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Supplement to “Financing corporate tax cuts with shareholder

taxes”
(Quantitative Economics, Vol. 13, No. 1, January 2022, 315-354)
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ORHAN EREM ATESAGAOGLU
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Eva CARCELES-POVEDA
Department of Economics, Stony Brook University

Section S1 provides the definitions of recursive competitive equilibrium, both sta-
tionary and in transition, for our benchmark economy. Section S2 provides the
corresponding computational algorithms. Section S3 discusses additional experi-
ments omitted from the main paper. Specifically, Section S3.1 presents alternative
calibrations of adjustment costs (including nonconvex costs), Section S3.2 allows
for debt financing by firms and Section S3.3 discusses reform effects in the case of
arepresentative household (complete markets).

S1. RECURSIVE COMPETITIVE EQUILIBRIUM
S1.1 Stationary recursive competitive equilibrium

IN THIS SECTION, we provide the recursive formulation of the household and firm prob-
lems and define a stationary recursive competitive equilibrium. Given the absence of
aggregate uncertainty, in the long run all aggregates are constant and household and
firm problems can be expressed in terms of individual state variables only.

The household’s state vector is fully characterized by the pair (0, €) and its problem
can be written recursively as follows:

vu(6, €) = {0'% u(c) + B%:Qe(e’, e)up(6,€) st

c+P0 =(1—7)we+ ((1—14)D+P°)0 — 7,(P° — P)#, (S1)
6 > 0.
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The solution to the household’s problem consists of a value function v;, as well as
policy rules for shares and consumption which we denote by

c=g%,e), o' =g%®,e).

Similarly, the state vector for a given firm is given by the pair (%, z), its static labor
demand decision is described by a decision rule [ = g’(k, z) obtained from profit maxi-
mization, given the wage w:

w(k, z) = mlax{zf(k, D) —wl} (S2)

and its dynamic problem is as follows:

_ 1—174 B 1 , ;L
v(k, z) —{x%fl;fd} 1_ng S+71+ - ZQZ(z|z)v(k,z),
-7,

d+x+P(x, k)1 —7.¢) =1 —7)7(k, 2) + 7.6k + 5, (S3)

7|z

K=x+1-8k d=>0,s>0,

where r is defined by

P+ (1 —174)D —14(P° - P)
5 .

The solution to the firm’s problem consists of a value function v, as well as policy
rules for investment, capital, equity issuance, and dividends:

14r= (54)

x=g"(k, 2), k' =gk (k, 2), s=g'(k, 2), d=g(k, z).

Let u” be the cross-sectional distribution of households over the state (6, €) and u/
the cross-sectional distribution of firms over the state (%, z). These distributions follow
the laws of motion:

Wy = en(mn),
/!
wr=erlpr).

These stationary distributions can be used to calculate aggregate consumption de-
mand C, aggregate effective labor supply L® and aggregate demand for share holdings
O from the household side:

C= /gc(ey 6) d,th(O, 6))
L =/€d,uh(0, €), (85)

@’:/go(ﬂ, €)dup (0, €)
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as well as aggregate labor demand L, investment X, capital stock K’, output Y, operat-
ing profits I1, dividends D, and equity issuance S from the firm side:

L=/gl(k, 2y dpstk, 2), X=fgx(k, 2)dpsk, 2),
K = / gFk, D) dupk, ), Y= / of (K, 1k, 2)) dpg (K, 2),

(56)
= [wtkdute 2, D= [ gtk 2duy k2,

S:/g‘(k, z)dus(k, 2), \PE/CI)(gx(k, z), k) dug(k, z).

DEFINITION. A stationary recursive competitive equilibrium relative to a government
policy (7, 74, T¢, 7, G), consists of stationary distributions u; and uy, laws of motion
¢, and ¢y, prices w and r, firm aggregate dividends and share values D, P, PY, deci-
sion rules for firms and households, g’ (k, z), g*(k, z), g (k, z), g (k, 2), g% (k, z), g°(0, €),
2%(6, €), as well as associated value functions vy, (6, €) and v(k, z) such that:

Optimal household choice: Given w, D, P, and PO, the individual policy functions
g°(6, €) and g%(0, €) and the value function v, solve the problem of the household
in (S1).

Optimal firm choice: Given w and r, g'(k, z) solves the static problem in (S2) and
g*(k, 2), gk(k, z), g°(k, z), gd(k, z), v(k, z) solve the dynamic problem in (S3).

The firm aggregate dividends and share values D, P, P° satisfy (S6), the definition
(S4) and PP =P —35.

Government budget balance: Government spending equals government revenue
G = 1wL + 74D + 74(P° = P) + 7.(I1 - 6K — ¢¥),

where IT and ¥ are defined in (S6).
Market clearing: Prices are such that all markets clear

0'=1,

L=L°

C+X+G+V¥=Y,

where all the aggregates are defined in (S5), (S6).

