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Abstract
Macroeconomic models routinely abstract simultaneously from two features
of the US federal tax code: the joint taxation of ordinary capital and labor
income and the special taxation of preferential capital income. In this article,
we argue that this abstraction omits a “portfolio-effect” mechanism where
endogenous changes to the ordinary-preferential composition of households’
capital income influence individuals’ optimal labor and saving decisions through
its impact on their effective marginal tax rates. We demonstrate the quanti-
tative importance of this tax detail by simulating provisions from the recently
enacted “Tax Cuts and Jobs Act” using a heterogeneous-agent overlapping
generations framework calibrated to the US economy. Our findings imply that
accounting for the detailed taxation of labor and capital income should be
considered an important modeling feature for tax policy analysis.
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Quantitative heterogeneous-agent general equilibrium models have become

common tools for tax policy analysis. Despite the rich economic environ-

ment in these models, it is routine to specify a progressive tax system for

household income that treats all capital and labor income as a single base or

as two distinct bases. This is an abstraction; the US federal government

taxes labor income jointly with ordinary capital income as a single base at

ordinary rates,1 while preferential capital income is taxed as a separate base

at special lower rates.2 Since in 2017 approximately 58.6 percent of nonw-

age income reported by taxpayers was preferential income,3 the abstraction

is not necessarily innocuous. This begs the question: Does the differential in

applicable tax rates have implications for household behavior that matter at

the aggregate level? Changes to the ordinary-preferential capital income

composition of a household’s asset portfolio affect the size of their ordinary

income tax base, and under a progressive tax schedule, could result in a

change to the effective marginal tax rate (EMTR) applied to their ordinary

capital and labor income. By altering after-tax returns, this “portfolio

effect” feeds into households’ labor and savings decision-making processes.

This article demonstrates the quantitative importance of accounting for

this tax detail using a large-scale overlapping generations (OLG) model

with a two-entity production sector for distinct corporate and noncorporate

firms. This feature allows for an endogenous composition of household

portfolios which can change in response to changes in the pattern of invest-

ment across sectors. Crucially, capital income from these portfolios can be

decomposed into corporate dividends, noncorporate distributions, interest,

and capital gains. So that we can explicitly model the taxation of household

capital and labor income as specified in the US Internal Revenue Code

(IRC) and capture the tax detail underlying the portfolio effect, we expand

upon the internal calculator framework introduced in Moore and Pecoraro

(2020b). This novel feature allows for us to compute the portion of this

income that is treated as ordinary capital income and combine it with labor

income to obtain the ordinary income base, with the residual flow of port-

folio income determining the preferential income base. Each base is sub-

sequently taxed according to their respective statutory rate schedules while

taking into account other underlying major tax provisions so that house-

holds’ EMTRs are endogenous. Descriptions of the model structure and the

calibration of tax variables appear in “Model” and “Calibration”.

Existing approaches to modeling progressive household income taxation

in the United States have generally taken one of the two forms. The first

approach, which ignores the distinction between ordinary and preferential

capital income, is to simply add all capital income to labor income and tax
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both as a single base according to a smooth or piecewise function (Altig and

Carlstrom 1999; Ventura 1999; Daz-Giménez and Pijoan-Mas 2006; Con-

esa, Kitao, and Krueger 2009; Kitao 2010; Guner, Kaygusuz, and Ventura

2011; Nishiyama 2015; Lopez-Daneri 2016; Daz-Giménez and Pijoan-Mas

2019; Raei 2020a). The second approach, which acknowledges that the tax

treatment of capital and labor income differ, is to maintain independent

bases for all capital and labor income by taxing only labor income accord-

ing to a smooth or piecewise function and taxing capital income at a flat

rate(s) (Altig et al. 2001; Conesa, Kitao, and Krueger 2009; Krueger and

Ludwig 2013; Zodrow and Diamond 2013; Krueger and Ludwig 2016;

Guvenen et al. 2019; Holter, Krueger, and Stepanchuk 2019; Kindermann

and Krueger 2020). In a similar vein to the latter approach, Gourio and Miao

(2011) treat labor and interest income as a single tax base, while using flat

tax rates on other capital income types, and DeBacker, Evans, and Phillips

(2019) use separate tax functions for capital and labor income that condition

on the size of the other respective tax base. Despite this large literature, we

are not aware of any previous work that allows for the joint taxation of

ordinary capital and labor income while simultaneously accounting for the

special tax treatment of preferential capital income,4 leaving the “portfolio-

effect” mechanism we describe in this article unexplored.

We begin our analysis in “The Portfolio-Effect: An Illustrative Exam-

ple” by illustrating the portfolio-effect mechanism in terms of a partial

equilibrium impulse response of households’ labor and saving decisions

to a one-time capital income recharacterization shock. In “Policy Experi-

ments”, we then use our complete OLG model to show the quantitative

importance of the portfolio effect in general equilibrium. Using the internal

tax calculator (ITC) and the conventional tax specification (CTS) with

independent capital and labor income bases each in turn to determine the

tax treatment of household income, we simulate transition paths following

the implementation of two different subsets of the recently enacted “Tax

Cuts and Jobs Act” (TCJA):5 (i) the corporate tax rate reduction6 and (ii) the

individual tax provisions.7 We find that policy-induced changes to the

ordinary-preferential composition of households’ capital income generate

quantitatively significant effects on aggregate labor supply and savings

behavior from the portfolio effect. On average over the first decade follow-

ing the corporate rate cut, the increases in aggregate labor supply and the

stock of savings are about 6.9 and 1.6 times larger when using the tax

calculator because this environment captures the household labor supply

and saving incentives that result from a long-run shift toward preferential

capital income associated with an expansion of the corporate sector. For the
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decade following the changes to individual tax provisions, aggregate labor

supply and savings increase by an average of about 1.9 and 1.6 times more

when using the tax calculator. This results from an immediate and tempo-

rary shift toward preferential capital income that occurs due to an increase

in equity values, which gives households the incentive to intertemporally

shift labor supply forward and increase savings while the relevant EMTRs

are lower.

Our findings imply that while the CTS may describe income tax liabil-

ities over the income distribution relatively well for the United States

(Guner, Kaygusuz, and Ventura 2014), the simplified specification of

household capital income taxation fails to capture the portfolio effect. As

this mechanism can generate quantitatively significant behavior that affects

the projections of macroeconomic aggregates following a tax reform,

accounting for the detailed taxation of labor and capital income should be

considered when performing tax policy analysis.

Model

In this section, we describe the large-scale OLG framework used in this

article: The basic market structure captures the interaction of households,

two representative firms, financial intermediaries, and government.

Households make savings, consumption, labor, leisure, and residential

decisions. Corporate and noncorporate firms hire labor directly from

households and finance their capital investments and productive opera-

tions through a combination of debt and equity. Financial intermediaries

pool deposits of financial assets from households and allocate their port-

folio across business debt and equity, consumer debt, mortgage debt,

public debt, and rental housing, passing the return on these investments

back to deposit-holding households. Federal, state, and local governments

collect taxes from households and firms, using the revenue to make con-

sumption expenditures, public capital investment, and transfer payments.

With the exception of mortality risk, all agents have perfect foresight.

Population and technological growth in the model economy is assumed

to be exogenous, so that the model exhibits a balanced growth path in

trend-stationary form.

We build upon the household sector and ITC framework developed in

Moore and Pecoraro (2020b), which was used to study the effects of non-

convexities and conditional dependence of tax provisions present in IRC

provisions applicable to labor income.8 The model developed in this article

has two main innovations over the previous work. First, we introduce a two-
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entity production sector allowing for distinct corporate and noncorporate

businesses. Unlike the consolidated business sector used in previous

work—where capital income is an implicit composite of business distribu-

tions, interest, and capital gains—the two-entity framework allows for the

decomposition of capital income. Second, we expand the ITC to allow for the

explicit accounting of the special tax treatment of preferential capital income

while simultaneously capturing the joint tax treatment of labor and ordinary

capital income as specified in the IRC. Together, these two innovations allow

us to explore the portfolio-effect mechanism in this article.

In addition to the novel modeling of interaction between ordinary and

preferential tax bases, the ITC maintains the explicit modeling of other

major provisions in the tax code.9 This is crucial for our analysis because

households’ EMTRs on a given source of income often differ from their

statutory marginal tax rates because of the phasing-in and -out of underlying

provisions.10 Explicitly modeling the major IRC provisions in the ITC

generates the endogenous wedges between statutory and EMTRs. Most

importantly, modeling the underlying tax provisions means that we can

remain agnostic about how endogenous changes to households’ portfolio

composition affect their EMTRs.

Firms

Goods production occurs in two perfectly competitive sectors, corporate

and noncorporate, which differ in terms of tax treatment and the distribution

of profits.11 Firms within each sector finance capital expenditures using a

combination of bonds and equity obtained from perfect financial markets,

hire labor from perfect labor markets, and use these inputs to produce output

at profit maximizing levels. Output produced within each sector is assumed

to be an identical numéraire good. As in Gervais (2002), Fernánez-

Villaverde and Krueger (2010), and Cho and Francis (2011), the output

good can costlessly be transformed by households into a consumption good,

owner-occupied housing services, or a liquid financial asset.

Growth in technological efficiency, At, is assumed to be labor-

augmenting to be consistent with a balanced growth path. It evolves identi-

cally within each sector according to Atþ1 ¼ UAAt, where UA ¼ ð1þ uAÞ is

the exogenous annual gross rate of technological growth. Production in both

sectors is assumed to use constant returns to scale Cobb–Douglas technol-

ogy, with the following aggregate production function:

Y
q
t ¼ ZqðGtÞgðKq

t ÞaðAtN
q
t Þ1�a�g

for q ¼ c; n; ð1Þ
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where Gt ¼ Gfed
t þ Gsl

t is the sum of beginning-of-period public capital

owned by the federal, state, and local governments; K
q
t and N

q
t are the

beginning-of-period productive private capital and effective labor

employed in each sector q ¼ c; n; and Zq is a scale parameter. We include

public capital as a complement to private inputs in an aggregate production

function with constant returns to scale. The implied decreasing returns to

scale for private factors of production is critical for our analysis, as it allows

us to obtain an interior solution with our two entity, single output good

framework. Moreover, the presence of a public factor input along with our

assumption of perfect financial and labor markets leads to economic rents

which are fully captured by firms.

An endogenous share Lc
t < 1 of aggregate effective labor, determined by

the equalization of cross-sector marginal products of labor under perfect

labor markets, is employed in the corporate sector with the residual share

Ln
t ¼ 1� Lc

t employed in the noncorporate sector. Corporate and noncor-

porate labor inputs are then N c
t ¼ Lc

t Nt and Nn
t ¼ ð1� Lc

t ÞNt, respectively.

