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Abstract

Section 1 provides the de�nitions of recursive competitive equilibrium,
both stationary and in transition, for our benchmark economy. Section 2
provides the corresponding computational algorithms. Section 3 discusses
additional experiments omitted from the main paper. Speci�cally, sec-
tion 3.1 presents alternative calibrations of adjustment costs (including
nonconvex costs), section 3.2 allows for debt �nancing by �rms and sec-
tion 3.3 discusses reform e¤ects in the case of a representative household
(complete markets).

1 Recursive Competitive Equilibrium

1.1 Stationary Recursive Competitive Equilibrium

In this section, we provide the recursive formulation of the household and �rm
problems and de�ne a stationary recursive competitive equilibrium. Given the
absence of aggregate uncertainty, in the long run all aggregates are constant
and household and �rm problems can be expressed in terms of individual state
variables only.
The household�s state vector is fully characterized by the pair (�; �) and its

problem can be written recursively as follows:

vh (�; �) = max
f�0;cg

u (c) + �
X
�0


� (�
0; �) vh

�
�0; �0

�
s.t. (1)

c+ P�0 = (1� � l)w�+
�
(1� �d)D + P 0

�
� � �g

�
P 0 � P

�
�

�0 � 0
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The solution to the household�s problem consists of a value function vh as
well as policy rules for shares and consumption which we denote by:

c = gc (�; �) , �0 = g� (�; �) (2)

Similarly, the state vector for a given �rm is given by the pair (k; z), its static
labor demand decision is described by a decision rule l = gl (k; z) obtained from
pro�t maximization, given the wage w:

� (k; z) = max
l
fzf(k; l)� wlg (3)

and its dynamic problem is as follows:

v (k; z) = max
fx;k0;s;dg

1� �d
1� �g

d� s+ 1

1 + r
1��g

X
z0jz


z (z
0jz) v (k0; z0) (4)

d+ x+�(x; k) (1� � c�) = (1� � c)� (k; z) + � c�k + s,
k0 = x+ (1� �) k, d � 0, s � 0

where r is de�ned by

1 + r �
P 0 + (1� �d)D � �g

�
P 0 � P

�
P

(5)

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

x = gx (k; z) , k0 = gk (k; z) , s = gs (k; z) , d = gd (k; z) (6)

Let �h be the cross sectional distribution of households over the state (�; �)
and �f the cross sectional distribution of �rms over the state (k; z). These
distributions follow the laws of motion

�0h = 'h (�h) (7)

�0f = 'f
�
�f
�

(8)

These stationary distributions can be used to calculate aggregate consump-
tion demand C, aggregate e¤ective labor supply Ls and aggregate demand for
share holdings � from the household side

C =

Z
gc (�; �) d�h (�; �) (9)

Ls =

Z
�d�h (�; �)

�0 =

Z
g� (�; �) d�h (�; �)
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as well as aggregate labor demand L, investment X, capital stock K 0, output
Y , operating pro�ts �, dividends D and equity issuance S from the �rm side

L =

Z
gl (k; z) d�f (k; z) , X =

Z
gx (k; z) d�f (k; z) (10)

K 0 =

Z
gk (k; z) d�f (k; z) , Y =

Z
zf (k; l (k; z)) d�f (k; z)

� =

Z
� (k; z) d�f (k; z) , D =

Z
gd (k; z) d�f (k; z)

S =

Z
gs (k; z) d�f (k; z) , 	 �

Z
� (gx (k; z) ; k) d�f (k; z)

De�nition: A stationary recursive competitive equilibrium relative to a
government policy (� l; �d; �g; � c; G), consists of stationary distributions �h and
�f , laws of motion 'h and 'f , prices w and r, �rm aggregate dividends and
share values D, P , P 0, decision rules for �rms and households, gl (k; z), gx (k; z),
gk (k; z), gs (k; z), gd (k; z), gc(�; �), g�(�; �), as well as associated value functions
vh (�; �) and v(k; z) such that:

� Optimal Household Choice: Given w, D, P and P 0, the individual policy
functions gc(�; �) and g�(�; �) and the value function vh solve the problem
of the household in (1)

� Optimal Firm Choice: Given w and r, gl (k; z) solves the static problem
in (3) and gx (k; z), gk (k; z), gs (k; z), gd (k; z) ; v(k; z) solve the dynamic
problem in (4)

� The �rm aggregate dividends and share values D, P , P 0 satisfy (10), the
de�nition (5) and P 0 = P � S.

� Government Budget Balance: Government spending equals government
revenue

G = � lwL+ �dD + �g
�
P 0 � P

�
+ � c (�� �K � �	)

where � and 	 are de�ned in (10).

� Market Clearing: Prices are such that all markets clear

�0 = 1

L = Ls

C +X +G+	 = Y

where all the aggregates are de�ned in (9), (10).