Consistency: ¢" and ¢/ are consistent with the households’ and firms’ optimal de-
cisions, respectively, in the sense that they are generated by the optimal decision
rules and by the laws of motions of the shocks, and the distributions satisfy:

Hh = @nr(n),
mr=@rlpr)-



4 Anagnostopoulos, Atesagaoglu, and Céarceles-Poveda Supplementary Material

S1.2 Recursive competitive equilibrium in the transition

We first define the household problem (given aggregates) in period ¢ still in recursive
form:

Upe(6, €) = max }u(ct(e, ) +B8Y_ Qelers1, €)vps1(0r41(6, €), €11),
t+1,Ct €141

(0, €) + Pi0i41(0, €) = (1 — 1 )wee + (1 — 74)Dy + PP)O — 7(P) — Pi—1)0,  (S7)
0:+1(0,€) > 0.
The solution to the household’s problem consists of value functions {v; (0, €)}72, as
well as optimal policies for shares and consumption {c(6, €), 6;11(6, €)}7°,,.

The static labor demand decision of the firm at period ¢ is described by a decision
rule /;(k, z) obtained from period ¢ profit maximization given wages

ik, z) = mlax{zf(k, 11) — wils}. (S8)

The problem of the firm at period ¢ can be written recursively as follows:

1—
v(k,z)=  max Tdtdt(k, z) —s¢(k, 2)
(e ks, sedi 1 — Tgt
1
+ il Z Q;(ze41]|2) Ve (kt+1(k, z), ZI+1)’
1+ — zi41|z
1 —7g (89)

di(k, z) + x;(k, 2) + ®(x,(k, 2), k)
=1 —7e)m(k, 2) + 7e:8k + 101D (x4 (K, 2), k) + 54(k, 2),
kip1(k, z) =x¢(k, 2) + (1 — d)k, di(k,z)>0,s:(k,z)>0,
where r; is defined by

PO 4+ (1= 74i41)Dii1 — 71 (P2 — P
147 = 1+ ( di+1) tJ; gt+1( +1 t+1). (S10)
t

The solution to the firm’s problem consists of value functions {v,(k, z)}?2, as well as
policy rules for investment, capital, equity issuance, and dividends:

{xi(k, 2), ki1 (k, 2), s:(k, 2), di(k, 2)} 2.

The period ¢ distributions w;,; and uy, can be used to calculate the period ¢ aggregate
consumption demand C;, aggregate effective labor supply L}, and aggregate demand for
share holdings 0, from the household side:

Ci= [ o eraunts,e),

L =feduht(0, e), (S11)
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O 41 =/9z+1(9y€)dﬂht(0, €)

as well as the period ¢ aggregate labor demand L;, investment X, capital stock K1,
output Yy, operating profits I1;, dividends D;, and equity issuance S; from the firm side:

Lt=/lt(k) Z)dﬂft(kr Z)) th/xt(kr Z)d,l.bf[(k, Z):

K+ =/k,+1(k,z)d,uft(k,z), Yt=thf(ky li(k, Z))d,uf[(k,z),
(512)

Ht:/m(k,z)duft(k, 2, Dt=/dt(k, 2)dpgik, 2),

$i= [tk 2 dugte 2, Vo= [ @(rutk 2,0 du k2

DEFINITION. Given the transition matrices (). and (),, as well as initial distribu-
tions uro and wpo, a recursive competitive equilibrium relative to a government pol-
icy sequence {7y, Ta;, Tgr, Tet}io), consists of optimal policies for households and firms
{Cl‘(e» 6)! OlJrl(H) E)}?i() and

{li(k, 2), x:(k, 2), ki1 (k, 2), si(k, 2), di(k, 2)} -

as well as associated value functions {vj,(0, €)}7°, and {v;(k, 2)}72,, wages {w}?2,, re-
turns {r;}?2,, firm dividends and share values {D,, P;, P?}fio, and distributions {72,
and {72, such that:

e Optimal household choice: Given {w,}?°, and {Dy, Pt,Pt0 2 the household policy
functions ¢(0, €) and 6,41(6, €) and the value function vy, (6, €) solve the problem
of the household in (S7) for all ¢.

e Optimal firm choice: Given {w,}?°, and {r/}7°,, the firm policy function /;(k, z)
solves the static problem in (S8) and the policy functions x;(k, z), k¢y1(k, 2),
si(k, z), d;(k, z) and the value function v,(k, z) solve the dynamic problem in (S9)
for all ¢.

e The aggregates D;, P;, P? satisfy (S12), the definition (S10) and P? = P, — ;.
e Government budget balance: Government spending equals government revenue
G =7wLy + 74D + Tgt(PtO — Py) + 7 (Il; — 8K, — ¢¥)),
where II; and ¥, are defined in (S12).
e Market clearing: Wages and returns are such that all markets clear
O1=1,
L,=L3,
CG+Xie+Gi+V =Y,
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where all the aggregates are defined in (S11), (S§12).

o Consistency: The distributions’ laws of motion ¢, and ¢y, are consistent with the
households’ and firms’ optimal decisions, respectively, in the sense that they are
generated by the optimal decision rules and by the laws of motions of the shocks,
and the distributions w41 and w1 satisfy

Mhet1 = @ne(fne),

M1 = @pe(pge).

S2. COMPUTATIONAL ALGORITHM
S2.1 Computing the stationary competitive equilibrium

For given prices, the problems of individual firms and households are solved using value
function iteration algorithms. Policy rules are then used to obtain stationary distribu-
tions and aggregate variables and these, in turn, are used to check market clearing and
update prices. Let the individual firm state vector be denoted by s¢ = (k, z) and the in-
dividual household state vector be denoted by s;, = (6, €).