We assume a one-period time-to-build structure for investment in pro-

ductive private capital, so that the capital used for production in the

current period is predetermined by investment decisions from the previous

period. Investment decisions that cause deviations from the steady-state

rate of capital accumulation generate adjustment costs subject to the con-

vex cost function Xt:

K
q
tþ1 ¼ ð1� dKÞKq

t þ I
q
t � Xq

t for q ¼ c; n; ð2Þ

Xq
t ¼

xK

2

I
q
t

K
q
t

� UPUA þ 1� dK

� �2

K
q
t for q ¼ c; n: ð3Þ

Finally, we assume that the debt portion of total resources used to

finance investment in each sector is an exogenous, time-invariant ratio of

the private capital stock, 8b;q:

B
q
t ¼ 8b;qK

q
t for q ¼ c; n; ð4Þ

where B
q
t is the beginning-of-period net stock of debt held by the represen-

tative firm in sector q.

Corporate sector. The corporate firm finances expenditures with debt (bonds)

and equity (stock shares). Profit is remitted back to shareholders through

dividends. Gains are realized when the value of corporate shares increase.

As in Poterba and Summers (1984) and Hubbard, Kashyap, and Whited
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(1995), the after-tax rate of return to the marginal investor-household Rc
t

depends on both capital gains gnsc
t and dividend payouts divt occurring in

period t:

Rc
t ¼
ð1� tg

t Þgnsc
t þ ð1� td

t Þdivt

V c
t

; ð5Þ

where tg
t is the aggregate accrual-equivalent tax rate on capital gains, td

t is

an aggregate tax rate on dividends, and V c
t is the value of the representative

corporate firm. Capital gains are equal to the change in firm value less the

value of new share issues, shrt:

gnsc
t ¼ V c

tþ1 � V c
t � shrt: ð6Þ

The firm’s objective is to choose the time path of private capital Kc
t and

hire the quantity of effective labor input N c
t that maximize the firm’s value

at time t. Rearranging equation (5) for V c
t and solving forward gives the

firm’s objective function below. Letting bc
t �

1�tg
t

Rc
tþ1�tg

t

, the corporate firm

will maximize:

V c
t ðKc

t Þ ¼ max
Nc

t ;K
c
tþ1

ð1� td
t Þdivt � ð1� tg

t Þshrt

Rc
t þ 1� tg

t

þ bc
t V c

tþ1ðKc
tþ1Þ; ð7Þ

subject to:

1. a cash flow restriction:

ernc
t þ Bc

tþ1 � Bc
t þ shrt ¼ divt þ Ic

t þ txlc
t þ sltc

t ; ð8Þ

2. the law of motion for capital in equation (2),

3. the debt issues rule in equation (4), and

4. the dividend payout rule in equation (9) defined below.

where the cash flow restriction in equation (8) states that the corporate

firm’s intraperiod inflows—earnings ernc
t , new debt issues Bc

tþ1 � Bc
t , and

new share issues shrt—must be equal to outflows—dividend payments divt,

investment in productive capital Ic
t , federal tax liabilities txlc

t , and state and

local tax liabilities sltc
t .

As in Zodrow and Diamond (2013), the dividend payout ratio 8d is

assumed to be exogenous, which is here expressed as a portion of earnings

ernc
t less federal tax liability txlc

t :
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divt ¼ 8dðernc
t � txlc

t Þ: ð9Þ

Corporate earnings are equal to revenue from production, less wage, and

net interest expense:

ernc
t ¼ Y c

t � wtN
c
t � itB

c
t ; ð10Þ

where it is the real interest rate on private bonds. Corporate tax liabilities at

the federal level are equal to the federal corporate aggregate EMTR, tc
t ,

times the taxable earnings base (which allows for wage expensing and other

deductions), less credits:

txlc
t ¼ tc

t Y c
t � wtN

c
t � dedc

t

� �
� crdc

t ; ð11Þ

where dedc
t and crdc

t are the corporate firm’s nonwage tax deductions

credits, respectively.

Lastly, corporate tax liabilities at the state and local level are assumed to

be proportional to corporate earnings for simplicity:

sltc
t ¼ tslc

t ernc
t : ð12Þ

Noncorporate sector. While the noncorporate firm explicitly issues debt in a

similar fashion to the corporate firm, shares are not explicitly sold or bought

back. Net distributions dstt incorporate the portion of earnings that are

passed through to investors and taxed at the household level. We therefore

specify that from the view of the marginal investor-household, the after-tax

rate of return to noncorporate firm equity, Rn
t , depends both on capital gains,

gnsn
t , and aggregate pass-through distributions net of tax liabilities

dstt � txln
t :

Rn
t ¼
ð1� tg

t Þgnsn
t þ dstt � txln

t

V n
t

; ð13Þ

where capital gains are the change in the value of the noncorporate firm:

gnsn
t ¼ V n

tþ1 � V n
t : ð14Þ

Similar to the corporate firm, the objective function of the noncorporate

firm is derived by solving equation (13) forward. Letting bn
t �

ð1�tg
t Þ

Rn
tþ1�tg

t

, the

objective of the noncorporate firm is to choose labor and private capital

inputs to maximize:
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V n
t ðKn

t Þ ¼ max
Nn

t ;K
n
tþ1

dstt � txln
t

Rn
t þ 1� tg

t

� �
þ bn

t V n
tþ1ðKn

tþ1Þ; ð15Þ

subject to:

1. the cash flow restriction

ernn
t þ Bn

tþ1 � Bn
t ¼ dstt þ In

t ; ð16Þ

2. the law of motion for capital in equation (2), and

3. the debt issues rule in equation (4).

As with the corporate firm, earnings are equal to revenue less wages and

interest payments on outstanding debt:

ernn
t ¼ Y n

t � wtN
n
t � itB

n
t : ð17Þ

The aggregate tax liability for noncorporate income txln
t is equal to the

noncorporate aggregate EMTR, tn
t , times the taxable earnings base (which

allows for wage expensing and other deductions), less credits:

txln
t ¼ tn

t Y n
t � wtN

n
t � dedn

t

� �
� crdn

t : ð18Þ

Unlike the corporate firm, the noncorporate firm is not liable for taxes at the

business-entity level and txln
t therefore does not enter the government’s budget

constraint directly. Rather, noncorporate distributions are passed through to the

household level where they are taxed jointly with households’ other income and

remitted by the government. A description of our method for incorporating these

tax liabilities at the household level is discussed in “Government”.

Households

The economy is populated with OLG of finitely-lived households who are

ex ante heterogeneous with respect to family type, single f ¼ s or married

f ¼ m, age, j ¼ 1; . . . ; J , labor productivity types, z ¼ 1; . . . ; Z, and

endowment type, e ¼ 1; . . . ;E. Survival is certain until retirement age

j ¼ R such that pj ¼ 1 for j ¼ 1; . . . ;R, and thereafter is uncertain,

pj < 1 for j ¼ Rþ 1; . . . ; J � 1, until the maximum age J where pJ ¼ 0.

There is no other form of uncertainty. The population is assumed to grow

exogenously at the gross rate of UP.

The value function for a household of age j, with permanent labor pro-

ductivity type z, and family composition f is V
f ;z

t;j ðaj; h
o
j Þ, which is increasing
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in the two household-level state variables:12 beginning-of-period financial

wealth aj and owner-occupied housing stock, ho
j . Each household chooses

optimal future values ajþ1 and ho
jþ1 while simultaneously making optimal

intratemporal choices to maximize instantaneous utility U
f ;z

t;j , which itself is

increasing in composite good xj and decreasing market labor supply nj. The

composite good includes housing services hsj and consumption good cj, the

latter of which is itself a composite of ordinary market consumption, a home

production good, and charitable contributions.13

To avoid problems associated with the curse of dimensionality, which are

amplified by usage of the ITC, we follow Chang et al. (2011) and specify

indivisible market labor supply nj 2 N � f0; nPT ; nFTg, such that individuals

may choose between no work, part-time work, or full-time work.14,15 Costs to

market work include a utility cost and a monetary cost. To allow for an

operative extensive margin, we follow Holter, Krueger, and Stepanchuk

(2019) and specify that single households face a fixed utility loss of Fs if the

individual enters the labor force, while married households face a fixed utility

loss of Fm if the secondary earner works. In addition, we follow Guner,

Kaygusuz, and Ventura (2011) and specify that (i) the monetary child-care

cost, k f ;z
j , that is an increasing function of the number of qualifying depen-

dents within that household, n f ;z
j , and the market work hours of the single and

secondary worker; and (ii) the disutility of market labor function for single

and secondary worker contains a separable term fn f ;z
j , which captures the

interaction between lifecycle disutility of work and the presence of children.

The objective of this household’s optimization problem for a known

policy regime is:16

V
f ;z

t;j ðaj; h
o
j Þ ¼

max
ajþ1; h

o
jþ1;

xj; nj 2 N

U
s;z
t;j ðxj; njÞ þ bpjV

s;z
tþ1;jþ1ðajþ1; h

o
jþ1Þ if f ¼ s

max
ajþ1; h

o
jþ1;

xj; n
1
j ; n

2
j 2 N

U
m;z
t;j ðxj; n

1
j ; n

2
j Þ þ bpjV

m;z
tþ1;jþ1ðajþ1; h

o
jþ1Þ if f ¼ m;

8>>><
>>>:

ð19Þ

U
f ;z

t;j ðxj; njÞ �

max
cj;hr

j

logðxjÞ � cs
ðnj þ fns;z

j Þ
1þzs

1þ zs � FsðnjÞ if f ¼ s

max
cj;hr

j

logðxjÞ � cm;1
ðn1

j Þ
1þzm;1

1þ zm;1
� cm;2

ðn2
j þ fnm;z

j Þ
1þzm;2

1þ zm;2
� Fmðn2

j Þ if f ¼ m;

8>>>>><
>>>>>:

ð20Þ
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where

yj � ho
j þ aj; ð21Þ

xj � sc
Z
j þ ð1� sÞhs

Z
j

� �1=Z
; ð22Þ

hsj � maxfho
j ; h

r
jg: ð23Þ

Households choices are restricted by the following budget constraint:

pc
t cj þ pr

t h
r
j þ ajþ1 þ ho

jþ1 � ð1þ r
p
t Þaj þ ð1� doÞho

j þ i
f ;z
t;j � T

f ;z
t;j � k f ;z

j � xH
j ;

ð24Þ

where expenditures on the left-hand side are the composite consumption

good cj which is valued at the implicit price pc
t , rental housing pr

t h
r
j , end-of-

period stock of financial wealth ajþ1, and end-of-period owner-occupied

housing ho
jþ1. Available resources on the right-hand side are the sum of the

gross return to beginning-of-period financial wealth ð1þ r
p
t Þaj deposited at

a financial intermediary, beginning-of-period owner-occupied housing

stock less economic depreciation ð1� doÞho
j , and noncapital income i

f ;z
t;j

less net tax liabilities T
f ;z
t;j , childcare costs k f ;z

j , and housing transaction

costs xH
j that are nonzero only when a household changes residential status.

Noncapital income is equal to labor income during working years and

equal to social security payments ss
f ;z
j during retirement:

i
f ;z
t;j �

njwtz
s;z
j þ ss

s;z
j if f ¼ s

ðn1
j þ mzn2

j Þwtz
m;z
j þ ss

m;z
j if f ¼ m;

�
ð25Þ

where wt is the market real wage rate, z
f ;z
j is demographic-specific labor

productivity, and 0 < mz � 1 is an exogenous productivity wedge between

the primary and secondary workers for married households.