� Consistency: 'h and 'f are consistent with the households�and �rms�
optimal decisions respectively, in the sense that they are generated by the
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optimal decision rules and by the laws of motions of the shocks, and the
distributions satisfy:

�h = 'h (�h)

�f = 'f
�
�f
�

1.2 Recursive Competitive Equilibrium in the Transition

We �rst de�ne the household problem (given aggregates) in period t still in
recursive form:

vht (�; �) = max
f�t+1;ctg

u (ct (�; �)) + �
X
�t+1


� (�t+1; �) vht+1 (�t+1 (�; �) ; �t+1) (11)

ct (�; �) + Pt�t+1 (�; �) = (1� � lt)wt�+
�
(1� �dt)Dt + P 0t

�
� � �gt

�
P 0t � Pt�1

�
�

�t+1 (�; �) � 0

The solution to the household�s problem consists of value functions fvht (�; �)g1t=0
as well as optimal policies for shares and consumption fct (�; �) ; �t+1 (�; �)g1t=0.
The static labor demand decision of the �rm at period t is described by a

decision rule lt (k; z) obtained from period t pro�t maximization given wages

�t (k; z) = max
lt
fzf(k; lt)� wtltg (12)

The problem of the �rm at period t can be written recursively as follows:

vt (k; z) = max
fxt;kt+1;st;dtg

1� �dt
1� �gt

dt (k; z)�st (k; z)+
1

1 + rt+1
1��gt

X
zt+1jz


z (zt+1jz) vt+1 (kt+1 (k; z) ; zt+1)

dt (k; z)+xt (k; z)+� (xt (k; z) ; k) = (1� � ct)�t (k; z)+� ct�k+� ct�� (xt (k; z) ; k)+st (k; z)

kt+1 (k; z) = xt (k; z) + (1� �) k; dt (k; z) � 0; st (k; z) � 0 (13)

where rt is de�ned by

1 + rt+1 �
P 0t+1 + (1� �dt+1)Dt+1 � �gt+1

�
P 0t+1 � Pt+1

�
Pt

(14)

The solution to the �rm�s problem consists of value functions fvt (k; z)g1t=0
as well as policy rules for investment, capital, equity issuance and dividends:

fxt (k; z) , kt+1 (k; z) , st (k; z) , dt (k; z)g1t=0

The period t distributions �ht and �ft can be used to calculate the period
t aggregate consumption demand Ct, aggregate e¤ective labor supply Lst and
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aggregate demand for share holdings �t from the household side:

Ct =

Z
ct (�; �) d�ht (�; �) (15)

Lst =

Z
�d�ht (�; �)

�t+1 =

Z
�t+1 (�; �) d�ht (�; �)

as well as the period t aggregate labor demand Lt, investment Xt, capital stock
Kt+1, output Yt, operating pro�ts �t, dividends Dt and equity issuance St from
the �rm side:

Lt =

Z
lt (k; z) d�ft (k; z) , Xt =

Z
xt (k; z) d�ft (k; z) (16)

Kt+1 =

Z
kt+1 (k; z) d�ft (k; z) , Yt =

Z
ztf (k; lt (k; z)) d�ft (k; z)

�t =

Z
�t (k; z) d�ft (k; z) , Dt =

Z
dt (k; z) d�ft (k; z)

St =

Z
st (k; z) d�ft (k; z) , 	t �

Z
� (xt (k; z) ; k) d�ft (k; z)

De�nition: Given the transition matrices 
� and 
z, as well as initial
distributions �f0 and �h0, a recursive competitive equilibrium relative to a gov-
ernment policy sequence f� lt; �dt; �gt; � ctg1t=0, consists of optimal policies for
households and �rms fct (�; �) ; �t+1(�; �)g1t=0 and

flt(k; z); xt(k; z); kt+1(k; z); st(k; z); dt(k; z)g1t=0
as well as associated value functions fvht (�; �)g1t=0 and fvt(k; z)g

1
t=0, wages

fwtg1t=0, returns frtg
1
t=0, �rm dividends and share values

�
Dt; Pt; P

0
t

	1
t=0

and
distributions

�
�ft
	1
t=0

and f�htg
1
t=0 such that:

� Optimal Household Choice: Given fwtg1t=0 and
�
Dt; Pt,P 0t

	1
t=0
, the house-

hold policy functions ct(�; �) and �t+1(�; �) and the value function vht(�; �)
solve the problem of the household in (11) for all t

� Optimal Firm Choice: Given fwtg1t=0 and frtg
1
t=0, the �rm policy func-

tion lt(k; z) solves the static problem in (12) and the policy functions
xt(k; z), kt+1(k; z), st(k; z), dt(k; z) and the value function vt(k; z) solve
the dynamic problem in (13) for all t

� The aggregatesDt; Pt,P 0t satisfy (16), the de�nition (14) and P 0t = Pt�St.