Step 1. Guess a wage and a return (w?, r0).
Step 2. (Firm problem)

Step 2.1. Solve the firm’s problem given (w°, ) using value function iterations and
obtain the value function v(sy) and the optimal decision rules for the firm,
namely labor demand / = I(sy), investment x = x(sy), capital k" = g(sy), equity
issuance s = s(sy), and dividends d = d(sy).

Step 2.2. Use the firm decision rules from step 2.1 to solve for the stationary distri-
bution of firms uy = uy(k, 2).

Step 2.3. Obtain the firm aggregates L, X, K’, Y, I1, S, and D using equations (S6),
P using the steady state version of (54) and Po=pP_3g.

Step 2.4. Check that the wage rate w? clears the labor market, namely that L = L,
where L* = f eduy (6, €) is the exogenous (effective) labor supply from the
households. If labor markets do not clear, update the wage rate.

Step 2.5. Repeat steps 2.1-2.4 until the labor market clears. This will deliver a new
wage w"eV.

Step 3. (Household problem)

Step 3.1. Solve the household’s problem given (%, whew, p, PO D) using value
function iterations and obtain the value function vy(s;) and the optimal de-
cision rules for the households, namely asset holdings 6’ = g;(s;,) and con-
sumption choices ¢ = c(sy).
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Step 3.2. Use the household decision rules from step 3.1 to solve for the stationary
distribution of households u;,.

Step 3.3. Obtain the aggregate asset demand @' and consumption C using equa-
tions (S5).

Step 3.4. Check whether the guessed return 0 clears the asset market, namely that
0’ = 1. If asset markets do not clear, update the interest rate.

Step 3.5. Repeat steps 3.1-3.4 until the asset market clears. This will deliver a new
interest rate r™¢V,

Step 4. Update the price vector using a standard bisection method between the
guessed (w, %) and implied (w™®Y, r"€%) prices and repeat steps 2 and 3 until con-
vergence.

In the prereform steady state, all taxes are exogenously given and the solution pro-
cess simply delivers the endogenous value of G. In the post-reform steady state, G is
fixed and one (or two, depending on the experiment) of the tax rates needs to be solved
for endogenously. The algorithm in that case involves an outer loop where the endoge-
nous tax rates are guessed and then updated until they imply government budget bal-
ance.

S$2.2 Computing the transitional dynamics

Let (7, 7!, Té, 7!) be the tax rates associated with the initial steady state and (7}, 7%,
Tjg‘, T;‘) denote the tax rates associated with the new steady state. Similar notation is used
for the policies, value functions, and prices in the two steady states, which are already
computed using the stationary equilibrium algorithm. For example, r’ is the return in
the initial steady state and r* the one in the final steady state. Let the individual firm
state vector be denoted by sy = (k, z) and the individual household state vector be de-
noted by s, = (0, €). Assume that the economy converges to the new steady state in T
periods.

Step 1. Guess a path for the prices {w?, r?}thl.

Step 2. (Firm problem)

Step 2.1. Use the path of prices {w?, r?}7_, together with the fact that vy(sy) =

v*(sy) to solve the firm’s problem by finite backward induction and obtain the
time-dependent policy functions for labor demand /;(sy), investment x;(sy),
capital k;41(sr), equity issuance s;(sy) and dividends d;(sy), as well as the time-
dependent value functions v(ss), for each period ¢ =1, 2, ..., T.

Step 2.2. Use the time-dependent policy functions and the stationary distribution
of firms for the initial steady state M; to compute the implied cross-sectional
distribution of firms us, for any periodt =1, 2, ..., T.
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Step 2.3. Obtain the firm aggregates as well as P;, P? in each period t=1,2,..., T
using equations (S12), the Euler condition of households and P? = P, — S,.

Step 3. (Government budget)

Given government spending G, fixed tax rates (77, 7, 75), the exogenous labor
supply level L’ and the paths for wages and firm aggregates, use the government
budget in period ¢ to obtain the labor tax rate 7, that ensures budget balance for
eachr=1,2,...,T.

Step 4. (Household problem)

Step 4.1. Use the path of prices {w?, 1}, and the computed paths for the finan-
cial aggregates {P;, P?, D;}I_, andlabor taxes {r;,}__|, together with the fact that
vt (sp) = vj,(sp), to solve the household’s problem by finite backward induc-
tion and obtain the time-dependent policy functions for asset holdings 6,1 (sy,)
and consumption choices ¢ (s;,), as well as the time-dependent value functions
v (sp), foreach periodr=1,2,...,T.

Step 4.2. Use the time-dependent policy functions and the stationary distribution
of households for the initial steady state '“2 to compute the implied cross-
sectional distribution of households uj, for any periodt=1, 2, ..., T.

Step 4.3. Obtain the path for aggregate asset demand {0,,1}’_; using the expres-
sionin (S11) for each periodt=1, 2, ..., T.

Step 5. Foreach periodt=1, 2, ..., T, check whether the guessed prices (w?, r?) clear
the asset market and the labor market and, if not, update the prices and repeat
steps 2-5 until convergence (i.e., until both markets clear). To update the prices,
we use the following equations:

w; = Aw? + (1 - Dw,

rt=Ar0+ (1=,

where A is an updating parameter and w}" and r{"* are computed as follows:

L 1—0{[
m 0 !
w' =w, | — ,
' (Lf>

-1
=0 (0) @Y.