Following Gervais (2002) and Cho and Francis (2011), households are

permitted to borrow and accumulate debt in excess of savings subject to the

following restrictions:

yj �
y f ;z if ho

j ¼ 0

gho
j if ho

j > 0;

�
ð26Þ

where y f ;z < 0 is the lower bound of the real wealth support for renters and

the parameter 0 � g � 1 can be interpreted as the down-payment ratio or

the minimum equity which a homeowner may hold in their home. Both
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rental housing and owner-occupied housing are subject to minimum sizes,

where hr < ho making rentals relatively more affordable.

hsj � hr; ð27Þ

ho
j � ho if ho

j > 0: ð28Þ

It is assumed that households enter the economy with initial financial

wealth of an exogenous a1 and zero owner-occupied housing, so that

y1 ¼ a1 and ho
1 ¼ yJþ1 ¼ 0. Should a household live to the maximum age

J, they are assumed to die with zero net worth, so that V
f ;z
t;Jþ1 ¼ 0. Should a

household instead die before reaching the maximum age J, they are

assumed to incur end-of-life expenditures, ceol
t , with their estates costlessly

liquidated and collected by the government, taxed, and redistributed in an

exogenous fashion to agents aged j ¼ 1.17 Given an exogenous linear tax

rate on estates of tbeq
t and an exogenous distribution of bequests which

aggregates to �L, end-of-life expenditures are computed as a residual so that:

ceol
t ¼ ð1� tbeq

t Þ
Z
Z

Z
J

ð1� pjÞ
X

f¼s;m

ytþ1;jþ1O
f ;z
t;j dj dz � �L: ð29Þ

Financial Intermediaries

The financial sector is perfectly competitive, consisting of overlapping

cohorts of identical, two-period lived financial intermediaries with the

technology to pool savings from households and invest in financial assets

and rental property.18 Each period the representative intermediary of a

given cohort will make the portfolio decision on behalf of households by

collecting end-of-period deposits Dtþ1 and deciding upon an investment

allocation. These deposits may be allocated across corporate and non-

corporate equity V c
tþ1 and V n

tþ1, corporate and noncorporate bonds Bc
tþ1

and Bn
tþ1, federal government bonds B

g
tþ1, and rental housing property

Hr
tþ1 so that:

Dtþ1 ¼ V c
tþ1 þ V n

tþ1 þ B
g
tþ1 þ Bc

tþ1 þ Bn
tþ1 þ Hr

tþ1 8t: ð30Þ

The assets remaining at the end-of-life for each cohort are costlessly

transferred to the subsequent cohort.

Corporate and noncorporate equity yield dividends or distributions and

capital gains. While corporate and noncorporate bonds yield a pretax rate of

return of itþ1, we assume that investment in government bonds yields a low,
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“safe” pretax rate of return rtþ1, which depends positively on both the

private bond rate and the public debt-output ratio:

rtþ1 ¼ $itþ1 þ Bexp
B

g
tþ1

Ytþ1

� �
8t: ð31Þ

The intermediary rents out housing services at a price of pr
tþ1 and incurs

expenses from the economic depreciation at rate dr. For convenience, we

denote a given representative intermediary’s income as:

Inctþ1 � divtþ1 þ dsttþ1 þ gnsc
tþ1 þ gnsn

tþ1 þ ðpr
tþ1 � drÞHr

tþ1 þ rtþ1B
g
tþ1

þ itþ1ðBc
tþ1 þ Bc

tþ1Þ 8t;
ð32Þ

which is remitted back to households in the form of a portfolio return r
p
tþ1 on

their deposits.

Formally, the maximization problem for a given cohort’s representative

financial intermediary is as follows:

max
V c

tþ1;V
n
tþ1;

Bc
tþ1;B

n
tþ1;H

r
tþ1

Inctþ1 � r
p
tþ1Dtþ1; ð33Þ

where it is assumed that the financial intermediary has perfectly elastic

demand for government bonds. A characteristic of the optimal allocation

is that no arbitrage opportunities exist in equilibrium. This no-arbitrage

condition implies that the after-tax marginal rate of return from across all

investment vehicles will be equalized. Recalling the expressions for the

after-tax rates of return of corporate and noncorporate equity in equations

(5) and (13), we can express this condition as:

Rc
tþ1 ¼ Rn

tþ1 ¼ ð1� ti
tþ1Þitþ1 ¼ pr

tþ1 � dr 8t; ð34Þ

where ti
tþ1 is the aggregate EMTR on interest income. Because this expres-

sion reflects the aggregate effective marginal after-tax rates of return on

each asset in the financial market, this portfolio allocation is optimal for

households on average.

Finally, perfect competition in the financial market implies a zero-profit

condition each period for a given cohort’s representative intermediary.

Households therefore receive a pretax portfolio return on their deposits

equal to:
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r
p
tþ1 ¼

Inctþ1

Dtþ1

8t; ð35Þ

which is equivalently the borrowing rate for households with negative

financial wealth.

Government

Household income taxation. In this section, we detail the tax treatment of

household income, which involves the specification of federal labor income

taxes, capital income taxes, payroll taxes, state and local taxes, and the special

tax treatment of social security benefits. We describe the general framework of

household income taxation under our ITC and the CTS, each in turn.

We introduce the “hat-notation” to denote income variables that have

been adjusted for inclusion in adjusted gross income (AGI).19 Adjusted

gross labor income, î
f ;z

t;j , includes a portion of wage income for a given

working-age household or a portion of social security income for a given

retired households. Adjusted gross capital income, r
p
t â

f ;z
t;j includes a portion

of capital income received by a given household from the financial inter-

mediary. Adjusted gross capital income can be decomposed into ordinary

and preferential components, r
p
t â

o; f ;z
t;j and r

p
t â

p; f ;z
t;j , respectively.20 We define

a given household’s total adjusted gross ordinary income and total adjusted

preferential capital income as:

ord
f ;z

t;j � î
;z

t;j þ r
p
t â

o; f ;z
t;j ; ð36Þ

pci
f ;z
t;j � r

p
t â

p; f ;z
t;j ; ð37Þ

where the sum of both makes up total AGI.

ITC. Under the ITC, a given household’s net tax income liability T
f ; z
t; j is

equal to tax liabilities on ordinary income, oit
f ; z
t; j , plus tax liability on pre-

ferential capital income, cit
f ;z
t; j , plus payroll tax liabilities associated with the

social security system, t pr
t;j î

f ;z

t;j , less federal transfer payments, trs
f ;z
t;j , plus

state and local tax liabilities, slt
f ;z
t;j :

T
f ;z
t;j ¼ oit

f ;z
t;j þ cit

f ;z
t;j þ tpr

t;j î
f ;z

t;j � trs
f ;z
t;j þ slt

f ;z
t;j : ð38Þ

Household tax liability on ordinary income, oit
f ;z
t;j , is determined by the

application of a statutory marginal tax rate schedule, deductions, and
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credits. This mapping from choice variables, state variables, and demo-

graphic characteristics to a tax liability is developed to be as close to the

actual IRC as possible for the provisions modeled: the average tax rate on

ordinary income before tax credits, to
t , is determined by the statutory tax

rate schedule in the tax calculator, ordinary income ord
f ;z
t;j , and deductions

ded
f ;z
t;j . The structure of deductions varies as some are a function of labor

income only, some are a function of broader income sources, and some are a

function of tax-preferred consumption components—owner-occupied hous-

ing and charitable giving in our case—where charitable giving is a compo-

nent of the consumption composite ct;j.

oit
f ;z
t;j ¼ max to

t ord
f ;z

t;j ; 0
n o

� crd
f ;z
t;j � tra

f ;z
t ; ð39Þ

to
t ¼ τðord

f ;z
t;j � ded

f ;z
t;j Þ; ð40Þ

ded
f ;z
t;j ¼ dðî f ;z

t;j ; ord
f ;z
t;j ; pci

f ;z
t;j ; h

o
t;j; ct;jÞ; ð41Þ

crd
f ;z
t;j ¼ cðî f ;z

t;j ; ord
f ;z
t;j ; ded

f ;z
t;j ; pci

f ;z
t;j ;k

f ;z
t;j Þ; ð42Þ

where bold emphasis denotes a generalized function. The last term in equa-

tion (39) is a productivity type-family composition specific transfer pay-

ment tra
f ;z
t , which is used as a nondistortionary method of ensuring that

households within a given ðf ; zÞ demographic group on average face a target

average tax rate on labor income. This transfer may be positive or negative

for different household groups and is zero when the household supplies no

labor.

A households’ tax liability on preferential capital income depends on

their total AGI and a statutory tax rate schedule. We define this relationship

with the following function:

cit
f ;z
t;j ¼ qðord

f ;z
t;j ; pci

f ;z
t;j Þ: ð43Þ

This mapping, like that for ordinary income tax liabilities, is developed

to be as close to the actual IRC as possible. Preferential capital income

sources are taxed at relatively lower rates according to a progressive stat-

utory tax rate schedule.

Working households pay into the social security program at proportional

payroll tax rate on labor income each period, which applies to adjusted

gross labor income up to a specified threshold. Formally:
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tpr
t;j ¼ p î

f ;z

t;j

� �
if j � R: ð44Þ

The payroll tax rate functions are independent of demographic charac-

teristics other than age.

CTS. Under the CTS, a given households’ tax liabilities, T
f ;z
t;j , is equal to

tax liabilities on wage income, wit
f ;z
t;j , plus tax liability on capital income,

�tk;f
t;j â

f ;z
t;j r

p
t , plus tax liabilities associated with the social security system for

retirees, tpr
t;j î

f ;z

t;j , less federal transfer payments, trs
f ;z
t;j , plus state and local tax

liabilities, slt
f ;z
t;j :

T
f ;z
t;j ¼ wit

f ;z
t;j þ �tk;f

t;j â
f ;z
t;j r

p
t þ tpr

t;j î
f ;z

t;j � trs
f ;z
t;j þ slt

f ;z
t;j ; ð45Þ

where labor and capital income are modeled as separate bases to account for

their differential tax treatment without interaction.

For the taxation of labor income for working-age households, we specify

the Bénabou (2002) tax function, a commonly used tax function for wage

income that generates smooth average tax rates and EMTRs over income

(Guner, Kaygusuz, and Ventura 2014; Heathcote, Storesletten, and Violante

2017; Holter, Krueger, and Stepanchuk 2019). This function is continuously

differentiable, allows for negative average tax rates to capture the effect of

refundable tax credits, and is easily parameterized with the exogenous

specification of an EMTR and average tax rate at the desired level of

aggregation. It takes the following form over adjusted gross labor income:

wit
f ;z
t;j ¼ î

f ;z

t;j � lf
1ðî

f ;z

t;j Þ
1�lf

2 � tra
f ;z
t if j � R; ð46Þ

where lf
1 and lf

2 are parameters which together determine the income-

weighted average tax rate and EMTR applied to adjusted gross labor

income at the family composition level of aggregation. As with the ITC,

the transfers tra
f ;z
t are used as a nondistortionary method of targeting

changes to the average tax rate on labor income for ðf ; zÞ demographic

group following a policy change but set to zero in the initial steady state

under the CTS.