� Government Budget Balance: Government spending equals government
revenue

G = � ltwtLt + �dtDt + �gt
�
P 0t � Pt

�
+ � ct (�t � �Kt � �	t)

where �t and 	t are de�ned in (16).
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� Market Clearing: Wages and returns are such that all markets clear
�t+1 = 1

Lt = L
s
t

Ct +Xt +Gt +	t = Yt

where all the aggregates are de�ned in (15), (16).

� Consistency: The distributions�laws of motion 'ht and 'ft are consistent
with the households�and �rms�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 �ft+1 and �ht+1 satisfy:

�ht+1 = 'ht (�ht)

�ft+1 = 'ft
�
�ft
�

2 Computational Algorithm

2.1 Computing the Stationary Competitive Equilibrium

For given prices, the problems of individual �rms and households are solved
using value function iteration algorithms. Policy rules are then used to obtain
stationary distributions and aggregate variables and these, in turn, are used to
check market clearing and update prices. Let the individual �rm state vector
be denoted by sf = (k; z) and the individual household state vector be denoted
by sh = (�; �).
Step 1. Guess a wage and a return

�
w0; r0

�
.

Step 2. (Firm Problem)
Step 2.1. Solve the �rm�s problem given

�
w0; r0

�
using value function

iterations and obtain the value function v (sf ) and the optimal decision rules
for the �rm, namely labor demand l = l (sf ), investment x = x (sf ), capital
k0 = g (sf ), equity issuance s = s (sf ) and dividends d = d (sf ).

Step 2.2. Use the �rm decision rules from step 2.1 to solve for the
stationary distribution of �rms �f = �f (k; z).

Step 2.3. Obtain the �rm aggregates L, X, K 0, Y , �, S and D using
equations (10), P using the steady state version of (5) and P 0 = P � S.

Step 2.4. Check that the wage rate w0 clears the labor market, namely

that L = Ls, where Ls =
Z
�d�h (�; �) is the exogenous (e¤ective) 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 wnew.
Step 3 (Household Problem)

Step 3.1 Solve the household�s problem given
�
r0; wnew; P; P 0; D

�
using

value function iterations and obtain the value function vh (sh) and the opti-
mal decision rules for the households, namely asset holdings �0 = gh (sh) and
consumption choices c = c (sh).
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Step 3.2. Use the household decision rules from step 3.1 to solve for the
stationary distribution of households �h.

Step 3.3. Obtain the aggregate asset demand �0 and consumption C
using equations (9):

Step 3.4. Check whether the guessed return r0 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 rnew.

Step 4. Update the price vector using a standard bisection method between
the guessed

�
w0; r0

�
and implied (wnew; rnew) prices and repeat steps 2 and 3

until convergence.
In the pre-reform steady state all taxes are exogenously given and the so-

lution process simply delivers the endogenous value of G. In the post-reform
steady state, G is �xed 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 endogenous tax rates are guessed and then updated
until they imply government budget balance.

2.2 Computing the Transitional Dynamics

Let (� ic; �
i
d; �

i
g; �

i
l) be the tax rates associated with the initial steady state and

(��c ; �
�
d; �

�
g; �

�
l ) 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 ri is the return in the initial steady state and r� the one in the
�nal steady state. Let the individual �rm state vector be denoted by sf = (k; z)
and the individual household state vector be denoted by sh = (�; �). Assume
that the economy converges to the new steady state in T periods.
Step 1. Guess a path for the prices fw0t ; r0t gTt=1.
Step 2. (Firm Problem)

Step 2.1. Use the path of prices fw0t ; r0t gTt=1 together with the fact that
vT (sf ) = v�(sf ) to solve the �rm�s problem by �nite backward induction and
obtain the time-dependent policy functions for labor demand lt (sf ), investment
xt (sf ), capital kt+1 (sf ), equity issuance st (sf ) and dividends dt (sf ), as well
as the time-dependent value functions vt (sf ), for each period t = 1; 2; :::; T .

Step 2.2. Use the time-dependent policy functions and the stationary
distribution of �rms for the initial steady state �if to compute the implied cross-
sectional distribution of �rms �ft for any period t = 1; 2; :::; T .

