Taxing Top CEO Incomes:
ONLINE APPENDIX

By LAURENCE ALES AND CHRISTOPHER SLEET *

I. Proofs from Section I and Further Analysis of the CEO Assignment Economy

We now give three results that characterize a tax equilibrium and re-express it
in a form suitable for optimal tax analysis. The first result confirms that assorta-
tive matching occurs in equilibrium.

LEMMA L1: If (i, z,w) is an equilibrium at (T, U), then either (a) y = u, no firm
produces and all candidate CEOs take their outside option or (b) there isa @ € I such
that (i) for all v € (9,1], u(v) = wand (ii) for all v € (0,9), u(v) = v.

PROOF OF LEMMA 1.1:

Ifv' > v, u(v) =uand u(v') € I, then V(S(v),z(v")) —w(v') > V(S(v'),z(¢v")) —
w(v') > 0 and firm v is made strictly better off matching with CEO p(¢') at in-
come w(v') and effective labor supply z(¢v'). Since CEO p(v’) is obviously no
worse off, this cannot be an equilibrium outcome and, hence, if (v') € I, then
u(v) € I. It follows that either (i) # = u or (ii) there is some ¥ € I such that for
v € (0,9), u(v) € Iand forv € (7,1], u(v) = u.

We next argue that y is increasing on (0, 7). Suppose not, then there exists a
pair v < v’ < 7 such that u(v') < u(v). We argue that by exchanging partners
v and y(v') can both improve their payoffs contradicting the fact that (y, z, w) is
an equilibrium. If (y, z, w) is an equilibrium then, letting c(v) := w(v) — T[w(v)]
and c(v') := w(v') — T[w(v')],

u (C(U), h(Zﬂ(z))) > U (C(v')r %)

4 (o i) 2 (i)

If the first of these conditions did not hold, then CEO (v) could make herself
and firm v’ slightly better off by offering to supply z(?’) to firm ¢’ for an income
very slightly below w(v'). Similarly, if the second did not hold, then CEO u(v')
could make herself and firm v slightly better off by offering to supply z(v) to
firm v for an income very slightly below w(v). The Spence-Mirrlees property
of U then implies that z(v') > z(v) and ¢(v') > ¢(v) (and, hence, since no firm
would pay a higher income to obtain a lower after-tax income and consumption
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for its CEO, w(v') > w(v)). Thus, u(v’) supplies more effective labor to v’ than
#(v) supplies to v. If y(v') instead works for v, supplies the same effective labor
z(v') and accepts the same income as before, then the payoff of firm v is changed
by: V(S(v),z(v")) — V(S(v),z(v)) — [w(v') — w(v)]. If this change is positive,
then a contradiction is obtained since firm v is made better off by the partner
swap, while p(v’) is no worse off and so (y,z, w) cannot be an equilibrium. If
this is change is non-positive and z(v’) > z(v), then:

0> V(8(0),2(v')) = V(S(0),2(0)) = [w(v) — w(v)]
> V(S(v),2(v) = V(8(2'),2(v)) — [w(v') — w(v)],

where the second equality uses the strict super-modularity of V and so:

V(S(0'),2(0)) — w(o) > V(S(2'),2(2")) — w(2).

Thus, firm v’ is made strictly better off by swapping partners with firm v, which
again contradicts the requirement that (y,z, w) is an equilibrium. Finally, con-
sider the case in which V(S(v),z(v")) — V(S(v),z(v)) — [w(v") — w(v)] = 0,
z(v') = z(v) and w(v) = w(v’). If firms v and v’ swap partners and con-
tinue to pay the same incomes and require the same effective labors from their
CEOs, then no firm or CEO is made worse off. Denote the common effective
labor amount by Z and the common income by @ and, to simplify the exposi-
tion suppose that the tax function T is differentiable at @ with derivative Ty, [@].

It cannot be that: V;(S(v),2)h(u(v')) = —ﬁiﬁziﬂﬁifzgﬁm% (1 — Ty[@]) and

Vo(S(V"),2)h(pu(v)) =- gjgi:;%i%gﬁgg;; (1— T [@]) since if so the following con-

tradiction emerges:

VAS(0) DM)) =~ s it 5t (0~ Tola)
U@ — T(a) 2/h(r)) () g 1o
< U@l 2/ku(e) |
= VL(S(0/), 2)h((2)) < Va(S(0), Dh(x(o),

where the first inequality follows from the fact that h(p(v')) > h(u(v)) and the
Spence-Mirrlees property of U and the second inequality follows from S(v) >
S(v'), the strict super-modularity of V and h(u(v')) > h(u(v)). Thus, after re-
matching at least one pair (v, 4(v')) or (v/, u(v)) is not at a Pareto optimum. It
is then possible for this pair to adjust CEO effort and income to make both firm
and CEO better off. Again, this contradicts the assumption that (y,z, w) is an
equilibrium. We conclude that y is increasing on (0, 7].

Finally, we show that for ¥ > 0, y is the identity map on (0,7). Since u
is measure-preserving and increasing, it is sufficient to show that there are no
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discontinuities in y and that lim, o #(v) = 0. Suppose that p has a disconti-
nuity at some 9, but (without loss of generality) is continuous from the right.
Then pu(9) > u(9-) := limyy p(v) and CEOs between (u(9-),u(9)) are un-
matched. But form € (u(9-), u(9)), U(w(d) — T[w(d)],z(0)/h(m)) > U(w(d) —
Tw(9)],z(0)/h(u(d))) > U, contradicting the definition of equilibrium. Thus,
i is continuous. By a very similar argument if lim, | #(v) > 0, then there are
unmatched CEOs in (0, lim, o #(v)]. These CEOs would be made strictly better
off by matching with a firm and accepting the terms the firm is giving to her
current CEO. Again this is inconsistent with an equilibrium.

Finally, we characterize y at 9. Suppose @ € (0,1) and letv, T dand v, | ¥
(witheach0 < v, <9 <7, <1). We have:

Wy = U(w(z,) — T[W(%)LZ( n)/h(v,)) = U
U(w(z,) — Tlw(w,)], z(2,)/h(@n)).

As observed previously w, = w(v,), ¢ = w(v,) — T[w(v,)] and z, = z(v,)
are bounded, decreasing sequences. Denote the limits of these sequences by
(Woo, Coo, Zoo ). Since limh(v,) — h(v,) | 0 and U is continuous, it follows that
U(cn, zn/h(v,)) — U(cn,zn/h(v,)) converges to 0. Hence, W,, | U. In addition,
by a similar argument, V(S(v,),z(v,)) — w(v,) | 0. It follows that if T is con-
tinuous, then the 7 firm and CEO are indifferent about matching at the effective
labor-income (zeo, Weo )-

Without loss of generality we select equilibria in which if 7 > 0, then p(7) = 3.
The next proposition simplifies the equilibrium conditions in Definition 1 in the
paper in a way that is convenient for tax analysis. It shows that given (T, U), if
a pair of effective labor and income functions (z, w) on a domain (0, 9] are such
that no CEO v € I N[0, 7] is made strictly better off exchanging places with CEO
v'(0,9] and accepting the terms v’ receives and similarly for firms, then no firm-
CEO pair (v,7') € (0,3]? can benefit (both weakly and at least one side strictly)
from re-matching and selecting an arbitrary effective labor and income in the
codomain of w. Furthermore, if the d-ranked CEO and firm receive the outside
options U and 0 respectively and if T is such that T(w) = w at all w outside of
the co-domain of w, then (7, w, z) is an equilibrium at (T, U). Thus, the stability
conditions on firms and CEOs in Definition 1 are decoupled and re-expressed
as separate firm and CEO incentive conditions. In addition, Proposition [[.1]sup-
plies a converse result: associated with any (non-trivial) equilibrium is a (7, z, w)
satisfying the conditions described above.

PROPOSITION I.1: Let T : Ry — IR be a tax function, ¢ be a number in I and
z:(0,9] - Ry and w : (0,3] — Ry be a pair of effective labor and income functions
satisfying the participation conditions, for all v € (0,7],

(L1) u (w(v) — T[w(v)], ZEZ;) >U and V(S(v),z(v)) —w(v) >0,
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and the incentive conditions, for all v,v' € (0,7],

12 U <w(v) ~ T[w(v)], ZEZ;) >Uu <w(v') — Tl ()], %’;) ,

and

(L3) V(5(0),2(v)) — w(v) = V(S(v),z(v')) — w(©).

Then there is no tuple (v,v',z',w") with (v,v") € (0,3] and w" € w((0, 7)) such that:

u (w’ — T[w’],h(v,)> > U <w(z/) — Tw(v")], zEZi))> ,

and
V(5(v),z") —w' > V(5(v),z(v)) — w(v),
with at least one of these inequalities strict. In addition, if (i) U <w(z7) T[w(3)], Z—”%)

= U and V(5(0),z(9)) — w(d) > 0 and (i) for all w' ¢ w((0,7]), T(w’) = w,
then (w, z) defines an equilibrium at (T, U). Conversely, if (3, w,z) is a

) is an eq
at (T, U), then (0, w,z) satisfies to , U( (0) — T[w (v)],z ) > U and
V(S(9),2(9)) —w(9) > 0 with equality if 5 € (0,1).