Average tax rates on adjusted gross capital income are determined by

age group-family composition specific flat tax rates, one each for working

single, working married, retired single, and retired married households.

These tax rates are denoted by �tk;f
t;j .

While payroll taxes are levied in the same manner as specified under the

ITC, the special tax treatment of the security income received by retired
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households is captured using ðf ; zÞ demographic-specific exogenous aver-

age tax rate applied to that income, �tSS;f ;z
t :

tpr
t;j ¼

p î
f ;z

t;j

� �
if j � R

�tSS;f ;z
t if j > R

:

(
ð47Þ

Federal government. Total taxes collected by the federal government,

T fed
t � txlhh

t þ txlc
t þ txl

beq
t , are the sum of tax receipts collected from

households, corporations, and on estates left by the dead. These receipts,

along with bond issues, are used to finance nonvalued public consumption,

Cfed
t , capital expenditures, I fed

t , and transfer payments to households TRfed
t .

The recursive budget constraint of the federal government is written as:

I fed
t þ Cfed

t þ TRfed
t � T fed

t þ B
g
tþ1 � ð1þ rtÞBg

t ; ð48Þ

where the law of motion for federal public capital follows:

Gfed
tþ1 ¼ ð1� dgÞGfed

t þ I fed
t : ð49Þ

Equation (48) states that federal public expenditures on nonvalued con-

sumption and capital can be no larger than total tax revenue net of transfer

payments plus new debt issues, B
g
tþ1 � B

g
t , less interest paid on old debt

rtB
g
t . To rule out explosive debt paths, we maintain the no-Ponzi condition:

lim
k!1

B
g
tþkYk�1

s¼0

ð1þ rtþsÞ
¼ 0; ð50Þ

which implies that the current stock of debt is equal to the present-

discounted value of all future primary surpluses along any equilibrium path.

Total income taxes collected by the federal government from house-

holds, txlhh
t consist of tax liabilities from both labor and capital income,

as well as payroll taxes and tax liabilities on social security income. Rear-

ranging either equation (38) or (45), this is obtained as follows:

txlhh
t ¼

Z
Z

Z
J

X
f¼s;m

ðT f ;z
t;j þ trs

f ;z
t;j � slt

f ;z
t;j ÞO

f ;z
t;j dj dz: ð51Þ

Total income taxes collected by the federal government from corpora-

tions, txlc
t , are defined in equation (11) and repeated here for convenience:
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txlc
t ¼ tc

t Y c
t � wtN

c
t � dedc

t

� �
� crdc

t :

Taxes collected on estates left by deceased households are txl
beq
t .

In addition to social security payments to retirees, ss
f ;z
t;j , households

receive lump-sum net transfer payments from the federal government,

trst. These two terms aggregate to total federal government transfers TRfed
t .

State and local government. The structure of the state and local government’s

budget is described in Appendix B.

Equilibrium

Equilibrium is formally defined in Appendix D in terms of a trend-

stationary transformation of the model. Here, we informally define an

equilibrium as a collection of household decision rules that maximize

households’ utility subject to household budget constraints; a collection

of economic aggregates that are consistent with household behavior and

the associated measure of households; profit-maximizing behavior by the

corporate and noncorporate firms; a set of prices that facilitate cross-sector

price-equalization and clearing in factor, asset, and goods markets; and an

associated set of policy aggregates that are consistent with budget con-

straints of the federal, state, and local governments. When in trend-

stationary form, our model exhibits an equilibrium balanced growth path.

Calibration

The set of parameters to be calibrated include nontax and tax policy para-

meters, both of which rely heavily on use of the Joint Committee on Taxa-

tion’s Individual Tax Model (JCT-ITM) for specification, which makes use

of data from individual tax returns filed with the Internal Revenue Service

and compiled by the Statistics of Income (SOI) division.21 In calibrating the

model, we vary the use of long-run historical data, recent observations, and

projections to construct parameter values in targeting the 2017 US eco-

nomic environment and tax law as closely as possible for the initial

steady-state baseline equilibrium.

Nontax Policy Parameters and Targets

The calibration strategy for household demographics, characteristics, and

preferences generally follows that described in Moore and Pecoraro
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(2020b), with deviations from that strategy described in the “Household

Demographics, Preferences, and Characteristics” subsection in Appendix

C. The calibration strategy for the production sector and nontax portion of

government in our economy is described in the “Firm Production Technol-

ogy, Financing, and Housing” and “Government: Public Capital and Debt”

subsections in Appendix C. Select exogenous parameters used are summar-

ized in table C1 in Appendix C, with key aggregate targets for labor supply,

housing and business capital accumulation, and capital income summarized

in tables C2 and C3 in Appendix C.

Tax Policy Parameters and Targets

Adjustments to gross income. AGI is a concept used by the Internal Revenue

Service to measure income for tax purposes, which differs from the mea-

sures of economic income produced by the Bureau of Economic Analysis

(Ledbetter 2007). Since gross income variables within the model are cali-

brated in terms of economic income, adjustments to gross income must be

made when using either the ITC or the conventional tax system to arrive at

the appropriate base. This adjustment process, which makes use of

“calibration ratios,” is described in the “Adjustments to Economic Income”

subsection in Appendix C.

Capital income decomposition. The share of each gross capital income type

k to be treated as ordinary, so
t;k , or preferential, s

p
t;k , is computed as the

product of two terms. Let mt;k denote the endogenous share of total

portfolio income for a given capital income type k, so that
P

mk ¼ 1.

Next, let �mo
t;k denote the exogenous share of a given capital income type

k that is treated as ordinary for tax purposes, which is estimated by the

JCT-ITM for 2017.22 The portfolio shares for each k can then be

obtained as follows:

so
t;k ¼ �mo

t;kmt;k ;

s
p
t;k ¼ ð1� �mo

t;kÞmt;k ;

where by construction, the aggregate consistency condition

Sk so
t;k þ s

p
t;k

� �
¼ 1 holds. These shares are free to vary with policy through

endogenous changes to mk . Multiplying a households’ financial income by

either so
t;k or s

p
t;k yields the ordinary or preferred quantity of capital income
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of type k. Table 1 shows the decomposition of aggregate household capital

income that results from this process for the initial steady-state equilibrium.

Household taxation with the ITC. The ITC explicitly models the following

individual tax provisions in the IRC for 2017: the statutory tax rate schedule

for ordinary income; statutory tax rate schedule for preferential income;

special treatment of social security income; personal and dependent exemp-

tions; standard deduction; earned income credit; child tax credit; home

mortgage interest deduction; state and local income, sales, and property tax

deductions; charitable giving deduction; net investment income and Med-

icare surtaxes; and the dependent care credit.

To ensure that the average federal tax rates on adjusted gross labor

income for the average household in each ðf ; zÞ demographic in the model

match those computed by the JCT-ITM, we set tra f ;z endogenously in the

initial steady state as described in Moore and Pecoraro (2020b).23 The fit of

these average tax rates to the targets is shown in tables 2 and 3, which

display average adjusted gross labor income and average labor income tax

liability, both for each ðf ; zÞ demographic.24

The Old-Age, Survivors, and Disability Insurance (OASDI) portion of

the payroll tax rate of 12.4 percent is applied to adjusted gross labor income

up to the 2017 tax-law threshold of US$127,200 for each individual worker.

In particular, we allow for different OASDI bases for each potential worker

in married households. So that payroll tax receipts relative to output are

about 4.4 percent as estimated by Congressional Budget Office (CBO) for

2017, OASDI bases are scaled uniformly across individuals.

Finally, to ensure that the ITC produces household capital income tax

liabilities to output ratios that are consistent with those estimated by the

Table 1. Capital Income Decomposition.

Model Tax
Treatment

Corporate
Dividends
(Percent)

Noncorporate
Distributions

(Percent)

Interest
Income

(Percent)

Capital
Gains

(Percent)

Rental
Income

(Percent)

Ordinary
ITC 2.8 20.9 10.7 4.5 2.4
CTS 2.5 20.5 10.2 4.7 2.1

Preferential
ITC 8.4 0 7.1 43.2 0
CTS 8.4 0 6.8 44.5 0

Note: ITC ¼ internal tax calculator; CTS ¼ conventional tax specification.
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JCT-ITM for each capital income type k, we make use of the base adjust-

ments for each income type as described in the “Adjustments to Economic

Income” subsection in Appendix C. Table 4 shows the targets and actual

outcome of this process in the initial steady state.25

Household taxation with the CTS. For the labor income tax function in equa-

tion (46), the parameters flf
1; l

f
2g are set in the initial steady state to target

an aggregate average tax rate, ATR
f
, and an EMTR, EMTR

f
, both at the

family-composition level of aggregation computed from the JCT-ITM. The

parameters are computed as follows:26

lf
1 ¼ ð1� ATR

f Þ

Z
Z

Z
J

ðî f ;z

j ÞÔ
f ;z

j dj dzZ
Z

Z
J

ðî f ;z

j Þ
1�lf

2Ô
f ;z

j dj dz

0
BB@

1
CCA;

Table 2. Average Adjusted Gross Labor Income in Baseline (‘000s of 2018$).

Productivity Type

Target ITC CTS Target ITC CTS

Single Households Married Households

1 0.6 0.6 0.6 16.2 16.4 16.3
2 11.9 11.9 12.1 51.2 51.4 51.6
3 25.8 25.6 26.1 82.8 82.7 83.3
4 44.6 44.8 44.8 119.4 119.1 120.3
5 97.4 97.4 98.4 279.6 279.7 282.0

Note: ITC ¼ internal tax calculator; CTS ¼ conventional tax specification.

Table 3. Average Labor Income Tax Liability in Baseline (‘000s of 2018$).

Productivity Type

Target ITC CTS Target ITC CTS

Single Households Married Households

1 �0.1 �0.1 �0.5 �2.0 �2.0 �3.2
2 �2.0 �2.1 �1.9 0.7 0.8 0.5
3 �1.3 �1.3 �1.7 5.6 5.5 4.9
4 2.8 2.8 2.3 11.9 11.9 13.1
5 14.7 14.6 16.1 57.1 57.0 60.0

Note: ITC ¼ internal tax calculator; CTS ¼ conventional tax specification.
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lf
2 ¼

EMTR
f � ATR

f

1� ATR
f

;

where lf
1 must be endogenously calibrated given its dependence on house-

hold adjusted gross labor income, and the transfers tra f ;z are set to zero in

the initial steady state. Table 3 shows the labor income tax liabilities gen-

erated by this function on average over ðf ; zÞ demographics in the initial

steady state, with the associated average adjusted gross labor income levels

shown in table 2.