Step 2.3. Obtain the �rm aggregates as well as Pt, P 0t in each period
t = 1; 2; :::; T using equations (16), the Euler condition of households and P 0t =
Pt � St.
Step 3. (Government Budget)
Given government spending G, �xed tax rates

�
��c ; �

�
d; �

�
g

�
, the exogenous

labor supply level Ls and the paths for wages and �rm aggregates, use the
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government budget in period t to obtain the labor tax rate � lt that ensures
budget balance for each t = 1; 2; :::; T .
Step 4. (Household Problem)

Step 4.1 Use the path of prices fw0t ; r0t gTt=1 and the computed paths
for the �nancial aggregates fPt; P 0t ; DtgTt=1 and labor taxes f� ltgTt=1, together
with the fact that vhT (sh) = v�h(sh), to solve the household�s problem by �nite
backward induction and obtain the time-dependent policy functions for asset
holdings �t+1 (sh) and consumption choices ct (sh), as well as the time-dependent
value functions vht (sh), for each period t = 1; 2; :::; T .

Step 4.2. Use the time-dependent policy functions and the stationary
distribution of households for the initial steady state �ih to compute the implied
cross-sectional distribution of households �ht for any period t = 1; 2; :::; T .

Step 4.3 Obtain the path for aggregate asset demand f�t+1gTt=1 using
the expression in (15) for each period t = 1; 2; :::; T .
Step 5. For each period t = 1; 2; :::; T , check whether the guessed prices�

w0t ; r
0
t

�
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:

w1t = �w0t + (1� �)wmt
r1t = �r0t + (1� �) rmt

where � is an updating parameter and wmt and rmt are computed as follows:

wmt = w0t

�
Lt
Lst

�1��l
rmt = r0t (�t+1)

(�k�1)

Note that if the demand for shares is too high, �t+1 > 1, the updating rule
above reduces the return on shares and vice versa. Similarly, if labor supply is
too low, Lt > Ls, the above rule increases wages and vice versa. The rules use
the demand elasticity parameters �l and �k to govern the strength of adjust-
ment. We �nd that these updating rules with � = 0:9 give us a convergence of
the algorithm.

3 Additional Experiments andModel 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 intro-
duction of corporate debt �nancing and the absence of household heterogeneity.

3.1 Adjustment Costs

3.1.1 Adjustment Cost Size

This section investigates the sensitivity of the results with respect to the size of
the convex adjustment cost parameter, which a¤ects the volatility of the invest-
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ment rate. In particular, we have computed our baseline tax reform experiments
with the higher volatility of investment rates of 0:337 reported in Cooper and
Haltiwager (2006) and have looked at the e¤ects on the long run aggregates,
as well as on welfare including the transition, of the two reforms where � c is
reduced to zero. The results are reported below.

Table 1: Reforms with a higher investment rate volatility
REFORM A: � c vs �d = �g B: � c vs �d

� c 0 0
�d 0.52 0.47
�g 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 E¤ects (%)

Overall 0.45 -3.16
Aggregate 0.16 -3.61

Distributional 0.29 0.46

The table re�ects that the presence of lower convex adjustment costs (higher
volatility of investment rates) does not change the main qualitative results of
our benchmark economy. Speci�cally, in the case without the tax wedge, the
reform still leads to a decrease 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 e¢ ciency improvements only when �d = �g seems to hold regardless of the
size of adjustment costs.
Quantitatively, there are only very small changes for the reform with �d = �g

when we change the size of adjustment costs. Some quantitative di¤erences arise
for the �d-only case. In particular, lower adjustment costs imply the misalloca-
tion e¤ects are larger (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
e¤ects 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 �d = �g and increased distributional but decreased aggregate
component when �d > �g.
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3.1.2 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 literature are already present in our model
without any non-convex costs due to the presence of volatile idiosyncratic pro-
ductivity shocks. In this section, we investigate the e¤ects of adding non convex
costs to the benchmark version of the model following Khan and Thomas (2008),
except for the fact that the �xed costs are constant rather than stochastic. To be
precise, we add a �xed adjustment cost to the �rms�problem as follows: if �rm
j undertakes an unconstrained investment choosing kjt+1 2 R+, it has to pay a
�xed cost � denominated in units of labor wt�. Alternatively, the �rm does not
have to pay the cost if it undertakes a constrained investment in the interval
xjt 2 [a1kjt; a2kjt], where a1 � 0 � a2. In this case kjt+1 2 
 (kjt) � R+, with

 (kjt) = [(a1 + 1� �) kjt; (a2 + 1� �) kjt].
In this extended version of our model, the �rm�s �nancing constraint is:

djt = � (kjt; zjt;wt)� wt�Ijt + sjt � kjt+1 + (1� �) kjt � � (xjt; kjt)� � cTjt
Tjt = � (kjt; zjt;wt)� wt�Ijt � �kjt � �� (xjt; kjt)

where Ijt denotes an indicator function

Ijt = 0 if kjt+1 2 
 (kjt)
= 1 otherwise

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

(ljt + �Ijt) dj =

Z
�itdi

To write the problem of the �rm recursively, let vc (z; k) be the value of the
�rm if it undertakes a constrained investment level, k0 2 
 (k), and vu (z; k) the
value if the investment level is unconstrained. The problem of the �rm can be
written recursively as follows:

vc (z; k) = max
x;k0;s;d

1� �d
1� �g

d� s+ 1

1 + r
1��g

X
z0jz


z (z
0jz) v (z0; k0)

d = � (k; z;w) (1� � c) + � c�k + s� k0 + (1� �) k � � (x; k) (1� � c�)
k0 = x+ (1� �) k, s � 0, d � 0, k0 2 
 (k)

vu (z; k) = max
x;k0;s;d

1� �d
1� �g

d� s+ 1

1 + r
1��g

X
z0jz


z (z
0jz) v (z0; k0)

d = [� (k; z;w)� w�] (1� � c) + � c�k + s� k0 + (1� �) k � � (x; k) (1� � c�)
k0 2 R+, s � 0; d � 0; k0 = x+ (1� �) k
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v (z; k) = max fvc (z; k) ; vu (z; k)g

The solution to this problem are value functions vc (z; k), vu (z; k) and v (z; k)
and policies k0 = gk (k; z), s = gs (k; z), x = gx (k; z) and d = gd (k; z) :In
addition, l = gl (k; z) is de�ned using the static pro�t maximization of the �rm
as usual.
Let �f the cross sectional distribution of �rms over the state (k; z), with law

of motion �0f = 'f
�
�f
�
. We can use the stationary distribution to calculate

aggregates for the �rm side: labor demand L, investment X, capital stock K 0,
output Y , dividends D, equity issuance S and convex adjustment costs 	:

L =

Z
gl (k; z) d�f (k; z) , X =

Z
gx (k; z) d�f (k; z)

K 0 =

Z
gk (k; z) d�f (k; z) , Y =

Z
zf
�
k; gl (k; z)

�
d�f (k; z)

D =

Z
gd (k; z) d�f (k; z) , S =

Z
gs (k; z) d�f (k; z)

	 �
Z
� (gx (k; z) ; k) d�f (k; z)

In the presence of �xed costs, the household sector is the same as before.
Moreover, the government budget and the market clearing conditions are:1

G = � c (Y � wL� w�I� � �	� �K) + � lwLh + �dD + �g
�
P 0 � P

�
�0 = 1

L+ I�� = L
h

C +X +G+	 = Y

To solve the model, we choose a2 = �a1 = 0:01 and calibrate the parameter
� capturing the size of the �xed costs to match the fraction of inactive �rms 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 the table below (FC), the presence of �xed costs can help match the 8%
inaction rate. Because our inactivity rate is quite close to the data anyway,
only a very small �xed cost is enough to move inactivity up to 8%. Introducing
this small �xed cost has no signi�cant other e¤ects, neither on the benchmark
distribution nor, more importantly, on the reform e¤ects (which are essentially
identical to the case of no �xed cost and are not reported).

Table 2: Moments of the Investment Rate Distribution
1 I� denotes the measure of �rms that pay the �xed cost, i.e. that have gk (k; z) =2 
(k).
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Data No FC FC
Inactive (

��x
k

�� < 0:01) 0.081 0.061 0.080
Pos (xk > 0:01) 0.815 0.577 0.563
Neg (xk < �0:01) 0.104 0.362 0.357
Pos spikes (xk > 0:2) 0.186 0.162 0.162
Neg spikes (xk < �0:2) 0.018 0.001 0.001

3.2 Debt Financing

We consider an extension of our model where �rms 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 �x the debt to capital ratio. Instead
we assume quadratic costs of holding debt as a trade-o¤ to the tax advantage.
Optimally one would allow for �rm default instead (see e.g. Cooley and Quadrini
(2001), Hennessy and Whited (2005) or Covas and DenHaan (2011)) 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-o¤ that informs the intuition for our computational
experiments with this setting. In the last part, we discuss our quantitative
�ndings.

3.2.1 Firms

Firm j can use internal funds � (kjt; zjt;wt)�� cTjt and external funds as before.
The di¤erence is that there are now two options for external funds: in addition
to equity issuance sjt �rms can also issue new debt bjt+1�bjt, where bjt denotes
debt outstanding at t from the previous period. The �rm has to pay an interest

rate ~rt on its outstanding debt as well as a quadratic cost �~rt
b2jt
kjt
. One way

to think about the cost is as if the interest rate were increasing in the debt

to capital ratio, i.e. as if the interest rate were actually ~rt
�
1 + �

bjt
kjt

�
. The

�rm can use these sources of funds to �nance dividends, investment (including
adjustment costs) and debt interest payments (including costs), so the �rm�s
�nancing constraint becomes:

djt+xjt+�(xjt; kjt)+ ~rtbjt+ �~rt
b2jt
kjt

= � (kjt; zjt;wt)� � cTjt+ sjt+ bjt+1� bjt

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

Tjt = � (kjt; zjt;wt)� �kjt � �� (xjt; kjt)� ~rtbjt
�
1 + �

bjt
kjt

�
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The introduction of debt implies that a �rm�s state variables now include the
debt level, i.e. the state is (zjt; kjt; bjt) and thus in solving the model recursively
we rede�ne all policy functions as well as the �rm distribution �f as functions
of these three variables.
Finally, the �rm�s discount factor for time t payout is again based on the

household problem and can be expressed as (see next section)0@ tY
n=1

1

1 + ~rn(1�� i)
1��g

1A
We denote the total bonds of all �rms by

Bt =

Z
bjtdj

3.2.2 Households

Households can now buy both corporate stocks and corporate bonds. How-
ever, in the absence of aggregate uncertainty, corporate stocks and corporate
bonds are both risk free assets and, hence, are essentially the same asset. In
equilibrium, their after-tax returns are equalized and the household problem
is essentially una¤ected, although it includes some additional notation. The
household budget is now:

cit + Pt�it + b
h
it+1

= (1� � l)wt�it +
�
(1� �d)Dt + P 0t

�
�it�1 � �g

�
P 0t � Pt�1

�
�it�1 + (1 + ~rt (1� � i)) bhit

where � i denotes the tax rate on interest income. First order conditions for
shares �it and bonds bhit+1 are given by

P 0t+1 + (1� �d)Dt+1 � �g
�
P 0t+1 � Pt

�
Pt

=
u0 (cit)

�Etu0 (cit+1)

1 + (1� � i) ~rt+1 =
u0 (cit)

�Etu0 (cit+1)

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

1 + (1� � i) ~rt+1 =
P 0t+1 + (1� �d)Dt+1 � �g

�
P 0t+1 � Pt

�
Pt

and this also implies that households choose overall savings Pt�it+bhit+1 (subject
to a no-borrowing constraint Pt�it+bhit+1 � 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

Pt =
1

1 + 1�� i
1��g ~rt+1

�
(1� �d)
(1� �g)

Dt+1 � St+1 + Pt+1
�
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where we have substituted P 0t+1 = Pt+1 � St+1 as usual. Note this provides the
discount factor 1

1+
1��i
1��g ~rt+1

used for the �rm.

The household�s state variables are the shock �it and household wealth ait �
Pt�1�it�1 + b

h
it. To keep notation as in the main paper, and without loss of

generality, we re-write the choice of households as being the share �ait of the
total wealth value At+1 � Pt +Bt+1 and the household budget as

cit +At+1�
a
it = (1� � l)wt�it + (1 + ~rt (1� � i))At�ait�1

As a result, the state variables for the household are
�
�ait�1; �it

�
.

3.2.3 Government Budget and Market Clearing

The adjusted government budget constraint and goods market clearing are given
by

G = �dDt + � ltwtLt + �g(P
0
t � Pt�1) + � c

Z
Tjtdj + � iBt~rt

and Z
citdi+

Z
xjtdj +G+

Z
� (xjt; kjt) dj +

Z
�~rt
b2jt
kjt
dj =

Z
yjtdj

Shares and labor market clearing conditions are una¤ectedZ
�aitdi = 1Z
ljtdj =

Z
�itdi

3.2.4 Stationary Recursive Formulation

The problem of the �rm can be written recursively as follows

v (z; k; b) = max
b0;k0;s;x

1� �d
1� �g

d� s+ 1

1 + ~r(1�� i)
1��g

X
z0jz


z (z
0jz) v (z0; k0; b0)

d+ x+�(x; k) + ~rb

�
1 + �

b

k

�
= � (k; z;w)� � cT + s+ b0 � b

T = � (k; z;w)� �k � �� (x; k)� ~rb
�
1 + �

b

k

�
s � 0; d � 0; k0 = x+ (1� �) k

and the solution are value functions v (z; k; b) and policies b0 = gb (k; b; z), k0 =
gk (k; b; z), s = gs (k; b; z), x = gx (k; b; z) and d = gd (k; b; z). In addition,
l = gl (k; z) is de�ned by static pro�t maximization as usual.
Let �f the cross sectional distribution of �rms over the state (k; b; z), with

law of motion �0f = 'f
�
�f
�
. We can use the stationary distribution to calculate
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aggregates for the �rm side: labor demand L, investment X, capital stock K 0,
output Y , dividends D, equity issuance S, new debt B0, capital adjustment
adjustment costs 	 and debt costs �.

