivities. We limit ourselves
to simple but realistic linear or two-bracket tax structures to obtain tractable formulas.
We show that long-run optimal inheritance tax rates can always be expressed in terms
of distributional parameters, aggregate behavioral elasticities and social preferences for
redistribution. Importantly, those results carry over with tractable modifications to (a)
the case with social discounting (instead of steady-state welfare maximization), (b) the
case with partly accidental bequests, (c) the standard Barro-Becker dynastic model. In all
cases, the optimal inheritance tax rate increases with the concentration of bequest received
and decreases with the elasticity of aggregate bequests to the net-of-tax rate. The optimal
tax rate is positive and quantitatively large if concentration is high, the elasticity is low
and society cares mostly about those receiving little inheritance. In contrast, the optimal
tax rate is negative when society cares mostly about inheritors. We propose a calibration
using micro-data for France and the United States. We find that for realistic parameters
the optimal inheritance tax rate might be as large as 50%-60% - or even higher for top
bequests, in line with historical experience.
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1 Introduction

There is substantial controversy both in the public policy debate and among economists about
the proper level of taxation of capital income and inheritances. The public debate centers around
the equity vs. efficiency issues. On the one hand, inequality between individuals arises not only
from inequality in labor income but also from inequality in inheritances received. Piketty (2011)
shows that bequests can be quantitatively important and tend to grow very rapidly in low-growth
mature economies such as France. Furthermore, in contrast to labor income, individuals are
hardly responsible for the inheritances they receive. Inheritance taxation redistributes from
those receiving large inheritances toward those who do not. On the other hand, inheritance
taxation also hurts those who accumulate wealth to leave inheritances for the welfare of their
heirs, and hence might discourage wealth accumulation in the first place.

In the economic debate, there is a wide array of models and results capturing the issue of
optimal capital/inheritance taxation. Those models differ primarily in terms of preferences for
savings/bequests and the structure of economic shocks. In the infinite life model of Chamley
(1986) and Judd (1985) with no stochastic shocks, the optimal capital income tax is zero in the
long-run because a constant capital income tax creates a growing distortion on inter-temporal
choices. In a life-cycle model with no bequests and homogeneous preferences for savings, labor
income is the sole source of inequality and optimal capital income taxation is zero because a
nonlinear earnings income tax is a more efficient tool for redistribution (Atkinson and Stiglitz,
1976). However, many subsequent studies have shown that those famous zero capital tax re-
sults can be overturned by relaxing each of the key hypotheses.! While those extensions provide
important insights, it is hopeless to be able to ever measure directly the exact individual pref-
erences’ distributions to tell apart the different models. This leaves the current field of optimal
capital income taxation fairly scattered with no clear policy implications as different—yet difficult
to test—assumptions for bequest behavior lead to different formulas and magnitudes.

In this paper, we make progress on this issue by showing that optimal inheritance tax
formulas can be expressed in terms of estimable “sufficient statistics” including distributional
parameters, behavioral elasticities and social preferences for redistribution. Those formulas are

robust to the underlying primitives of the model and capture the key equity-efficiency trade-off

!The most studied extensions leading to non-zero capital income taxes are: (a) presence of idiosyncratic
labor income shocks, (b) accidental bequests, (c) bequests givers caring about pre-tax or post-tax bequests
rather than the utility of heirs, (d) long-run steady-state welfare maximization, (e) time-invariant taxes, (f) lack
of government commitment (Kopczuk 2013 and Diamond and Werning 2013 provide recent surveys).



in a transparent way. This approach has been fruitfully used in the analysis of optimal labor
income taxation (Piketty and Saez, 2013 provide a recent survey). We follow a similar route
and show that the same equity-efficiency trade-off logic also applies for inheritance taxation.
This approach successfully brings together many of the main disparate results obtained in the
literature on optimal capital tax theory.

We first consider in Section 2 dynamic stochastic models with general and heterogeneous
preferences for bequests and ability for work where donors care solely about the net-of-tax be-
quest they leave to their heirs, and where the planner maximizes long-run steady-state welfare.
This is the simplest case to illustrate the key trade-off transparently. Importantly however, we
show in Section 3 that our results carry over with tractable modifications to (a) the case with
social discounting (instead of steady-state welfare maximization), (b) the case with partly acci-
dental bequests, (c¢) the standard Barro-Becker dynastic model with homogeneous discounting.

In all cases, the problem can be seen as an equity-efficiency trade-off where the optimal
inheritance tax rate increases with the concentration of bequests received, decreases with the
elasticity of aggregate bequests to the net-of-tax rate, and decreases with the value that society
puts on the marginal consumption of bequest receivers and bequest leavers. The optimal tax
rate is positive and quantitatively large if the elasticity is low, bequests are quantitatively large
and highly concentrated, and society cares mostly about those receiving little inheritance. In
contrast, the optimal tax rate is negative when society cares mostly about inheritors.

As in the public debate, the desirability of taxing bequests hinges primarily on wealth in-
equality and mobility and how social marginal welfare weights are distributed across groups.
The optimal tax rate is zero when the elasticity of bequests is infinite nesting the zero capital
tax Chamley-Judd result.? In contrast to the Atkinson-Stiglitz zero capital tax result in the
life-cycle zero-bequest model, inheritance taxation is non-zero even with optimal labor taxation
because with bequests, inequality is bi-dimensional ands labor income is no longer the unique de-
terminant of lifetime resources. Indeed, in the OLG zero-bequest version of our dynamic model,
labor income and capital income are perfectly correlated, inequality is uni-dimensional and the
natural optimum capital income tax rate is zero under standard assumptions for preferences.

The case with social discounting and government debt shows that cross-sectional redistribution

?In the altruistic dynasty case, the elasticity includes an anticipatory component as wealth accumulation
decisions are affected before a tax change takes place. In the Chamley-Judd case with no stochastic shocks, this
anticipatory elasticity is always infinite, even when preferences are tweaked (with endogenous discount rates) to
make the long-run steady-state elasticity of bequests with respect to the long-run net-of-tax rate finite.



issues are orthogonal to optimal capital accumulation issues.

Importantly, we limit ourselves to extremely simple linear (or two-bracket) tax structures
on inheritances and labor income to be able to obtain tractable formulas in models with very
heterogeneous preferences. The advantages are that, by necessity, our tax system is well within
the realm of current practice and the economic trade-offs appear transparently. This “simple tax
structure” approach is in contrast to the recent new dynamic public finance (NDPF) literature
(Kocherlakota, 2010 provides a recent survey) which considers the fully optimal mechanism
given the informational structure. The resulting tax systems are complex—even with strong
homogeneity assumptions—but potentially more powerful to increase welfare. Therefore, we
view our approach as complementary to the NDPF approach.?

As an illustration of their use for policy recommendations, we propose in Section 4 a numer-
ical simulation calibrated using micro-data for the case of France and the United States. We
find that for realistic parameters the optimal inheritance tax rate might be as large as 50%-60%
- or even higher for top bequests, in line with historical experience. To our knowledge, this is
the first time that a model of optimal taxation delivers tractable and estimable formulas that

can be used to analyze real world inheritance tax rates.

2 Optimal Steady-State Inheritance Tax Rate Formula

We consider a dynamic economy with a discrete set of generations 0,1,..,¢,.. and no exoge-
nous growth. Each generation has measure one, lives one period, and is replaced by the next
generation. Individual ¢i (from dynasty 4 living in generation t) receives pre-tax inheritance
b;; > 0 from generation ¢t — 1 at the beginning of period t. Inheritances earn an exogenous
gross rate of return R per generation. Individual ¢z has exogenous pre-tax wage rate wy;, works
lii, and earns yr;; = wyly; at the end of period and then splits lifetime resources (the sum of
net-of-tax labor income and capitalized bequests received) into consumption ¢;; and bequests
left by 1; > 0. We assume that there is a linear labor tax at rate 774, a linear tax on capitalized

bequests at rate 7p;, and a lumpsum demogrant E;.* Individual ¢i has utility function V*(c, b, 1)

3Farhi and Werning (2010) analyze optimal bequest taxation in a two-period Atkinson-Stiglitz model and in
a NDPF model. In both cases the benchmark is zero bequest taxes and they show that caring about inheritors
leads to negative but progressive bequest tax rates. In appendix A.4 we analyze the links between our analysis
and theirs and show that their results have simple counter-parts within our linear tax structure analysis. We
also discuss in which ways more complex tax mechanisms could in practice improve welfare.

4Note that the 75, taxes both the raw bequest biy1; and the lifetime return to bequest (R — 1) - byy14, S0 it
should really be interpreted as a broad-based capital tax rather than as a narrow inheritance tax.



increasing in consumption ¢ = ¢;; and net-of-tax capitalized bequests left b = Rbyy1;,(1 — Tp111),

and decreasing in labor supply | = [;;. Hence, the individual maximization problem is:

max Vti(Ctm Rbyy1i(1 = Tpes1), lu) s.b. ¢+ b1 = Rby(1 — Tpe) + wiil(1 — 710) + By (1)

LiisCisbes 1520
The individual first order condition for bequests left is V" = R(1 — 7;41)V}" if byr1; > 0.

We denote by b, ¢, yr: aggregate bequests received, consumption, and labor income in
generation t. We assume a stochastic process for utility functions V* and for wage rates wy
such that, with constant tax rates and demogrant, the economy converges to a unique ergodic
steady-state.’> In the long-run, the position of each dynasty is independent of the initial position.
Our model allows for heterogeneity in preferences for work and bequests and work ability.

We assume that the government chooses steady-state long-run policy F, 7., 7 to maximize
steady-state social welfare, a weighted sum of individual utilities with Pareto weights wy;, subject

to a period-by-period budget balance F;, = 75, Rb; + Tr+yrs.°

TL;TB

SWF = max /thV“(Rbtz(l — TB) + wtilti(l — TL) —+ E — bt-l—lia Rbt—i—li(l — TB), ltz) (2)

Note that, in the ergodic equilibrium, social welfare is constant over time. Taking the demogrant
E as fixed, 77, and 7 are linked to meet the budget constraint, £ = g Rb;+71,yr:. The aggregate
variable b; is a function of 1 — 75 (assuming that 7, adjusts), and yr; is a function of 1 — 7,
(assuming that 75 adjusts). Formally, we can define the corresponding long-run elasticities as:

eg = ]_—TB dbt and er = 1—7’L d’th (3)
bt d(]_—TB) E Yrt d(l—TL) E'

That is, ep is the long run elasticity of aggregate bequest flow (i.e. aggregate capital ac-

cumulation) with repsect to the net-of-bequest-tax rate, while ey, is the long run elasticity of
aggregate labor supply with repsect to the net-of-labor-tax rate.

We denote by g = wy;V."/ f] wtjl/;tj the normalized social marginal welfare weight on indi-
vidual ti. gy measures the social value of increasing consumption of individual ¢i by $1 (relative
to distributing the $1 equally across all individuals).

Consider a small reform drg > 0, budget balance with dE = 0 requires that dr;, is such that:

RbthB <1 — 631 5 ) = —dTLth <1 — € L ) . (4)

— TR 1—7’L

5All we need to assume is an ergodicity condition for the stochastic process for V¥ and wy;: Whatever one’s
parental taste or productivity, there is always a positive probability of having any other taste or productivity.
See Piketty and Saez (2012) for a precise mathematical statement and concrete examples. Random taste shocks
typically generate Pareto distributions with realistic levels of wealth concentration—which are difficult to generate
with labor productivity shocks alone. Random shocks to rates of return would work as well.

SExogenous (non transfer) government spending H; can be added without affecting the analysis.
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Using the fact that b;11; and [; are chosen to maximize individual utility and applying the

envelope theorem, the effect of the reform drg, d7; on steady-state social welfare is:
dSWF = /wti‘/cti . (Rdbtz(l — TB) — RbtidTB - dTLthi) + wtiVQ” : (_dTBRbt+1i).

At the optimum, dSWF = 0. Using the individual first order condition V! = R(1 — 75)V}*

when b;yq; > 0, expression (4) for dry, and the definition of g;;, we have:

/igt < 7 Rbi( +eBt)+1_eLTL/<1_7'L> YLt — 7B

1-— 1-— y bet1;
eBTB/< TB) YLt Rbydry — dTBl t+1 ) , (5)

177’3 dbm
bm‘ d(l*TB)

with egy; =

. the individual elasticity of bequest received.”

The first term captures the negative effect of drp on bequest received (the direct effect and
the dynamic effect via reduced pre-tax bequests), the second term captures the positive effect
of reduced labor income tax, the third term captures the negative effect on bequest leavers.

To capture distributional parameters of earnings, bequests received, and bequests left, we
use the ratios—denoted with an upper bar—of the average weighted by social marginal welfare

7received 7 left
precetved - p

weights ¢4 to the unweighted average. Hence, ¥, , are the population averages of

Gti *Yrei /YL, Gt bei /bty Gri - bey1i/bir1. Such ratios are below one if the variable is lower for those
with high social marginal welfare weights. Finally, let ég be the average of eg;; weighted by

giibyi.8 Dividing (5) by Rbsdrp, the first order condition is rewritten as:

1—637’3/(1—7’3)_ Z_)left

0= _Breceived 1 5 o
e =) ™ ™ R =)

hence

Steady-State Optimum. The optimal tax rate T that mazimizes long-run steady state social

welfare with period-by-period budget balance is given by:

1 i |:1 . eLTLi| . [BreijVEd(l + éB> + lgleft

—T Ry
B = — e ?— preceived A~ - ’ (6)
1+ep— [1—ﬁ} Bl (] 4 o)

Five important points are worth noting about this formula.

First, the presence of R in formula (6) is a consequence of considering steady-state maxi-
mization, i.e., no social discounting. As shown in Section 3.1, with social discounting at rate
A < 1, R should be replaced by RA. Furthermore, in a closed economy with government debt,
dynamic efficiency implies that the modified Golden, RA = 1, holds. Hence, formula (6) con-

tinues to apply in the canonical case with discounting and dynamic efficiency by replacing R by

"Note that ep is the bequest-weighted population average of epy;.
8¢p is equal to ep (by-weighted average of epy;) if individual bequest elasticities are uncorrelated with gy;.



one in equation (6). This also remains true with exogenous economic growth.? Therefore, if one
believes that the natural benchmark case involves dynamic efficiency and no social discounting
(A = 1), then it is natural to interpret formula (6) assuming R = 1. It is unclear however
whether this is the most relevant case for numerical calibrations, as we shall see below.

Second, 75 decreases with the elasticity ep and with b*°V*d and bt i.e., the social weight
put on bequests receivers and leavers. Under a standard utilitarian case with decreasing marginal
utility of income, welfare weights g;; are low when when bequests and/or labor income are high.
As bequests are more concentrated than labor income (Piketty, 2011), we expect b**°Ved < g
and 0'°® < ;. In the limit where bequests are infinitely concentrated, bcved pleft < 4, and (6)
boils down to 75 = 1/(1 + ep), the standard revenue maximizing rate. Conversely, when social
welfare weights g;; put sufficient importance on large inheritors, then b*°*d will be larger than
one and 7 will eventually become negative. If society cares mostly about very large inheritors,
then the optimal 75 will be infinitely negative.

Third and related, bequest taxation differs from capital taxation in a standard OLG model
with no bequests in two ways. Firstly, 7 hurts both donors and donees making bequests
taxation relatively less desirable, as 7p decreases with both b and b*ved (Kaplow 2001).
Indeed, a negative 75 is possible when redistributive motives are moderate so that bleft, preceived,
and gy are all close to one and the labor supply elasticity ey is modest. Secondly, bequests
introduce a new dimension of life-time resources inequality lowering becc™ved /g, = bt /37, and
making bequests taxation more desirable. This intuition is made precise in Section 3.2 where
we consider the OLG model where zero capital taxation is the natural benchmark.

Fourth, general social marginal welfare weights allow great flexibility in the social welfare
criterion choice. One normatively appealing concept is that individuals should be compensated
for inequality they are not responsible for—such as bequests received—but not for inequality
they are responsible for—such as labor income (Fleurbaey, 2008). This amounts to setting
social welfare weights to zero for all bequest receivers and setting them positive and uniform
on zero-bequests receivers. About half the population receives negligible bequests so that this

“Meritocratic Rawlsian” optimum has broader appeal than the standard narrow Rawlsian case.