The age-group and marital status–specific capital income tax rates, �tk;f
j ,

are computed from the JCT-ITM as total capital income tax liabilities

relative to total capital income included in AGI for each demographic

group. Given these exogenous tax rates, a uniform adjustment to gross

capital income for all households is calibrated internally as described in

the “Adjustments to Economic Income” subsection in Appendix C, so that

aggregate capital income taxes relative to aggregate output within the initial

steady state match the target specified in table 4.

While payroll taxes on labor income for working-age households are

calibrated under the CTS in the same fashion as is done under the ITC

as described in “Household taxation with the ITC”, the special tax

treatment of social security income under the CTS is modeled via exo-

genous average tax rates �SS;f ;z computed from the JCT-ITM for each

ðf ; zÞ demographic. The gross social security income base is scaled

uniformly for all households, so that social security tax receipts relative

to aggregate output matches the target of 0.18 percent in the initial

steady state.

Table 4. Aggregate Capital Income Tax Ratios in Steady-state Baseline.

Target Ratio Target ITC

Noncorporate distribution taxes to aggregate output ratio .0136 .0136
Corporate dividend taxes to aggregate output ratio .0021 .0021
Interest income taxes to aggregate output ratio .0008 .0005
Capital gains taxes to aggregate output ratio .0067 .0067

Target Ratio Target CTS

Total capital income taxes to aggregate output ratio .0221 .0229

Note: ITC ¼ internal tax calculator; CTS ¼ conventional tax specification.
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Firm taxation and other taxes. While the taxation of household income differs

across tax systems, firm-level taxation is identical under both the ITC and

CTS. The set of aggregate EMTRs, ftc; tnc; td ; ti; tgg, which apply to

aggregate corporate income, noncorporate income, dividend income, inter-

est income, and capital gains, are exogenously set to those values computed

by the JCT-ITM for year 2017. We allow for both the corporate and non-

corporate firms to deduct from income their interest expense, accelerated

tax depreciation of capital assets, and state and local tax liabilities in the

initial baseline through dedc and dednc. We endogenously calibrate the

lump-sum credits, crdc and crdnc, so that corporate and noncorporate tax

liabilities relative to output each match an empirical counterpart for 2017.

For the corporate firm, we target the tax liability to output ratio of 1:68%
estimated by the CBO in the The Budget and Economic Outlook: 2017 to

2027, and for the noncorporate firm, we target a ratio of 1.36 percent

estimated by the JCT-ITM.27

The linear federal tax rate on estates, tbeq, is set internally, so that the

ratio of aggregate estate taxes to output is 0.0012, which is the estimated

ratio of estate (and gift) taxes to gross domestic product from the CBO for

2017. Federal transfer payments consist the sum of a uniform lump-sum

net transfer, trs, which is set to be equal to 0.40 percent of aggregate

output to represent federal transfers (less those for Old-Age and Survivors

Insurance (OASI), Medicare, Medicaid, and the outlay portion of tax

credits) minus federal excise and miscellaneous taxes.

The Portfolio Effect: An Illustrative Example

To motivate our quantitative analysis in “Policy Experiments”, consider the

stylized case of a hypothetical, high-income single household without chil-

dren, earning US$200,000 of adjusted gross labor income in 2017. This

household would have a federal EMTR of 26.37 percent on ordinary income

as computed by the ITC.28,29 Should this household receive an additional

US$25,000 in qualified dividend income, their EMTR on ordinary income

will be unaffected because qualified dividends are preferential capital

income and therefore taxed at special low rates as a separate base. If this

household instead received an additional US$25,000 in noncorporate dis-

tributions, their EMTR on ordinary income would increase to 34.88 percent

because the distributions are treated as ordinary income and taxed jointly

with wage income on a progressive tax schedule. With a resulting percent

reduction in the marginal after-tax return to labor of �11.56 percent in the
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latter case, this household would decrease labor hours by 3.5 percent assum-

ing a consumption-constant elasticity of 0.30.

In an explicitly intertemporal setting, the household-level behavioral

responses also involve timing shifts and a saving decision. To demonstrate

how the detailed tax treatment of capital income can affect households’ labor

and saving choices in this environment, we simulate two examples of one-

year shocks to the characterization of capital income. In the first example, all

capital income is exogenously recharacterized as ordinary income for 2018

(year 1) and taxed jointly with labor income, while in the second example, all

capital income is recharacterized as preferential capital income and taxed as a

separate base for one period. In 2019 (year 2), the ordinary-preferential

composition of capital income reverts permanently to its baseline composi-

tion.30 Since the pretax value of every household’s adjusted gross capital

income remains unchanged, this shock has no effect in the CTS.

The impulse responses for the ITC shown in figure 1 are partial equili-

brium, allowing households to reoptimize their lifetime choices following

the shock while holding market prices constant at the initial steady-state

values. The shift to ordinary treatment causes the EMTR on ordinary

income to increase, resulting an immediate reduction in effective labor

supply. Conversely, the shift to preferential treatment decreases the EMTR

on ordinary income, resulting in an immediate increase in effective labor

supply. In both cases, the stock of savings changes in the same direction as

labor supply to reflect the implied consumption-smoothing behavior of

households in response to a change in their after-tax lifetime resources.31

While these examples represent extreme swings in the tax treatment of

household capital income, they highlight the main point of our article:

careful accounting for the complexity of capital income taxation as under

the ITC has implications for household labor supply and savings behavior.

In this respect, our assumption that portfolio decisions occur at the financial

intermediary level is not integral to the mechanism that we seek to high-

light. In the following section, we show that policy-induced changes to the

ordinary-preferential composition of household capital income generate

quantitatively significant effects on the macroeconomic aggregates.

Policy Experiments

We analyze the general equilibrium transition path following the imple-

mentation of two different subsets of tax changes contained in the recently

enacted “TCJA”: (i) the corporate rate reduction and (ii) the individual tax

provisions. These experiments are performed using the ITC and the CTS
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each in turn, beginning from an initial steady state associated with 2017 tax

law.32 We report simulation results for the first ten years following the

policy change to coincide with the “budget window” used by the US Con-

gress to inform legislative decision making.

The announcement and implementation of policy changes occur in 2018

and are assumed to be unanticipated in 2017. Following the change, agents

have perfect foresight regarding the future time path of policy and the

economy. Federal budget deficits or surpluses generated by the new policy

are financed by borrowing or used to pay down existing debt for the first

thirty years following the policy change. To ensure that Federal debt

remains on a long-run sustainable debt path as the economy reaches a final

steady state, adjustments to nonvalued government consumption expendi-

tures made in 2048.33

Policy Experiment 1: TCJA Corporate Tax Rate Reduction

We simulate enactment of the corporate rate reduction as in Title II of JCT

(2017), which eliminated the previous-law statutory tax rate schedule on
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Figure 1. Impulse response of labor and deposits: Illustrative example.

Moore and Pecoraro 359



corporate income in the United States with maximum rate of 35 percent and

replaced it with a single 21 percent statutory rate beginning in calendar year

2018. The conventional revenue target, a loss of US$1.349 trillion over

fiscal years 2018 to 2027, is matched under both the ITC and CTS tax

systems.34 While involving only a direct tax change at the corporate level,

the policy-induced increase in preferential capital income from an expan-

sion of the corporate sector quantitatively matters for aggregate labor sup-

ply and savings responses.

The corporate tax rate reduction causes a major shift in economic activity

from the noncorporate sector to the corporate sector, with fully mobile capital

and labor reallocating to eliminate any arbitrage opportunities. Figure 2

shows that in both tax systems, an expansion of corporate sector output gives

rise to higher dividend payouts and capital gains on corporate equity—both of

which are largely treated as preferential income—as well as interest pay-

ments from increased borrowing to finance operations. Conversely, noncor-

porate sector output contracts and generates a downward trend in

distributions35—which are treated as ordinary income—as well as capital

losses on noncorporate equity and a reduction in interest payments.

The most important difference arises from corporate equity valuation

and the accrual of capital gains. In the first year of the new policy regime,

capital gains on corporate equity increase by 3.3 percent under the ITC but

increase by only 0.8 percent under the CTS. This outcome is a result of

general equilibrium effects associated with a relatively higher effective

(productivity-weighted) labor supply response under the ITC, shown in

figure 3, which immediately raises the present discounted value of corpo-

rate firms. The policy-induced changes to the ordinary-preferential compo-

sition of adjusted gross capital income are shown in figure 4, which result

from the portfolio rebalancing undertaken by financial intermediary on

behalf of households. While ordinary capital income initially increases

before a long-run decline under both tax systems because of the behavior

of noncorporate distributions, only under the ITC does preferential capital

income increase as a result of the different path of corporate capital gains

under that tax system.

Key among the projected paths of aggregates and prices in figure 3 is the

relatively larger accumulation of deposits and increase in effective labor

supply under the ITC. The gradual movement of economic activity into the

corporate sector results in an increase in the preferential share of capital

income over time that encourages households to accumulate relatively more

deposits because more capital income is taxed at lower rates. Similarly, the

gradual reduction in ordinary capital income will result in a smaller EMTR
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on labor income, especially for wealthier households who tend to have high

quantities of capital income and relatively higher labor productivity. This leads

to effective labor supply increases that grow over time. Contrast this with the

behavior of labor supply under the CTS, which remains largely unchanged

until 2023 when capital deepening sufficiently raises the real wage rate.36

Policy Experiment 2: Individual Tax Provisions of TCJA

We simulate enactment of the individual tax provisions in Title I of JCT

(2017), most of which became effective beginning in 2018 and are
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Figure 2. Changes to economic activity by sector: Tax Cuts and Jobs Act corporate
rate reduction.
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scheduled to expire in 2025. Key among these provisions, all of which are

modeled explicitly within the ITC, are an overall reduction in statutory tax

rates on ordinary income, expansion of the standard deduction, modifica-

tion of itemized deductions, 20 percent deduction of qualified business

income for pass-through entities, repeal of personal exemptions, and expan-

sion of the child tax credit. The total conventional revenue loss of these tax

changes was estimated to be US$1.126 trillion over fiscal years 2018 to

2027 in JCT (2017), which is matched under both the ITC and CTS tax

systems. The main finding here is that the policy-induced increase in house-

holds’ labor supply endogenously generates a change to the composition of

capital income toward preferential in the short run, which itself feeds back

into household behavior and leads quantitative differences in the path of

economic aggregates.

Figure 5 shows the response of select economic aggregates and prices

over the budget window. Although qualitatively similar, there are substan-

tial differences in magnitudes across the ITC and CTS simulations. The
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Figure 3. Changes to key aggregates: Tax Cuts and Jobs Act corporate rate
reduction.
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relatively larger effective labor supply increase under the ITC tax system

drives the relatively larger increase in aggregate output. Increased output

leads to more capital income flowing from firms to households; figure 6

shows that the increase in each type capital income is substantially larger

under the ITC. Figure 7 shows this result in terms of its impact on the

ordinary-preferential composition of household capital income. An imme-

diate increase in preferential capital income, resulting from the substantial

increase in capital gains, eventually gives way to a more sustained increase

in ordinary capital income as noncorporate distributions grow until the tax

provisions expire in 2026.