Note that if the demand for shares is too high, ®,;; > 1, the updating rule above
reduces the return on shares and vice versa. Similarly, if labor supply is too low, L, >
L, the above rule increases wages and vice versa. The rules use the demand elasticity
parameters «; and «y to govern the strength of adjustment. We find that these updating
rules with A = 0.9 give us a convergence of the algorithm.
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TaBLE S1. Reforms with a higher investment rate volatility.

Reform Airevs. Ty =1y B: 7. vs. 74
0 0
T4 0.52 0.47
Ty 0.52 0.20
Long run aggregates (% Change)
K —5.19 37.1
TFP 1.82 —6.33
Y 0.14 3.34
C —0.94 3.28
r —2.42 —0.12
w 0.15 3.34
Welfare effects (%)
Overall 0.45 -3.16
Aggregate 0.16 -3.61
Distributional 0.29 0.46

S3. ADDITIONAL EXPERIMENTS AND MODEL EXTENSIONS

This section contains more details about the sensitivity analyses that were done in the
paper with respect to the nature and size of adjustment costs, the introduction of cor-
porate debt financing, and the absence of household heterogeneity.

S3.1 Adjustment costs

S3.1.1 Adjustment cost size This section investigates the sensitivity of the results with
respect to the size of the convex adjustment cost parameter, which affects the volatility
of the investment rate. In particular, we have computed our baseline tax reform exper-
iments with the higher volatility of investment rates of 0.337 reported in Cooper and
Haltiwanger (2006) and have looked at the effects on the long run aggregates, as well as
on welfare including the transition, of the two reforms where 7¢ is reduced to zero. The
results are reported in Table S1.

Table S1 reflects that the presence of lower convex adjustment costs (higher volatil-
ity of investment rates) does not change the main qualitative results of our benchmark
economy. Specifically, in the case without the tax wedge, the reform still leads to a de-
crease in capital that is accompanied by an increase in TFP, a slight increase in output
and a slight decrease in consumption. In the reform which increases the dividend tax
only, we still obtain large increases in capital accompanied by a decrease in TFP and
an increase in output and consumption. In both reforms, the wage still increases and
the interest rate still decreases. So the main qualitative idea of positive redistribution in
both cases, but efficiency improvements only when 74 = 7, seems to hold regardless of
the size of adjustment costs.

Quantitatively, there are only very small changes for the reform with 7, = 7, when
we change the size of adjustment costs. Some quantitative differences arise for the ;-
only case. In particular, lower adjustment costs imply the misallocation effects are larger
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(TFP falls by more) and, as a result, long run output and consumption do not increase as
much as in our benchmark. Overall, the welfare effects are stronger but they still exhibit
the qualitative properties discussed in the paper, namely increased welfare from both
an aggregate and a distributional perspective when 7, = 7, and increased distributional
but decreased aggregate component when 74 > 7.

S3.1.2 Nature of adjustment costs: Fixed versus convex As discussed in the calibration
section of the main text, many of the features of lumpy investment discussed in the liter-
ature are already present in our model without any nonconvex costs due to the presence
of volatile idiosyncratic productivity shocks. In this section, we investigate the effects
of adding nonconvex costs to the benchmark version of the model following Khan and
Thomas (2008), except for the fact that the fixed costs are constant rather than stochas-
tic. To be precise, we add a fixed adjustment cost to the firms’ problem as follows: if firm
j undertakes an unconstrained investment choosing k ;1 € Ry, it has to pay a fixed cost
¢ denominated in units of labor w;¢. Alternatively, the firm does not have to pay the cost
if it undertakes a constrained investment in the interval x;; € [a1kj;, a2k ], where a; <
0 < ay. In this case, kjt+l € Q(kjt) CR,, with Q(kjt) =[(a1+1-— S)kjt, (ap+1-— 5)/{]’;].
In this extended version of our model, the firm’s financing constraint is

djr = m(kjr, zjiy we) —wiéljs + Sjr — kjer1 + (1 = 8)kjr — ®(xje, kje) — 7T,
Tjt = 7T(kj[, Zj[; wt) — wtflj[ — Sk]t - d)q)(xjtr kjt))
where I, denotes an indicator function

Iir =0 ifkj e Qkj),

=1 otherwise.

Note the fixed adjustment cost is treated as a labor cost, hence deducted from corpo-
rate taxes. The rest of the model remains as before except for the labor market clearing
condition, which now includes these fixed costs as part of labor demand

/ Ui+ €00) dj = / eirdi.

To write the problem of the firm recursively, let v(z, k) be the value of the firm if
it undertakes a constrained investment level, k' € Q)(k), and v¥(z, k) the value if the in-
vestment level is unconstrained. The problem of the firm can be written recursively as
follows:

—Td 1
v(z, k) = x‘rlr€1/a'1s)fd - ng — s+ H_—r Zﬂz(zqz)v(z/, k/),

Z'|z

I—7g
d=mk,z;w)(1 — 1) + 78k +5s— k' + (1 — 8)k — ®(x, k)(1 — 7. ),
K=x+1-8k, §>0,d>0KkK cQ(k),
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u _ 1—1y4 - 1 / '
v(z,k)_x,mk/?fdl_ﬂrgd s+71+ 7 ;Z:QZ(sz)v(z,k),

e
d=[m(k, z;w) —wé|(1 —7c) + T8k + 5 — k' + (1 — 8)k — D(x, k) (1 — 1),
kKeRy, 5>0,d>0k=x+(1-298)k,

v(z, k) = max{v°(z, k), v"(z, k) }.