Meritocratic Rawlsian Steady-State Optimum. The optimal tax rate T that mazximizes

9We started with the steady-state, budget balance, open economy, no growth case for pedagogical reasons.
Introducing social discounting, government debt, closed economy, and economic growth requires more complex
notations and derivations even though the core of the proof and the key economic mechanisms are the same.



long-run welfare of zero-bequest receivers with period-by-period budget balance is given by:

1 1 E€1TI, 1 Bleft
B 1-7.| Ry . Tleft —
- . . with e gy (7)

the ratios of average bequests left, and labor income of zero—receivers to population averages.
In that case, even if zero-receivers have population average labor earnings (y, = 1), if
bequests are quantitatively important in life-time resources, zero-receivers will leave smaller
bequests than average so that b < 1. Formula (7) then implies 75 > 0 even with R = 1 and
er, = 0. The optimum rate (7) is below the revenue maximizing rate 1/(1+ep) as zero-bequests
receivers are hurt by the inheritance tax through the bequests they leave to their heirs.
Fifth, the optimal 75 decreases with ey, (and 71,) as a more elastic labor supply makes it less

desirable to shift bequest taxation to labor taxation. In the inelastic labor case, formula (7)

1—1319“/(RgL)

Tre, - 1f we further assume ep = 0 and R =1 (benchmark case

further simplifies to 75 =
with dynamic efficiency and A = 1), then the optimal tax formula becomes 753 = 1 — bt /3.
The optimal tax rate solely depends on distributional parameters, namely the relative position
of zero-bequest receivers in the distributions of bequests left and labor income. For instance,
if B /g, = 10% , e.g. if zero-bequest receivers expect to leave bequests that are only one
tenth of average bequests and to receive the same average labor income, then it is in their
interest to tax bequests at rate 75 = 90%. Intuitively, with a 90% bequest tax rate, the
distortion on the “bequest left” margin is so large that the utility value of one additional dollar
devoted to bequests is 10 times larger than one additional dollar devoted to consumption.'® This
intuition illustrates the critical importance of distributional parameters—and also of perceptions
about these parameters. If everybody expects to leave large bequests, then subjectively optimal
bequest tax rates will unsurprisingly be fairly small-or even negative.

pleft preceived “and g depend on Tg, 71

Naturally, as for virtually all optimal tax formulas,
and hence are endogenous. Assumptions need to be made on how those parameters vary with
tax rates. To demonstrate the practical power of those sufficient statistics formulas, we propose
such a calibration exercise in Section 4 using the actual joint distributions of (preceived pleft 4 )
for the United States and France. As an aside, it is also possible to obtain a formula trading-off

77 and the optimal lumpsum demogrant E.'' In all cases, formula (6) applies unchanged.

0For the same reasons, note that if bt /g, = 100%, but R = 2, then 75 = 50%. lL.e. if the return to capital
doubles the value of bequests left at each generation, then it is in the interest of zero receivers to tax capitalized
bequest at a 50% rate, even if they plan to leave as much bequests as the average.

"The optimal 77, (or E) increases with the social redistributive tastes and decreases with the overall respon-
siveness of labor and bequests to taxation.



3 Extending the Optimal Formula to other Contexts

In this section, we show that the formula we obtained in the basic model of Section 2 can be
easily adapted to alternative settings. The basic equity-efficiency trade-off carries over in all
cases showing that the sufficient statistics approach is extremely powerful to bring together

various strands of the optimal capital tax literature that previously seemed irreconcilable.

3.1 Social Discounting, Government Debt, and Dynamic Efficiency

Let us assume that the government maximizes a discounted stream of social welfare across
periods with generational discount rate A < 1 (Section 2 considered the special case A = 1):

SWEF = Z A' /Wtivti(Rbti(l — 7pt) + Wil (1 — 70¢) + By — beyri, Rbesri(1 — 7)), la)-

t>0 ?

Budget balance and open economy. Let us first keep period-by-period budget balance so
that Ey, = 7, Rb; + Ty along with the open economy R exogenous assumption. Consider
again a reform drp so that drg; = drg for all t > T (and correspondingly dry; to maintain
budget balance and keeping E; constant) with T large (so that all variables have converged).

dSWEF = Z A [ Wi VI (Rdby (1 — Tp,) — Rbydrs — drriyre)+ Z Al /wti‘/lfi-(—dTBRbtJrli).

t>T v t>T—1 ¢

The key difference with steady-state maximization is that the reform also hurts generation T'— 1
bequest leavers. Hence, the negative term on bequest leavers carries extra weight 1/A in the
social welfare calculus. Defining ep, ég, e;, as the average discounted elasticities (see appendix

A.1.1 for exact and complete definitions), we obtain the following optimal formula:

Long-run optimum with social discounting. The optimal long-run tax rate g that max-

imizes discounted social welfare with period-by-period budget balance is given by:

1—7p YL

erT Jreceive ~ Tleft
1-— |:1— LL].[b . d(1+63)+ﬁb;j—L:|

B — y (8)

preceived

1+ep— [1—%4} received (1 4 53

1—7p gL
The only difference with (6) is that R is replaced by RA in the denominator of the term reflecting
the utility loss of bequest leavers. The intuition is transparent: the utility loss of bequest leavers
has a multiplicative factor 1/A because bequests leavers are hurt one generation in advance of

the tax reform.'? Naturally, with no discounting A = 1 and formulas (6) and (8) coincide.

12A future inheritance tax increase 30 years away, does not generate any revenue for 30 years and yet already
hurts the current adult population contemplating leaving bequests to their heirs in 30 or more years.

8



Government debt in the closed economy. Suppose now that the government can use debt
(paying the same rate of return R) and hence can transfer resources across generations. Let a;
be the net asset position of the government. If RA > 1, reducing consumption of generation
t to increase consumption of generation ¢ + 1 is desirable (and vice-versa). Hence, if RA > 1,
the government wants to accumulate infinite assets. If RA < 1, the government wants to
accumulate infinite debts. In both cases, the small open economy assumption would cease to
hold. Hence, a steady-state equilibrium only exists if the Modified Golden Rule RA = 1 holds.
Therefore, it is natural to consider the closed-economy case with endogenous capital stock
K; = by+a;, CRS production function F'(Ky, L;), where L; is the total labor supply, and rates of
returns on capital and labor are given by R, = 1+ F and w; = Fy. Denoting by R, = R;(1—7p;)
and w, = wy(1 — 77;) the after-tax factor prices, the government budget dynamics is given by
agy1 = Ryay + (Ry — R,)by + (wy — w,) Ly — E;. Two results can be obtained in that context.
First, going back for an instant to the budget balance case, it is straightforward to show that
formula (8) carries over unchanged in this case. This is a consequence of the standard optimal
tax result of Diamond and Mirrlees (1971) that optimal tax formulas are the same with fixed
prices and endogenous prices. The important point is that the elasticities eg and ey are pure
supply elasticities (i.e., keeping factor prices constant). Intuitively, the government chooses the
net-of-tax prices R, and w, and the resource constraint is 0 = b; + F'(b;, L;) — R,by — w,L; — E,
so that the pre-tax factors effectively drop out of the maximization problem and the same proof
goes through (see appendix A.1.2). Second, and most important, moving to the case with debt,

we can show that the long-run optimum takes the following form.

Long-run optimum with social discounting, closed economy, and government debt.
In the long-run optimum, the Modified Golden Rule holds so that RA = 1. The optimal

long-run tax rate T continues to be given by formula (8) with RA =1,

1—7p, YL yL

1 o |:1 . eLTL] . |:Erec_eived (1 + éB) + B;eft]
: (9)

™B — - —
1+63—[1—ﬂ} breceived (1 4 Y

1—7p, YL

Proof: We first establish that the Modified Golden Rule holds in the long-run. Consider a small
reform dw; = dw > 0 for a single T" large (so that all variables have converged). Such a reform
has an effect dSW F' on discounted social welfare (measured as of period T') and da on long-term
government debt (measured as of period 7). Both dSW F and da are proportional to dw.

Now consider a second reform dwy,; = —Rdw < 0 at 7'+ 1 only. By linearity of small

9



changes, this reform has welfare effect dSWF' = —RAdSWF' as it is —R times larger and
happens one period after than the first reform. The effect on government debt is da’ = —Rda
measured as of period T'+ 1, and hence —da measured as of period T (i.e., the same absolute
effect as the initial reform). Hence, the sum of the two reforms would be neutral for government
debt. Therefore, if social welfare is maximized, the sum has to be neutral from a social welfare
perspective as well implying that dSW F + dSW F' = 0 so that RA = 1.

Next, we can easily extend the result above that the optimal tax formula takes the same

form with endogenous factor prices (appendix A.1.2). Hence, (8) applies with RA = 1. Q.E.D.

This result shows that dynamic efficiency considerations (i.e., optimal capital accumulation)
are conceptually orthogonal to cross-sectional redistribution considerations. That is, whether or
not dynamic efficiency prevails, there are distributional reasons pushing for inheritance taxation,
as well as distortionary effects pushing in the other direction, resulting into an equity-efficiency
trade-off that is largely independent from aggregate capital accumulation issues.!?

One natural benchmark would be to assume that we are at the Modified Golden Rule (though
this is not necessarily realistic). In that case, the optimal tax formula is independent of R and
A and depends solely on elasticities and the redistributive factors preceived pleft 7,

If the Modified Golden Rule does not hold (which is probably more plausible) and there is
too little capital so that RA > 1, then the welfare cost of taxing bequests left is smaller and
the optimal tax rate on bequests should be higher (everything else being equal). The intuition
for this result is simple: if RA > 1, pushing resources toward the future is desirable. Taxing
bequests more in period T hurts period T'— 1 bequest leavers and benefits period T' labor
earners, effectively creating a transfer from period T — 1 toward period 7. This result and
intuition depend on our assumption that bequests left by generation ¢ — 1 are taxed in period ¢
as part of generation t life-time resources. This fits with actual practice as bequests taxes are
paid by definition at the end of the lives of bequests leavers and paid roughly in the middle of the
adult life of bequests receivers.!4 If we assume instead that period t taxes are Tp¢biy1 + Treyre,
then formula (8) would have no RA term dividing 4" but all the terms in b**d would be

multiplied by RA. With government debt and dynamic efficiency (RA = 1), formula (9) no

13The same decoupling results have been proved in the OLG model with only life-cycle savings with linear
Ramsey taxation and a representative agent per generation (King, 1980 and Atkinson and Sandmo, 1980).

14Piketty and Saez (2012) make this point formally with a continuum of overlapping cohorts. With accounting
budget balance, increasing bequests taxes today allows to reduce labor taxes today, hurting the old who are
leaving bequests and benefiting current younger labor earners (it is too late to reduce the labor taxes of the old).

10



longer depends on the timing of tax payments.!®

Economic growth. Normatively, there is no good justification for discounting the welfare of
future generations, i.e. for assuming A < 1. However, with A = 1, the Modified Golden Rule
implies that R = 1 so that the capital stock should be infinite. A standard way to eliminate
this unappealing result as well as making the model more realistic is to consider standard labor
augmenting economic growth at rate G > 1 per generation. Obtaining a steady-state where all
variables grow at rate G per generation requires imposing standard homogeneity assumptions on

. ti C e_hti(l) 1=
individual utilities so that V*(¢,b,1) = (o @1—y )

with U"(c,b) homogeneous of degree
one. In that case, labor supply is unaffected by growth. The risk aversion parameter v reflects
social redistributive tastes both within and across generations.'® We show in appendix A.1.3
the following results with economic growth.

First, the steady-state optimum formula (6) carries over by just replacing R by R/G. The
intuition is simple. Leaving a relative bequest b;11;/b;1 requires making a bequest G times
larger than leaving the same relative bequest by y1;/b;. Hence, the relative cost of taxation to
bequest leavers is multiplied by a factor G.

Second, with social discounting at rate A, marginal utility of consumption grows at rate
G777 < 1 as future generations are better off and all macro-economic variables grow at rate G.
This amounts to replacing A by AG'™7 in the dSWF calculus. Hence, with those two new
effects, formula (8) carries over simply replacing AR by A(R/G)G'™ = ARG™.

Third, with government debt in a closed economy, the Modified Golden Rule becomes
ARG™ = 1 (equivalent to r = § + g when expressed in conventional net instantaneous
returns). The well-known intuition is the following. One dollar of consumption in generation
t+ 1 is worth AG™" dollars of consumption in generation ¢ because of social discounting A and
because marginal utility in generation ¢ 4+ 1 is only G77 times the marginal utility of genera-
tion ¢t. At the dynamic optimum, this must equal the rate of return R on government debt.
Importantly, with the Modified Golden Rule, formula (9) carries over unchanged with growth.!”
Role of R and G. Which formula should be used? From a purely theoretical viewpoint, it

15Tn the Meritocratic Rawlsian optimum, we can obtain (9) by considering steady state maximization subject
to 7pibi11 + TLiyre = E and without the need to consider dynamic efficiency issues (see appendix A.3).

16Tn general, the private risk aversion parameter v might well vary across individuals, and differ from the
social redistributive taste I'. Here we ignore this possibility so as to simplify the notations. See Piketty and
Saez, 2012, Appendix C, for a more complete treatment.

17 Adding population growth at rate N per generation does not affect formula (9) either. The Modified Golden
rule is unchanged if social welfare each period grows linearly in population size (Benthamite case). The Modified
Golden rule becomes ARG~Y/N = 1 if period-by-period social welfare does not grow with population size.
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is more natural to replace R by ARG~ = 1 in formula (6), so as to entirely separate the
issue of optimal capital accumulation from that of optimal redistribution. In effect, optimal
capital accumulation is equivalent to removing all returns to capital in the no growth model
(R =1). However from a practical policy viewpoint, it is probably more justified to replace R
by R/G in formula (6) and to use observed R and G in order to calibrate the formula. The
issue of optimal capital accumulation is very complex, and there are many good reasons why the
Modified Golden Rule ARG~ = 1 does not seem to be followed in the real world.*® In practice,
it is very difficult to know what the optimal level of capital accumulation really is. Maybe partly
as a consequence, governments tend not to interfere too massively with the aggregate capital
accumulation process and usually choose to let private forces deal with this complex issue (net
government assets - positive or negative - are typically much smaller than net private assets).
One pragmatic viewpoint is to take these reasons as given and impose period-by-period budget
constraint (so that in effect the government does not interfere at all with aggregate capital
accumulation), and consider steady-state maximization, in which case we obtain formula (6)
with R/G.

Importantly, the return rate R and the growth rate G matter for optimal inheritance rates
even in the case with dynamic efficiency. Namely, a larger R/G implies a higher level of
aggregate bequest flows (Piketty 2011), and also a higher concentration of inherited wealth.
As a result, a larger R/G tends to imply both smaller 5*°*d and smaller 5" among bottom

receivers and hence a higher 75.

3.2 Role of Bi-Dimensional Inequality: Contrast with the OLG Model

Our results on positive inheritance taxation (under specific redistributive social criteria) hinge
crucially on the fact that, with inheritances, labor income is no longer a complete measure of
life-time resources, i.e., that our model has bi-dimensional (labor income, inheritance) inequality.

To see this, consider a simple OLG model with no bequest and where each person lives for
two periods and works only in period 1 and funds consumption in period 2 with life-cycle savings.
In this model, inequality is uni-dimensional (solely due to labor income). Appendix A.2 shows

that the OLG case fits within the class of economies we have considered by simply relabeling

18F.g. with A = 1 but high social curvature 7 (intergenerational Rawlsian), MGR implies that we should
leave vanishingly small capital to future generations - they will be so productive that they will not need it. One
obvious problem with this reasoning is endogenous growth. If little capital is left, then future growth might also
be lower. See Piketty and Saez 2012 Appendix B for a more detailed discussion of dynamic efficiency issues, in
particular in relation to the debates on environmental capital and global warming.

12



bequests as life-cycle savings and assuming that each dynasty is a succession of two-period long
lives. The young work and receive no bequests. The old do not work and receive “bequests”
from their younger self. As welfare of the old is captured through the young, the zero-receivers
social objective is the natural benchmark. In this model, our optimal formulas apply and the
optimal tax rate on savings is zero under standard homogeneity assumptions. Intuitively, the
linear labor tax is sufficient to redistribute across the uni-dimensional labor income inequality.
Optimal zero capital tax in the no-bequest OLG version of our model. If individ-
ual utilities are such that V%(c,b,1) = U'(u(c,b),1) with u(c,b) homogeneous of degree 1 and
homogeneous in the population, linear labor taxation is sufficient and zero savings tax is optimal.