PROOF OF PROPOSITION L.1:

Suppose the first claim in the proposition is false and that there is a tuple
(v,v,2,w") withv,v’ € (0,%] and w’ = w(?) € w((0,d]) such that:

u (w’ — T[w’],é) > U (w(z/) — Tw(v")], ;EZ;) ,

and
V(5(v),2') —w' > V(S(v),2(v)) — w(v),

with at least one of the previous inequalities strict. If z’ > z(9), then:

(w(2) - Th(0)), Z((A))) > u(of T[w’],h(z/,)>
> U(oe) - T, 50 ) = (@) - T, £ 0,

where the first inequality follows from z’ > z(9), the strict monotonicity of U in
eand w' = w( 0), the second inequality is by assumption and the third follows
from ([.2). If 2/ > z(0 ) the first of the precedmg mequahtles is strict implying a
contradiction. Thus, z/ < z(9) and if 2/ = z(9), the v'-ranked CEO is no better
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off working for the v-ranked firm at (z/,w’). If 2/ < z(9), then

V(8(0),2(v)) — w(v) = V(S(v),2(9)) — w(0) > V(S(v),2) — w(0),

where the first inequality is by and the second is from the strict monotonicity
of V in z, and the v-ranked firm is worse off matching with the v’-ranked CEO
at (z/,w’). For this firm to be strictly better off, z/ > z(¢). We conclude that
v-ranked firm cannot be made strictly better off without making the v'-ranked
CEO strictly worse off and vice versa. A contradiction is attained.

It follows that if (z, w) satisfies the conditions in the proposition over the do-
main (0, 9], then each firm (resp.CEO) v € (0, ] is better off matched with CEO
(resp. firm) v, than matched with an alternative partner ' € (0,9] at an in-
come w' € w((0,7]) and an effective labor supply that improves their alterna-
tive partner’s payoff relative to (z(v'), w(v')). Moreover, if, T(w') = w’ for all
w' € Ri\w((0,7]), then there is 100 per cent taxation of any price outside of
the range of w on (0,7]. Clearly, no firm or CEO would wish to choose such
an income and, hence, no firm or CEO in (0, 7] can benefit from rematching with
another partner ¢’ in this set and choosing any effective labor supply and income
that improves their alternative partner’s payoff relative to (z(v'), w(v')). In ad-
dition, if U(w(ﬁ) — T(w(®))], 22 g) = U and V(5(5),2(5)) — w(5) = 0, then no
firm or CEO v € (0, 7] is better off unmatched than matched at (w(v),z(v)), i.e.

and similarly for firms. Finally, if 7 € (0,1] and U (w(ﬁ) — T[w(d)], ;EZ%) =Uu

and V(5(9),z(9)) — w(?) = 0, then by similar logic to that given above, it is
readily verified that all firms and CEOs v € (7, 1] are better off unmatched than
matched with a partner in [ ata (z/, w’) that gives the partner as much as it could
obtain from remaining its current match or remaining unmatched.

For the converse, if (7,z, w) is an equlhbrlum at (T,U), then it is immediate
>

that it satisfies (I.1) to (I.3) and LI( (9) — @) (z% Uand V(5(9),z(0)) —
w(5) > 0. 15 € (0,1), then u(w(~) ) fi)) T and V(S(5),2(3)) —
w(?) = 0 since, otherwise, there is an mterval (9,v") such that for each v €

©)
(5,0') either U(w( 8) — T[w(5)] Q) > U or V(S ( ),z(3)) — w() > 0. This

/\:

7 h(v)

contradicts the equilibrium definition.
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PROOF OF PROPOSITION 1

The proof of Proposition 1 in the main paper is a now a direct consequence of
Lemma(l.Tjand Proposition[[.1

Lemma [[.2] provides monotonicity results for various equilibrium functions. It
also proves the existence of a function w relating equilibrium income to effective
labor supply.

LEMMA 1.2: If (3,z, w) is an equilibrium threshold and a pair of equilibrium effective
labor and income functions at (T,U), then (z,w,c), with c¢(v) = w(v) — T[w(v)],
v € (0, 3] are non-increasing and there exists a function w : z((0, 7)) — R satisfying
foreach v € (0,9], w(z(v)) = w(v). In addition, equilibrium CEO utility ®, ®(v) =
U(c(v),z(v)/h(v)) for v € (0,9], and firm profits 7, t(v) = V(S(v),z(v)) — w(v)

for v € (0,9], are decreasing.

PROOF OF LEMMA 1.2:

Monotonicity of z and ¢ follow from ([.2), the Spence-Mirrlees property of
U and standard arguments. Hence, if v > ¢/, then ¢(v) < ¢(¢v') and so if
w(v) > w(?v'), then T[w(v)] — T[w(v')] > w(v) — w(v'). But clearly no firm
would choose to buy from a CEO at income w(v) (they could strictly reduce
the income they pay and weakly raise their CEO’s consumption). Hence, w
must be non-decreasing as well. Moreover, w is 0(z)-measurable (where o(z)
denotes the sigma-algebra induced by z). Hence, there exists a function w, with
w(z(v)) = w(v) (see, for example, Klenke| (2008), Corollary 1.97, p. 41). Fi-
nally, if v < ¢/, then ®(v) = U(c(v),z(v)/h(v)) > U(c(v'),z(v")/h(v)) >
U(c(v'),z(v")/h(v")) = ®(v') and similarly for 7.

II. Derivation of Elasticities for Section II

In this appendix, we derive expressions for elasticities used in Section II of the
paper under the assumption of a multiplicative firm surplus function DSz. We
first assume general preferences and then specialize to the quasilinear/constant
effort elasticity case. The elasticities given in the main text are “aggregate elastic-
ities” that summarize the CEO income and firm profit responses of populations
of CEOs and firms to a tax rate change. Below we build these elasticities up from
individual level responses and equilibrium conditions.

INDIVIDUAL INCOME ELASTICITIES FOR CEQOS

As in the main text let w(z,1 — ) give CEO income as a function of effective
labor supply and the tax rate. In this appendix, we also make the dependence
of a CEO’s effective labor on the retention rate explicit in the notation and let
z(v,1 — 7) denote the equilibrium effective labor supply of CEO v given reten-
tion rate 1 — 7. Suppressing dependence of functions on their arguments in the
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notation, the CEOs first order conditions are:

(IL.1) 1- )% huc(,h)+ue(,£)=0.

where: ¢(v,1—-17) = w(z(v,1—-1),1—-7) — T(w(z(v,1—-7),1—T) —wp) — T[wy.
The corresponding firm’s first order condition is:

Jdw
(IL2) 5, = Ds.

Since z(v,1 — 7) = h(v)e(v,1 — T), we have z, = z{ o+ "’”} Substituting .

into ([L1), totally differentiating and using the definitions of the uncompensated
and compensated CEO effort elasticities £ and £¢ gives:

hy
v cu c€
. E h—|—5
And so:
ZU_ u@ C&
(IL3) Z_{<1+5)h+5 S}.

Differentiating (II.2) with respect to v and combining with (I1.3) gives:

%w DS,

022 {a+enl+ecs)

Totally differentiating the CEO's first order condition (II.1) with respectto 1 — 7
gives:

Jz
o(l—1)

Lhtl, + {w—wo+ (1- 1) 525} {(1 = 1) Rhllee + Une } + (1 - 1) 80 e

(1-1)29nU, + {(1 — ) } hUee +2(1 = T) 22U, + U/

9z2
Totally differentiating the firm’s first order condition (II.2) gives:

2w 9z 2w

0z2 9(1 — 1) + 9zo(1—1) 0
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Combining the preceding conditions:

1—-7 oz
z d(1—1)
| — 7\ DShU + [258 + 15r 0 | {(1— 7)DShUe + Uee}
( ) {(1 = 7)DS}?hUc. + 2(1 — 7)DSUg, + Uy /1

(I.4)

Note if CEO utility is quasilinear in consumption and there are no income effects,
then U, = U, = 0 and the elasticity in (I1.4) reduces to the usual behavioral

elasticity £ = Lg: 5 If income effects on effort supply are negative and 17 dw <
0, then

w dl-t —

1—-7 0z S < ue> uc“"ﬁ{_%iucc‘f‘uec}e
z 8(1 - T) — \Ue {%ﬁ}zucc - z%uce + Uee

(ue> Ue + {— Uee + Uec Je
Uce {%}zucc_z%i ce+uee’

where the final right hand side is the usual behavioral uncompensated effort

elasticity. In particular, in this case, if the latter elasticity is non-negative, then
so too is 1%8(18;). In addition, at vy, w = wy and if % = 0 (as will be
1-t_ oz

shown below), then ~—+ 317 equals the usual compensated effort elasticity.