The relatively larger response of labor supply under the ITC is an out-

come of a self-reinforcing relationship between firm equity value and labor

supply that is present when accounting for the detailed tax treatment of

household capital income: firms that foresee the increase in future output—

following from additional labor input—experience an immediate increase

in their present discounted value that results in a capital gain for households
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Figure 4. Changes to portfolio composition: Tax Cuts and Jobs Act corporate rate
reduction.
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who hold equity. Because capital gains are largely treated as preferential

capital income, this additional income is taxed separately from labor

income at low rates. Households foresee that this increase in preferential

capital income is temporary and shift their labor supply toward these years

when EMTR on labor income is relatively lower.

As with the corporate rate reduction, households’ accumulation of savings

deposits is substantially higher in the ITC than in the CTS despite similar

levels of productive capital accumulation by firms. While additional incen-

tives to save in financial wealth under the ITC arise from the changing

composition of capital income, all flows of new savings are not immediately

invested into productive capital in our model with explicit firm financing. In

the market-clearing equilibrium, the quantity of savings deposits must be

sufficiently large to support the quantity of outstanding equity, bonds, and

rental housing. Because the value of private equity immediately increases by

substantially more under the ITC as described above, the borrowing rate

increases to clear the market, discouraging firms from issuing additional

bonds to finance capital investment.
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Figure 5. Changes to key aggregates: Individual Tax Cuts and Jobs Act provisions.
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Limitations

We have shown that when accounting for the detailed taxation of household

income, changes to the ordinary-preferential composition of capital income

have quantitatively significant implications for household labor and saving

behavior. However, our study is not without limitations. First, throughout

this article, we have maintained the implicit assumption that households

within our model do not vary in the extent to which savings are held in tax-

deferred or tax-preferred accounts. Because lifecycle variation in the utili-

zation of these savings vehicles will affect the size of households’ income

tax bases differently at different ages, their incorporation within the
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Figure 6. Changes to economic activity by sector: Individual Tax Cuts and Jobs Act
provisions.
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modeling framework has the potential to affect the EMTRs relevant for labor

and savings decisions and thus macroeconomic outcomes. Second, since the

financial intermediary determines the composition of capital assets held by

households within our model, the portfolio is optimal only in the aggregate.

While this assumption did not prevent us from exploring households’ optimal

responses to endogenous changes to the composition of their capital income,

households in reality may choose their own portfolios in lieu of investments

managed by an intermediary such as mutual fund. Possible directions for

future research are to incorporate special savings vehicles and heterogeneous

portfolios along with the tax detail introduced in this work.

Conclusion

We have argued that simultaneously accounting for the joint taxation of

ordinary income and the special taxation of preferential income as in the

United States generates a “portfolio-effect” mechanism, whereby changes
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Figure 7. Changes to portfolio composition: Individual Tax Cuts and Jobs Act
provisions.

366 Public Finance Review 49(3)



to the ordinary-preferential composition of households’ capital income can

influence individuals’ optimal labor and saving decisions through its impact

on their effective marginal tax rates. To explore this mechanism, we used a

heterogeneous-agent overlapping generations model with a two-entity pro-

duction sector and an internal tax calculator to simulate two subsets of tax

provisions in the “TCJA”: (i) the corporate tax rate reduction and (ii) the

individual tax provisions. In both cases, changes to the pattern of invest-

ment across corporate and noncorporate sectors result in endogenous

changes to the composition of households’ capital income which affect their

labor and saving incentives. This portfolio effect was sufficiently strong to

affect the path of aggregate labor supply and savings. Consequentially,

failure to account for the complexity of household capital and labor income

taxation when modeling a tax reform risks omission of an important

mechanism from the analysis.

Appendix A

Household Consumption Detail

We assume that the consumption-composite good, cj, is a Cobb–Douglas

function of different nondurable consumption types. The first subcompo-

nent is “warm-glow” (Andreoni 1989) charitable giving, c
g
j , which is

assumed to be made in terms of final goods and received by agents outside

of the model. The second subcomponent, ci
j, is the sum of market-produced

consumption cM
j and home-produced consumption services ch

f
j :

cj � ðci
jÞ
y f ;z

ðcg
j Þ
ð1�y f ;zÞ; ðA1Þ

ci
j �

cM
j þ chs

j ðnhs
j Þ if f ¼ s

cM
j þ ch

m;1
j ðnh

m;1
j Þ þ ch

m;2
j ðnh

m;2
j Þ if f ¼ m;

(
ðA2Þ

where home-produced consumption services are assumed to be an exogen-

ously decreasing, time-invariant function of the market labor hours supplied

by each adult in the household as described in the “Household Demo-

graphics, Preferences, and Characteristics” subsection in Appendix C.

To obtain an expression for the implicit price of composite consumption

pc
t , we let the sum of cM

j and c
g
j enter the households’ budget constraint in

equation (24) instead of the composite term pc
t cj. Then using equations (A1)

and (A2) to optimize over fcM
j ; c

g
j g, one can obtain:
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ci
j ¼ ðW

f ;z
t;j Þ
ðy f ;z�1Þ

cj;

c
g
j ¼ ðW

f ;z
t;j Þ

y f ;z

cj;

where:

W f ;z
t;j ¼

1� y f ;z

y f ;z

� �
1þ qT

f ;z
t;j =qcM

j

1þ qT
f ;z
t;j =qc

g
j

 !
;

and market consumption, cM
j , can then be computed as a residual from

equation (A2). Using these expressions along with the households’ budget

constraint, we obtain the following equivalence:

pc
t cj ¼ ðW f ;z

t;j Þ
ðy f ;z�1Þ þ ðW f ;z

t;j Þ
y f ;z

� �
cj: ðA3Þ

Appendix B

State and Local Government

Total taxes collected by the composite state and local government Tsl
t are

the sum of tax receipts collected from households and corporations. These

receipts are assumed to be spent on nonvalued state and local composite

government consumption expenditures Csl
t and investment in productive

public capital I sl
t . We specify an intraperiod balanced-budget constraint

such that:

I sl
t þ Csl

t ¼ Tsl
t ; ðB1Þ

where the law of motion for state and local public capital follows:

Gsl
tþ1 ¼ ð1� dgÞGsl

t þ I sl
t : ðB2Þ

Tax liabilities owed by a given household at the state and local level are

assumed to be proportional to adjusted gross labor income labor income and

owner-occupied housing:

slt
f ;z
t;j � tsl

t î
f ;z

t;j þ tslp
t ho

t;j; ðB3Þ

where tsl
t is a linear tax rate taken to represent potentially deductible state

and local income and sales tax and tslp
t is a linear average tax rate on owner-

occupied property. Tax liabilities owed by corporations at the state and
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local level were specified in equation (12) but repeated here for

convenience:

sltc
t ¼ tslc

t ernc
t :

Aggregate state and local taxes can therefore be expressed as:

Tsl
t ¼

Z
Z

Z
J

X
f¼s;m

slt
f ;z
t;j O

f ;z
t;j dj dzþ sltc

t : ðB4Þ

Appendix C

Calibration

Nontax policy parameters values and targets
Household demographics, preferences, and characteristics. As the household

sector of our model utilizes the framework developed in Moore and Pecor-

aro (2020b), the calibration strategy for household demographics, prefer-

ences, and characteristics generally follows that described in Appendixes

A.1.1, A.1.3, and A.2 of that work. However, since we currently specify an

initial year of 2017 instead of 2018,37 both the exogenously and endogen-

ously calibrated parameter values may vary from Moore and Pecoraro

(2020b) despite the same calibration strategy and targets, key of which are

reported in tables C2 and C3. For this reason, table C1 contains the currently

used values for the same set select exogenous parameters reported in the

earlier work. Only the deviations from the prior calibration strategy for the

household sector made in this article are described below.

The instantaneous utility function in this article accounts for the effect of

children at home on the supply of market labor hours in the spirit of Guner,

Kaygusuz, and Ventura (2011) and Borella, De Nardi, and Yang (2019). We

specify an additive product along with labor hours in the labor disutility

function, fn f ;z
j , meant to capture the interaction between lifecycle disutility

of work and the presence of children. We let n f ;z
j be the number of depen-

dents under the age of six for a given ðj; f ; zÞ demographic, which are

calculated using the JCT-ITM for 2017. The parameter f is set equal to

0:094, so that parents spend about 520 hours per child each year (Hotz and

Miller 1988), which is broadly consistent with the time value specified by

Guner, Kaygusuz, and Ventura (2011).

The amount of hours spent on home production have a fixed, inverse

relationship to the amount of market labor hours. We use the 2017 Amer-

ican Time Use Survey to compute the average hours spent working in full-
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time and part-time jobs for all workers, and the 2013 to 2017 average for

hours spent doing “household activities” for full-time, part-time, and unem-

ployed individuals by worker type (single, married primary, and married

secondary). Normalizing available (nonsleep) time to unity yields the fol-

lowing mapping from market work hours to home work hours:

N ¼ ½0:000; 0:211; 0:422� !
NH ¼ ½0:180; 0:135; 0:101� if f ¼ s

NH ¼ ½0:153; 0:109; 0:084� if f ¼ m; 1
NH ¼ ½0:252; 0:181; 0:124� if f ¼ m; 2

:

8<
:

We assume that households value home production as a function of

nonwork hours:

chðnh
f
j Þ ¼

wtz
s;1nhs

j if f ¼ s

wtz
s;1ðnh

m;1
j þ nh

m;2
j Þ if f ¼ m

;

(

where wtz
s;1 is the effective wage rate for the lowest productivity type single

household. This is a similar approach to that used by (Bridgman 2016) in

measuring the empirical value of home production.

We define labor income to be equal to the National Income and

Product Accounts (NIPA)-comparable wage concept used Moore and

Pecoraro (2020b).38 That is, we do not include a share of noncorporate

income in our labor income definition for purposes of sorting house-

holds by labor productivity. Relative to the previously used composite

income concept, we can better account for the joint tax treatment of

business and wage income because our current framework allows for the

explicit decomposition of capital income across different types. Figure 1

shows the initial steady-state labor income targets, �i
f ;z

, and the model fit

for both the ITC and CTS. The targets are matched in the model under

both tax systems by internal calibration of the permanent component of

labor productivity.