The formal proof is presented in appendix A.2 where we show that any tax system (75, 77, F)
can be replaced by a tax system (7 = 0, 77, E’) that leaves everybody as well off and raises more
revenue. This result is the linear tax version of the Atkinson-Stiglitz theorem. In addition to
standard weak separability, it also requires that u(c, b) be homogeneous of degree one (Deaton,
1979).' The intuition can be understood using our optimal formula (9) for zero receivers.
Suppose for simplicity here that there is no demogrant. With wu(c,b) homogeneous, bequest
decisions are linear in life-time resources so that b;,1; = s- ypu(1 — 774) where s is homogeneous
in the population but may depend on the price 1/[R(1 — 7p41)]. This immediately implies
that Elwy Vb i1i]/biy1 = ElwiV.E %] /yre so that b = . Absent any behavioral response,
capital taxes are equivalent to labor taxes on distributional grounds in the OLG model because
there is only one dimension of inequality left. Next, the capital tax 75 also reduces labor supply
(as it reduces the use of income) exactly in the same proportion as the labor tax. Hence, shifting
from the labor tax to the capital tax has zero net effect on labor supply and e;, = 0. With
bt = g, and e, = 0 (and b"*d = 0), (9) implies that 75 = 0. Critically, this zero-tax result
and reasoning fails with bequests as they create a second dimension of inequality and b'®* < 7.

An extension would be to consider nonlinear (but static) earnings taxation. With inheri-
tances, the Atkinson-Stiglitz theorem would no longer apply as, conditional on labor earnings,
bequests left are a signal for bequests received, and hence correlated with social marginal welfare
weights violating assumption 1 of Saez (2002) extension of Atkinson-Stiglitz to heterogeneous

populations.?’ We leave the derivation of the optimal 75 in that case to future work.?!

19With economic growth, this homogeneity assumption is also needed to obtain balanced growth (Section 3.1).

20The simplest way to see this is to consider the case with uniform labor earnings. As inequality arises solely
from bequests, labor taxation is useless for redistribution and bequest taxation is the only redistributive tool.

21 As shown in appendix A.4, this OLG model is equivalent to the Farhi and Werning (2010) two-period model
with working parents leaving bequests and non-working children receiving bequests. When children’s welfare

13



3.3 Accidental Bequests or Wealth Lovers

Individuals also leave bequests for non-altruistic reasons. For example, some individuals may
value wealth per se (e.g., it brings social prestige and power), or for precautionary motives
and leave accidental bequests due to imperfect annuitization. Such non-altruistic reasons are
quantitatively important (Kopczuk and Lupton, 2007). If individuals do not care about the
after-tax bequests they leave, they are not hurt by bequests taxes on bequests they leave.??
Bequest receivers continue to be hurt by bequests taxes. This implies that the last term b'°f*
in the numerator of our formulas capturing the negative effect of 75 on bequest leavers ought
to be discounted. Formally, it is straightforward to generalize the model to utility functions
V*t(c,b,b,1) where b is pre-tax bequest left which captures wealth loving motives. The individual
first order condition becomes V" = R(1—7p;41)V}"+ V" and vy; = R(1—7p41) V) /V! naturally
captures the relative importance of altruism in bequests motives. All our formulas carry over

b'f as the population average of g1y /b, instead of gy;by/by. As we shall

by simply redefining
see in Section 4, existing surveys can be used to measure the relative importance of altruistic
motives vs. other motives to calibrate the optimal 75. Hence, our approach is robust and

flexible to accommodate the non altruistic motive extension that is empirically first order.

3.4 Standard Dynastic Model

The Barro-Becker dynastic model has been widely used in the analysis of optimal capital tax-
ation. Our sufficient statistics formula approach can also fruitfully be used in that case with
minor modifications. In the dynastic model, individuals care about the utility of their heirs
Vi1 instead of the after-tax capitalized bequests R(1 — 7pi41)bi41; they leave. The standard
assumption is the recursive additive form V¥ = u'(c, 1) + 6V where 6 < 1 is a uniform
discount factor. With stochastic wages and standard assumptions, this model also generates
an ergodic equilibrium where long-run individual outcomes are independent of initial position.
The key difference with our initial model is that bequest behavior can change generations in
advance of an anticipated tax change.??

To illustrate our approach in the dynastic model in the most pedagogical way, let us first

counts solely through parents’ altruism for social welfare, the zero-receivers formula applies and the optimal
Tp is zero as just discussed. If additional weight is put on children’s welfare, the formula with breceived > 0
immediately implies that 75 < 0, i.e., bequests should be subsidized, the linear tax version of Farhi-Werning.
22They also will not directly respond to changes in bequest taxes leading to a smaller overall elasticity ep.
23In our model, a future bequest tax change at date T has no impact on behavior until the first generation of
donors (i.e., generation T — 1) is hit.
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assume inelastic earnings yr, exogenous rate of return R, a constant and uniform discount
factor 0, uniform felicity functions u(c), and a utilitarian planner. Because labor supply is
inelastic, we assume without loss of generality that 7, = 0 and that bequest taxes fund the
demogrant E;. The individual budget is ¢y + byy1; = Rbyi(1 — 7p¢) + 75 Rb; with by 1; > 0. The

individual first order condition implies that (regardless of corners where b, y1; = 0),

ul(cti)bt-i-li = 5R(1 — TBt+1)bt+1iEtu/(Ct+1Z‘) and hence bie_,ftl = 5R(]_ — TBt_;'_l)b;inlved (10)

where the second expression is obtained taking population averages and bt bie¢ived are again

defined as the population averages of u'(cy;)biy1i/ (b1 B/ (cii)], W' (Cig1i)bivri/ [bir1 B (Ciyni)]-
In this model, the bequest tax redistributes from the wealthy to everybody which is desir-
able for insurance reasons (when u/(cy;) is negatively correlated with b,;) but is undesirable for

efficiency reasons as 7p affects wealth accumulation.

Optimum long-run 75 for generation zero. Let (75¢):>0 be the sequence of tax rates that

maximizes E'Vj, i.e., expected utility of generation 0. We have:

EVy = Z 6" Eu(Rby(1 — 75¢) + T:Rb: + yrss — biy1i)-

>0
Assume that 7, converges to 7. Consider a small reform drg for all ¢ > T where T is large so
that all variables have converged to their ergodic limit. As b;; is chosen optimally, we can apply

the envelope theorem, and the effect of the reform on E'Vj is:

dE‘/O = RdTB Z 6tE[ Ctz)(bt — btz + R Z 5t Ctz)]TBtdbt

t>T >0

The first term is the mechanical welfare effect (absent any behavioral response) while the second
term reflects the welfare effect due to behavioral responses in savings behavior affecting tax
revenue (and hence the demogrant). Importantly, note that the second sum starts at t > 0 as

bequests may be affected before the reform takes place in anticipation. At the optimum,

1 dEV TBt
0= — E S'Eu (ct;) (b — by)] § S Eu (cy)]by , 11
R drs "(c4) (b vi)] + 2 (¢ )] [ et (11)
with ep; = 1_b:Bt P the elasticity of b; with respect to the small reform drp (for all t > T).

For t > T, 7p; changes by drg and the savings decision is directly affected. When t — oo,

epe converges to the long-run elasticity ep of b, with respect to 1 —715.2* For t < T, 75, does not

24This long-run elasticity ep is calculated assuming that tax revenue is rebated lumpsum period by period.
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change, hence savings decisions are only affected in anticipation of the future tax increase. In a
model with no stochastic shocks (as in Chamley-Judd), the full path of consumption is shifted
up for t < T and then decreases faster for t > T". This implies that savings start responding from
period 0 even for a very distant tax reform. In the stochastic model however, the anticipation
response is attenuated as individuals hit the zero wealth constraint almost certainly as the
horizon grows (see appendix A.1.4). Therefore, we can assume that ep; is non-zero only for ¢
large at a point where 7g;, b; and ¢;; have converged to their long-run distribution. Hence, we
can define the total elasticity e as the sum of the post-reform response elasticity e%OSt and the

pre-reform anticipatory elasticity e%ntidp' as follows:

€L = POt AN with P = (1 — 0) Z 6 Tep, and 29" = (1 —¢) Z " Tep. (12)
>T t<T

ek is the elasticity of the presented discounted value of the tax base with respect to a distant
tax rate increase. €™ is the standard (discounted) average of the post-reform elasticities ep;
while e3P is the sum of all the pre-reform behavioral elasticities ep,. We show in appendix
A.1.4 that ¢%"“P becomes infinite when wage stochastic shocks disappear as in Chamley-Judd??
but it is finite in the Aiyagari (1995) model with stochastic shocks. Naturally, ¢ — ep when

§ — 1.%6 Using (10) and (12), we obtain from (11) the following optimal tax formulas.

Dynastic model long-run optimum, period 0 perspective, inelastic labor supply.

1 — Breceived [ _ % Bleft
1 — [_)rccoivod 4 eg or eqUZUUzZETLtly B = W

(13)

™B —

where ek, defined in (12), is the total (post-reform and anticipatory) elasticity of the present
discounted value of aggregate bequests to a long-term distant pre-announced bequest tax increase,
breceived and b are the population average of by (cy)/[biBu! (cy)] and by (cii) [ [bes1 B! (cyi)].

Six points are worth noting about formula (13). First, it shows that the standard equity-
efficiency approach also applies to the dynastic model. The first expression in (13) takes the
standard optimal linear tax rate form, decreasing in the elasticity e% and decreasing with the
distributional parameter b**d. The key is simply to suitably define the elasticity eL. As
argued above, this elasticity is infinite in the Chamley-Judd model with no uncertainty so that

our analysis nests the Chamley-Judd result. However, whenever the elasticity €% is finite, the

25Importantly, in that case, e%ntidp' is infinite even in situations where the long-run elasticity ep and hence

e%OSt is finite as in the endogenous discount factor case of Judd (1985), Theorem 5, p. 79 (see appendix A.1.4).

26Numerical simulations could easily shed light on how e5"“P" eP°** ey change with the model specification

and in particular the structure of stochastic shocks.
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optimal tax rate is positive as long as b"°"*d < 1 i.e., bequests received are negatively correlated
with marginal utility u’(cy;) which is the expected case.?”

Second, there is no double counting in the dynastic model from period 0 perspective. Hence,
the cost of bequests taxation can be measured either on bequests receivers (first formula in (13))
or equivalently on bequests leavers (second formula in (13)). This shows that the optimal 75 in
the dynastic model takes the same form as (8), the long-run optimum with social discounting
from Section 2, ignoring the welfare effect on bequests receivers, i.e., setting breceived = (.28

Third, with inelastic labor supply, the full optimum would be to set 7, = 1, i.e., provide

preceived — pleft — 1 and 75 becomes useless.?? The inelastic labor

perfect insurance, so that
supply case is nevertheless pedagogically helpful.*® As we show in appendix A.1.5, adding labor
supply with heterogeneous felicity functions u(c, 1) and considering a drp, dr;, trade-off as in

Section 2 modifies the optimal tax formula exactly as in our Section 2 analysis:

Dynastic model long-run optimum, period 0 perspective, and elastic labor supply.

1 i breceived |:1 _ eLTL:| 1 _ Lbleft |:1 B eLTL]
yL 1-71 . SR L, -7,
B = — or equivalently T = = , (14)
1 . preceived _eLTL + eT 1 _|_ eB
gL 1-7p B

where ey, is an average elasticity of aggregate earnings with respect to 1 —1y, (see appendiz A.1.5
for ezact definition) and yy, is the population average of yryuu'(cyi)/lyreEv'(c)).

Fourth, optimal government debt management in the closed economy would deliver the
Modified Golden rule §R = 1 and formulas (13) and (14) continue to hold (see appendix
A.1.6). Hence, our model nests the Aiyagari (1995) analysis and provides a transparent economic
intuition for why positive capital income taxation is desirable in his model.

Fifth, we can consider heterogeneous discount rates ;. Formula (13) still applies with

Dot Eld1i-Oriu’ (cri)bes]
2>t Elo1in-0eu (cri)]be

nasties, precisely those that accumulate wealth so that b™*d > 1 and 75 < 0 is likely. In

preceived Hence, b°*ved puts weight on consistently altruistic dy-

= llIIlT

that case, the period 0 criterion puts no weight on individuals who had non-altruistic ancestors.

This fits with aristocratic values, but is the polar opposite of modern meritocratic values.

2TThis point on the sign of optimal long-run bequest taxation was made by Chamley (2001) although he did
not derive an optimal tax formula. He also crafts an example showing that b**°ived > 1 is theoretically possible.

28Naturally, 71, = e;, = 0 here. Note also that 7, is replaced by one because the trade-off here is between the
bequest tax and the demogrant (instead of the labor tax as in Section 2).

29With no uncertainty, the steady-state requires 6 R = 1 so that the second formula (13) also delivers 75 = 0.

30As discussed below, our results easily extend to heterogeneous discount factors &;. In that case, even with
no earnings heterogeneity (or 7, = 1), inequality arises due to bequests and the optimal 75 is non-zero.
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Sixth, adding Pareto weights wy; that depend on initial position delivers exactly the same
formula as the long-run position of each individual is independent of the initial situation. This

severely limits the scope of social welfare criteria in the period 0 perspective model.

Optimum long-run 75 in the steady-state. Finally, to come back full circle to our initial
analysis in Section 2, it is instructive to consider the optimum long-run 75 that maximizes the
steady-state utility of the dynastic model (instead of period 0 utility). We consider elastic labor
supply as in Section 2 (without adding any notational complication). The government solves

max EV Z 5t tz Rbtz 1 — TB) + wmltz(l — TL) -+ E — bt—‘,—h, ln)]

TLTB +>0

where we assume (w.l.0.g) that the steady-state has been reached in period 0. by; is given to
the individual (but depends on 75) while by for ¢ > 1 (and [y; for ¢ > 0) are chosen optimally

so that the envelope theorem applies. Therefore, first order condition with respect to 75 is:

O = R(l — TB)E [U?(CO“ le)dbOz} + Z 5tRE [U?(Ctiv ltz) . (_btidTB + thidTL — TLdthi)} . (15)

>0

Equation (4) linking dr;, and drp continues to hold in this dynastic model with long-run steady
state elasticities eg and ey. The anticipatory elasticity disappears in the steady-state model
and epg is the long-run elasticity as in Section 2. Hence, the only difference with Section 2 is
that, except for the initial bequest effect dby;, all terms are repeated (with discount factor 4).

Hence, this is equivalent to discounting the initial bequest effect by a factor 1 — § so that:

Dynastic model long-run optimum, steady-state perspective.

1—7p, YL Y

received e
1— [1 — M] . [%(1+6B) I szl ft]
. (16)

B —

1 4 ep — |:1 o 6LTLi| (lié)fzreceived (1 + éB)

1—-7p YL

Four points are worth noting. First, the formula is very close to (7), the only difference being the
discount factor 1 — ¢ for b*ec*ved, This factor appears because all the other effects are magnified
by a factor = =1+0 + 5% + ... Hence, for given elasticities and distributional parameters, the
dynastic case actually makes the optimal 75 larger than our initial model.!

Second, if stochastic shocks vanish, then eg = oo and 75 = 0. This nests the steady-

state maximization version of Chamley and Judd (presented in Piketty, 2000 p. 444) that

31The steady-state also makes the optimal 75 smaller than period 0 formula by adding concerns for bequest
receivers. Farhi and Werning (2010) obtain a similar result in a NDPF model (see appendix A.4).
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naturally delivers a zero optimum when the supply elasticity of capital is infinite.3?> With
stochastic shocks, the elasticity ep is finite. For given utility functional forms and stochastic
wage processes, calibrations of the dynastic stochastic model are likely to deliver larger e than
our bequests in the utility Section 2 model, likely yielding lower 75. The power of our sufficient
statistics approach is to show precisely the key relevant parameter. As long as ep is empirically
known, the primitives of the model (dynastic vs. bequest loving) are largely irrelevant.

Third, the steady-state case allows to consider general welfare weights wy;, a valuable flexi-

bility. In (15), the sums over ¢ are no longer identical terms as the correlation of social marginal

welfare weights wjouc(cy, ly;) with by and yr.; changes with ¢. Hence, in that case 1—3, pleft,
_ . 1 - tE[W ,Lvuc(c il z)] Zleft __ Z > 51E[W0iuc(ctiylti)bti]
and g, have to be replaced by with =5 = thoé —E[wé’iuc(cghlgi)], pett = Zttgz S Eloora(cor To oe

Y508 Elwoiuc(crilii)yred]
yr = 2 >0 0" Elwoiuc(coiloi)]yre ©

vanish so that (7) applies. The term

In the zero-receiver Rawlsian optimum, all the terms in breceived

b*" not only measures the correlation of social marginal

utility with bequests left among zero-receivers but also among descendants of zero receivers.3?
Finally, it is possible to write a fully general model V% = u'(c, b, b,1) + §,; V™ that encom-
passes many possible bequests motivations. The optimal formula in the steady-state continues

to take the same general shape we have presented, although notations are more cumbersome.