We now verify that at vy neither the firm’s nor the CEO’s payoff changes in
response to a small retention rate change. Let @y denote the utility of the vp-
ranked CEO prior to the tax change. Let zy denote this CEO’s effective labor, wy
her income, hg her talent, 7y firm vy’s profit and Sy its asset size (all prior to the
tax change). Then:

(IL5) u <w0 — T[w), ;°> — @y,
0
A small change to 1 — T perturbs CEO vy’s utility by: U.(1 — 1) % (zo,1—1).
If this CEO continues to receive ®, after the change, then a(?ii]r) (zo,1—1) = 0.
Furthermore,
o7 ow 0z
m(@(),l - T) — {DSO - g(zo,l - T)}a(l—’[)(vo’l - T)
ow
— W(ZO,l — T) =0.

Consider three cases. First vp = @ = 1 and all firms are matched prior to the tax
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change with ®; = U. The v-firm cannot reduce the utility of its CEO (which
must remain above U), has no desire to raise the utility of its CEO and by our
equilibrium assumption no need to. Thus, the CEO’s payoff remains at U and
the firm’s profit remains at 77p. Second, vp = @ < 1. In this case not all firms are
matched prior to the tax change, but @) = U. Again, the vy-firm cannot reduce
the utility of its CEO and has no desire to raise this utility. If it continues to offer
a utility of U to its CEO, then its payoff is unchanged (and equal to 0). Firms
v € (vp, 1) (continue to) make strictly smaller and, hence, negative profits if they
enter and match with the vg ranked CEO or with their correspondingly ranked
(candidate) CEO. Hence, these firms do not enter the assignment market and
firm vy does not need to offer CEO vy a utility above U. Similar logic ensures
that in the third case vg < @ < 1, firm vy continues to offer the CEO the same
utility as was offered prior to the small retention rate variation and continues to
receive the same payoff.

Since a(?iijr) (z0,1 — T) = 0 there is no adjustment to the equilibrium CEO in-

come schedule at wy. Hence, at v = v using (II.2) and (I1.4), the elasticity of the
CEOQ'’s income with respect to taxes is:

5u(00)'=1_71— dw :1—’[87(4) 0z +1—T ow

‘ ' w d(1-1)], wy 9z d(1—1) wo (1 —1)],
B <zaw) (1—T 0z ) B DSOzOgc
~ \wp 0z z ol—-1)/|,, wo

where &§ is the compensated effort elasticity of CEO v in equilibrium. Define
v(z/,1—-1),7 € z([0,1],1 — 1), to be the rank of the CEO exerting effective labor
z' when the retention rate is 1 — 7, i.e.

(IL6) v(z(v,1-1),1—1) =0.

At all points of differentiability, (IL.6) implies:

ov 0z ov
(IL.7) g(z,l—T)m(v(z,l—r),l—r)+m(z,1—r)—O.
It follows from that:
ov

if the corresponding effective labor elasticity 1% d(ldf o (at (v(z,1—1),1—1))is

positive (and if there is no bunching at v(z,1 — 1) so that z,(v(z,1 — 7)) > 0).
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Using (I1.2), we have:

(IL.9) w(z,1—7) = w(zp,1—71)+ /z DS(v(Z',1—1))dz.

20

Differentiating 1) with respect to 1 — 7 (and using a(‘;i‘fﬂ(vo) = 0) gives:

110 517 = /0 {DSv(v(z’, 1- T))a(lail_)(z/, 1- r)} i

This equation combined with (I.7) and the elasticity formula (II.4) gives an ex-

plicit (but complicated) formula for a(a“’ . It follows from ([I.10) and our earlier

1-1)
Iz a(1ai ) that if the uncompensated behavioral elasticity for ef-

fort is positive over an interval of effective labors and there is no bunching, then
Iz B(lai ) and a(laKT) are both positive over the interval and %(z, 1—1)is
negative. The logic is straightforward. A rise in 1 — T induces all CEO’s to work
harder. Consequently, increments in effective labor between zy and z are now as-
sociated with lower ranked (i.e. higher v) firms and CEOs. Lower ranked firms
pay less for the last unit of effective labor they hire. (Specifically, firm v’s op-
timality condition may be expressed as: DS(v) = %—‘;(z(v, 1—1),1—1). Thus,
firm v pays DS(v) (only) for the last unit of effective labor it buys. It must do so
to secure this marginal unit in the face of competition from slightly less produc-
tive firms.) Hence, the additional income paid for each given incremental unit of
effective labor hired (by now lower ranked firms) is reduced after arisein1 — 7

and the income paid to a CEO supplying a given z is reduced.

discussion of

This does not mean that the income earned by CEO v falls after arisein 1 — 7
since that CEO will supply more effective labor in equilibrium. Specifically, the
overall income elasticity of CEO v with respect to the retention rate 1 — 7 is:

a0 =(3%) (T ans) (o anes)
(IL11) = (DS(ZZZ(U)) (1;Td(1ai T)) + <1_wTa(186—dT)> '

where 1T ff 7y is defined as in ([1.4) and the first term is positive if - a(fiir) is
and, using (11.10),

(IL12)

1-7 OJdw 1-7 ov

7m(z,l—’r)— - /Z:{DSU(V(Z’,l—T))a(l_T)(z’,l—T)}dz’.

The preceding formulas are simplified in the absence of income effects. Then
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1%% =& =& = €& = nge and, after a change of variables and an
integration by parts,
(I1.13)
1-1 OJw _ DSzE(v) — DSpzo&(vg) | 1 /UO , , , N
w 31—1) (z(v)) = ” +w : DS(v")z(v")E (V") K (v")dd,
with:

N N 1—1 9& Y Mo
IC(U).—<1+5(U)—|—T)(ZJ) h(v)
N 1—1 0dE N So s
+ ()4 5 575 0)) S @)
In the constant elasticity case, (I1.13) is further reduced to:

-7 dw T — T
w 9(l—1) ( w >g<0'

Absent income effects, the total elasticity of CEO income with respect to the re-
tention rate 1 — 7 is:

Eu(0) = 2% 5(0) + Ta(f‘_"ﬂ(v),

w

with 1% a(?fr) defined as in (I1.13). In the constant effort elasticity case, this is

further reduced to:

(IL14) Eu(0) = {Wﬂ}szezo.

Note that in this case as v | 0, &, (v) converges to €.
AGGREGATE INCOME ELASTICITIES FOR CEQOs

Defining aggregate CEO income above wy tobe W := [ w(v)du, the elasticity
of W with respect to 1 — 7 is thus:

1 [
Ew = W/o w(v)Ey(v)do,
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with &, (v) defined as in (I1.11)). In the quasi-linear/constant effort elasticity case,
from (IL.14), this is simply:

(IL.15) 5W_5/UU {DSOZ‘(’U) +1}d (5/ $>5>0

where R := [ DS(v)z(v,1 — T)dv and AIT := [;°{ — 710 }dv.

INDIVIDUAL AND AGGREGATE FIRM PROFIT ELASTICITIES

Next consider the elasticity of firm profit 7 = Sz — w with respect to 1 — 7.
Using the firm’s first order condition (I1.2), this is:

1—-1t dr wl—7T Jdw
1.1 e Rt
(IL16) m d(1-1) 7 w dl-—1)
with 1w a(1 T) defined as in (II. 10|) or (I1.13). 1= T ( ) < 0if the

uncompensated behavioral elasticity is posmve it flows that 17T P dn 7y > 0. In
the quasilinear/constant elasticity case, (I.16) reduces to:

1—-17 dr T — T
T >
m d(1-1) ( T )5_0,

where the inequality uses the monotonicity of 77 in v. Defining total firm profit
above 1y = 71(vg) to be IT:= [;° 71(v)do, the elasticity of IT with respect to 1 — T
is:

Orl—1t dm

émn = o II 7 d(l—T)dU'

Again this is positive if the underlying uncompensated behavioral effort elastic-
ity. In the quasilinear/constant elasticity case, this formula reduces to:

AIT

OPTIMAL TAX FORMULAS

The preceding “aggregate” elasticities can be substituted into the tax formula
(30) given in the main text to give optimal taxes in terms of individual elastici-
ties, the equilibrium CEO income schedule and the various distributions. In the
remainder of this appendix we extend (30) to allow for societal concern for top
CEOs. We then consider the case x = 1 in detail and derive (34) in the main text.
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SOCIETAL CONCERN FOR TOP CEOS

Let ¢ denote the welfare weight on top CEOs. Then the policymaker’s first
order condition is modified as:

- /vo{w(z*(v);l — 7)) —wp }dv
0
ow

—|—/O P(v)Uc () {w(z*(v);l — 7)) —wo+ (1 —T*)m(z*(v);l —T*)}dv

o [ fow, . 0z . ow crn .
+T /O {aZ(Z (U),l—T)m(U,l—T)‘Fm(Z (U),].—T)}dv
(IL17)