Households who die before reaching the maximum age J leave behind

estates after end-of-life expenditures, ceol
t , which are computed as a residual

from equation (29). Given the endogenous end-of-period net worth of dying

households and the exogenous tax rate tbeq
t , the exogenous distribution of

bequests that aggregates to �L must be specified so that ceol
t can be com-

puted. First, we assume that all bequests are received by households enter-

ing the economy at age j ¼ 1 as endowments of initial financial wealth a1

and allow for variation in this dimension over each ðf ; zÞ demographic

indexed by e ¼ f1; . . . ; neg 2 E. To derive this distribution, we compute

the mean and standard deviation of each net worth39 quintile for twenty-
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four- to twenty-six-year old single and married individuals, respectively,

from a truncated sample of the 1989 to 2016 waves of the Survey of Con-

sumer Finances.40 We obtain the following mean and standard deviations

for single and married household quintiles:

�xs ¼ f�2304; 731; 5628; 15185; 51054g;

�xm ¼ f1845; 7252; 15606; 33219; 83852g;

ss ¼ f1369; 872; 1885; 3738; 15916g;

sm ¼ f1433; 1961; 3131; 7029; 23905g:

For each quintile and marital status combination, we draw ne ¼ 20

pseudorandom numbers from standard normal distribution with the associ-

ated mean and standard deviations. We then set the distribution for each

ðf ; zÞ demographic by performing an inverse hyperbolic sine transformation

to these draws. It is assumed that this distribution is time-invariant and

aggregates to:

�G ¼
X

f¼s;m

Z
Z

Z
E

a
f ;z;e
j¼1 O f ;z

t;j¼1O
e de dz;

where Oe ¼ 1
ne

is the measure of endowment level e. While this variation in

endowment level does not change the dynamic optimization problem,

endowment heterogeneity does add an additional layer of aggregation such

that for any variable x:

x
f ;z
t;j ¼

Z
E

x
f ;z;e
t;j Oe de:

Therefore in each year of the simulation, nf � nz� ne households enter the

model. To reduce notational clutter, we assume this level of aggregation is

implicit in our definition of equilibrium in Appendix D.

Finally, we set the lower bound of the wealth support (the noncollater-

ized borrowing limit) as the minimum of either the lowest drawn value of

endowments for each ðf ; zÞ demographic or negative 10 percent of the

initial steady-state target for average annual labor income �i
f ;z

:

y f ;z ¼ minðminða f ;z;e
1 Þ;�0:1� �i

f ;zÞ:

Firm production technology, financing, and housing. As our current speci-

fication of firm production technology and the housing sector follow from
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Moore and Pecoraro (2020b), the calibration strategy for computing para-

meter values for factor shares, economic depreciation rates, capital adjust-

ment costs, housing transaction costs, and minimums remain the same as

that described in the Appendix of that paper. Those parameter values are

reported in table C1. The strategy for calibrating the additional parameter

values used in our current two-sector framework is described below and

summarized in table C3.

While the corporate and noncorporate firms are assumed to finance

operations with some combination of debt and equity, each representative

firm maintains a constant debt to capital ratio 8b;q for q ¼ c; n. These para-

meter values are set to 8b;c ¼ 0:435 and 8b;n ¼ 0:085 to target an initial

steady-state ratio of interest expense to aggregate output for the corporate

and noncorporate sectors of 0:039 and 0:003, which are computed from the

SOI and NIPA for 2016.

While distributions of pass-through income to households from the non-

corporate firm are computed as a residual from the noncorporate firm’s cash

flow equation, the corporate firm distributes dividends to households as a 8d

portion of after-tax earnings. This parameter is set to 8d ¼ 0:15, which

targets the ratio of net dividends of domestic C-corporations to aggregate

output of 0.031 as measured by NIPA for 2016.

So that the model can reproduce the relative sizes of output produced

by corporate and noncorporate sectors, we incorporate time-invariant

scale parameters Zq for q ¼ c; n on the firms’ production functions.

Targeting the ratio of corporate gross receipts to total business gross

receipts equal to 0.692 as computed from the SOI for 2016, we set

Zc ¼ 1:03 and Zn ¼ 1.

Government: Public capital and debt. The level of productive public capital

is set endogenously, so that the initial steady-state ratios of federal and

state-local public capital to output are 18.4 and 55.1 percent, which are the

average observed values over 2007 to 2016 from NIPA.

The rate of return on public debt is parameterized function of the federal

debt-output ratio and the private bond real interest rate. The parameter B
determines the response of this interest rate to changes in the debt-output

ratio and is set equal to 0:1910, which implies that the interest rate increases

by 2.5 basis points for every 1 percent increase in the debt-output ratio from

its steady-state value (Gamber and Seliski 2019). The parameter $ deter-

mines the response to changes in the private bond real interest rate and is set

so that, given B and the steady-state debt-output ratio, net interest payments

relative to output in the initial steady-state match the average value
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projected over 2017 to 2027 in The Budget and Economic Outlook: 2017 to

2027, which is 2.1 percent.

State and local government. The linear state and local tax rate tsl is exo-

genously set to an effective rate of 5.81 percent on labor income, which

represents the greater of state and local tax income or sales tax liabil-

ities for each tax unit as computed by the JCT-ITM for 2017. The state

and local property tax rate tslp is set to 0:0105� 0:7174 ¼ 0:0075,

which is the product of the national average property tax rate computed

using state-level estimates from the National Association of Home-

builders for 2010 to 2014, and the average portion of total residential

capital that is not consumer durables as reported by NIPA for 2007 to

2016. Finally, the linear state and local tax rate on corporate income tslc

is internally set to target a ratio of state and local corporate income tax

receipts to output 0.0038, which is the 2007 to 2016 average computed

from NIPA estimates.

Adjustments to economic income. To account for differences between

personal economic income and adjusted gross income (Ledbetter,

2007), we use “calibration ratios” to scale each particular flow of eco-

nomic income which may be subject to taxation.41 All calibration ratios

are assumed to be time-invariant but may exogenously be changed in

response to policy.

Under both the ITC and CTS tax systems, adjusted labor income is

obtained from labor income in the same fashion. For working-age house-

holds, adjusted gross labor income, î
f ;z

t;j , comes from wage income, for

which we apply an ðf ; zÞ demographic specific calibration ratio, ww;f ;z:

î
f ;z

t;j �
ww;s;z njwtz

s;z
j

� �
if j � R and f ¼ s

ww;m;z ðn1
j þ mzn2

j Þwtz
m;z
j

� �
if j � R and f ¼ m

:

8<
:

For retired households, adjusted gross labor income comes from social

security income, for which we apply a single calibration ratio, wSS , for all

households:

î
f ;z

t;j � wSSss
f ;z
t;j if j > R

Adjusted gross capital income, r
p
t â

f ;z
t;j , is obtained from total capital

income in a different manner across the ITC and CTS tax systems because

we must distinguish between ordinary and preferential capital income under

the former to determine tax liabilities. Letting so
t;k and s

p
t;k denote the share
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of each gross capital income type k to be treated as ordinary and preferential

respectively, then:

r
p
t â

o;f ;z
t;j � r

p
t

X
k

wkso
t;k

 !
a

f ;z
t;j

r
p
t â

p;f ;z
t;j � r

p
t

X
k

wks
p
t;k

 !
a

f ;z
t;j

;

where wk is a calibration ratio for each particular capital income type k, and

the aggregate consistency condition Sk so
t;k þ s

p
t;k

� �
¼ 1 is imposed. Total

adjusted gross capital income is then the sum of r
p
t â

o;f ;z
t;j and r

p
t â

p;f ;z
t;j . Under

the CTS, adjusted gross capital income is obtained by applying the single

calibration ratio, wK , to gross capital income:

r
p
t â

f ;z
t;j � r

p
t w

Ka
f ;z
t;j :

In both tax environments, capital income calibration ratios do not depend

on household age. We therefore abstract from lifecycle heterogeneity in the

extent to which savings are held in tax-preferred or tax-deferred accounts.

The wage income calibration ratios are set exogenously as the ratio of

wage income included in AGI to NIPA-comparable wage income as

described in the “Household demographics, preferences, and characteristics”

subsection in this appendix and are computed by the JCT-ITM for each ðf ; zÞ
demographic. The remaining calibration ratios are uniform across demo-

graphics and internally calibrated in the steady state to match aggregate tax

revenue to output targets computed by the JCT-ITM: the social security

calibration ratio is set so that aggregate social security tax receipts relative

to output is 0.18 percent. The capital calibration ratios are set to match the

targets listed in table 4. Under the ITC tax system, it is assumed that for each

capital income type, the portion of aggregate tax revenue attributable to being

taxed at ordinary (preferential) rates is proportional to the share of that

income type that is treated as ordinary (preferential).42

Calibrating tax instruments for policy changes. Both the ITC and CTS are

calibrated for a given policy change by adjusting the relevant tax instru-

ments while holding constant income, aggregates, and choice variables

associated with the initial steady-state present-law equilibrium. The reve-

nue effect achieved within the model is thus consistent with the notion of a

“conventional revenue effect.”43 For each policy experiment in this article,
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we target the associated revenue effect over 2018 to 2027 as reported in JCT

(2017).

While the changes to the taxation of household income differ across tax

systems as described below, tax changes at the firm level are made identically

under both the ITC and CTS. Specifically, we change the aggregate marginal

tax rates on corporate income, noncorporate income, interest income, capital

gains, and dividends in the model to target the portion of the total conventional

revenue effect due to each respective change. For example, if the portion of the

total conventional revenue effect due to the corporate rate reduction is some x

dollars over the budget window, the marginal tax rate tc
t is changed to generate

a within-model revenue effect of x dollars over the budget window, holding the

initial baseline equilibrium corporate tax base constant. Any changes to deduc-

tions and credits allowed to firms are made in a similar manner.

Internal tax calculator. Changes to the taxation of household income under

the ITC are explicitly incorporated in the tax calculator as specified in the

statutes of the policy change. For example, when calibrating the model for

the individual provisions in TCJA, we replace the original statutory tax rate

schedule applied to ordinary income in the internal tax calculator with the

new statutory tax rate schedule under TCJA. Following the explicit changes

made within the tax calculator, we make two further adjustments: first, we

adjust transfer payments tra
f ;z
t as needed to match the distributional

changes of labor income tax liabilities across ðf ; zÞ demographics as pro-

jected by the JCT-ITM over the budget window. Second, we adjust the

calibration ratios for both ordinary and preferential capital income, wo
k and

wp;
k , to target the average budget-window revenue effect attributed to each

source of capital income as projected by the JCT-ITM. These adjustments

ensure that we match the targeted conventional revenue effect at the aggre-

gate level and on average at the ðf ; zÞ household demographic level.

Conventional tax specification. Changes to aggregate average and effective

marginal tax rates applied to household labor income are made by repar-

ameterizing the Bénabou (2002) tax function to match the changes to ATR
f

t

and EMTR
f

t due to the proposal as projected by the JCT-ITM for each f

demographic over the budget window. We allow for the parameters

flf
1; l

f
2g to be time-varying to capture different magnitudes of these aggre-

gate rate changes over the budget window. The transfers tra
f ;z
t , set to zero in

the initial baseline under the CTS, are set to target the portion of the

conventional revenue effect attributable to labor income taxes across

ðf ; zÞ demographics as projected by the JCT-ITM. Changes to the taxation

of household capital income are made by changing the average tax rates on
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capital income under the proposal as projected by the JCT-ITM for each

ðf ; jÞ demographic over the budget window. We scale the total change in

average tax rates using the calibration ratio to match the portion of the total

conventional revenue effect due to capital income tax changes.

Table C1. Select Exogenous Parameters.