4 Numerical Calibrations

We use wealth surveys for France (Enquéte Patrimoine 2010) and the U.S. (Survey of Consumer

Finances 2010) to calibrate the general steady-state formula (see appendix A.5 for details)

T preceived ~ v pleft
1— [1—6L1_%rL} : [b UL (1—|—eB)-|-_R/GbgL] (17)
B = R ’
Ltep— [1— ep | B2 (1 4 ¢p)

which incorporates growth (G) and wealth loving motivations (v). We consider the following
benchmark values for the parameters: eg = ég = 0.2, e, = 0.2, 7, = 30%, v = 70%, R/G =
er=9H — 182 with r — g = 2% and H = 30 years. The distributional parameters breeeived,
b and 7, are computed within the population of individuals aged 70 and above, and for each

percentile of the distribution of bequest received.* We use retrospective questions about bequest

32The finite long-run elasticity case presented by Judd (1985), Section 5 would deliver a positive optimal 75
maximizing steady-state utility even though it delivers a zero optimal long-run 75 from period 0 perspective as
the anticipatory elasticity component remains infinite as discussed above.

33 As generations mean revert, b is in-between the zero-receivers case and the limit utilitarian case. If § is
relatively small (e.g., § < 1/2), the quantitative difference is likely small.

34We focus on older cohorts because they have already received bequests from their parents, and will soon
leave bequests to their children. Hence, we can estimate both the distribution of bequests received and left.
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and gift receipts available in both surveys to compute b4, We use questions about current

net wealth to estimate b'°ft.

We use the information available on the sum of wage income,
self-employment income, and pension income (usually proportional to past labor income) to
compute ;.3 All distributional parameters are estimated at the individual level.3¢

The main results are summarized on Figure 1, where we report optimal linear inheritance
tax rates by percentile of the distribution of bequest received. We find that in both countries the
optimal tax rate is about 50%-60% for the bottom 70% of the population, then falls abruptly and
becomes negative within the top 20% of inheritors (particularly for the top 10%).3" Although
our results should be viewed as exploratory, a number of conclusions appear to be robust.

Most importantly, bottom 70% bequest receivers have virtually the same most preferred
bequest tax rate because of the very large concentration of inherited wealth. In every country
for which we have data, the bottom 50% share in aggregate inherited wealth is typically about
5% or less, and the top 10% share is 60%-70% or more (Piketty, 2011, p.1076). Hence, breeeived ig
very close to 0% for the bottom 50% of the distribution of received bequests, and barely higher
for the next 20%. In both countries, bottom 50% bequest receivers have average labor incomes
fairly close to national averages (with gy around 90%), but leave substantially less wealth than
average to their children (with b around 60%-70%). Hence, in both countries the optimal
inheritance tax rate is fairly large for bottom bequest receivers: even though they enjoy leaving
bequests, it is in their interest to tax bequests at relatively large rates, so to as reduce their
labor tax burden and accumulate more wealth. Optimal tax rates are close in both countries -
except that they start falling around percentile 70 in France and percentile 80 in the US.38

Our results illustrate the fact that inheritance taxation involves deeply conflicting economic
interests: bottom groups benefit from high inheritance tax rates, but relatively large groups
at the top would benefit from inheritance subsidies. They also show the importance of beliefs,

ideology, and political discourses regarding wealth mobility: the optimal tax rates reported on

35We repeated the same computations separately for individuals aged 60-69, 70-79, and 80-89, and found
almost identical results. Using transmissible net wealth (excluding pension funds) rather than net wealth or
using information on past occupation to estimate 3, had very small effects on estimates.

36Wealth of married individuals is defined as household wealth divided by two. Similarly, bequest received is
defined as the sum of all bequests and gifts received by both spouses divided by two.

3"We put a lower bound 75 = —20% for readability as the optimum is infinitely negative in upper percentiles.

38This is due to the larger concentration of inherited wealth in the U.S. (i.e. b"°iv*d remains very close to 0%
until percentile 80 in the U.S., while it becomes significant after percentile 70 in France). Conversely, bt among
bottom 50% receivers is larger in the U.S., suggesting higher wealth mobility. Some of these differences between
the two countries might reflect reporting biases (namely, bequests received might be particularly under-reported
in the U.S., which would explain both findings) and should be further analyzed in future research. See Appendix
A.5 for a discussion.
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Figure 1 correspond to observed mobility patterns and would be much lower if a significant part
of the population was over-optimistic about their prospects for leaving large bequests.

Table 1 considers alternative parameters around our basic specification (see appendix A.5).

First, regarding the bequest elasticity eg, we choose a benchmark value eg = 0.2. Using
U.S. time and cross-section variations, Kopczuk and Slemrod (2001) find elasticities eg around
0.1 — 0.2.3 There remains considerable uncertainty about egz. With eg = 0, the optimal
inheritance tax rate for bottom receivers would be about 70% (rather than 60%). With eg = 0.5,
it would be about 50%. Even with an elasticity eg = 1, which seems implausibly high, the
optimal inheritance tax rate would still be about 35% in both countries (Figures A1-A2).

Second, regarding the capitalization factor R/G, we choose a benchmark value R/G =

e(r_g)H

= 1.82, which corresponds to r — g = 2% and H = 30 years. Historically, the difference
between the average rate of return to wealth and the growth rate has been closer to 3%-4%
or even higher (Piketty 2011, Table II, p.1122). With r — ¢ = 3%, optimal inheritance tax
rates would be close to 70%, both in France and in the US. Conversely, assuming r — g = 0%,
i.e., R/G =1, which can be interpreted as the case with dynamic efficiency and optimal capital
accumulation, optimal inheritance tax rates fall to about 40% in both countries (Figures A3-A4).

Third, regarding the strength of the bequest motive, we use a benchmark value v = 70%.
According to Kopczuk and Luton (2005), there is substantial heterogeneity in the distribution
of motives for wealth accumulation. The average fraction of the population with a bequest
motive is between one half and two thirds, hence v = 70% is on the high end. With v = 0%, i.e.
in the complete absence of bequest motives, eg is the sole limiting factor for optimal tax rates,
which would then be over 80%. Conversely, with v = 100%), i.e. if old age wealth accumulation
is entirely driven by bequest motives, the optimal inheritance rate would fall slightly below 50%
(Figures A5-A6).

Fourth, optimal bequest tax rates are only weakly increasing with the labor elasticity ey,.

Fifth, to illuminate the crucial role played by wealth inequality and mobility, we also pro-
vide in Appendix A.5 estimates using the micro files of estate tax returns collected by Piketty,
Postel-Vinay, and Rosenthal (2011) in the Paris archives over the 1872-1937 period, a time
characterized by large inheritance flows and extreme wealth concentration (with over 90% of

aggregate inheritance received by top 10% successors). This is highly reliable, exhaustive ad-

39Preliminary 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) also suggest
that ep is relatively small (at most eg = 0.1 — 0.2).
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ministrative data covering wealth over two generations. We find that b is as low as 20%-30%
for the bottom 80% receivers, implying very high optimal inheritance tax rates - typically above
80% for the benchmark values parameters used here.

Sixth, it is easy to extend the optimal linear tax formula to nonlinear bequest taxation that
takes the form of a simple two-bracket tax with a linear tax rate above an exemption threshold,
a reasonable approximation to actual schedules. Our formula carries over virtually unchanged
by replacing bequests by taxable bequests above the exemption threshold in our formulas (see
appendix A.6.1).%% Figure 2 shows that in both countries the optimal top tax rate above an
exemption level (of $500,000 or $1m) is higher than the optimal linear inheritance tax rate,
particularly in France where bottom 50% bequest receivers have a relatively small probability
to leave bequests above such levels.*! It is worth noting that these high top inheritance tax rates
- say around 60%-70% - are very much in line with historical experience, especially in Anglo-
Saxon countries from the 1930s to the 1980s, when top estate tax rates were systematically
above 60% (Figure 3). The decline of US top rates since the 1980s could be due to a shift in
political power away from the bottom 80% and toward the top 10%. Finally, Figure 2 shows that
a smaller minority at the top opposes top bequests taxes than linear bequest taxes, explaining

perhaps why actual bequest taxes often have fairly large exemption levels.

5 Conclusion and Extensions

This paper has derived robust optimal inheritance tax formulas expressed in terms of sufficient
statistics. This approach casts fruitful light on the problem and unifies previous seemingly
disparate results. Our punchline is that, in accordance to the public debate, the optimal tax
rate trades-off equity and efficiency and this trade-off is non-degenerate if the elasticity of
bequests with respect to taxation is not infinite and inheritances matter for life-time resources
and social preferences. If the concentration of inheritances is high, the elasticity is low, and the
government favors those with little inheritance, the optimal tax rate will be high. Our analysis
could be extended in a number of directions.

First, solving the full non-linear optimum (instead of only the two-bracket case) would be

valuable. This complicates the analysis but does not radically change the optimal tax problem.

40Tt is computationally more difficult to solve for the optimal threshold (and even more so for the optimal
many-bracket nonlinear tax schedule). Hence, we take the exemption threshold as given.
41 This could again be partly due to reporting biases (Appendix A.5).
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Second, if the government can use debt, labor taxation 7, is exactly equivalent to a consump-
tion tax 7¢ even in the presence of bequests provided the government compensates individuals
for initial wealth implicitly taxed when switching from labor to consumption tax (appendix
A.6.2). Hence, the same formulas for 75 apply when considering the trade-off between bequest
taxation and consumption taxation (instead of labor taxation). The view that consumption
taxation can successfully tax wealthy idle heirs is illusory because, with labor income taxation,
those wealthy heirs would have received smaller inheritances to start with. With nonlinear
taxation, the full equivalence between labor and consumption tax naturally breaks down. But
it is still the case that consumption taxation is a poor instrument to target inheritors, unless of
course one assumes that inheritance taxes are not available.*?

Third, we have limited ourselves to the analysis of capitalized inheritance taxation. That is,
the same tax rate 7p is used to tax bequest b; and lifetime return to bequest (R — 1)b;. In our
one-period model, a capitalized inheritance tax 75 is actually equivalent to a pure capital income
tax 7k if R(1—7p) = 14+ (R—1)(1—7x) so that our results can also be interpreted as a theory of
capital income taxation. In practice, capital income and wealth taxation is much more significant
than bequest taxation. Capital income taxation raises other interesting issues. Firstly, as
we have seen, life-cycle savings taxation distorts inter-temporal choices with no redistributive
benefits. This would push toward taxing solely bequests and not tax at all capital income.
Secondly however, if there is a fuzzy frontier between capital income and labor income, zero
capital income taxation would lead to re-characterization of labor income into capital income.
To close this loophole, the government can set 7 = 7, and then decrease 75 so that the total tax
wedge on capitalized bequests remains the same as in our formulas (see Piketty and Saez, 2012).
Thirdly, there might be other reasons why capital income taxation could be desirable. Bequests
taxation might force inefficient sale of indivisible assets in the presence of credit constraints (or
might be more disliked than annual lower capital income or wealth taxes due to fiscal illusion).
More importantly, rates of return on capital vary widely across individuals. To the extent that
such risk is not optimally diversified, capital income taxation could be desirable for rate of
return insurance reasons. That is, with capital market imperfections, lifetime capital income
and wealth taxation might be the efficient way to implement optimal inheritance taxes (Piketty

and Saez 2012 present a basic model along those lines).

42This simple point (i.e. with ill functionning inheritance and capital taxes one can use progressive consumption
taxes to tax wealthy successors) was first made by Kaldor (1955). See Piketty and Saez (2012, Appendix B.4).
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Table 1: Optimal inheritance tax rate tg calibrations

Elasticity eg=0 Elasticity eg=0.2 Elasticity eg=0.5 Elasticity eg=1
(low-end estimate)  (middle-end estimate) (high-end estimate) (extreme estimate)
France usS France US France us France usS
@) 2) 3) “4) 5 (6) ) 8

0. Basic Specification: optimal tax for bottom 50% receivers, r-g=2% (R/G=1.82), v=70%, e,=0.2, no exemption (linear tax tg)
P0-50, r-g=2%, v=70%, e, =.2 76% 70% 63% 59% 50% 47% 38% 35%
1. Optimal tax rate for other groups by percentile of bequests received
P50-70 75% 70% 62% 59% 48% 47% 35% 35%
P70-90 45% 60% 31% 46% 16% 31% 2% 17%
P90-95 -283% -43% -330% -84% -376% -126% -423% -167%
2. Sensitivity to capitalization factor R/G=e"9"
r-g=0% (R/G=1) 56% 46% 46% 38% 37% 31% 28% 23%
r-g=3% (R/G=2.46) 82% 78% 68% 65% 55% 52% 41% 39%
3. Sensitivity to bequests motives v
v=1 (100% bequest motives) 65% 58% 54% 48% 43% 39% 33% 29%
v=0 (no bequest motives) 100% 100% 83% 83% 67% 67% 50% 50%
4. Sensitivity to labor income elasticity e
e =0 73% 68% 61% 56% 49% 45% 37% 34%
e =0.5 79% 75% 66% 62% 53% 50% 40% 37%
5. Optimal top tax rate above positive exemption amount
Exemption amount: 500,000 88% 73% 65% 58% 46% 44% 32% 31%
Exemption amount: 1,000,000 92% 73% 66% 57% 46% 43% 30% 31%

This table presents simulations of the optimal inheritance tax rate tz using formula (17) from the main text for France and the

United States and various parameter values. In formula (17), we use 1,=30% (labor income tax rate). Parameters

b", y, are obtained from the survey data (see appendix A.5).
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Figure 1. Optimal linear inheritance tax rates, by percentile

of beq uest received (calibration of optimal tax formulas using 2010 micro data)
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Figure 2: Optimal top inheritance tax rates, by percentile of

beq uest received (Im€ or $+) (calibration using 2010 micro data)
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Figure 3: Observed top inheritance tax rates 1900-2011
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Web Appendix of
A Theory of Optimal Inheritance Taxation

Thomas Piketty and Emmanuel Saez

A.1 Technical Details and Omitted Proofs from the Main Text
A.1.1 Formula (8) with Social Discounting A

We consider the small open economy with exogenous R, period-by-period budget balance, and

social discounting at rate A. The government maximizes

SWFE = Z Al /wtivti(Rbti(l — 75t) + Weilii(1 — 714) + By — beyrs, Bbpyri(1 — Taerr), ),

>0 i

subject to period-by-period budget balance E; = 75, Rb; + 7r:y1:. Consider again a reform drg
so that drg, = drp for all t > T (and correspondingly d77, to maintain budget balance and
keeping F; constant). We assume that 7" is large enough so that all variables have converged
for t > T. As byy1;, l;; maximize individual utility, using the envelope theorem, the effect of the

tax reform on social welfare is

dSWF =Y Al / wi V" (Rdbyi(1 — 7py) — Rbudrp — driye)+ » | A' / wi V' (—drp Rbs1i).-

t>T i >T—1

To rewrite this equation in terms of elasticities of b; and y; with respect to 1 —75 and 1 —7;,, we

can define ep,; as the elastic response of b; to the tax reform dr = (drp; = d7p, d71¢)¢>T1, so that

dby dT B
by 1—

response of bt starts only in period T (as bequest leavers care only about the net-of-tax bequests

= —ep; Where db, is the aggregate bequest response to the full reform dr. Note that the

they leave). The response builds over generations and eventually converges to the long-run ep,
dZJLz —

as defined in (3). We similarly define the elasticity er; so that

1
the labor supply response to the full reform dr. Period-by- perlod budget balance requires:

= —epn dILTtL where dyr; is

T T
Rbidtp (1 - €Bt1 b ) = —dTLtth (1 - 6Lt1 L ) . (Al)

— 7B — 7L

Using the individual first order condition V! = R(1 — TB)Vgi when b,q; > 0, along with the
budget balance equation (A1) allows to rewrite the first order condition dSWF = 0 as

1— 1- ; bty 1i
0= Al / g | —drpRbu(1 + epy) + BB/ L2 T8) Y gy o) -y A / Gudrp—
= 1 —epnmr/(1 —71) yre T 1—71p

The first term captures the negative effect of drp on bequest received (the direct effect and
the dynamic effect via reduced pre-tax bequests), the second term captures the positive effect

through reduced labor income tax, the third term captures the negative effect on bequest leavers.

29




Importantly, note that the third term is a sum starting at 7' — 1 (instead of T'), as the reform
hurts bequest leavers starting in generation 7" — 1.