—)(/OvO a(lac_ur)(z*(v);l —1")dv =0,

where z*(v) := z(v,1 — 7*). Specializing to the quasilinear/constant elasticity
case, rearranging and expressing in terms of aggregate elasticities and attributes
of the CEO income and firm profit distributions evaluated at the optimum (and
denoted by stars) gives:

1
(I.18) T = T
14 A, — St b
Wi—g—(x—) Ay R=E

THE x = 1 CASE

In the main body of the paper we show that the optimal linear tax rate when
x =1is:

1
* I* cx 7/
* £W+W£H

WA}y =€y

(1.19) T =
1+A

where the aggregate elasticities in (II.19) are evaluated at the optimum. We now
show that under the assumptions of quasi-linear/constant elasticity preferences
and a constant talent Pareto coefficient reduces to (34) in the main text.
After simple calculations:

I ., R*
W= e

(I1.20) E5— &L
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where R* = [;° DS(v)z(v,1 — 1*)dv and:

_/”Or*(v) 1—1* dz(v,l—r*)d
e Jo R z(v,1—-7*) d(1-71)

« 1—7 dR
21 Eg= — D

with 7*(v) = DS(v)z(v,1 — 7*). It then follows from (II.19) and (I1.20) that:

_ 1
= = .
1 + wW* 1 K IT*

;
i, '

(I1.22) T+

From the definition of Ajy,

W* (%)
— =AW* = / {w*(v) — wp}dv.
Ay 0

Next using the definition of the local Pareto coefficient o, (v) :=
the fact thatv = 1 — M(w*(v)),

b= Sy o= e [ -

where the last equality is via an integration by parts. Hence,

(I1.23) We_ / ),
0

Al a(v)

Denoting the local Pareto coefficients for CEO talent and firm profit (at the op-
timum) by &), and a7, respectively and using (21) in the main body of the paper
gives:

1

e
(XZU

1
(I1.24) Y o Dsz(1+ £")— + mE*
h

T

So, combining (I1.23) and (I1.24) and evaluating at the optimum:

R* R A},

AW* 1 W* 00 p* 1 00 gr* 1
= —(1 Wy d & —dv.
/0 e “/o RE
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Consequently,

(I1.25)

1 w* IT* v p* 1 1 o 1
i _ - gx 1 ux d o ek _— g
R RS /0 e v—I—R*/O T o

L (ot g

Together (1I.21)), (I1.22) and (I1.25) imply:

N 1
T = v r* 1-1 dz
14 Io" & = qeg o
10 %(1+8“*);7dv+%j6v0 EC*%varl Ly jZO< ){DSv(v(z’,lfr*))a(a" )(z’ 1— T*)}dz/dv

This formula is greatly simplified in the quasilinear/constant effort elasticity
case. Then TT - T) &° and &£ take the common value £ which can be pulled

through integrals. In this case, using ([[.13) gives:

* * Vo 4% Yo *
A —H (1+5)/ rldv+g/ T i
0 0

E [v &)
- R*/ {DS(U)Z*(U) — DSz +/ wZ(v')dU'} do
0 v
O | & 00 ¥
1+¢& / — —dv+ — =4
( ) 0o R*ay R* Jo a%
00
- R£ {DS(v)z"(v) — w*(v) — {DSozo — wo} } do.
0

Then using 7*(v) = DS(v)z*(v) — w*(v), Mo = DSpzo — wp and [;" ;T dv
o"{7*(v) — 7o }dv, the previous equation reduces to:

1 WrIT w 4]
LA 146) | o
R A%, ron=0+ )/0 Rea, 0

The right hand side of this expression is a weighted integral of (reciprocals of)
talent local Pareto coefficients. Furthermore, £ = £. Hence,

1

*

1
T+ = T e v



16 THE AMERICAN ECONOMIC REVIEW MONTH YEAR

If the local talent Pareto coefficient is constant, then the previous formula reduces

to:
1

- g 1
1+1+8@

*

T

INDEPENDENCE OF £y Ay FROM THE MARGINAL TAX RATE

We conclude this appendix by showing that the product £y Ay is independent
of the marginal tax rate under the assumptions of quasilinear/constant elasticity
CEO preferences, a multiplicative firm objective and a tax system that is linear
above a threshold. This assumption allows us to relate estimates of the prod-
uct EwAw in US data to the optimal value and, hence, the optimal tax rate in
the Diamond-Saez formula. Note that from under the assumptions just
described:

we
AW W

AwEw =

v
/0 {DSpzp — wo + w(v)}dv = & {1 + DASI(/)\fO(l — vo)}

and
AW = /O " (w(0) — woddo = /0 " o (0)odo — /0 " H(0)2(0)do,

with #(v) independent of marginal taxes. Hence,

0AW &

a(1—1) T 1- TAW'
Similarly,
aDSOZo E
= DSyzp.
il—-7) 1-71 5020

Thus, the ratio % is unaffected by the marginal tax rate and neither is the
product AwEw.

III. Elasticity of Firm Profits to Top Income Tax Rate

In this section we take a closer look at the empirical evidence on the elasticity
of firm profits to the top income tax rate, i.e. on the magnitude of . The
literature gives little guidance on the size of this elasticity. However, Figure [[IL1]
provides some suggestive evidence. It displays the time series for net corporate
dividends of US domestic industries and the top marginal tax rate on income
and corporate profits over the period 1919 to 2014 We begin looking at the

lTop marginal rates are taken from the Tax Foundation. Data on dividends from 1940 to 2014 is from the
BEA Table 6.20A (series: A3302C0) data on GDP is from Table 1.1.5. Data on dividends from 1919 to 1939 is
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Figure IIL.1. : The relationship between net corporate
dividend payments (left axis) and marginal top income
and corporate tax rates (right axis).

relationship between dividends and top marginal income tax rate. A negative
correlation between these variables is apparent. Along the lines of Piketty, Saez,
and Stantcheva| (2014) (who focus on the relationship between top incomes and
the retention rate), we estimate the following log linear relationship:

(II1.1) log(Dividends/GDP;) = B + B1log(1 —7¢) + &,

where T; is the top marginal tax rate on income at time ¢. Estimates for 81 from
1919 to 2014 provide a positive and statistically significant elasticity of 0.232
(0.042). Of course, this does not establish a casual relationship between the
time series as an omitted third factor might be responsible for both time profiles.
A candidate for this third factor is the top marginal rate on corporate profits,
also displayed in Figure The two top marginal tax rates (after 1940) dis-
play very similar profiles. We complement the relationship with the factor
B2log(1 — 7f) where Tj is the top marginal corporate tax rate at time t. The es-
timate of B in this case is equal to 0.0574 (0.0333). In this case we can reject a
value of 1 = 0 at the 10 per cent level. Overall the estimate for the elasticity is
close to the value implied for &1y by the structural model in the body of the pa-
per. A formal connection between the two, however, cannot be fully established

from the NBER Macrohistory Database (series: a08185). The NBER and BEA dividend series overlap between
1929 to 1939, differences are small but systematic. We use the average difference observed between 1929 to
1939 to adjust the NBER data.
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as in the assignment model profit is defined to be the rents accruing to owners
of the asset S. These rents exclude payments to adjustable capital and may not
be realized contemporaneously with the application of CEO effective labor.

IV. Derivation of optimal nonlinear tax formulas

When firm claimants have welfare weight x, CEOs have welfare weights 1,
the policymaker’s (relaxed) mechanism design problem reduces to:

sup 5 {xV(8(v),2(v)) + (1 = x)w(v) — C[®(v),2(v) /1 (v)] + P (v)P(v) } dv

D,z,w,50

1
(IV.1) +[ {y(0)T + T }do,

subjectto v € I = (0,1], ®(7) = U, V(5(9),z(9)) — w(d) > 0, and for almost all

v el
®,(v) = —U, <c [q)(v)’ Z(U)] ’ Z(O)) z(v) hy(v)

wy(v) = V4(S,2)zy(0).

In the relaxed problem the incentive constraints on firms and CEO’s are
replaced with the firms’ first order and the CEOs’ envelope conditions respec-
tively. Monotonicity of optimal z and w (and, hence, 77) for the relaxed problem
are checked ex post in all of our numerical calculations. Problem may be
formulated as an optimal control problem in which ®, z and w are the state vari-
ables, z, is the control variable and @ is a choice variable. The Hamiltonian for
this optimal control problem is:

B 2(0)] 2(0)) 2(0) (o)
jf“”“‘pé“””?(c[ ()vwvﬂ'haw> h(0) h(o)
1 (0)20(0) + PP (2)Va(S(0), 2(0)) 20 (0)

T XV(S(2),2(0)) + (1 — x)w(o) — c[<>ﬁ3}+ww®w»

with co-states p®, p? and p¥. Let q" denote the multiplier on V(S(%),z(3)) —
w(d) > 0 and gY the multiplier on ®(¢) — U = 0. The first order condition for
z, implies that:

(IV.2) p* 4 pPVi(S,z) = 0.
Differentiating (IV.2)) with respect to v gives:

(IV.3) Py + Py V(S 2) + p*[Vas(S,2)So + V2 (S, 2)20] = 0.
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The optimal co-state equations are:

1 Uee z I
o _ - o Lec 20
WO =gt unn Y
(IV.5) py =—-(1-%)

ave) p:=p® { [ugc <_Luli) + UEE] % + Ue} %% — pVipzy — Luli;l — xVe.
The first order condition for 7 is:

(IV.7) H(5) — (o) — T° + 4" Vs(5(3),2(9))S0(3) > 0,

with equality if 7 € (0,1). The transversalities at v = 7 are:

(IV.8) pUe) =—q"  p(0) =q"Vu(5(9),2(9))  p¥(8) =q".