The solution to this problem are value functions v¢(z, k), v¥(z, k) and v(z, k) and
policies k' = gk (k, z), s = g*(k, z), x = g*(k, z) and d = g¢(k, z). In addition, I = g’ (k, z)
is defined using the static profit maximization of the firm as usual.

Let us the cross-sectional distribution of firms over the state (k, z), with law of mo-
tion M} = ¢¢(ur). We can use the stationary distribution to calculate aggregates for the

firm side: labor demand L, investment X, capital stock K’, output Y, dividends D, eq-
uity issuance S, and convex adjustment costs V:

L=/ﬂkﬂ@%hﬂ, X=/f%¢ﬂw%JL
K’=/g"(k,z)duf(k, z), Y=/zf(k,gl(k, 2))duy(k, 2),
D=/gd(k, 2)dyus(k, 2), S=/gS(k,z)duf(k,z),

V= /q)(gx(k, 2), k) dug(k, z).

In the presence of fixed costs, the household sector is the same as before. Moreover,
the government budget and the market clearing conditions are!

G=rc(Y —wL —wélg — W — 8K) + rwL” + 74D + 74 (P° — P),
0'=1,
L+Ige=L"
C+X+G+V¥=Y.

To solve the model, we choose a; = —a; = 0.01 and calibrate the parameter £ captur-
ing the size of the fixed costs to match the fraction of inactive firms in data. The convex
cost parameter is adjusted to maintain the same investment rate volatility of 0.156 as
in the benchmark. As can be seen in the third column of Table S2 (FC), the presence of
fixed costs can help match the 8% inaction rate. Because our inactivity rate is quite close
to the data anyway, only a very small fixed cost is enough to move inactivity up to 8%. In-
troducing this small fixed cost has no significant other effects, neither on the benchmark
distribution nor, more importantly, on the reform effects (which are essentially identical
to the case of no fixed cost and are not reported).

17, denotes the measure of firms that pay the fixed cost, that is, that have gk, z) ¢ Q(k).
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TaBLE S2. Moments of the investment rate distribution.

Data No FC FC
Inactive (|| < 0.01) 0.081 0.061 0.080
Pos (3 > 0.01) 0.815 0.577 0.563
Neg (% < —0.01) 0.104 0.362 0.357
Pos spikes (% >0.2) 0.186 0.162 0.162
Neg spikes (3 < —0.2) 0.018 0.001 0.001

S3.2 Debt financing

We consider an extension of our model where firms can issue debt that can be bought
by households. Interest payments on debt are deductible from corporate income taxes
but households pay taxes on the interest income. Following the suggestion of a referee,
we do not follow Gourio and Miao (2010) in assuming a collateral constraint that would
exogenously fix the debt to capital ratio. Instead we assume quadratic costs of holding
debt as a trade-off to the tax advantage. Optimally, one would allow for firm default in-
stead (see, e.g., Cooley and Quadrini (2001), Hennessy and Whited (2005), or Covas and
DenHaan (2012)) but given the computational complexity of the model as it is, we have
opted for this reduced form approach to capture the main idea. Below, we describe the
model with debt focusing only on the parts of the model that change. Subsequently, we
discuss the main trade-off that informs the intuition for our computational experiments
with this setting. In the last part, we discuss our quantitative findings.

§3.2.1 Firms Firm j can use internal funds 7 (kj;, zj; w,) — 7.T}; and external funds as
before. The difference is that there are now two options for external funds: in addition
to equity issuance s;; firms can also issue new debt b;, 1 — bj;, where b;, denotes debt
outstanding at ¢ from the previous period. The Izirm has to pay an interest rate 7, on its

outstanding debt as well as a quadratic cost &7; Z—’i One way to think about the cost is as
if the interest rate were increasing in the debt to capital ratio, that is, as if the interest rate
were actually 7, (1 + & Z_Z)' The firm can use these sources of funds to finance dividends,
investment (including adjustment costs), and debt interest payments (including costs),
so the firm’s financing constraint becomes

b?
djr + xjt +®(xji, kji) +7ebjr + §7tk—j.t =7 (kj, zjry we) — 7Tt + Sjr + bjry1 — bji,
Jt

where taxable corporate income now also excludes debt interest payments plus cost

) b,
Tjy = m(kji, zjr; we) — 8k jr — D (xjs, kji) — rtbjt<1 + gk_]t>
jt
The introduction of debt implies that a firm’s state variables now include the debt
level, that is, the state is (zj;, kjs, bj;), and thus in solving the model recursively we re-
define all policy functions as well as the firm distribution u/ as functions of these three
variables.
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Finally, the firm’s discount factor for time ¢ payout is again based on the household
problem and can be expressed as (see next section)

! 1
(l_[ ;n(l_Ti)>.