L =

Z
gl (k; z) d�f (k; b; z) , X =

Z
gx (k; b; z) d�f (k; b; z)

K 0 =

Z
gk (k; b; z) d�f (k; b; z) , Y =

Z
zf
�
k; gl (k; b; z)

�
d�f (k; b; z)

D =

Z
gd (k; b; z) d�f (k; b; z) , S =

Z
gs (k; b; z) d�f (k; b; z)

B0 =

Z
gb (k; b; z) d�f (k; b; z) , 	 �

Z
� (gx (k; b; z) ; k) d�f (k; b; z)

� �
Z
�~r
b2

k
d�f (k; b; z)

In a stationary environment, total wealth is A � P +B and the problem of
the households can be written recursively as follows:

vh (�
a; �) = max

f�0;cg
u (c) + �

X
�0


� (�
0; �) vh

�
�a0; �0

�
s.t.

c+A�a0 = (1� � l)w�+ (1 + ~r (1� � i))A�a

�a0 � 0

The solution are value functions vh (�
a; �) and policies c = gc (�a; �), �0 =

g� (�a; �) . Let �h be the cross sectional distribution of households over the
state sh = (�

a; �), with law of motion �0h = 'h (�h). We can use the stationary
distributions to calculate aggregates from the household side:

C =

Z
gc (sh) d�h (sh)

Ls =

Z
�d�h (sh)

�0 =

Z
g� (sh) d�h (sh)

The government budget constraint and the market clearing conditions are
given by:

G = � c (Y � wL� �	� ~rB � �� �K) + � lwLh + �dD + �g
�
P 0 � P

�
+ � iB~r

�0 = 1

L = Ls

C +X +G+	+ � = Y

15



3.2.5 The optimal choice of debt

The main di¤erence from our benchmark model is the �rms� choice of debt.
This can be described using the �rm�s Euler equation for debt

jt = Et

�
1 + (1� � c) ~rt+1

�
1 + 2�

bjt+1
kjt+1

��
jt+1

1 + 1�� i
1��g ~rt+1

where jt denotes the marginal value of resources for the �rm (the multiplier on
the �nancing constraint). The marginal value of resources can be characterized
using the �rst order conditions for dividends and equity issuance

jt =
1� �d
1� �g

+ �djt

jt = 1� �sjt

where �djt and �
s
jt are the multipliers of the dividend and equity issuance non-

negativity constraints. Similarly to the case of no debt, this marginal value
of resources equals 1��d

1��g for dividend-distributing �rms, it equals 1 for equity-

issuing �rms and satis�es jt 2
�
1��d
1��g ; 1

�
for liquidity-constrained �rms with

djt = sjt = 0.
Consider �rst the case �d = �g. In this case jt = 1 for all t; j and the debt

to capital ratio for all �rms is given by:

bjt+1
kjt+1

=

1�� i
(1��g)(1��c) � 1

2�

The relative size of taxes on corporate income versus interest income de-
termine whether debt has a tax advantage or not. Speci�cally, debt has a tax
advantage whenever (1� �g) (1� � c) < (1� � i) or, more intuitively, whenever
the combined tax rate on corporate income � c + �g (1� � c) is larger than the
household tax rate on interest income � i. The �rst order condition re�ects the
trade-o¤ 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 �d > �g, di¤erent �rms can have di¤erent debt-to-capital ratios de-

pending on the relative size of jt and Etjt+1. Intuitively, �rms with high
current marginal value of resources that expect this to be lower tomorrow �nd
it optimal to hold a higher debt-to-capital ratio. These are growing �rms, for
example currently issuing equity (jt = 1) but expecting to be in the liquidity
constrained or dividend distribution regime with positive probability in the fol-
lowing period (Etjt+1 < 1). Vice versa, some shrinking �rms will choose lower
debt-to-capital ratios.
In both cases (�d = �g and �d > �g) growing �rms will typically issue new

debt and shrinking �rms will retire debt. Importantly, the changes in tax rates
can have signi�cant e¤ects on the debt-to-capital ratio depending on their e¤ect

16



on the combined tax rate on corporate income. Previewing the quantitative
results below, the combined tax rate on corporate income increases somewhat
in the experiments where the equality of �d and �g is maintained and hence
debt to capital ratios increase. In contrast, the combined tax rate on corporate
income decreases signi�cantly when � c is decreased keeping �g constant and
thus debt to capital ratios decrease. In the extreme case discussed below where
� c is reduced to zero and 1 � � i < (1� �g) (1� � c), the �rm has incentives to
hold cash bjt+1 < 0. In that case, the interpretation of the quadratic cost on
holding cash is less intuitive so we prefer to simply impose debt non-negativity
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 Com-
pustat data. We calibrate the debt cost parameter � in the benchmark economy
to match this ratio. We consider the long run aggregate e¤ects of eliminat-
ing corporate income taxes (� c = 0) in the presence of debt �nancing for the
two cases, namely reform A (where �d = �g) and reform B (where �d > �g).
Consider �rst how the reforms a¤ect aggregate debt and equity issuance.