There are also transversalities at v = 0. This is because (unlike typical optimal
control problems), there are no initial conditions for w and ®. We have:

: w 1 z o 1: [o3) _
lim p (v) = lim p (v) = limp (v) =0.

Integrating (IV.4) gives:
(IvV.9)

o= [ [y vo)eo [ 458 5

while integrating (IV.5) gives

(IV.10) p¥(v) = = (1= x)o.
Combining conditions (IV.3)) to (IV.6) and (IV.10) implies:
Ug /h _ pq> uE 4 _hy
i = il () a5
(IV.11) + (1 - x)oVas(—So).

As described in the main text, this optimality condition captures the marginal
benefits and costs associated with a small change in CEO v’s effective labor
(holding her utility fixed). Together the CEOs” and the firms’ first order con-
ditions imply:

(IV.12) (1 — Ty[w])Vahl, = —U,.
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The optimal marginal tax rate must be set to align a CEO’s private return to
effort with the social return. Since the CEO'’s effective wage coincides with the
firm’s marginal product, this reduces to ensuring that her pre-tax return on effort
equates to the right hand side of (IV1I). If x = 1, then the right hand side
of equals the usual marginal informational rents term from the Mirrlees
model and combining (IV.11) and (IV.12) and the definition of «;, the standard
formula for optimal marginal tax rates obtains:

1
(IV.13) Twlw] = ——————
1+ <I> 1+S“ ay’
where §® = 15161_?;) is the normalized co-state. More generally, using (IV.11

and (IV.12) and the definitions of & and «g, the optimal marginal tax rate is:

(IV.14) T [w] =

SPECIAL UTILITY CASES

In the case of quasilinear/constant elasticity U(c,e) = ¢ — HLS " and a mul-

tiplicative firm surplus DSz, (IV.14) reduces to:

L+ (1 - 1) e it

V.15 Tolw] =
(IV.15) w[w] T

If instead CEO utility has the log-constant compensated elasticity form U(c, e) =
logc —log (1 + H%e%), then (IV.14) becomes:

1+ (1 x) 25 v ot

(IV.16) Tolw] = L A )
ZU[ ] 1—|—A1C4611£gu0{h
where A, = [7 c(0')dv/ [§{c(v') — c(v)}dv' is the tail coefficient of consump-

tion and ¢ the consumpt1on allocat1on In Section IV, the quantitative section of
this paper, we focus on the quasilinear/constant elasticity CEO preference case.
If preferences are modified to be log-constant compensated elasticity, the for-
mula (53) in the paper for recovering aj, from the data is unchanged up to the
modification of the coefficients A" and P to

1 &e Ee

pE 1ier ™ P

N =
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Saez|(2001) considers utility functions of the log-constant compensated elasticity
form and selects compensated elasticity values of £¢ equal to 0.25 and 0.5. At
high incomes £* is close to zero (and less than £¢). These values thus imply
values for % that are greater than the values implied by our calibration for

14%' Equation (55) then implies even larger values of &), than our calibration.

Turning to (IV.16) evaluated at x = 1, it follows that tax rates are reduced by the

~ & . A1
increased values for tzzay, but increased by =5— < 1.

DETERMINING 0

Substituting the definition of the Hamiltonian and (IV.8) into (IV.7) gives:

—p?(9)Ue (9)

(IV.17) +(1—x)w(d)—C [U, Z(z)} +q"'Vs(5(9),2(3))S,(d) > 0.

If x = 1, then the preceding expression reduces to:

The term V(S(9),z(9)) — C [U, z(9) /h(d) ]| — T° captures the direct loss of so-
cial surplus from shutting down the ¢ firm. The remaining terms capture the
benefits to closing the firm down in terms of reduced rents to firms and CEOs
ranked above ¢. Note that does not pin down w (%), which may take any
value in [0, V(5(7),z(7))]. When x = 1, the policymaker does not care whether
the social surplus at 7 is realized as firm profit V(S(7),z(9)) — w(?) (perhaps to
be captured by taxation on claimants) or realized as CEO income tax revenues
T[w(9)] = w(0) — C [U, z(0) /h(9)]. From (IV.8) and (IV.10), 4" = —p“(0) =
(1—x)0 > 0. Thus, if x < 1, theng" > 0, V(S(?),z(?)) — w(d) = 0 and
reduces to:

(IV.19) (o), (5) 20 1)

Inequality (IV.19) is interpreted similarly to (IV.18). Now, however, firm ¥ gener-
ates no profit; everything above the consumption amount necessary to give CEO
@ utility U is captured by the policymaker in the form of taxation on CEO 4.
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A. Firm Entry and the Marginal Social Value of Profit

The preceding analysis treats the marginal social value of aggregate profit x
as a fixed parameter. In Section II in the paper we discuss the interpretation
and determination of x. If the policymaker is solely concerned with maximizing
tax revenues, then, in our baseline model, x equals the tax on profit 7F. Since
profit is pure rent, it is optimal to select ¥ equal to 100% and, hence, x equal
to 1. In Section II we also describe how the firm’s ability to privately transfer
resources to firm owners may restrain profit taxation and the marginal social
value of profit below 1. It is natural to conjecture that in a richer model with a
firm entry margin, the disincentive to create firms also deters high profit taxation
and, hence, leads to a lower marginal social value of profit. In fact, while a firm
entry margin can create a rationale for lower rates of profit taxation, it can also
introduce an additional motive for valuing profit: after-tax profits retained by
firms relax firm entry conditions. Consequently, the marginal social value of
aggregate profit can exceed the profit tax rate. If firm entry conditions involve
aggregate profit and there are no restrictions on the level of CEO incomes and
taxes, then the marginal social value of profit can equal one independent of the
profit tax.

We develop two simple extensions of our model that highlight the issuesE]
Through out the body of the paper and previously in this section we assumed
a fixed population of candidate firms (because, for example, a fixed population
of candidate entrepreneurs draw a finite number of business ideas from a given
quality distribution) and a firm entry condition:

V(S(v),z(v)) —w(v) > 0.

This is equivalent to assuming that firm entry costs are fully deductible and that
a firm knows its potential size S(v) before entering. Since firm profit is pure
rent, then, as noted, the optimal profit tax and the corresponding marginal social
value of profit are both one. If instead firms pay a common and non-deductible
entry cost, then the relevant entry condition becomes:

(1—tH{V(5(v),z(v)) —w(v)} >k > 0.

It remains the case that the marginal social value of profit x equals the profit
tax TF. Thus, restrictions on profit taxes, say from profit diversion, continue
to restrain the marginal social value of profit at the optimum. Absent such re-
strictions (and absent restrictions on the income received w(7) and taxes paid
T[w(?)] by the least talented active CEO and, hence, the level of the CEO in-
come and tax schedules), the optimal CEO consumption and effective labor al-
location equals that from a model with a unit shadow social weight on profit.

2We thank a referee for encouraging us to explore this issue.
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The tax/wage implementation requires setting the profit tax (arbitrarily close)
to 100% and the pre-tax income and taxes of the least talented CEO to arbitrarily
small (negative) numbers. Any additional restriction on the level of CEO in-
comes or taxes prevents this optimum from being achieved. Further details are
available on request.

Consider next the following alternative model of entryE] Before knowing its
potential asset size S, a (candidate) firm draws a nondeductible entry cost k from
a distribution L. If the firm chooses to enter, then it pays its cost k and draws an
asset size S from a distribution G. If a firm draws S(v), then it makes after-tax
profit (1 — tF){V(S(v),y(v)) — w(v)} if it chooses to produce and zero other-
wise. A firm chooses to enter and pay the cost k if:

a--) [ V(S(0),y(0) — w(v)}do—k >0,

where as before V(S(3),y(9)) — w(d) = 0. Given ¥, y and w, there will be a
cost threshold k such that the L(k) firms with costs below this threshold choose
to enter the market and the rest do not and:

(1) [ {V(S(),y(0)) ~ w(o)pdo k= .
0
The central difference between this model and that in the last paragraph is that
now “aggregate” profit, i.e. ex ante expected profit [, {V(S(v),y(v)) — w(v) }do,

rather than the profit of the smallest producing firm V(S(9),z(7)) — w(9) relaxes
the entry constraint. Total tax revenues are:

L {o* [ sy —wodo+ [ T},

where to simplify the analysis tax revenues collected from unassigned CEOs are
abstracted from. The objective may be rewritten as:

L(}) {TF /OU{V(S(U),y(v)) _ w(v)}dv+/0v[w(v) - c(v)]dv}.