n=114

Tg

We denote the total bonds of all firms by

S3.2.2 Households Households can now buy both corporate stocks and corporate
bonds. However, in the absence of aggregate uncertainty, corporate stocks and corpo-
rate bonds are both risk-free assets, and hence, are essentially the same asset. In equi-
librium, their after-tax returns are equalized and the household problem is essentially
unaffected, although it includes some additional notation. The household budget is now

Cit +Pt9it + bsz_l
= (1 — m)weei + (1 — 70)Ds + PP)0;—1 — 7o (P? — Pi_1)6i—1 + (1471 — Ti))bf'lt!

where 7; denotes the tax rate on interest income. First-order conditions for shares 6;;
and bonds bf.’t 41 are given by

P+ =)D —1g(PYy = P) (e
Py BEw (cit1)’
u'(cir)
BE /' (¢it41)

for unconstrained households. These imply equalization of (risk-free) returns

14 (1 — 7)1 =

P?_H + (1 —79)Dey1 — Tg(P?+1 _Pt)
Py

1+ (-1 =

and this also implies that households choose overall savings P;6;; + bflt 41 (subject to a
no-borrowing constraint P;6;; + bflt = 0 as usual) but the portfolio between stocks and
bonds is indeterminate from a household point of view. Finally, this implies that the (ex-

dividend) market value of equity is given by

1 (1—174)
-7 I:(I_Tg)

P = D —St+1+P[+1i|,

1+

Tt41
1—7g

where we have substituted PtOJrl = P;y1 — Si+1 as usual. Note this provides the discount

factor ———— used for the firm.

1+177i Fr41
78
The household’s state variables are the shock €;; and household wealth q; =

P 10;1 + bl’-’t. To keep notation as in the main paper, and without loss of generality,




14 Anagnostopoulos, Atesagaoglu, and Cérceles-Poveda Supplementary Material

we rewrite the choice of households as being the share 6, of the total wealth value
A¢y1 = Py + B+ and the household budget as

Cit + A1 05, = (1 — wei + (1 +7(1 — 7)) A, 05,_,.
As aresult, the state variables for the household are (67,_,, €;/).

S3.2.3 Government budget and market clearing The adjusted government budget con-
straint and goods market clearing are given by

G= Tth +Tltwl‘Ll‘ +Tg(PZO —Pt_]) +TC/le dj+’T[Bt;t
and
b?
. . . ~ t . .
/c,-tdz—l—/xj,dj+G+/q>(xjnkjt)d]+/§rtk—1_dl=/)’jtdl~
Jt

Shares and labor market clearing conditions are unaffected

/egdizl,
/l]tdjzfendl

S3.2.4 Stationary recursive formulation The problem of the firm can be written recur-
sively as follows:

1
_— Q, (7 "K', b),
+ i Z :(Z]2)v(z )

b
d+x+c1>(x,k)+?b<1+§z> =k, z;w) —1.T+s+b —b,

T =w(k, z; w) — 6k — ¢pP(x, k)—fb(l—}-g%),
s>0, d>0k=x+(1-8)k

and the solution are value functions v(z, k, b) and policies b’ = g’ (k, b, z), k' = g*(k, b,
2), s =g%k, b, ), x = g°(k, b, z), and d = g¢(k, b, z). In addition, I = g/(k, z) is defined
by static profit maximization as usual.

Let pr the cross-sectional distribution of firms over the state (k, b, z), with law of
motion ,u} = ¢r(pyr). We can use the stationary distribution to calculate aggregates for
the firm side: labor demand L, investment X, capital stock K’, output Y, dividends D,
equity issuance S, new debt B’, capital adjustment adjustment costs ¥, and debt costs
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L= /gl(k’ z) d/*"f(k) b, z), X Z/gx(k, b, z) de(k, b, z),
K/=/gk(k, b, z)dpys(k, b, 2), Y:/zf(k,gl(k, b, 2))duy(k, b, z),
D= /gd(k, b2 dus(k,b,2), S =fgS(k, b, 2)dus(k, b, 2),

B/Z/gb(k’ b; Z)d,LLf(k, b; Z)) Y= (D(gx(k) by Z)y k)dﬂf(k’ b; Z))

b2
E= / ff? dug(k, b, z).

In a stationary environment, total wealth is 4 = P+ B and the problem of the house-
holds can be written recursively as follows:

vy (0%, €) = {Ig/ag u(c) + B;QE(& e)up (07, €) st
c+ A0Y = (1 — mwe + (1 +F(1 — 1)) A6%,
0Y > 0.

The solution are value functions v;(6%, €) and policies c = g°(6%, €), 8’ = g?(6%, €). Let
w;, be the cross sectional distribution of households over the state s;, = (6%, €), with law
of motion u) = ¢;,(u,). We can use the stationary distributions to calculate aggregates
from the household side:

C= / g (sn) dpn(sn),
Lszi/fdﬂhwhh
0 = / g% (sn) dpn(sn).-
The government budget constraint and the market clearing conditions are given by

G=1(Y —wL — ¢V —FB—E - 6K) + 7wL" + 74D
+ 74(P° - P) + 7;Bf,
0 =1,
L=L",
C+X+G+VY+E=Y.