As everything has converged for ¢t > T, dividing by Rb,d7s and denoting by #,, breceived  pleft,
the population averages of g - Yri/Yre, Gei - bei/bes i = bigri/by, and épy = fz Gribie i/ fz Gtibis,

the first order condition is rewritten as:

Z_)left

_ . R 1_€BtTB/(1_TB)—
0= — Atbrecelved 1 At - At
2 (At ep)+ ) A=y = ) Algr,
t>T t>T t>T—-1

We define ep = (1 = A) 3o A Tepy, ép = (1 = A) Y, A" "ép, as the discounted average

of the ep; and ég;. We then define ¢, so that:

1 —eptp/(1 —71R) _(1-A) ZAt_Tl —ept/(1 — TB)‘
1—epm/(1—71g) pru 1—epm/(1—11)
Naturally, in the case er; constant in ¢, then we have e;; = er. Such would be the case with
iso-elastic quasi-linear utility functions of the form V*(c,b,1) = U(c — I**'/L b) where labor
supply depends solely on the net-of-tax wage rate and has no income effects. In the general case
with income effects, ey, might vary slightly with ¢ as the building response db;; creates income
effects varying with ¢. Using those definitions we can rewrite the first order condition as:

1—637’3/(1—’7’3)7 Bleft

1—err/(1—1) 'Y " AR( —15)’

where the A in the denominator of the third term appears because the sum for the third term

0= _Ereceived(l + éB) +

starts at 7" — 1 instead of 7. Re-arranging this expression leads immediately to formula (8).
Finally, note that the elasticities used here converge to the long-run elasticities from Section 2

when A = 1, i.e., when there is no social discounting. Q.E.D.

A.1.2 Case with Endogenous Factor Prices
Individual ¢z solves the problem

max Vti<cti7ﬁtbt+li, lii) 8.t ¢y + b1 = Ryby + wyvgly + E. (A2)

ctirbe41i>0

where R, = Ry(1 — 7p;) and w, = w,(1 — 77;) are the after-tax factor prices, vy is the work
ability of individual ¢z so that her pre-tax wage is w;vy;. The individual first order condition is
Vi = EtHVEi if byyq; > 0.

In the case with period-by-period budget balance and no government debt, total capital
in period t is K; = b,. Total labor is L; = fivtilti. Total product is y, = F(Ky, L;) with
CRS production function. Factor prices are given by R, = 1 4+ Fx and w; = FL so that
F(Ky, L) = (Ry — 1)Ky 4+ wy Ly.

The government objective is to choose (R,, w,):>o to maximize

SWE = Z A! Awtivti (Rybes + wyvgilyy + By — bygrs, By 1byyi, i),

t>0 g
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subject to the period-by-period budget constraint
By = (wy — wy) Ly + (Ry — Ry)by = by + F(by, L) — w, Ly — Ryby.

Effectively, R; and w; have disappeared from the maximization problem. We can consider as
above a small reform (dR, = dR, dw,)>r with dw, set to meet the period-by-period budget

constraint. The period by period budget constraint implies

Ltdwt + (wt — wt)st + btdﬁt + (Rt - Et)dbt = O, so that

R, — R —
bdR, (1 - eBt%) = —Liduw, <1 — et wt) , (A3)
==t

Wy

where elasticities ep; and ey, are again defined with respect to R, and w, and hence are exactly
equivalent to our earlier elasticities with respect to 1 — 75, and 1 — 774, i.e., they are pure
supply elasticities keeping the pre-tax price of factors constant. Noting that 11—% = % and
1y
L = 2=t calculations follow exactly those from appendix A.1.1 and we obtain exactly the
Lt wy
same formula (8).

In the case with government debt, the government dynamic budget constraint
a1 = Ryag + (B — By)by + (wy — wy) Ly — By
can be rewritten as
Qry1 = @y + by + F(by + ag, Ly) — Rby — w, Ly — Ej.

We can consider again the same small reform (dR, = dR,dw,);>r with dw, set to meet the
period-by-period budget constraint (A3) so that da; = 0 for all ¢ and the calculations are exactly
as in the period-by-period budget balance case. This shows that formula (8) also applies with
government debt.

A.1.3 Case with Economic Growth

We consider standard labor augmenting economic growth at rate G > 1 per generation, i.e.,
individual wage rates wy; grow exogenously at rate (G. Obtaining a steady-state where all
variables grow at rate GG per generation requires imposing standard homogeneity assumptions

on individual utilities so that
(Ut (e, b)e )™
1=~

Vi(e,b,1) =

with U%(c,b) homogeneous of degree one. In that case, the individual maximization problem
can be decomposed into two steps.

First, the individual chooses b;,1; taking resources yy; = Rby;(1 — Tpi) + wyly(1 — 110) + Ey
as given so that we can define the indirect utility:

Uti(ytia R(l - TBt+1)) = bmax Uti(yti - bt—i—liv Rbt—i—li(l - TBt+1))-

t4+1:2>0
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Because U is homogeneous of degree one, v (y, R(1 — 7p,11)) = y - ¢"(R(1 — Tp11)) is linear
in y.

Second, the individual chooses labor supply to maximize
log[¢" (R(1 — Tpi11))] + log[Rbyi(1 — 75s) 4+ wii (1 — 700)lii + B — hui(li),

leading to the first order condition:

wti(l - TLt)

hh ly) =
1l Rbyi(1 — mp¢) + wi(1 — 1)l + By

Hence, if tax rates converge and wy;, by;, E;, all grow at rate G per generation, labor supply l;;
will be stationary so that an ergodic equilibrium exists (under the standard assumptions).
This implies that utility V* grows at rate G'=7 per generation. As V!*/V' = (1 — v)/yy

and y;; grows at rate G, marginal utility V' grows at rate G per generation.*3

Steady-state maximization. Suppose that the government maximizes steady-state social
welfare as in the main text. We obtain the same equation (5) as in the main text. However, the
last term in b;,q; has grown by a factor G relative to b; so that when dividing (5) by Rbid7p,

we obtain: -
1—637’3/(1—7’3)_ Gbleft

l—epm/(1—1L) gL R(1—171p)’

which is the same equation as in the main text except that the term b is multiplied by a factor

0= _[_)received(l + éB) +

G. This will lead to the same optimum formula as (6) except that b is replaced by Gb'®, or
equivalently R is replaced by R/G, i.e.,

1 . [1 . eLTLi| . [Breieived<1 + éB) + leefc

TB - — e iL Ereceived j% - ) (A4)
1+ep— [1—%} P (1 + é)

Social discounting maximization. We assume now that the government maximizes the

discounted social welfare function:

SWEF = Z A' /Wtivti(Rbti(]- — 7pt) + Wil (1 — Tr¢) + By — beyai, Rbesri(1 — Tis1), L),

t>0 ¢

subject to period-by-period budget balance E; = 75, Rb; + Tr1yr:. Consider again a reform drp
so that drp, = drp for all t > T (and correspondingly d7z; to maintain budget balance and
keeping F; constant). We assume that 7' is large enough that all variables have converged for
t>T.

dSWF =Y Al / wi V" (Rdbyi(1 — ) — Rbudrp — driye)+ » | A' / WiV (—drp Rbs1i).-

t>T ¢ t>T—1

43This result remains true in the log-case with v = 1.
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We define elasticities ep; and ey, exactly as in equation (A1) in appendix A.1.1. We define g;; =
wy Vi) fjwtjvctj the normalized social marginal welfare weight on individual #i. Importantly,
fj wi; VY now grows at rate G~ per generation so that G f] wi; VI converges to a steady state.

Using the individual first order condition V' = R(1 —75)V}" when by1; > 0, along with the
budget balance equation (A1), and dividing by G7* [, w;;V,? (constant in steady-state), allows
to rewrite the first order condition dSWF = 0 as

1 |- i
0= Z AtG—’Yt /gtz |:_Rbtz(]- + eBti) + eBtTB/( TB) Yrt Rbt:| .
t>T i 1—ep/(1—7L) yre

bty 1i
Z A'GT /gti as )
; 1-— B

t>T—1 ¢

As everything has converged for ¢ > T, dividing by Rb;G~* (which is constant in steady-state)
and denoting by 7y, b*ved pleft the population averages of gu - yrei/Yre, Gei+bei/bes Gi bes1i/best,

and épy = [ guibiiepii/ [; gubei, the first order condition is rewritten as:

T . “ _ 1—€BtTB/(1—TB)_ _ Gl_)left
0= — Ath 'ytbrecelved 1+€ + Ath vt o Ath vyt ’
; (1+es) ; 1= e /(1—70) " t;1 R(1—7p)

There are two differences with the case without growth. First, the G in the numerator of the
last term appears because bequests left are from the next period and hence bigger by a factor
G (exactly as in the steady-state maximization case presented above). Second, the discount
factor A is replaced by AG'™ because of growth of all quantities (the G factor) and decrease
in average marginal utility (the G~ factor).

We define eg = (1 — AG'™) ZtZT(AGl_V)t_TeBt, égp = (1 — AG'Y™) ZtZT(AGl_V)t_TéBt

as the discounted average of the eg; and ég;. We then define e, so that:

1—637’3/(1—7’3) :(1—AG177)Z(AG177)1€7T1_eBtTB/(l_TB)

1—€LTL/(1—TL) i~ 1_6LtTL/(1_TL)'

Naturally, in the case er; constant in ¢, then we have e;; = er. Using those definitions we can
rewrite the first order condition as:

1—637’3/(1—7’3)_ . Gl_)left
l—eprp/(1— 1) b RAG™ (1 —15)’

0= _Breceived(l + éB) +

where the AG'™7 expression in the denominator of the third term appears because the sum for
the third term starts at T'— 1 instead of T'. Re-arranging this expression leads immediately to
formula (8) with A being replaced by AG™7, i.e.,

. _erTr . Breceived ~ 1 @
1 [1 1*%] [ Jr (1 +eB) + RAG™Y g,

: (A5)

™R — ety
1+ ep— [1 - _em} breceived (1 4 Y

1—7p, YL

When the modified Golden rule holds, we have RAG™" = 1 so that formula (9) applies
unchanged (all the reasoning with endogenous capital stock applies virtually unchanged). The

proof of the Modified Golden Rule with growth can be done exactly as in the case with no
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growth by considering one small reform dw at period 7" and the same reform (multiplied by
—R) at period T+ 1. By linearity of small changes, the sum of the two reforms is budget neutral.
Hence, it has to be welfare neutral as well. The social welfare effect of the period T+ 1 reform
is —RAG™" times the welfare effect of the period 7" reform because (a) it is —R times bigger,
(b) it happen one generation later so is discounted by A, (c) it affects generations which have

marginal utility G™7 times as large.

A.1.4 Anticipated and Long-Run Elasticities in the Dynastic Model

In this section, we want to provide detailed intuitions for why the anticipatory elasticity e,

the post-reform elasticity e%*" and the long-run steady-state elasticity ep are all finite in the
ergodic model with stochastic wages (the Aiyagari model) and why they become infinite when
stochastic shocks vanish (the Chamley-Judd model). Last, we want to show that, in the
Chamley-Judd model with endogenous discount rate, the long-run elasticity ez may be finite
but the anticipatory elasticity is still infinite. We only provide intuitions rather than fully rig-
orous detailed proofs because the formal proof can be immediately obtained by combining the
Chamley-Judd and Aiyagari results with our optimal tax formulas.**

Let us consider as in the text, a reform drg; = drp for t > T in the distant future. This

reform generates aggregate changes in bequests db; so that we can define period t elasticity as

— 1_TBt dbt

ey = T Recall that elasticities are defined as

e%OSt =(1-9) Z " Tep, e%ntidp' =(1-9) Z 0 Tep, and ep= tlggo ept (A6)

t>T t<T

Non stochastic wages (Chamley-Judd). Let us consider first the standard case with uni-
form and constant discount rate J as in the main text. Let us further assume that R = 1 and
that 75, = 0 so that we start from an initial situation with a well defined steady-state.

In the Chamley-Judd model, future wages yr;; are fully known as of period zero. In that
case, the natural assumption is that there are no credit constraints and hence the individual
first order condition u/(cy;) = dR(1 — Tpsy1)u (cir1s) always holds.*

In that case, with 6 R = 1 and 75, = 0, the individual fully smoothes consumption ¢;; = co;
for all t with co; = [1 — 1/R)(bo; + ;50 Yrti/ R") to satisfy the inter-temporal budget.

The future tax reform leads to a aecreasing consumption path after the reform and a flat
shift of the pre-reform consumption path proportional to R~Tdrg (as it affects the PDV of
resources by a factor proportional to R~Tdrg). The aggregated budget constraint implies that
biy1 = Rby + yrs — ¢ for t < T so that by = Rbg — o[l + R+ .. + R +ype1 + .. + Ry

4“4Namely, the fact that Chamley-Judd obtain a zero optimal long-run rate implies that the elasticity % is
infinite. The fact that Aiyagari obtains a positive optimal long-run rate implies that the elasticity e is finite.
45This will be true for large ¢ without any assumption if yz.; converges to a constant yr; for large ¢, the natural

assumption for steady-state reasoning.
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and hence db; = —dcy(R' — 1)/(R — 1) ~ R""Tdrp. This implies that eg; ~ R'"T. Therefore,
eptP = (1-6)3, 00" Tep, ~ (1 —0) Y, _p(6R)*T = (1 — §)T is infinite for large 7.

As is well known, the long-run elasticity ep is also infinite as any long-run tax starting from
a 0R = 1 steady-state leads to an exponentially decreasing path of consumption and hence as

much individual debt as possible.

Let us know consider the case with endogenous discount factor §°(c), decreasing in c¢. In
that case, there is a steady-state such that 6‘(c;)R = 1 for all 7. Intuitively, if 'R > 1,
individual ¢ accumulates more wealth, eventually allowing him to consume more so that 6°R
is driven down to one (and conversely). In that case in steady-state (when all variables have
converged), ¢; = (R — 1)b; + yr; and b; is an implicit function of R through the equation
§((R — 1)b; + yrs)R = 1. Hence, the individual supply b; is a smooth function of R. Hence
aggregate long run bequests b are also a smooth function of R and the long-run elasticity ep is
therefore finite.

In that case however, it is still the case that a future reform is going to shift the entire (pre-
reform) consumption path so that dcy; ~ R™Tdrp, which implies db; ~ R""Tdrg, eg; ~ R™T
Therefore, €5%“P ~ T is infinite for large 7' implying that the optimal long-run tax rate 7p
is zero in spite of a finite long-run elasticity eg, an important point made by Judd (1985),

Theorem 5.

Stochastic wages (Aiyagari). In the stochastic model, individual ¢i solves the problem:

Ib[tli}fu(Rbti(l —7Bt) + 7Bt Rb + Yrsi — bey1i) + ; 0° " Eyu(Rbyi(1 — Tps) + Ts Rbs + Yrsi — beri)-
s

In any path where by; = 0 for some s such that t < s <T') any current marginal bequest change
dby+1; has zero impact on post s generations and hence the future tax rate change (d7g)i>7 is
irrelevant for the current decision b; ;. Concretely, in the scenario where my child is going to
fully consume my bequest and leave nothing to my grandchildren, a marginal increase in bequest
taxes for my grand-children does not affect my own bequest decision. Hence, the behavioral
response db;11; to the future tax increase is discounted relative to the Chamley-Judd model with
no uncertainty by a factor k(T — (¢ + 1)) which is the probability that all my descendants from
s=t+1tos="T all leave positive bequests b,; > 0.

KT — (t + 1)) is of course higher if I am very wealthy as my bequest is less likely to get
fully consumed quickly by my descendants. By ergodicity, as my initial wealth is irrelevant in
the distant future, it must be the case that for 7' — s large, k(T — (s +1))/x"(T — s) converges
to a constant k < 1 that depends on the structure of shocks, the tax system, etc. but is uniform
across individuals. This constant x is equal to the fraction of individuals with positive bequests
in the ergodic cross-section. Hence, k is necessarily less than one as long as the fraction of
individuals with zero bequests is strictly positive in steady-state. Naturally, when uncertainty

in future labor shocks vanishes, x converges to one.
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Hence, at the aggregate level, the response db; to the future tax increase starting at date T
is reduced by an exponential factor proportional to k.

As we have seen, in the Chamley-Judd model with no uncertainty and R = 1, we have
db, ~ 67 tdrp. Hence, with stochastic shocks, db; ~ 67 "'kT~'drg so that eg; ~ 7 'xT~t. This
implies that e3"® = (1 —0) Y, ;0" Tep ~ (1 = 8) 3, _p kTt = (1 —6)/(1 — &) is finite.

In the ergodic long-run, with stochastic shocks, aggregate bequests b; converge so naturally
b, will be a smooth function of 75.%¢ In that case, the long-run elasticity ep is finite. This
also implies that the post-elasticity e%*" = (1 —9) 1> 0" Tepy is finite, which establishes that

€L = 5P 1 P9 i finite and delivers a non-zero optimal 75 as in Aiyagari (2005).