Substituting the binding entry constraint into the objective, the latter may be
re-expressed (on the space of feasible allocations) as:

L { [ 1V(s0)9@) —w)do+ [ o) - co)ldo £}

Note that this re-specified objective places equal weight on firm profits and CEO

3For a related model, seeScheuer and Werning|(2015).
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tax revenues. Given an optimal choice of k, y and c and 9 may be chosen to
maximize:

Aﬁwawy@»—dwwu

subject to the CEO incentive and participation constraints. Thus, firm profits and
CEO income tax revenues are weighted equally, with the (normalized) marginal
social value of profit set to 1. The (¢, y) allocation pins down w, via the firms’
first order conditions, while 7f and w() are chosen to satisfy:

(1—=F) /Oﬁ {V(S(v),y(v)) — w(5) - / wv(v’)dz/} do—k=0

and V(S(3),y(9)) — w(d) = 0. Thus, if the firm entry constraint binds at k > 0,
the optimal value of f < 1.

Proceeding slightly differently, if L (k)4 is the multiplier on the firm entry con-
dition, then, after normalizing by L(k), the planner’s Lagrangian inclusive of the
firm entry condition implies that the shadow social weight on firm profit is:

x=1 +yp1-1).

Thus, the marginal social value of profit is enhanced by its impact on the firm
entry constraint. The first order condition for w(9) is:

(1-7) —p(1—7H) =0,

which implies that ¢ = 1. Hence, up to the determination of k, the model is
equivalent to one with equal social weighting of profit and CEO income tax rev-
enues (Y = 1) and no explicit firm entry constraint. Note that this is true re-
gardless of the choice of 7f. That y = 1 stems from the fact that the planner can
transfer resources from tax revenues to firm profits one for one by adjusting the
level of taxes and firm wages.

In summary, relaxation of the firm entry constraint by aggregate firm profits
can enhance their social value beyond their direct contribution to tax revenues.
Hence, the marginal social value of profit can exceed the profit tax rate. If aggre-
gate profits enter the firm entry constraint (and there are no binding restrictions
on w(?) and T[w(?)] and, hence, the level of CEO incomes and income taxes),
then the marginal social value of profit can equal that of taxes.

V. Connection with|Gabaix and Landier (2008)

Our estimates of the talent distribution of CEOs are consistent with the evi-
dence presented in Gabaix and Landier (2008). In this paper, the authors cali-
brate the tail index of the distribution of talent using evidence on the distribu-
tion of firm size and the pay to firm-size elasticity. Their evidence is consistent
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with prior work that characterizes the distribution of firm size as a Pareto distri-
bution with coefficient approximately equal to 1 and with “Roberts” Law” (the
empirical regularity relating CEO compensation and firm size). These two facts
imply a negative tail index of CEO talent consistent with a Weibull distribution.
A previous version of our paper estimated the shape parameter of a GEV dis-
tribution fitted on CEO talent. For that case estimates of the shape parameter
also implied a Weibull distribution in our setting. Our current approach is com-
plementary to the one in Gabaix and Landier| (2008). First, (Gabaix and Landier
(2008) use the data directly to guide them in selecting market capitalization as
an empirical counterpart to S. We follow |Tervio| (2008) in using economic the-
ory to connect firm market capitalization to firm surplus. This theory explicitly
allows for long lasting effects of CEO labor and for adjustable capital. Second,
Gabaix and Landier (2008) focus on asymptotic tail properties of the CEO talent
distribution. They appeal to extreme value theory to justify functional form re-
strictions on this distribution. We instead completely characterize the right tail
of the CEO talent and firm asset distributions. Knowledge of both these distribu-
tions is needed for the computation of the non-linear tax schedule for values of
X # 1. Third, with respect to the model of (Gabaix and Landier| (2008), we allow
for elastic labor. Finally, there are differences in the data used. Specifically, we
use measures of CEO compensation calculated using the value of options when
exercised; Gabaix and Landier| (2008) use the value of options when granted.

VI. Mechanical and Behavioral Impacts of Local Marginal Tax Rate Changes

Here we compute the mechanical and behavioral impacts of marginal tax rate
changes in our assignment setting. We focus on the quasilinear/constant elastic-
ity CEO utility-multiplicative firm payoff setting. Let T denote a twice continu-
ously differentiable tax function and consider the following perturbed function:

T[w] w € [0, wp)
T(w) = < T[w] + Vé[w —wo] w € [wo, wo + V/3) .
Tw] + 96 w € [wo + /3, 00)

Let @ and Z denote the initial equilibrium schedules for income and effective
labor and let @ and Z denote the equilibrium schedules occurring after the tax
perturbation. Let vy and zg be given by w(vy) = wo and zp = z(vy).

CEOs (and firms) can be partitioned into four groups which we label groups
0,1,2 and 3 respectively. Group 0 consists of the least talented CEOs with types
in [vg,1]. Their behavior is unaffected by the tax perturbation. Group 1 CEOs
with types in [v1(8),v9) bunch at the kink point in the tax schedule. They earn
wp and supply effective labor zj. The threshold v (9) satisfies:

(1 = To[wo] = V8)S(v1(8))1(v1(6)) = <h(v7;0(5)>> -
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Group 2 CEOs have types (v2(8),v1(5)) earn incomes between wp and wy + /&
and pay the higher marginal tax T,[w] + /4. Their first order condition for
effective labor supply is given by:

(1= Tu[@(0;6)] — V6)S(v)h(v) = <Zf(lz()v()s) > ? '

where the notation makes the dependence of the functions @ and Z on § explicit.
The threshold v, (9) is given by:

02(8) = sup{v : @(v;8) > wy + V6 }.

CEOs in group 3 have ranks (0, v2(6)]. Their marginal taxes are determined by
the original tax schedule and their first order conditions are given by:

(1~ TS eme) = (525

At v5(0) there is a discontinuity in @ and Z. Firms and CEOs at and arbitrarily
close to v,(J) must be optimizing. In particular, this implies that:

5(02)2(v2(6); 6) — @(v2(6);6) = 5(v2(6);0)Z+ (v2(6);6) — @ (v2(6);9),
where Z (v2(6)) and W (v2(6)) are, respectively, the right limits of Z and @ at

v2(0) (i.e. the limits of effective labor supplied and incomes earned by group 2
CEOs).

The government’s revenues after the perturbation are given by:
(VL1)
02(9) &)
R@) = [ (Tla(@o) +ohdo+ [ {Tho(w:e)] + Vala(e;6) - wl}do,
0 vy (6)

2

MECHANICAL EFFECT
The mechanical effect is obtained from the terms:

v2(9) v
/ Sdv + / Vo [w(v;8) — wo)do.
0 02(9)

Totally differentiating this with respect to 6 and setting ¢ to zero gives:

1-— M(wo).
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BEHAVIORAL EFFECT

Next we turn to the behavioral effect It is obtained from the remaining terms
in (VLI):

v2(9) ()
(V1.2) /O Tl (v; 8)]do + / | Tl

Totally differentiating this with respect to 6 and evaluating the limit as  con-
verges to 0 yields:

(VL3)
5020
T [wo) TH
_ m(wg)w
1= To[wo] 14 £7 [wo] 222 (two)o
& Son
Ty [wo] D ()wg 1
1= Tw[wo] 14 ET [wo] 22 8(50)SoTw[wo]
o To[(0)] % Ssv(g)gT[w(v/HS(;)j(v)
x/ ex —/ @) @) 4o\ do
150 P ~ (-] S@E) '
0 14+ ET[@(v)] o00) v 14+ ET (V)] o)

Despite its complexity this expression has a straightforward interpretation. A
higher marginal tax “at” wy induces CEOs at this income to work less hard
causing a reduction in revenues. This effect is captured by the term on the first
line of (VL3). But it also raises the incomes of more talented CEOs with ranks
v € (0,vp) and, hence, the revenues collected from them. This is captured by the
term spread across the second and third lines of (VL3).