Table: Reform e¤ects on Aggregate Equity Issuance (S), Debt Issuance and
Debt Level (B)

REFORM A: � c vs �d = �g B: � c vs �d
Financial Aggregates (% Change)

S -55.8 -98.9
Debt Issuance 56.7 -23.7

B 33.7 -83.8

In the benchmark economy, all �rms maintain a constant debt to capital
ratio of 0:15 so growing �rms issue new debt and shrinking �rms retire debt in
proportion to their capital change. As a result of reform A, the combined tax
rate on corporate pro�ts increases from � c+�g (1� � c) = 0:34+0:2(1�0:34) =
0:472 to �g = 0:52. The implication in terms of debt choices is that the tax
advantage of debt is now stronger and the debt to capital ratio increases across
�rms. Quantitatively, the debt to capital ratio increases from 0:15 to 0:21. This
also implies an increase in the total 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 macro aggregates, the e¤ects of the reform are qualitatively similar
to the case of no debt. This can be seen in the Table below presenting percentage
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 una¤ected. Quantitatively, the combined tax rate
increases slightly more compared to the case of no debt and thus, interest rates
and capital fall by slightly more.

17



Table: Reform e¤ects on Macro Aggregates
REFORM A: � c vs �d = �g B: � c vs �d

� c 0 0
�d 0.52 (0.51) 0.42 (0.44)
�g 0.52 (0.51) 0.20 (0.20)

Macro Aggregates (% 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)

As a result of reform B, the combined tax rate on corporate pro�ts decreases
from � c + �g (1� � c) = 0:472 to �g = 0:20. Note that the tax rate on interest
income is � i = 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
towards cash hoarding. We impose a no-cash constraint and, as a result, most
�rms hold zero debt. Still, some severely cash-strapped, growing �rms (jt >>
Etjt+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 e¤ects of the reform,
compared to the case of no debt, the dividend tax increases by slightly less.
The e¤ect of this is to reduce the strength of the wealth e¤ect 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 �nance externally through debt. This mitigation
of the negative e¤ects of the reform on external �nancing is not very strong
exactly because the reform also reduces incentives to hold and use debt. To
put it di¤erently, the reform that cuts � c increasing only �d has negative e¤ects
on both equity and debt �nancing 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

�nancing for investment just like equity and not to be used as a bu¤er against
shocks. The �rm does face idiosyncratic shocks but it does not have an incentive
to smooth its payments to shareholders since such smoothing occurs automati-
cally for shareholders at the mutual fund level (in the long run aggregate payout
to shareholders is constant). This is re�ected in the �rm�s discount factor which
is not stochastic, rather it re�ects the deterministic risk-free rate of return. To
consider the bu¤ering role of debt we would need to introduce some aggregate
shocks, an interesting but computationally very di¢ cult thing to do.
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3.3 Long Run E¤ects of the Reforms with a Representa-
tive Household

This section presents the e¤ects of the reforms on the long run aggregates in
the absence of household heterogeneity, namely, in a model where the after tax
return if �xed to the pre-reform level. The results are presented in Table 3
below, together with the results with household heterogeneity and incomplete
markets in parenthesis for comparison.
Intuitively, uninsurable idiosyncratic risk faced by households matters for the

response of aggregate capital to the reforms. The reason is that this assumption
implies an 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 reforms, the �rms�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 aggregates for a
version of the model with a representative agent and complete markets.2 The
results from this experiment are presented in Table 3 below. The results with
incomplete markets from Table 7 of our paper are provided in parenthesis for
comparison.

Table 3: Long Run E¤ects of Reform in a representative household economy
REFORM A: � c vs �d = �g B: � c vs �d

� c 0 0
�d 0.51 (0.51) 0.44 (0.44)
�g 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)

For the reform with �d = �g, the combined tax rate on capital � c+�g (1� � c)
increases from 47:2% to approximately 51% and capital demand from �rms
is reduced. With incomplete markets aggregate capital falls by 4:4% because
the interest rate adjusts downwards and mitigates this decrease. In contrast,
with complete markets, the interest rate remains �xed and this implies a larger
decrease in aggregate capital of about 7%. Since the e¤ect on TFP is similar

2Note this is equivalent to assuming the after tax return is �xed to the pre-reform level
and �nding the new stationary distribution after the tax changes.
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to our benchmark incomplete markets economy, but the response 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 reform. In this sense, even the presence of incomplete markets is crucial for
some of our �ndings.
For the reform with �d > �g, the incomplete markets assumption has only

small quantitative e¤ects on the aggregates. The main e¤ect of market incom-
pleteness is that higher dividend taxes push aggregate capital to increase a bit
more (40:6% versus 38:4%) due to the wealth e¤ect described in Anagnostopou-
los, Carceles and Lin (2012).3

3Note that this does not mean that household heterogeneity is not important. Heterogene-
ity still matters a lot for distribution and welfare results.
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