16 Anagnostopoulos, Atesagaoglu, and Cérceles-Poveda Supplementary Material

S3.2.5 The optimal choice of debt The main difference from our benchmark model is
the firms’ choice of debt. This can be described using the firm’s Euler equation for debt

s b;
<1 + (1 =7y <1 +2& Uas >>7jt+1

kjtia

Yt = E;

1—7. ’

1+ Tt41

-7,

where y;; denotes the marginal value of resources for the firm (the multiplier on the
financing constraint). The marginal value of resources can be characterized using the
first-order conditions for dividends and equity issuance

l_Td d
Yjt = 1 — 7y +)\]‘p
yjl‘z 1_/\;t’

where )\;’t and )\jt are the multipliers of the dividend and equity issuance non-negativity

. s e . . 1—
constraints. Similar to the case of no debt, this marginal value of resources equals 17:‘1
8

for dividend-distributing firms, it equals 1 for equity-issuing firms and satisfies y;; €
( %:ZZ , 1) for liquidity-constrained firms with d;; = 5;; = 0.
Consider first the case 74 = 7. In this case y;; = 1 for all ¢, j and the debt to capital

ratio for all firms is given by

1—7; 1
bjt+1 N (1— Tg)(l —7c)
ki1 2¢

The relative size of taxes on corporate income versus interest income determine
whether debt has a tax advantage or not. Specifically, debt has a tax advantage when-
ever (1 — 7¢)(1 — 7¢) < (1 — 7;) or, more intuitively, whenever the combined tax rate on
corporate income 7.+ 7¢(1 — 7) is larger than the household tax rate on interest income
7;. The first-order condition reflects the trade-off between the tax advantage and the cost
of holding debt. Whenever there is a tax advantage, as is the case in our benchmark and
in all post-reform experiments, this gives an optimally positive debt to capital ratio.

When 7, > 7,4, different firms can have different debt-to-capital ratios depending on
the relative size of y;; and E;vy;41. Intuitively, firms with high current marginal value of
resources that expect this to be lower tomorrow find it optimal to hold a higher debt-to-
capital ratio. These are growing firms, for example, currently issuing equity (y;; = 1) but
expecting to be in the liquidity constrained or dividend distribution regime with positive
probability in the following period (E;yj.4+1 < 1). Vice versa, some shrinking firms will
choose lower debt-to-capital ratios.

In both cases (7, = 7¢ and 74 > 1), growing firms will typically issue new debt and
shrinking firms will retire debt. Importantly, the changes in tax rates can have signifi-
cant effects on the debt-to-capital ratio depending on their effect on the combined tax
rate on corporate income. Previewing the quantitative results below, the combined tax
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TaBLE S3. Reform effects on aggregate equity issuance
(S), debt issuance and debt level (B).

Reform AiTevsTg=1g B: 7. vs 1y

Financial aggregates (% change)

S —55.8 —98.9
Debt issuance 56.7 —23.7
B 33.7 —83.8

rate on corporate income increases somewhat in the experiments where the equality of
74 and 7¢ is maintained, and hence debt to capital ratios increase. In contrast, the com-
bined tax rate on corporate income decreases significantly when 7. is decreased keeping
7, constant, and thus debt to capital ratios decrease. In the extreme case discussed be-
low where 7. is reduced to zero and 1 — 7; < (1 — 74)(1 — 7¢), the firm has incentives to
hold cash b, < 0.In that case, the interpretation of the quadratic cost on holding cash
is less intuitive so we prefer to simply impose debt nonnegativity and let the optimal
choice of debt be at a corner (zero).

§3.2.6 Quantitative results Hennessy and Whited (2007) report a ratio of debt to assets
of 0.12 from Compustat data. We calibrate the debt cost parameter ¢ in the benchmark
economy to match this ratio. We consider the long run aggregate effects of eliminat-
ing corporate income taxes (7. = 0) in the presence of debt financing for the two cases,
namely reform A (where 7, = 74) and reform B (where 7; > 7,). Consider first how the
reforms affect aggregate debt and equity issuance.

In the benchmark economy, all firms maintain a constant debt to capital ratio of
0.15 so growing firms issue new debt and shrinking firms retire debt in proportion to
their capital change. As a result of reform A, the combined tax rate on corporate profits
increases from 7. 4 7¢(1 — 7.) = 0.34 + 0.2(1 — 0.34) = 0.472 to 7¢ = 0.52. The implica-
tion in terms of debt choices is that the tax advantage of debt is now stronger and the
debt to capital ratio increases across firms. Quantitatively, the debt to capital ratio in-
creases from 0.15 to 0.21. As reflected in Table S3, this also implies an increase in the to-
tal amount of debt held, despite the decrease in aggregate capital. Because debt is now
more attractive, we do observe some substitution away from equity issuance and into
debt issuance. However, in terms of the macroaggregates, the effects of the reform are
qualitatively similar to the case of no debt. This can be seen in Table S4 presenting per-
centage changes in the macroeconomic aggregates and including the results from the
benchmark economy without debt in parentheses for comparison. As in the case of no
debt, capital and interest rates decrease, TFP increases and output and wages remain
largely unaffected. Quantitatively, the combined tax rate increases slightly more com-
pared to the case of no debt, and thus, interest rates and capital fall by slightly more.

As a result of reform B, the combined tax rate on corporate profits decreases from
Te + 74(1 — 7¢) = 0.472 to 7, = 0.20. Note that the tax rate on interest income is 7; =
0.28(> 0.20) so the tax advantage on debt has disappeared. If anything, in this extreme
scenario of no corporate taxes, tax incentives point toward cash hoarding. We impose
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TaBLE S4. Reform effects on macroaggregates.