Adding the mechanical term as well, setting the sum to zero and rearranging
gives the optimal marginal tax rate for xy = 0,
1

To[w] =

4

4In this appendix, we use the term “behavioral effect” to describe the overall effect of the tax rate change on
CEO incomes and, hence, tax revenues. It consists of individual effective labor responses and an equilibrium
response of the CEO income schedule.
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where &, (wy) is defined as:

(VL4)

Snz Su(v’) L S(0 )z(v')
~ £50%0 R  ET()] ==
Ewlwp) := “0 R— L [0 Tw[@@)] ___ axp{ — [P0 S2) CANY AV IS

w(0) ey e | E0 ol 0 g S P T o e

w( @(v)

Further manipulation establishes that at the x = 0 optimum,

£ ( ) SS%O 1-G(sg)
wp) 1= 1- .
w 1+ET (vp) 5%0 8(50)So

When x > 0, the impact of the marginal tax rate change on firm profits is also
relevant. The impact of such a change is obtained from:

(VL5) 1;&)1 5% / t(v; 6)d

where 71(v;9) := S(v)Z(v;5) — @(v; d). Calculating the limit in (VL.5) yields:

1 ESozo 1
VI.6
(VL6) m(WO)g(So)So 1— Typlwo] 1+ ET[ZUO] w0
0o [Zf)( )] ;}U j)/)
0 v 1 + ET[ZU(U )] (v

The term in lb is the analogue of X%gn in the derivation of (30) in the paper.
Adding it to the other behavioral and mechanical terms leads to an optimal tax
equation for the non-linear setting analogous to (30).

VII. Optimal Affine Tax Rates When y =0

In this section we calculate the top affine tax rate for CEOs when x = 0. Recall
that if the policymaker attaches no social weight to profits (x = 0) or CEOs, then
in the affine setting the optimal tax rate on top earning CEOs is given by the
Diamond-Saez formula:

. 1
(VIL1) T =17 &AL
The values of the elasticity £}, and the tail coefficient Aj, are those arising in
the optimal equilibrium. In general, they are endogenous and jointly deter-
mined with the optimal policy. However, under the assumption of quasilin-
ear/constant elasticity CEO preferences, a multiplicative firm objective and lin-
earity of taxes in incomes above a threshold, the product £ Ay is independent
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of the marginal tax rate (see Section [[I). Below we combine existing evidence on
elasticities of taxable income and our own estimates of Ay in US data to ob-
tain an estimate of the product &y Ayw. We then recover the tax rate implied by

formula (VIL1).

SELECTING A VALUE FOR &y

There is limited direct evidence on & for CEO’s. Bakija, Cole, and Heim
(2012) estimate a fairly large elasticity of taxable income with respect to the re-
tention rate of 0.7 for the top 0.1 per cent of US income earners using tax return
data. In addition, they find that executives, managers, supervisors and financial
professionals account for 60 per cent of the top 0.1 per cent income earners. Time
series evidence shows a strong negative correlation between top marginal tax
rates and CEO incomes in the US. However, regressions provided by Frydman
and Malloy| (2011) indicate a small contemporaneous response of CEO incomes
to tax reforms. They reject a value of £y above 0.2. Goolsbee (2000) studies data
from 1991 to 1995 and rejects an elasticity above 0.4. In the context of top income
earners (but not necessarily CEOs), [Diamond and Saez| (2011) select a value for
Ew of 0.25. Given this range of values we use multiple values for £y. We pro-
ceed cautiously and use the Diamond-Saez value of 0.25 as an upper bound. We
also use a more conservative value of &y = 0.1.

RECOVERING Ap FROM CEO INCOME DATA

The model assumes a continuum of CEOs and firms. In the data there are, of
course, a finite number of each. To connect the model to the data, we will treat
CEO income (and later firm market size) data as if it is a noisy and incomplete
realization of a continuum economy. We will then fit a distribution to the tail
of this data and use this to derive tax policy implications for the corresponding
(continuum) economy. In doing this we are implicitly assuming that the result-
ing policy implications are approximately optimal for the (repeated) draws of
large finite firm and CEO populations occurring in the US.

In this appendix, we compute Ay using CEO compensation data from the
Standard and Poor’s ExecuComp database for the year 2011E] The measure of
compensation considered includes the amounts received by a CEO (within a fis-
cal year) from salary, bonus, restricted stock grants and an evaluation of long
term incentive pay. This last item is mostly comprised of options. The value of
options received as compensation can be calculated either by evaluating at the
time they are granted (using the Black-Scholes formula) or by determining the
profit obtained at the time the options are exercised. This last approach is used

5We have computed estimates of Ay for all years from 1947 to 2011 using data from [Frydman and Sacks
(2010) and from ExecuComp. The estimates display fluctuations over time however the (time series average)
of the Pareto coefficient is 2.23 well within the 95 per cent confidence intervals for the 2011 value. Details are
available on request.
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by thE] IRS to determine the taxable amount and our benchmark results follow
suite
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Figure VIL1. : Ay denotes the tail coefficient for the income dis-
tribution. Figure displays the level of the Pareto coefficient
for income «y, above the threshold value of 13.8 millions. 95 per
cent confidence intervals for &, are also plotted.

Recall that Ay = 3i; and if the right tail of the CEO income distribution
is Pareto above a threshold income w, then Ay is constant and equal to the
(constant) Pareto coefficient a,, of the distribution above this threshold. Non-
parametric calculations of Ay indicate that it is indeed quite stable above an
income of $10 million or so in our data (see Figure . Thus, we fit a Pareto
distribution to the right tail of the CEO income distribution. We use a two step
procedure of Clauset, Shalizi, and Newman (2009). This entails first estimating
& by maximum likelihood at each fixed w and then selecting the w value (and
corresponding a,, estimate) that maximizes a Kolmogorov-Smirnov goodness-
of-fit statistic. An estimate for a, of 2.1 with a 95 per cent confidence interval
equal to (1.13 3.06) (in 2011 data) is obtained. The threshold w is estimated to be
13.8 million dollars. We thus compute a top optimal marginal tax rate for CEOs
in a continuum economy in which Ay = 2.1.

The estimated value of 2.1 for &y, is inline with the numbers typically used to
describe the right tail of the income distribution in the taxation literature. Saez

%We have also computed estimates of Ay using the former measures of CEO income. They lead to slightly
higher estimates of Ay . Details are available on request.
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(2001) reports an estimated value of a;, equal to 2, while Diamond and Saez
(2011) and Piketty, Saez, and Stantcheva| (2014) assume a slightly lower value of
1.5. This suggests that the right tail of the US CEO income distribution is not
very different from the tail of the general population’s income distributionﬂ

COMPUTED OPTIMAL TAX

Together a value of Ay equal to 2.1 and an elasticity of taxable income &y
equal to 0.25 imply an optimal tax rate on top CEO incomes (above the threshold
w of about $14 million) of approximately 56 per cent. The more conservative
taxable income elasticity £y = 0.1 together with Ay = 2.1 implies a marginal
income tax on incomes above the threshold of close to 76 per cent. The latter
combination of low elasticity and somewhat higher Pareto coefficient generates
a top tax rate in line with those reported by Diamond and Saez|(2011). Table[VIL]]
reports optimal marginal tax rates for different income thresholds wy based on
these estimated coefficients, the coefficients defining the confidence interval and
the empirical Ay values displayed in Figure for Ew equal to 0.1 and 0.25.

Table VII.1—: Marginal Tax Rates (per cent): Affine Tax Rates

Tail Properties Elasticity wp (in millions)
Ew 30 40 60
1
(I) Based on Pareto Distribution ‘11 65.6 [57.376.8]
10 82.7 [77.0 89.2]
1
(II) Based on Ay ! 62.6 65.0 61.9
0 80.7 82.6 80.2

Notes: wy measured in millions of 2011 USD. Row (I) in the table displays rates based on a Paretian right tail of the income dis-
tribution. The rate is constant above a threshold value of 13.8 million dollars. Row (II) displays results based on the empirical tail
coefficients of the income distribution.

A. Comparisons of the CEO Tail Coefficient to that in the General Population

We compare our estimate of Ay from the population of CEOs to estimates ob-
tained from the entire population. [Saez| (2001) plots wio ZZZ wm(w)dw (p. 211)
and observes that its value between incomes of $100 thousand and about $30
million in 1993 in current dollars is about 2. Hence, he infers that Ay is about
2. |Alvaredo, Atkinson, Piketty and Saez (2013), using the World Top Incomes

Database (WTID), report a value of 1.6 for Ay in the US in 2013. Diamond and

“In Section we estimate the Pareto coefficient for earned (labor) income amongst the general popu-
lation. Our estimates for the period since 1990 are in the neighborhood of 2.
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Saez| (2011) and |Piketty, Saez, and Stantcheva| (2014) both use values of 1.5 in
their analyses. These values are a little below the value of 2.1 for Ay that we
find in our sample of CEOs. However, it should be noted that estimates of Ay
for the general population refer to the distribution of all income irrespective of
source. For example the definition of income in the WTID includes not only
wages, salaries and pensions (which is the quantity of interest in the optimal tax
analysis of this paper) but also: entrepreneurial income, dividends, interest income
and rents. In addition these additional categories are of progressively more im-
portant for high income quantiles.