A.1.5 Formula (14) in Dynastic Model with Elastic Labor Supply

We consider the small open economy with exogenous R, period-by-period budget balance, and
the utilitarian case. The government chooses (7pt, 71t )>0 to maximize
EVy = Z 8" Eu®(Rby(1 — 7i¢) + (1 — Tre)wiily + By — bygs, L)
t>0

subject to period-by-period budget balance E; = 75, Rb; + 111y with E; given (and converging
to E). Note that we allow for heterogeneity in felicity functions u'(c, 1) as this does not affect
the analysis.

Consider again a reform d7p so that drg; = drp for all t > T (and correspondingly d7p,
to maintain budget balance and keeping E; constant). We assume that 7" is large enough that
all variables have converged for ¢ > T. Using the envelope condition as [;; and b; maximize

individual utility, we have:

0=dEVy = Z §'E “ Ctz, ltz)Rbtz dTBt Z §'E Ctza ltz)dTLtthz]

t>T >0
To rewrite this equation in terms of elasticities of b; and y; with respect to 1 — 75 and 1 — 7,
we can define ep; as the elastic response of b; to the tax reform dr = (drpt, d7rt)i>0, so that
db—lit = —epy ld_TfB where db; is the aggregate bequest response to the full reform dr. Note that
the response of b; may start before period T due to anticipatory effects described in the text.

Such anticipatory effects start before T but are vanishingly small as distance to the reform
increases. Therefore, we can assume that anticipatory effects take place only after all variables
have converged (as long as T is chosen large enough).

The response builds over generations and eventually converges to the long-run steady-state
elasticity eg. We similarly define the elasticity ey, so that dy“ = —ert {iTitL where dy; is the

labor supply response to the full reform dr. Period-by- perlod budget balance requires:

Rb.dTp (1 —€eBt 5 ) = —dTpYLe (1 —ert i > for t>T,

1—TB 1—TL

46For 75 = 1, there is no incentive to leave bequests and b, = 0. Conversely, for sufficiently large subsidies, if
O0R(1 — 75) > 1 then bequests b; would explode. In between, b; is a smooth function of R(1 — 75).
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TL

—Rbdrgep: 5

) for t<T.

= —dTrYre (1 - €Lt1

The equation for ¢ < T does not have the term Rb;dTg on the left-hand-side because the drg
reform starts at 7. However, through anticipatory responses, b; responds before T, requiring
an adjustment d7; to balance the budget (and which triggers a labor supply response). Using
those equations, (and dividing by Rb;d7p as b; is constant in the long-term), we can rewrite

dEVy =0 as:

SE u tz tl + StE tz Yri L - 6lB—t:BB SUE |utt YLt elBt;f
_Z Z 1_ €LtTL _Z uC th 1_ ertTrn *

t>T t>T 1-7p, t<T 1-7

As everything has converged, denoting by 7, b°"*d the population averages of u’-y 14 /[y Eutl],
ull - by /[0 Eul], we get:

1 __ EBtTB €BtTB
___ 7preceived t — t 1-7p - 1— _l=-mB
0=-b Z(S +yLZ(51—3LtTL yLZ(S 1 _ eLrr
t>T t>T 1—7g, t<T 1—7g,

Defining the bequest elasticities as in the main text

T ost antlcl
ep =€y +ept "

with epost (1-9) Z 8 Tep, and eanmp =(1-9) Z s Tep,

t>T t<T

and defining e;, so that:

1— 627—3/( Z5t rl eBtTB/( 1 B Zét T €Bt7'B/(1 —TB)

1—€LTL/(1—TL ]_—GLtTL/(l—TL 1_6LtTL/(1_7—L).

t>T t<T

Again, in the case ey, constant in ¢, then we have e;; = e;. Such would be the case with iso-
elastic quasi-linear utility functions of the form V* (¢, b, 1) = U (c—1*/¢2 b) where labor supply
depends solely on the net-of-tax wage rate and has no income effects. Using those definitions

we can rewrite the first order condition as:

1—eLrp/(1 —1p)
1—6LTL/(1—TL) '

0= _Ereceived + 71

This can be easily re-arranged in the first formula in (14).

To obtain the second formula, we aggregate the individual first order condition

U?(Ctia lii)bey1s = OR(1 — TBt+1)bt+1z’Et[Ui+li(0t+1i, lit1i)]

SO that bt = §R(1 — 75)b"°*™*d in the long-run steady-state with b'*® the population average
of u bt+1l/[thu ] QED
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A.1.6 Modified Golden Rule in the Dynastic Model

We can extend the dynastic model to the case with endogenous factor prices (closed economy)
exactly as our model of Section 3.1. Again, this extension requires to be able to tax both labor
income and capital at separate and time varying rates so that the government controls after-tax
factor prices R, and w,. This implies that the optimal 75 formula carries over to the close
economy case unchanged. The formula applies both in the period by period budget balance
case and when the government can use debt.

When the government can use debt optimally, the modified Golden rule R = 1 holds also
in the dynastic model. This can be established exactly in the same way as in our model of
Section 3.1. We consider a small reform dw at period T and the same reform (multiplied by
—R) at period T+ 1. By linearity of small changes, the sum of the two reforms is budget
neutral. Hence, it has to be welfare neutral as well. The social welfare effect of the period T+ 1
reform is —R¢ times the welfare effect of the period T' reform because (a) it is —R times bigger,
(b) it happens one generation later so is discounted by §. This implies that §R = 1. Note
that Aiyagari (2005) obtains the same result but uses the government provided public good to
establish it. Our proof shows that it is not necessary to have a public good. Any type of reform
at periods T" vs. T+ 1 can prove the result. This shows that the Modified Golden Rule is a

very robust result of dynamic efficiency and optimal capital accumulation.

A.2 Optimal Taxation in the Overlapping Generation Model
A.2.1 The OLG Model and Optimal Tax Formula

The OLG model can be seen as a special case of our general model from Section 2 as follows.
Each dynasty is a succession of (non-overlapping) two-period long lives with no altruistic linkage
across lives within a dynasty. For example ¢0 is young person, ¢1 is the same person old, 2 is
new young person altruistically unrelated to i1, etc. Cohort ¢ denotes the individuals born in
period t (young in period ¢t and old in period t+1). Hence, the young receive no bequests, work,
consume, and leave bequests to their future old self. The old do not work and simply consume
their bequests. The preferences of the young take the form V% (cy, Rbyy1;(1 — TBey1), lis). The
preferences of the old are the same except that they have no choice left whatsoever and simply
consume Rb;.1;(1—7ps11). To fit our model in our previous setting, we can for example assume
that the utility of the young is separable in ¢ and b so that V¥ (c,b,1) = us(c) + v (b) — hy(1)
and assume that the utility of the old is vy(c).*” In general equilibrium, this is effectively an
OLG model with overlapping generations (assuming that young and old are in equal proportion

in any cross-section). In that model, we can restrict the demogrant E; to the young only.*® The

47The linkage of the young and the old is necessarily altruistic in this basic model as the utility of the young

can be always be rewritten as V% (cy, ui, i )-
48Demogrants to the old can be considered as well and eliminated without loss of generality by altering the

young preferences so that they take into account the demogrant they will receive when old, i.e., their utility is
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young solve the following maximization problem

max Vti(cti7 Rbt-l—li(l — TBt—i—l); ltz) S.t. Ct; + bt+1i = wtz‘lti(l — TLt) + Et' (A?)

ctiltisbe41i20

The natural social welfare criterion in this context is to put weight solely on the welfare of the
young (as the utility of the old is taken into account through the utility of the young). In that
case, we can immediately apply our optimal previous formula (9) in the dynamically efficient

case to obtain the following formula:

1 . [1 _ GLTL] . Eieft
Optimal tax on savings in OLG model 75 = : —1-1_67; L (A8)

This formula naturally assumes that b™°**d = ( as bequest receivers (the old) have no separate
weighting in the social welfare function. The formula also assumes that we use social discounting
A at the Modified Golden Rule so that RA = 1. As we show in appendix A.3, the formula can
actually be obtained without needing to refer to social discounting or the Modified Golden Rule
by considering steady-state welfare maximization subject to the “generational” budget balance

E; = by 1 + Ty instead of the cross-sectional budget balance E; = 75, Rb; + Ty 1+

A.2.2 The Zero-Tax Result

We can therefore consider steady-state social welfare maximization subject to the generational
budget constraint E; = 740,11 + Ty and hence drop any t subscripts in what follows. As
in the text, we now specialize utility functions to such that V¥(c,b,1) = U'(u(c,b),) with the
sub-utility of consumption u(c, b) homogeneous of degree 1 and homogeneous across individuals
in the population.

Let us prove that any budget neutral tax system (7g, 77, E') can be replaced by an alternative
tax system (75 = 0,77, F’) that leaves everybody’s utility unchanged and raises at least as
much revenue. We adapt the Kaplow (2006) and Laroque (2005) recent and elegant proof of
the Atkinson-Stiglitz theorem to the linear earnings tax case.

1

Let us denote by p = + and ¢ =

5 +TB) the pre-tax and post-tax prices of period 2

R(1
consumption b. Let

v(y,q) = maxu(c,b) st ct+gb<y,

be the indirect utility of consumption. Because u(c,b) is homogeneous of degree one, v(y, q) is
linear in y to that v(y,q) = y- ¢(q) as we showed in the case with economic growth in appendix
A.1.3.

Starting from the initial tax system (7g, 77, F), let us consider the alternative tax system
(tp = 0,77, E’) such that ¢(p)(1 — 77) = ¢(q)(1 — 71) and ¢(p)E" = ¢(q)E. This alternative
system is precisely designed so that v(yp;(1—77)+E’, p) = v(yri(1—71)+E, ¢) for all y.;. Hence,

V¥ (e, Rbey1i(1 — Toes1) + Efjrdl, le;).
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it leaves all individual utilities and labor supply choices unchanged. Finding this alternative
linear tax system is feasible because v(y,q) = y - ¢(q) is linear in y.

Let us now show that the alternative tax system raises as much revenue as the initial tax
system. Suppose individual ¢ chooses (I;, ¢;, b;) under the initial tax system so that ¢; + ¢b; =
w;l;(1 —71) + E. Attaining utility v(yr:(1 — 77) + E', p) with 75, = 0 costs yr;(1 —77) + E’. As
v(yri(1—710)+ E,q) = v(yr:(1 —717) + E', p), this utility is also attained under the initial choice
(1;,b;) which must henceforth cost at least yz;(1—77 )+ E’ under price p so that y;(1—77)+E’ <
¢ + pby = yri(l — 72) + E = b(q — p). This implies that 7y + (¢ — p)b; < TryLi, ie.,
TLyLi + Tb; < T;yLi, so that the new tax system raises at least as much revenue individual by

individual.

The key lesson from this analysis is that zero capital tax is desirable in the OLG model
because any capital tax can be replaced by a more efficient labor tax but this is possible only

because labor earnings is the single dimension of inequality in the OLG model.

A.3 Pedagogical Rawlsian Meritocratic Optimal Formulas

In the case of the Rawlsian Meritocratic optimum where social welfare is concentrated among
zero-receivers, it is possible to obtain the long-run optimum tax formula (9) that maximizes
discounted social welfare with dynamic efficiency as the solution of the much simpler follow-
ing static problem. The government maximizes steady-state welfare subject to the alternative
“generational” budget balance 7p;b;11 + Ty = E;. The idea is that generation ¢ funds its
demogrant E; with taxes on its labor earnings y;; and taxes on the bequests it leaves. Bequest
taxes are collected at the end of the period.*® This derivation is useful because it delivers the
Meritocratic Rawlsian version of (9) without having to worry about discounting and dynamic
efficiency issues, and hence can be particularly useful for teaching purposes.

Formally, assuming everything has converged to the steady-state (so that ¢ subscripts can

be dropped), the government maximizes

SWF = max /ini(wili(l —70)+ E—b;,Rb;(1 —75),l;) sit. Teb+T1ryr=E. (A9)

TLyTB J;

Note that bequests received are not included in life-time ressources because w; is zero for bequest
receivers. We denote by ¢g; = w;V?/ fj w; V7 the normalized social marginal welfare weight on
individual i. g; measures the social value of increasing consumption of individual ¢ by $1 (relative
to increasing everybody’s consumption by $1).

Consider a small reform drg > 0, budget balance with dE = 0 requires that dry, is such that:

deB (1 — 631 5 ) = —dTLyL (1 — €, L ) s (AlO)

— TB 1—TL

49T his is equivalent to collecting them on capitalized bequests Rb;, 1 at the end of next period and discounting

those taxes at rate 1/R as they accrue one period later.
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where we have used the standard elasticity definitions (3).
Using the fact that b, and [; are chosen to maximize individual utility and applying the

envelope theorem, the effect of the reform drg, dr; on steady-state social welfare is:
dSWF = /wZVc’ . (—dTLthi) + in; . (—dTBRbZ).

At the optimum, dSWF = 0. Using the individual first order condition V! = R(1 —75)V}’ when
b; > 0, expression (A10) for drr, and the definition of g;, we have:

1— 1— ; b,
0_/91”( enTr/( TB)%deB_dTB i )7

1—6LTL/(1—TL) yr, 1_7—B

The first term captures the positive effect of reduced labor income tax and the second term
captures the negative effect on bequest leavers.
Let 7, and b be the population averages of g;-yz;/yr and g;-b;/b. The first order condition

can therefore be rewritten as:

_1—637’3/(1—7’3)7 Bleft

- 1—€LTL/(1—TL)yL_1—TB

0 , hence
Meritocratic Rawlsian Steady-State and Dynamically Efficient Optimum. The op-
timal tax rate T that maximizes long-run welfare of zero-bequest receivers with period-by-period
“generational” budget balance Tpibii1 + Triyre = Ey is given by:
1 _ [1 _ M} et
1-71 gL

= . All
B 1+eg ( )

Two points are worth noting about (A11).

First, this formula is consistent with the dynamically efficient formula because it considers
the “generational” budget constraint 75:0; 11 + 7.y = E: instead of the cross-sectional budget
constraint 75, Rb; + 1r4yrs = E;. This works for zero-receivers because the welfare trade-off
involves solely current labor taxes vs. taxes paid on bequests left for the same generation t. If
the social welfare function puts weight on bequests receivers, this “generational” budget fails
to be consistent with the dynamic efficient case because of the welfare term involving bequests
received.”® In contrast the cross-sectional budget works for the term involving bequests received
but fails for bequests left. Hence in the general case involving both bequests receivers and
bequests leavers in the social welfare calculation, two generations are involved and there is no
steady-state budget short-cut that can be consistent with the dynamically efficient case. In that

case, we need to go back to the analysis presented in the main text.

50This term will be blown up by a factor R when using the generational budget. When discounting welfare
with discount rate A, the blown up factor becomes RA, which disappears when the Modified Golden Rule
RA =1 holds.
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Second, this formula can also be applied to the OLG model (where all welfare weights are
naturally concentrated on zero-receivers as discussed in appendix A.2). Hence, the OLG analysis
can also be done simply by considering the “generational” budget and by-passing entirely dy-
namic efficiency issues. This is well-known in the OLG Ramsey tax literature (see e.g., Atkinson
and Sandmo 1980 and King 1980).

A.4 Link with Farhi and Werning (2010)
A.4.1 Fahri and Werning (2010) two-period model

Farhi and Werning (2010), Sections II-V consider a two-period model where parents do not
have any initial wealth, work, and leave bequests to their children (who have no labor income
and rely solely on such bequests). Inequality is due solely to heterogeneity in parent’s earning
abilities. Hence, this model is isomorphic to the OLG model where the young and the old
are relabeled as two distinct individuals—namely parent and child. Farhi and Werning (2010)
consider fully general nonlinear taxation. With standard “OLG” social welfare functions putting
all the weight on the parent (and no weight on the children, i.e. the old of the conventional OLG
interpretation), the Atkinson and Stiglitz theorem applies (under the standard weak separability
assumption on preferences) so that there should be no marginal tax on bequests. As we discussed
in section 3.2 and appendix A.2, in our linear tax model, if we impose the stronger homogeneity
of degree one assumption on preferences for consumption on top of the standard Atkinson-
Stiglitz weak separability assumption, we also obtain the same zero-bequest tax result.

Farhi and Werning (2010) then generalize the analysis to put additional weight on the utility
of children. In that case, bequests have additional social value, and hence the zero-tax standard
result is transformed into a negative marginal bequest tax result.

This result has a simple counter-part in our linear tax model. If we put weight on bequest re-
ceivers, (i.e., the non working old in the OLG interpretation which are the non-working children

in the Farhi-Werning model) in our OLG set-up, formula (A8) is changed to

Optimal tax on bequests in the two-period Farhi- Werning linear tax model

erT (]_+é )Breceived Eleft erT Ereceived ~
L R s S e
B = erT (1+éB)Breceived = erTr preceived ~ < 0’ (A12)
1+€B— |:1—1£7_i:| L 1"‘63— |:1—m:| y—L(1+€B)

where the second equality holds whenever the standard OLG tax rate from formula (A8) is zero
(i.e., under the homogeneity and separability assumptions discussed above). Hence our linear
tax model is fully consistent with the Farhi-Werning two-period nonlinear tax analysis.