Reform AiT VST =1Tg B: 7. Vs Ty

Te 0 0

Td 0.52 (0.51) 0.42 (0.44)

Ty 0.52 (0.51) 0.20 (0.20)
Macroaggregates (% change)

K —5.4 (—4.4) 36.3 (40.6)

TFP 1.5(1.5) —0.8(—-1.4)

Y —0.3(0.1) 9.2 (9.7)

C -1.7(-0.9) 8.4 (8.5)

r —2.8(-2.0) —0.8 (—-2.2)

w —0.3(0.1) 9.2 (9.7)

a no-cash constraint and, as a result, most firms hold zero debt. Still, some severely
cash-strapped, growing firms (y;; > E;yj,4+1) actually issue and hold debt. Overall, the
aggregate debt to capital ratio falls from 0.15 to 0.03. In terms of the long run effects of
the reform, compared to the case of no debt, the dividend tax increases by slightly less.
The effect of this is to reduce the strength of the wealth effect which implies a smaller
drop in interest rates, and hence a smaller increase in aggregate capital. The drop in TFP
is also smaller than in the case with no debt since, when equity issuance becomes very
costly as in this scenario, the presence of debt means there is still an option to finance
externally through debt. This mitigation of the negative effects of the reform on external
financing is not very strong exactly because the reform also reduces incentives to hold
and use debt. To put it differently, the reform that cuts 7. increasing only 7; has negative
effects on both equity and debt financing incentives, and hence there is only a limited
amount of substitution from equity to debt that takes place.

Notice that the role of debt in this model is as a means of obtaining external financ-
ing for investment just like equity and not to be used as a buffer against shocks. The firm
does face idiosyncratic shocks but it does not have an incentive to smooth its payments
to shareholders since such smoothing occurs automatically for shareholders at the mu-
tual fund level (in the long run aggregate payout to shareholders is constant). This is
reflected in the firm’s discount factor, which is not stochastic, rather it reflects the deter-
ministic risk-free rate of return. To consider the buffering role of debt, we would need to
introduce some aggregate shocks, an interesting but computationally very difficult thing
to do.

S3.3 Long run effects of the reforms with a representative household

This section presents the effects of the reforms on the long run aggregates in the absence
of household heterogeneity, namely, in a model where the after tax return if fixed to
the prereform level. The results are presented in Table S5, together with the results with
household heterogeneity and incomplete markets in parenthesis for comparison.
Intuitively, uninsurable idiosyncratic risk faced by households matters for the re-
sponse of aggregate capital to the reforms. The reason is that this assumption implies an
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TaBLE S5. Long run effects of reform in a representative household economy.

Reform AiTevs. Ty =1y B: 7. vs. 7y

Te 0 0

T4 0.51 (0.51) 0.44

(0.44)

Ty 0.51 (0.51) 0.20(0.20)
Long run aggregates (% change)

K —7.1(—-4.4) 38.4 (40.6)

TFP 1.6 (1.5) —-1.3(-1.4)

Y —0.7 (0.1) 9.2 (9.7)

C —1.7 (-0.9) 8.1 (8.5)

r 0(-2.0) 0(-2.2)

w —0.7 (0.1) 9.5 (9.7)

upward sloping aggregate asset demand line, as opposed to a perfectly elastic demand
in the long run of a growth model. When the capital taxes change as a result of the re-
forms, the firms’ demand for capital changes. In a standard growth model, the after tax
return in the long run would still have to equal the time preference rate, and thus all of
the demand change would translate to changes in equilibrium capital. In contrast, in
our economy the interest rate also adjusts endogenously to some extent. To investigate
the quantitative importance of this mechanism, we have computed the long run aggre-
gates for a version of the model with a representative agent and complete markets.” The
results from this experiment are presented in Table S5. The results with incomplete mar-
kets from Table 7 of the main paper are provided in parenthesis for comparison.

For the reform with 7; = 7, the combined tax rate on capital 7. + 74 (1 — 7.) increases
from 47.2% to approximately 51% and capital demand from firms is reduced. With in-
complete markets aggregate capital falls by 4.4% because the interest rate adjusts down-
wards and mitigates this decrease. In contrast, with complete markets, the interest rate
remains fixed and this implies a larger decrease in aggregate capital of about 7%. Since
the effect on TFP is similar to our benchmark incomplete markets economy, but the re-
sponse of aggregate capital is larger, the implication is that now output and wages fall in
the long run. Notice that, with wages falling, a complete markets model with household
heterogeneity in wealth could reverse our prediction of distributional gains from this re-
form. In this sense, even the presence of incomplete markets is crucial for some of our
findings.

For the reform with 7, > 7¢, the incomplete markets assumption has only small
quantitative effects on the aggregates. The main effect of market incompleteness is that
higher dividend taxes push aggregate capital to increase a bit more (40.6% versus 38.4%)
due to the wealth effect described in Anagnostopoulos, Cérceles and Lin (2012).3

2Note this is equivalent to assuming the after tax return is fixed to the prereform level and finding the
new stationary distribution after the tax changes.

3Note that this does not mean that household heterogeneity is not important. Heterogeneity still matters
alot for distribution and welfare results.
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