In the direction of correcting the WTID estimates for source, we use the data
available in the WTID to obtain the tail parameter for earned income (wages,
salaries and pensions). This data is, however, aggregated. We use the following
strategy to purge non-labor income. Suppose total income y is the sum of earned
income w and other sources of income z. We assume that w is distributed at
the top according to a Pareto distribution with unknown tail parameter a;. In
addition we assume that there exist a strictly monotone relationship between w
and y, so that ordering individuals by w or y will yield the same ranking. The
WTID reports by percentile threshold (the thresholds are: 90, 95th, 99th, 99 5th)
99.9th and 99.99t") both the fraction of total income due to earned income and the
conditional average total income for that income group. We assume that for all
individuals in a given income group i, earned income is related to total income
according to: w = p; - y. Given information on the average y within an income
group i we can then recover the conditional average for earned compensation @;
within the group. If the income distribution has a Pareto tail, it follows that the
threshold earned income value for group i, w;, is related to @; according to:

b M
-1
The Pareto assumption further implies:
w
W= ——"1
(1 — Pi) Aw

where P; is the fraction of agents below w;. Then considering two percentile
categories and simplifying we obtain an estimate for a;, equal to:

1-P,
log (ﬁ)
(VIL.2) oy = ——7—<7
o5 ()
In Figure |VIL.2 we plot our estimates of a; from the WTID. We also plot our

estimates of the tail parameter using CEO compensation data (in blue) and the
Pareto tail parameter reported for the entire WTID (in red). As noted earlier
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Figure VIL2. : Estimates of a,,. Benchmark refers to the estimates
from CEO data using options exercised. WTID from |Alvaredo,
Atkinson, Piketty and Saez (2013). P99-99.5 and P99.5-99.9 com-
puted using equation (VIL.2). Compensation values from 1947
to 1991 are from Frydman and Sacks| (2010). From 1992 onwards
from ExecuComp.

the coefficient using CEO data displays a more compact distribution than that
obtained using the entire income distribution as reported in the WTID. However
as we control for the sources of income focusing on earned income the difference
becomes smaller. This is particularly evident in the earlier part of the sample. In
terms of historical patterns all three approaches display a stretching out of the
distribution starting from the 1970s through to 2000.

VIII. Optimal Tax Allocations

This appendix describes the allocation associated with the optimal tax function
at a benchmark parametrization. It provides additional information on the inci-
dence of taxation at the optimum and undertakes counterfactual exercises that
explore the role of effort and talent in generating dispersion in CEO incomes.

A. Preliminaries

We specialize the optimal control problem described in the body of the paper
to the case of quasi-linear/constant elasticity CEO preferences and a multiplica-
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tive firm objective. Specifically, assume:

and
B 2(0)\ e 2(0) 1+3
v =u (o) 565) =0~ 57 ()
so that
1+4
(VIIL1) C[®(v),z(v)/h(v)] = ®(v) + 1 j_ T (}ZZEZ))) :
3

The optimal control problem is thenﬁ

1 2(v)\ FE
(VIIL2) sup/0 {XDS(U)Z(U) + (1= x)w(v) = @(v) - 1 i 1 <Ev;> }dv
. £

subject to:
1+4
(VIIL3) @, (0) = <Z<(Z§> };l”((;))
(VIIL4) wy(v) = DS(v)zy
(VIIL5) ®(1)> U and DS(1)z(1) >  w(1).

This is a standard optimal control problem with three state variables (¥, w, z)
and one control z,.

SOLVING THE OPTIMAL CONTROL PROBLEM

We solve a scaled version of the optimal control problem in using the
numerical solver DIDO version 7.3.7E] The bulk of the parameter values utilized
are those presented in the paper. In addition, we set x = 0.8 and U = 2. This
value of U is low enough that all firms and CEOs are active. Alternative values
of U that ensure the full set of firms and CEOs are active affect the level of CEO
consumption, but not the optimal effort allocation or optimal marginal taxes.

B.  The Optimal CEO Effort Allocation
VARIATION IN EFFORT AT THE OPTIMUM

The optimal effort allocation is displayed in Figure [VIIL1] Effort is decreasing

8Under the parameter values we consider ¥ = 1.
9For details on the solution algorithm, refer to|Ross and Fahroo|(2003).
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Figure VIIL1. : Effort.

and convex in v up until the median CEO at which point the profile becomes
concave. Overall the top CEO'’s effort is about 40 per cent more than that of
the bottom. Care must be taken in interpreting these numbers since they are im-
pacted by our functional form choices. However, the effort variation we find is of
a similar order of magnitude to the hours variation amongst top CEOs reported
by Bandiera, Prat, and Sadun (2011)@] Next we document the impact of optimal
effort and effective labor variation on firm surplus and on CEO compensating
differentials measured in dollars.

IMPACT OF CEO EFFORT AND TALENT ON FIRM SURPLUS

We next perform two counterfactuals that highlight the roles of CEO effort and
talent in generating firm output at the optimum (under our parameterization).
First, we fix the effort of all CEOs above the median at the level of the median
CEOQ'’s effort and recompute firm surplus. Second, we fix the talent of all CEOs
above the median at that of the median, but keep their efforts fixed at their levels
under the optimal allocation. Results are shown in Figure as a fraction
of optimal surplus. For the top firm, having a CEO exerting the same amount
of effort as the median CEO (a CEO working in a company roughly 100 times
smaller) causes a reduction in surplus of approximately 27 per cent. For the
top firm, having a CEO with the same talent as the median (but exerting the
higher effort of a highly talented CEO at the optimum), leads to a reduction
in surplus of 17 per cent. Overall holding effort fixed at the median level has

19These authors report that when CEOs are ranked by hours worked, then those at the 90th percentile work
on average 20 hours (or roughly 50 per cent more) than those at the 10th percentile. They also document a
positive relationship between recorded CEO effort and firm labor productivity.
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Figure VIIL.2. : The Impact of effort and talent on firm surplus.

slightly larger effect than holding talent fixed at this level. Reducing the effort
elasticity £ further below 1/15 brings the effect of holding talent fixed closer to
that from holding effort fixed and eventually reverses the relative size of these
effects.

COMPENSATING DIFFERENTIALS

Define the compensating differential:

z(0.5) z(v)
AV(v) == — .
(@) i=—v <h(0.5)> o (h(O.S)
AV (v) gives the extra consumption needed to make the median CEO indifferent
between her equilibrium allocation and an alternative allocation in which she

supplies the effective labor of the v-th CEO. Since AV (v) is net-of-tax, it under-
states the increase in gross pay firm v would need to pay to induce the median

CEO to supply CEO v’s effective labor Figure |VIIL.3| plots AV(0)

w(v
pensating differential normalized by the equilibrium income (o)f the v-th CEO
w(v). For the median CEO to be indifferent between her equilibrium allocation
and that of an allocation in which supplies the effective labor of a top ranked
CEO, her (after-tax) income would have to increase by an amount equal to 7
times that of the v-th CEO’s gross pay. Thus, it is extremely costly to motivate
the median CEO sufficiently that she replicates the top CEO’s performance.

, 1.e. the com-

The CEO’s gross pay would need to increase by Aw(v) = CAV(v) + ¢(0.5)] — w(0.5), where C(w) :=
w — T[w] and ¢(0.5) is the equilibrium consumption of the median CEO.
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Figure VIIL3. : Compensating Differentials.

TAX COUNTERFACTUAL AND BURDEN

We next analyze the incidence of taxation upon CEOs and firms. The optimal
tax system is of the form:

Tfw] = Tfwo] + / Lol

wo

We consider a counterfactual in which Ty, is set to zero at all '’ F_ZI We compute
the corresponding equilibrium allocation and, hence, calculate the consumption
gains for CEOs and profit gains for firms relative to the optimal allocation in
which positive marginal taxes are used to collect additional tax revenue. For
CEOs we then compute the proportional consumption gain from switching to
the zero marginal tax equilibrium. We display these changes for different CEOs
in the distribution in Figure By definition the welfare impact of such a
switch is zero for the CEO at the bottom since competition maintains her utility
at U. More talented CEOs work harder in response to the reduction in marginal
tax rates and capture some of the increase in surplus in the form of additional
utility (see the envelope condition (VIIL3)). These gains amount to a 3 per cent of
consumption gain for the most talented CEOs. As noted throughout the paper,
lower marginal tax rates on CEOs raise firm profits. Figure shows that

12The lowest ranked active firm must pay its CEO enough that her after-tax income and, hence, consump-
tion (and effective labor) is sufficient to attain her reservation utility U. The lump sum tax T[wp] imposed on
the lowest ranked active CEO is used by the policymaker to extract all profit from the smallest active firm.
The ability to impose this tax has little effect on the CEO’s utility, since competition always forces the lowest
ranked CEQ’s utility to U. However, it has a large proportional effect on the lowest ranked firm’s profit. In
this counterfactual we focus on the tax burden associated with non-negative marginal taxes.
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such increases are proportionally greater in smaller, lower profit firms, whose
lower income CEOs face higher marginal taxes at the optimum.
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Figure VIII.4. : Tax Burden Calculations.
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