As our paper analysis has made clear, this result only provides an incomplete characterization
of the bequest tax problem because it fails to capture the fact that lifetime resources inequality
is bi-dimensional. In the Farhi-Werning two-period model, inequality is one-dimensional and

hence there is no reason to tax bequests to start with. Adding a concern for bequests receivers
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then leads to negative bequests taxes. Farhi and Werning (2010) analysis does capture the
important fact that bequest taxation hurts both bequest leavers and bequest receivers so that
indeed, consistently with our analysis, for some social welfare functions, this double welfare cost
of bequest taxation may lead to optimal negative bequest taxes (a point informally made by
Kaplow, 2001).%!

A.4.2 Fahri and Werning (2010) New Dynamic Public Finance model

Farhi and Werning then extend their two-period model to cast it into a full-fledged New Dynamic
Public Finance (NDPF) infinite horizon model where individuals are both bequests receivers
and bequest leavers. In the standard case where welfare is measured solely from period 0, the
standard NDPF' inverse Euler equation applies, so that there is a positive inter-temporal tax
wedge, i.e., an implicit tax rate on bequests. As shown by Kocherlakota (2005) however, the
optimal mechanism can also be decentralized with stochastic linear bequest taxes (whose rate
depends on the full history of shocks and also receivers wages yet unknown at time of bequest),
where the expected inheritance tax rate is zero for all individuals. Again, this nominally provides
a zero-tax benchmark although the economic reasons for the zero-tax in this dynamic model
are drastically different from simple zero-tax intuition of the Atkinson-Stiglitz two-period type
model.

First, the zero-tax result of Kocherlakota (2005) depends on the decentralization mechanism
chosen. Other forms of decentralization that have been proposed in earlier NDPF papers with
more specific wage shock structures (such as iid shocks) can lead to decentralization with positive
capital taxes (as in the initial interpretation of the inverse Euler equation). A striking feature
of the Kocherlakota (2005) implementation presented in Farhi and Werning (2010), p. 664, is
that everybody leaves exactly the same bequest at the optimum so that the conventional notion
of wealth inequality disappears, making it difficult to map this theoretical result into actual
policy.??

Second and more important, as pointed out in Farhi and Werning (2007), the Kocherlakota
optimum has no steady-state as inequality becomes more and more skewed (the so-called im-
miseration result) where everybody’s consumption goes to zero almost surely. In our view, this
is a severe limitation of the framework, which makes it difficult to use for practical policy rec-
ommendations.?® In contrast, in our linear tax model, a steady-state exists and the long-run
optimal linear bequest tax 75 is positive (consistent with the earlier analysis of Aiyagari, 2005).

When some weight is put on future generations (either through social discounting that is

S1Farhi and Werning (2010) consider the fully nonlinear case and obtain valuable results on the progressivity

of the optimal bequest tax subsidy that cannot be captured in our linear framework.
52Finding a NDPF implementation that retains a more conventional notion of wealth inequality that can be

mapped into actual wealth inequality might help close the bridge with our simple tax structure approach.
53Condemning future generations with almost certainty to misery to improve the welfare and incentives of

their ancestors runs diametrically against any modern notion of opportunity.
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less than individual discounting or through a minimum bound on the continuation utility of any
generation), the immiseration result disappears and an ergodic steady-state is obtained where
each dynasty has the same long-run future expectations (as in our linear tax models). This
illuminating result was established by Farhi and Werning, 2007 and Farhi and Werning 2010
show that it also applies in their NDPF bequest tax model.?*

Farhi and Werning (2010) then show that instead of being zero in expectation as in Kocher-
lakota (2005), the optimal expected bequest tax rate is negative and given by essentially the
same formula to the one obtained in their two-period model. This result has again an analog
in our simple linear tax framework, comparing formula (14) from period 0 perspective to for-
mula (16) from a steady-state perspective, we can see that the formula from the steady-state
perspective adds a term in b°"V*d that reduces 7 (everything else being equal). Exactly as the
Farhi-Werning vs. Kocherlakota case, this extra term arises because there is a welfare cost to
bequest receivers of bequests taxation when we do not evaluate social welfare solely from period
0 perspective but also put some weight on later generations who are bequests receivers.

Hence, Farhi and Werning (2010), starting from two very different zero-tax benchmarks
(Atkinson-Stiglitz in the 2-period model and Kocherlakota in the infinite horizon), and using
the most general tax structures, obtain the same negative bequest tax deviation when includ-
ing the welfare of future generations. In our view, however, the Kocherlakota zero-tax with
immiseration benchmark is not meaningful for actual policy practice. Going from immiseration
to an ergodic equilibrium with mobility is economically first order. The fact that the mobility
ergodic equilibrium is achieved with negative bequest tax rates is second order. Something
more fundamental much have changed from the Kocherlakota (2005) tax structure leading to
immiseration to the Farhi and Werning (2010) tax structure leading to ergodic mobility.

Overall, we think that our “simple tax structure” analysis can be in large part reconciled
with the approach of Farhi-Werning. We both agree that counting bequest receivers in social
welfare leads to lower optimal bequest tax rates. Both approaches have merit and should be
seen as complementary as they can cast useful light on each other.

It would be valuable to bridge the gap between our approach and the NDPF approach by
considering intermediary tax systems more complex than our current linear tax structure yet
not as general and history dependent as the NDPF general mechanism. In practice, modern
democratic societies care about the rights and well-being of individuals—and not about the
rights and well-being of dynasties—which generates strong horizontal equity constraints on tax

structures.® At the micro-level, one individual’s taxes should depend on her economic resources

5 Qur linear tax model always delivers an ergodic steady-state (either when maximizing period 0 utility or
maximizing steady-state utility) and hence is not as critically sensitive to the social welfare criterion choice.
% As a practical example, it is worth noting that entails (namely the possibility for the funder of an estate

to decide what future generations could do with the wealth) were abolished not only by the French Revolution
but also by the American Revolution. As Thomas Jefferson once puts it: “the world belongs to the living” (see
Beckert 2007, p.13).
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(labor income and inherited wealth) but not on the history of how her inherited wealth was
accumulated by her ancestors (or how her labor income abilities were transmitted to her). At
the macro-level, future generations should not be collectively punished to improve the welfare
and incentives of earlier generations, ruling out immiseration schemes, and requiring stationary
tax systems.

Therefore in order to analyze how more complex tax mechanisms could in practice increase
welfare, it would be valuable to restrict attention to tax schemes respecting some basic horizontal
equity and stationarity properties. As compared to the simple linear and two-bracket tax
structures analyzed in this paper, we see two main avenues for increasing welfare. First, and
most obviously, one should look for the full non-linear optimum, and not just for two-bracket
inheritance taxes. This introduces computational complications but does not radically change
the optimal tax problem. Next, and maybe more importantly, one could use nonlinear taxes
on joint current individual labor income and inherited wealth. I.e. how much one pays in
inheritance taxes could also depend on how much one earns in terms of labor income. To our
knowledge, such schemes have never been used in the real world. However it would be worth
analyzing in future work to what extent they could generate substantial welfare improvements
as compared to standard inheritance taxes (where the amount due is independent of one’s labor

income).

A.5 Calibration and Numerical Simulations Details

All detailed calibration results, computer codes and formulas are provided in the data appendix
file available on line. Our main sensitivity checks are reported on Figures A1-A6 and are
commented in section 4 of the paper. Many supplementary sensitivity checks are provided in
the excel file. One can also use the file to change the parameters and graph the resulting optimal
tax rates series, both for linear and two-bracket tax specifications (with thresholds at $500,000
or € and $1,000,000 or €). Here we clarify and highlight a number of technical issues and
limitations of our calibrations, which should be better addressed in future research.

First, and most importantly, we did not try in our calibrations to correct for reporting biases
in either EP 2010 or SCF 2010. This is potentially a serious problem, because respondents in
wealth survey are known to massively underreport bequest and gift receipts. In France, the
aggregate annual flow of bequests and gifts reported in household wealth surveys is less than
50% of the aggregate flow found in fiscal data - which is troubling, given that the latter ignores
tax exempt assets such as life insurance, and hence is a lower bound for the true economic flow
(see Piketty 2011).

In case the under-reporting rate is the same for all bequest receivers, then the distributional
ratios b"°V*d and b are unaffected, and our resulting optimal tax rates are unbiased.

However there are reasons to believe that reporting rates are not randomly distributed.

For instance, it could be that individuals who have gone through a downward sloping wealth
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trajectory - i.e. who inherited 500 000$ twenty years ago and only have 100 000$ - tend to
forget to report their inheritance more often than average. On the contrary, it could be that
individuals with high current net worth like to present themselves as ”self made” individuals
and therefore tend to not to report bequests and gifts (even if they represent only part of
their current wealth). It could also be that both types of under-reporting are present whenever
bequest receipts are very large: large inheritors just tend to forget, whatever happens to their
wealth trajectory.

Preliminary analysis of the data suggests that this latter biais is indeed what is happening,
probably in both countries, and particularly so in the US: there are too few individuals reporting
large bequests and gifts in the retrospective questionnaires (as compared to the number of
decedents with large wealth in previous surveys). In both countries, a substantial fraction of
the population actually reports no bequest or gift receipt at all. Per se this is not necessarily
problematic: given the large concentration of wealth (bottom 50% receivers usually receive
less than 5% of aggregate bequest flow), it is natural that the bottom half reports very little
bequest and gift or not all; so what we did is to randomly attribute bequest received to bottom
percentiles so as to obtain a continuous distribution and replicate the right wealth shares.’¢ In
France, about 50% of the population aged 70-year-old and over reports positive bequest or gifts
(up from about 30% within the 18-to-29-year-old), which is consistent with tax data. In the
US, however, it is only 30% (up from about 10% among the 18-to-29-year-old). This can be
partly explained by the higher level of wealth inequality observed in the US, but this does not
seem to be sufficient. Another possible explanation is the stigma associated to inheritance in US
society (where ”self made” values are particularly strong in moral and political discourses). Yet
another possible explanation is the fact that the retrospective questionnaire is more detailed in
the French wealth survey than in the US survey. In particular, the French survey asks separate
questions about bequests and gifts received by each spouse, whereas there is only one question
for both spouses in the SCF (so it is possible that the respondent sometime responds solely
for himself or herself, although he or she is asked not to do so). In any case, there is a basic
inconsistency between the self-reported bequest flow in current wealth survey and the theoretical
bequest flow that one could compute by applying mortality rates to parental wealth reported in
previous wealth surveys. This is likely to bias downwards optimal tax rates (if only a very small
percentage of the population reports any positive bequest, then by construction zero receivers
make the vast majority of the population and accumulate almost as much as the average, so
that b® is close to 100%, which leads to lower 75). This should be addressed in a systematic
manner in future research.

We stress that some of the differences that we obtain between France and in the U.S. (in
particular the fact that " within the bottom 50% receivers is as large as 70%-80% in the
U.S., vs 60%-70% in France; see excel file) might well reflect such reporting biases, rather than

56We used a uniform law with upper bound equal to bottom reported bequests; we tried several specifications,

and this made little difference to the resulting estimates. See excel file.
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true differences in wealth mobility and hence socially optimal tax rates. The calibration results
presented in this paper should be viewed as exploratory: they provide illustrative orders of
magnitudes for key parameters and optimal tax rates, but should not be used to make fine
policy recommendations or comparisons between countries.

In order to illuminate the crucial role played by wealth inequality and mobility, and the
importance of using the right data sources to estimate these distributional parameters, we
provide in the on-line appendix file detailed estimates using the micro files of estate tax returns
collected by Piketty, Postel-Vinay and Rosenthal (2011) in the Paris archives over the 1872-
1937 period. This is an interesting time period to look at, since it was characterized by large
inheritance flows and extreme wealth concentration (with over 90% of aggregate inheritance
received by top 10% successors). In addition, this is highly reliable, exhaustive administrative
data covering wealth over two generations (something that is usually difficult to do), which
does not suffer from the same self-reporting biases as the contemporary survey data. We find
that b is as low as 20%-30% for the bottom 80% receivers (maybe with a slight rise over the
period). This would imply very high optimal inheritance tax rates - typically above 80% for
the benchmark values parameters used here.’” This would also suggest that wealth mobility
has increased quite spectacularly between Paris 1872-1937 and either France 2010 or the US
2010 (which would make sense, given the decline in both the aggregate level of inheritance
flows and the concentration of inherited wealth). However given the data sources biases for the
recent period, it is difficult to make a precise comparison. It would be valuable to use similar
administrative data for the recent period. We leave this to future research.

Next, it would be valuable to introduce individual specific estimates for the strength of
bequest motive v (using available questionnaires) and for capitalization factors (here we applied
the same annual real rate of return to all bequests and gifts; this seems to have rather limited
impact on optimal tax rates, however; see excel file).

Next, it would be interesting to use our estimates to compute the full social optimum implied
by various social welfare functions, in particular the utilitarian optimum. In effect, this would
amount to computing a weighted average of the optimal tax rates depicted on Figure 1, with
weights given by the marginal social value of extra income for the different percentiles of the
distribution of bequest received. The exact result will depend with the curvature ~, but it
is pretty obvious that for any reasonably large curvature (putting sufficiently more weights
on bottom deciles), the utilitarian optimum will be very close to the bottom 70% receivers’
most preferred tax rate. A more complicated issue is to decide whether one should use the
same curvature within each percentile of the distribution of bequest received. In effect, our
calibrations ignore redistribution issues between individuals in the same percentile of bequest

received, but with different labor incomes. The full social welfare optimum should also introduce

5"Note also that it is possible that the g, effect pushes in the same direction: in a rentier society where the
very rich do not work, then g, can be larger than 100% for the poor and the middle class. Unfortunately we do

not observe labor earnings in estate tax returns, so we cannot really say.

47



this dimension of redistribution.

Finally, it would be valuable to introduce more structure into our calibrations. In our baseline
estimates, we simply compute the optimal tax rates by plugging observed distributional ratios
into the optimal tax formula. However in practice distributional ratios should respond to change
in tax rates, thereby implying that our baseline estimates are biased upwards. In particular, one
=L
is natural (as zero receivers are no longer disadvantaged). The simplest way to proceed is to

needs to put a minimum structure so that b'°* depends on 75. In the case 75 = 100%, bt

consider that we estimate b at the current rate 75" and then assume that b'°%(73) is linear
in 75 (this is what we obtain in the linear savings model, see Piketty and Saez 2012):

Z)left (TB) _ [_)left (Tlcgurrent) (1 o TB) T (TB - T%urrent)gL

current

The main difficulty with this approach is that one needs to specify the current tax system,
which in practice is highly non-linear, and relies much more on the annual taxation of the
flow of capital income and corporate profits (and on annual property or wealth taxes) and on
inheritance taxes. Taking all forms of capital taxes together, the average effective capital tax
rate is about 30%-40% in both France and the US. Preliminary estimates using this simplified
view of the current tax system lead to the conclusion that the extra effects implied by the linear
structure would not be very large - as long as the optimal tax rate is not too different from
the current one. For instance, if we take 75""*=40%, and if we start from a situation where
78 = 60%, (which is approximately the optimal linear inheritance tax rate for bottom 70%
receivers in both France and the US, see Figure 1), then the new corrected optimal tax rate
would be reduced to 75 ~ 55%. We leave more sophisticated calibrations - in particular taking
into account the non-linear structure of the tax system - to future research.

Another major limitation of our calibrations is that we compute optimal tax rates from the
viewpoint of single cohort, namely individuals over 70-year-old in 2010. This corresponds to the
cohorts born in the 1920s-1930s, who for the most part received bequests from their parents in
the 1970s-1980s, and who are about to leave bequests to their children in the 2010s-2020s. The
problem is that we are not in a steady-state. In France, the aggregate annual flow of bequest was
slightly over 5% of national income in the 1970s, and has gradually increased in recent decades,
up to about 15% of national income in the 2010s (Piketty, 2011); in the U.S., the trend is going
in the same direction, though probably with a lower slope.?® In other words, we have computed
optimal tax rates from the viewpoint of cohorts who at the aggregate level have received less

bequests than what they will leave - which biases downwards optimal rates.

58See the discussion in Piketty 2011. See also the series by Piketty and Zucman 2012 showing that the
aggregate wealth-income ratio has increased significantly in the US since the 1970s, but less strongly than in
Europe. This, together with a stronger demography (younger population and lower mortality rates) and larger
non-transmissible, annuitized wealth (pension funds), is likely to deliver a smaller rise in the aggregate bequest

flow.
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In the working paper version of this work (Piketty and Saez 2012), we show that the optimal
tax formula can be re-expressed in terms of the aggregate bequest flow b, = B/Y, and we
present calibrations illustrating the fact that for a given structure of preferences and shocks,
the optimal tax rate is a steeply increasing function of b,. The intuition is the following: with
a low by, there is not much gain from taxing high bequest receivers from my own cohort, and
in addition low and high bequest receivers accumulate wealth levels that are not too far apart.
In future research, it would be valuable to combine the micro calibrations emphasized here
and the macro calibrations presented in the working paper in order to compute cohort-varying,
out-of-steady-state optimal tax rates. It is likely that the optimal tax rates from the viewpoint

of more recent cohorts will be significantly larger than those for older cohorts.

A.6 Extensions not Covered in the Main Text
A.6.1 Optimal Nonlinear Inheritance Taxation

Our formulas can be extended to the case with nonlinear bequest taxation when the nonlinear
bequest tax takes the following simple but realistic form. Bequests below a threshold b; are
exempt and the portion of bequests above the threshold b; is taxed at the constant marginal
tax rate 7p;. In effect the tax on by is 7p:(by; — b)T. Actual bequest tax systems often do take
such a form. Considering multiple brackets with different rates is unfortunately intractable as
we explain below. We consider only the basic model of Section 2 and the Meritocratic Rawlsian
criterion (the formulas can also be extended to the models of Section 3 as well). We consider
the case with “generational” budget balance so as to be consistent with dynamic efficiency (as
is possible when considering the zero-receivers optimum as discussed in appendix A.3).

Let us denote by By; = (b; —b;)" taxable bequests of individual ¢i and B, = fz By; aggregate
taxable bequests.

The individual maximization problem is:

max_ V" (cy, R[bt—i-li_TBt—l-l(bt—&-li_b:Jrl)Jr];lti) s.t. Ciitbip1i = Rlby—7pe Byl +wylyi(1—714)+Ey.

Ctibt+1i >0

The individual first order condition for bequests left is V" = R(1 — 7p41)V{ if Byyy; > 0 and
VI = RV} if 0 < by < by Importantly, By 1,V = R(1 — Tpi11)Biy1iV)' is always true.

We take b* as given and constant with ¢ in the steady state. The government solves

TL;TB

SWF = Inax /wtiV”(R(bti — TBBtz‘) + wtilti(l — TL) + Et — bt-i—lia R(bt-l—li — TBBt—l—li)a ltz) (A13)

with F given and 7;, and 7p linked to meet the “generational” budget constraint, £ = 735811 +
Tryre- The aggregate variable B, ; is a function of 1 — 75 (assuming that 7, adjusts), and y,
is a function of 1 — 7, (assuming that 75 adjusts). Formally, we can define the corresponding
long-run elasticities as:

_1l—7 dB;

. =7 dyn
5=
By d(1—17p)|p

and ey = )
t yre d(l—7L) E
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Consider a small reform drg > 0, budget balance with dE = 0 requires that dr;, is such that:

Bij1d7p <1 —ep 5 ) = —dTryLs (1 —ey L > .

1—TB 1—TL

Using the fact that b,,1; and [; are chosen to maximize individual utility and applying the
envelope theorem, the fact that R(by; — 75By;) = 0 for zero-receivers, the effect of the reform

drg, dt, on steady-state social welfare is:
dSWF = /wtch” . (—dTLthi) + wtiVQ” . (_dTBRBt-Hi)'

At the optimum, dSWF = (. Using the individual first order condition VB, ; = R(1 —

TB)Bt+1Z"/;i, and the expression above for drr,, and the definition of ¢;;, we have:

— ELTL
I—TL

1= 22y d7pBii1;
0= /gtz' C— &Btﬁ-ldTB _ BTt ;
i 1 YL

Let g, B be the population averages of ¢; - Yrti/Yrt, 9ei - Biy1i/Biy1. Dividing by By, idrg,
the first order condition is rewritten as:

_1—637’3/(1—7'3)7 Bleft

0=
1—€LTL/(1—TL)yL

_1—7‘3‘

Finally, as in optimal top labor income taxation (Saez, 2001), we can define the elasticity e,
of top bequests (i.e., the full bequests among taxable bequests) with respect to 1 — 75. This
elasticity e is typically the one estimated in empirical studies (e.g., Kopczuk and Slemrod, 2001).
It is related to elasticity of aggregate taxable bequests eg through the Pareto parameter a of
the bequests distribution through the simple equation eg = a - e, with a = b™(b*)/[b™(b*) — b*]
where ™ (b*) is the average bequest among bequests above the taxable threshold b*. To see
this, note that for taxable bequests, by; — b* = By so that by dblz = (by — b*)dBi::, and hence
brieps; = (b — b*)epy at the individual level. Aggregating across all taxable bequests, we get

b (b ey, = (b™(b*) — b*)ep, i.e., a- e, = ep. Hence, we can state:

Nonlinear Top Rate Steady-State Rawlsian Meritocratic Optimum. The optimal tax

rate T above threshold b* that mazimizes long-run steady state social welfare of zero-receivers
with “generational” budget balance is given by:

1_[1_M].ﬁ 1_[1_M}.ﬁ

1-7g 9L 1-7g 9L

= = ) Al4
B 1+ep 1+a-e ( )

where B and 7, are the average taxable bequests and average labor income among zero-
receivers (relative to population wide averages), ep is the elasticity of aggregate taxable bequests,
a is the Pareto parameter of the bequest distribution, and ey, the elasticity of full bequests (among

tazable bequests).
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Three points are worth noting. First, if zero-receivers never accumulate a bequest large
enough to be taxable, then B = 0, and the formula reverts to the revenue maximizing tax
rate g = 1/(14+ep) = 1/(14a-e).>> Second, as b* grows, there are two possibilities: either Bt
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*, zero-receivers want a tax rate on bequests strictly lower than
the revenue maximizing rate. In reality, it is probable that B declines with b* as the fraction
of self-made bequests left likely declines with the size of bequests. If the elasticity e, and a are
constant, then this suggests that the optimum 75 increases with b*. 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*.5

Third, 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 in the simple case where there is a
single taxable bracket and we consider the zero-receiver optimum. We leave further exploration

of full non linear optima to future research.

A.6.2 Equivalence between Consumption and Labor Tax

Let us denote by 7¢; the tax-inclusive consumption tax rate, i.e., an individual spending $1
nominal dollar in period ¢, actually consumes $(1 — 7¢;) in real terms and pays 7¢; in taxes with
a consumption tax at rate 7¢;.5 When there is a consumption tax, let us denote by ¢, b, ES
the nominal value of consumption, bequests received, and demogrant and by c¢;; = (1 — 7¢¢)cS,
by = (1—700)bS, By = (1—7¢¢) EC, the real levels (in term of purchasing power) of consumption,
bequests received, and demogrant taking into account the consumption tax.

We can prove the following general equivalence between a labor tax and a consumption tax

when the government can use debt.

Proposition 1 Fquivalence between labor tax and consumption tax. Consider a labor
taz, bequest tax system (Tri, Tet)t>0 (With zero consumption tax) with aggregate consumption ct,
aggregate private bequests by, government net assets a;, demogrant Ey, and capital Ky = a; + by
(as in Section 3.1 in the text).

The formula takes the same form as in standard optimal labor income tax theory (see Saez 2001).
60This is easily seen in the model with binomial random tastes (see Piketty and Saez, 2012).
61Such an tax-inclusive consumption tax 7¢ is equivalent to a conventional tax-exclusive consumption tax at

rate t. if 1 — 7¢ = 1/(1 + t.). We use the tax-inclusive 7¢ concept to obtain a direct equivalence with 77, (as

labor income taxes are conventionally expressed in tax-inclusive terms).
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e This system is economically exactly equivalent to a consumption tax, bequest tax system (Tcy =
Tre, TBt)t>0 (With zero labor tax) along with additional subsidies/tazes for bequests at rate s, =
(Tot41—T01) /(1 —Tc), with aggregate nominal consumption ¢ = c;/(1—7¢4), aggregate nominal
bequests b = b, /(1 — 7¢;), government net assets aS = a; — 7¢;:bS, nominal demogrant EX =
E,/(1 — 1¢;), and capital K, = al + b° = a, + b;.

o [f initial labor tazes are time invariant, the equivalent consumption tax is also time invariant
and no additional bequest subsidies/tazes are needed (s; = 0).

e [t is possible to transition from the labor taz to the consumption taz system in (any) period
to with no change in any individual utilities nor real variables by issuing debt Toy, by, /(1 — Totg)
at the end of period to — 1. The difference in subsequent permanent tax yield exactly pays the

terest on this extra-debt.

Proof:

Individual equivalence. Under the consumption tax (7ct, Tpt)i>0, the individual utility is:
Vti(ctm (1 - TBt+1)Rt+1bt+1i7 lm‘) = Vﬁ((l - TCt)Cg7 (1 - TCt+1)(1 - TBt+1)Rt+1th+m lm‘)7

i.e., we assume that individuals care about the real value of the bequests as wealth matters in
real terms, not nominal terms. With a subsidy at rate s; on bequests left b7, ,;, the individual

budget constraint in nominal terms is
CtC; + (1 - St)bg-u <y + (1 — TBt)Rtbg + Eto, (A15)

so that multiplying by 1 — 7¢; and using real quantities, we have:

1 — TCt
)

ci +(1—s bir1i < (1= 7ee)yre + (1 — 7)) Ribyi + Ei.

1 — 7ot

Hence, from the individual point of view, the consumption tax system with the subsidy (7¢; =
TLt, TBt, St)>0 18 equivalent to the standard labor tax (77 = Ty, Tpe)i>0 (With zero consumption

% =1, ie., s = (Torr1 — 7cr) /(1 — Tcn)
as in the Proposition. The subsidy (or tax) s; is needed to undo the inter-temporal distortion

tax) when the subsidy s; is set so that (1 — s;)

created by time varying consumption taxes (as time-varying labor taxes do not create such
inter-temporal distortions). If the consumption tax rate increases, s; > 0 and conversely if the
consumption tax rate decreases, s; < 0. Naturally, s, = 0 if the consumption tax rate does not

vary from ¢ to ¢t + 1.

Government and macro-level equivalence. Aggregating the individual budget constraints (A15),
we have:
o =y + (1 —7p)Reby + B — (1 — s)bf,,. (A16)

Let us denote by af the government net assets in period ¢ in this consumption tax scenario.

Government assets a’ and private assets b form the capital stock so that we have K; = b +a’.
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Those assets are invested and earn a rate of return R; at the end of period t (R is exogenous in
the open economy case and endogenous and equal to Ry = 1+ Fx (K, L;) in the closed economy
case). At the end of period ¢, the government collects period t taxes, provides the subsidy s; to
bequests left to period t + 1, pays the demogrant EC. Hence, the dynamic government budget
constraint is:

c c c c c c
a; . = Ray + 1 Riby + 1oy — sib — B,

Using the expression (A16) for ¢, we have
agy = Riay + e Rb; + Teulyre + (1 — a0 Ry + EF — (1 — s,)bf4] — sy, — By
and hence,
atCH + [s¢ + 7 (1 — St)]bg-l = Rt[atc + TCtth] + ey + (1 — Tot)Rtth - (1- TCt)EtC.
Denoting a; = af + 7¢;:b¢ and using the fact that s; + 7¢¢(1 — s;) = Tov41, We have
K, = atc +0¢ =qa, + (1-— TCt)th = a; + b, and

a1 = Ryay + 1oy + TR Ryby — By

Those two equations are the capital stock equation and the government dynamic budget equation
of the labor tax system (7.; = Tct, Tnt)i>0. Hence, at the macro-economic level, the consumption
tax with bequest tax and subsidy (7¢y, Tat, St)i>0 is also equivalent to the labor tax with bequest
tax (7. = Tct, Tt )i>0. This proves the first point in the proposition. The second point follows

immediately as s; = 0 when 7¢; = Toy41-

Transition from labor tax to consumption tax. To understand this result and the role of ini-
tial conditions, it is pedagogically useful to consider a transition from the labor tax system
(TLt, TBe)t>0 to the consumption tax system (with bequest subsidy) (7¢¢ = Tre, TBe, St)i>0. Sup-
pose the transition happens in period ty. In the old regime, bequests and government assets
would have been b;, and a,,. In the new regime, bequests and government assets will be btc0 and
.

Period ty — 1 bequest leavers realize that their heirs will pay supplementary consumption tax
in period ty. Hence, the government needs to subsidize their bequests to undo the effect of the

o

newly enacted 7oy, with a subsidy at rate s;, = T With this subsidy in place, period ty — 1
0

bequest leavers are unaffected by the new consumption tax and leave a new bigger nominal

bequests b§) = by, /(1 — Tcy,) (relative to by, they would have left in old labor tax regime). This

requires the government to issue new debt ag —Qy, = —thO Tot, = — by, 122 . Period ¢, capital is
0

K, = a% + bg =, — bgTCto + bg = a4, + by, 1.e., unchanged relative to the capital stock in the

old regime. Effectively, the new debt is fully absorbed by the new bigger bequests left. As we

have seen, period ty generation faces exactly the same real budget constraints and hence makes
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the same real choices. We can re-derive the calculation above showing complete equivalence

between the new government budget constraint and what the old one would have been:
c c c c c c
gy 41 = Rig @y + T Rigbyy + TotgrChy — Stobyg 11 — By & Qg1 = RigQuy +Tow Yt + oo Rig by — Eiy-

This implies in particular that the new tax system raises the same revenue as the old system

plus the interest to service the new extra-debt. Q.E.D.

Three points are worth noting about this proposition and proof.

First and most important, our optimal tax formulas for 75 carry over unchanged in the
case with consumption taxation (by just replacing 7, by 7¢) in all the cases where we allow for
government debt. As discussed in the main text, we think that the case with debt is the most
appealing so that we can disconnect dynamic efficiency issues from cross-sectional redistribution
issues. Intuitively, a consumption tax (relative to a labor tax) looks like it rewards savers and
penalizes spenders, but in reality, with a labor tax, all bequests fall so that savers do not need
to save as much and inheritors receive less. Hence, the situation is actually equivalent for
everybody. Of course, a new consumption tax also taxes initial accumulated wealth. However,
if the government compensates initial wealth holders for the new consumption tax, in effect, the
consumption tax is a labor tax and none of the macro-economic variables are affected. If the
government does not adjust debt, a shift from labor to consumption will tax initial wealth and
hence will create real changes.®?

Second, in the OLG case with 2-period long lives and with labor income only in period 1
(as in Section 3.2), the equivalence is even simpler because there is never any need to use s;.
If we consider a generation specific consumption tax 75 that applies to the cohort young in
period ¢t and old in period ¢ + 1. Then, (774, Tg¢)i>0 18 equivalent to (7& = Try, Tt )i>0 With
no need of savings subsidies (as the tax rate on consumption is constant within a lifetime).
Again, switching from labor to consumption tax in period ¢ requires compensating the old for
the new consumption tax (as they have already paid the labor tax) and the full micro- and
macro-equivalence is preserved.

Third, the equivalence between labor and consumption taxes breaks down when using pro-
gressive taxes as the variation over time in the progressive consumption tax cannot be replicated
with a time varying labor tax. A progressive consumption tax can therefore target idle heirs
better than a progressive labor tax.

This general equivalence carries over more generally to a situation with annual capital income
taxes. In that context, a labor tax is again equivalent to a consumption tax cum capital
income subsidy s; to undo the inter-temporal distortion created by time varying consumption
taxes. Concretely, whenever the consumption tax varies over the time, the government has to
compensate wealth holders period by period to keep the purchasing power of wealth constant.
This can be done by issuing debt with no macro-economic consequences and the consumption

tax is fully equivalent to a labor tax.

62Piketty and Saez (2012) discuss those effects.
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Figure Al: Optimal linear inheritance tax rates, by percentile of

bequest received (France, variants with diff. eb = long-run bequest elasticity)
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Figure A2: Optimal linear inheritance tax rates, by percentile of
bequest received (U.S., variants with diff. eb = long-run bequest elasticity)
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Figure A3: Optimal linear inheritance tax rates, by percentile of
bequest received (France, variants with diff. v = strength of bequest motive)
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Figure A4: Optimal linear inheritance tax rates, by percentile of
bequest received (U.S., variants with diff. v = strength of bequest motive)
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Figure A5: Optimal linear inheritance tax rates, by percentile of
bequest received (France, variants with diff. r-g = capitalization factor)
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Figure A6: Optimal linear inheritance tax rates, by percentile of
bequest received (U.S., variants with diff. r-g = capitalization factor)
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