Demographics
Terminal ages R, J 40, 66
Rate of population growth uP 0.0076

Production
Rate of technological progress uA 0.0108
Private capital share of output a 0.3265
Public capital share of output g 0.0352
Private capital depreciation rate dK 0.0799
Corporate dividend payout ratio 8d 0.150
Debt-capital ratio 8b;c,8b;n 0.435, 0.085
Output scale parameter Zc;Zn 1.03, 1.00
Private capital adjustment cost parameter xK 6

Housing
Owner-occupied housing minimum down-

payment
g 0.20

Housing status adjustment cost f 0.05
Housing services depreciation rate do,dr 0.0662, 0.1230
Owner-occupied housing minimum (ITC) h

o 1.045
Owner-occupied housing minimum(CTS) h

o 1.08
Preferences

Subjective discount factor b 0.985
Nonhousing consumption share of

composite
s 0.265

Housing/nonhousing consumption
substitution parameter

Z �1.053

Utility curvature parameter z f ;E 5
Intensive labor margin disutility (ITC) cs, cm;1, cm;2 477.0, 291.0, 117.9

Intensive labor margin disutility (CTS) cs, cm;1, cm;2 521.1, 324.0, 143.1
Extensive labor margin fixed cost (ITC) fs, fm 0.375, 0.220

Extensive labor margin fixed cost (CTS) fs, fm 0.548, 0.225
Children disutility parameter ff 0.094

Government
Public capital depreciation rate dg 0.0317
Interest rate response to federal debt B 0.0145

Note: ITC ¼ internal tax calculator; CTS ¼ conventional tax specification.
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Appendix D

Trend-Stationary Equilibrium

The model is transformed into trend-stationary form as described in equation

(B1) of Moore and Pecoraro (2020b), so that a stationary solution method can

be used to solve the model. The solution method used here generally follows

the algorithm laid out in Appendix C of Moore and Pecoraro (2020b), which

Table C2. Targeted and Baseline Actual Employment Status by Type of Worker.

Type of Worker

Data (MEPS)
Internal Tax
Calculator

Conventional Tax
Specification

FT PT U FT PT U FT PT U

Single .61 .24 .15 .61 .25 .14 .61 .24 .15
Married Primary .90 .08 .02 .89 .11 .00 .90 .10 .00
Married Secondary .42 .32 .26 .42 .33 .25 .42 .32 .26

Note: FT ¼ full time; MEPS ¼ Medical Expenditures Panel Survey; PT ¼ part time; U ¼
unemployed.

Table C3. Targeted and Baseline Actual Aggregate Ratios.

Ratio Data

Internal
Tax

Calculator

Conventional
Tax

Specification

Homeownership ratio .639 (AHS) .638 .633
Private business investment to total

private investment ratio
.465 (BEA) .470 .479

Private business investment to output
ratio

.162 (BEA) .165 .170

Corporate gross interest expense to
output ratio

.039 (Statistics
of Income
[SOI]/BEA)

.037 .035

Noncorporate gross interest expense
to output ratio

.003 (SOI/BEA) .003 .003

Corporate net dividends to output
ratio

.031 (BEA) .030 .030

Corporate gross receipts to total
business gross receipts ratio

.692 (SOI) .704 .701

Note: AHS ¼ American Housing Survey; BEA ¼ Bureau of Economic Analysis.
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finds the global optimum decision rules for households and firms using value

function iteration. We define our equilibrium in terms of the transformed

model where the tilde accent denotes a variable that has been detrended for

exogenous population and/or technological growth.

For each age cohort, j, productivity type, z, and family composition f,

households have ordinary consumption, ~ci, charitable giving, ~cg, market

labor hours, n, n1, and n2, owner-occupied housing services consump-

tion, ~h
o
, rental housing services consumption ~h

r
, financial wealth ~a, and

future net worth ~y0, as control variables. Households have current net

worth ~y as their endogenous individual state variable, and their age,

productivity type, as family composition as their exogenous state vari-

ables. Household choices of home production ~ch and childcare costs ~k
depend exogenously on a household’s contemporaneous choice of mar-

ket labor supply. End-of-life expenditures ~ceol are determined by the net

worth left by households who die at the end each period after taxes and

bequests. Bequests are distributed in an exogenous, time-invariant fash-

ion and aggregate to ~�G.

Corporate and noncorporate firms, valued at ~V
c

and ~V
n
, have effective

labor inputs ~N
c

and ~N
n
, and future private capital stocks ~K

c
0

and ~K
n
0

as

control variables, with current private capital stocks ~K
c

and ~K
n

as state

variables. Endogenous aggregate state variables are effective market labor

supply ~N , owner-occupied housing capital ~H
o
, rental housing capital ~H

r
,

deposits ~D, private consumption ~Ct, financial intermediary income ~Inc,

private business capital ~K, public capital ~G, private bonds ~B, public bonds
~B

g
, and federal, state, and local tax instruments and transfer payments

associated with given tax system, the set of which are denoted by T .

Definition 1: A perfect-foresight trend-stationary recursive equilibrium is

comprised of a measure of households ~O
f ;z

t;j , a household value function

V
f ;z

t;j ð~yÞ, a collection of household decision rules f~ci;f ;z
t;j ð~yÞ, ~cg;f ;z

t;j ð~yÞ,
n

z;s
t;j ð~yÞ, n

z;m;1
t;j ð~yÞ, n

z;m;2
t;j ð~yÞ, ~h

o;f ;z

t;j ð~yÞ, ~h
r;f ;z

t;j ð~yÞ, ~a f ;z
t;j ð~yÞ; ~y f ;z

tþ1;jþ1ð~yÞg, a set

of firm values f ~V
c

t ð ~Kt
cÞ; ~V

n

t ð ~K
n

t Þg, a collection of firm decision rules

f ~N
c

t ð ~Kt
cÞ; ~N

n

t ð ~Kt
nÞ; ~K

c

tþ1ð ~Kt
cÞ; ~K

n

tþ1ð ~Kt
nÞg, prices f ~wt; p

r
t ;R

c
t ;R

n
t ; it; rt; r

p
t g,

aggregates f ~N t; ~H
o

t ;
~H

r

t ;
~Dt; ~Ct; ~Inct; ~Kt; ~Gt; ~Bt; ~B

g

t g, and the set of tax

instruments and transfers T associated with given tax system such

that:
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1. Household decision rules are solutions to their constrained optimi-

zation problem.

2. Macroeconomic aggregates are consistent with household behavior

such that:

~Nt ¼
Z
Z

Z
J

~O
z;s

t;j z
z;s
j n

z;s
t;j ð~yÞ þ ~O

z;m

t;j z
z;m
j n

z;1
t;j ð~yÞ þ n

z;2
t;j ð~yÞ

� �
dj dz;

~H
o

t ¼
Z
Z

Z
J

X
f¼s;m

~O
f ;z

t;j
~h

o;f ;z

t;j ð~yÞ dj dz;

~H
r

t ¼
Z
Z

Z
J

X
f¼s;m

~O
f ;z

t;j
~h

r;f ;z

t;j ð~yÞ dj dz;

~Dt ¼
Z
Z

Z
J

X
f¼s;m

~O
f ;z

t;j ~a f ;z
t;j ð~yÞ dj dz;

~Ct ¼
Z
Z

Z
J

X
f¼s;m

~O
f ;z

t;j ð~c
i;f ;z
t;j ð~yÞ � ~ch;f ;z

t;j Þ þ ~cg;f ;z
t;j ð~yÞ þ ~k f ;z

t;j

� �
dj dzþ ~ceol

t :

3. Firm decision rules are solutions to their constrained optimization

problem.

4. Macroeconomic aggregates are consistent with firm behavior such

that:

~Nt ¼
X
q¼c;n

~N
q

t ð ~Kt
qÞ;

~Ktþ1 ¼
X
q¼c;n

~K
q

tþ1ð ~Kt
qÞ;

~Bt ¼
X
q¼c;n

8b;q ~Kt
q:

5. Perfectly competitive labor markets clear so that the marginal product

of effective labor is equalized across sectors:

~wt ¼ ð1� a� gÞ ~G
g

t ð ~K
c

t Þ
að ~N

c

t Þ
�a�g ¼ ð1� a� gÞ ~G

g

t ð ~K
n

t Þ
að ~N

n

t Þ
�a�g:
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6. The asset market clears such that:

~Dt ¼ ~V
c

t þ ~V
n

t þ ~B
c

t þ ~B
n

t þ ~B
g

t þ ~H
r

t ;

where assets are priced to eliminate any arbitrage opportunities:

Rc
t ¼ Rn

t ¼ ð1� ti
tÞit ¼ pr

t � dr;

and the financial intermediary is willing to accept “safe-asset” pricing of

federal government bonds so that:

rt ¼ $it þ Bexp
~B

g

t

~Y t

 !
:

Furthermore, the rate of return paid to households on deposits is deter-

mined by application of a zero profit condition so that:

r
p
t ¼ ~D

�1

t
~Inct:

7. The goods market clears such that:X
q¼c;n

Zqð ~GtÞgð ~K
q

t Þ
aðAt

~N
q

t Þ
1�a�g ¼ ~Ct þ ~I t þ ~Gt;

where private aggregate investment is defined as:

~I t � ~I
c

t þ ~I
n

t þ ~I
o

t þ ~I
r

t þ ~F
H

t ;

with:

~I
c

t ¼ ~K
c

tþ1ðUPUAÞ � ð1� dKÞ ~K
c

t þ Xc
t ;

~I
n

t ¼ ~K
n

tþ1ðUPUAÞ � ð1� dKÞ ~K
n

t þ Xn
t ;

~I
o

t ¼ ~H
o

tþ1ðUPUAÞ � ð1� doÞ ~H
o

t ;

~I
r

t ¼ ~H
r

tþ1ðUPUAÞ � ð1� drÞ ~H
r

t ;

~F
H

t ¼
Z
Z

Z
J

X
f¼s;m

~O
f ;z

t;j f ~h
o;f ;z

tþ1;jþ1ð~yÞ þ ~h
r;f ;z

tþ1;jþ1ð~yÞ
� �

dj dz;

and where aggregate government expenditures is defined as:
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~Gt � ~C
fed

t þ ~C
sl

t þ ~I
fed

t þ ~I
sl

t ;

with:

~I
fed

t ¼ ~G
fed

tþ1ðUPUAÞ � ð1� dgÞ ~G
sl

t ;

~I
sl

t ¼ ~G
sl

tþ1ðUPUAÞ � ð1� dgÞ ~G
sl

t :

8. The federal government’s debt follows the law of motion:

~B
g

tþ1ðUPUAÞ ¼ ~C
fed

t þ ~I
fed

t þ ~TRfed
t � ð~txlhh

t þ ~txlc
t þ ~txl

beq
t Þ þ ð1þ rtÞ ~B

g

t ;

and maintains a fiscally sustainable path so that:

lim
k!1

~B
g

tþkYk�1

s¼0

ð1þ rtþsÞ
¼ 0;

where federal tax receipts from households, firms, and bequests are:

~txlhh
t ¼

Z
Z

Z
J

X
f¼s;m

ð~T f ;z

t;j þ ~trs
f ;z
t;j � ~slt

f ;z
t;j Þ~O

f ;z

t;j dj dz;

~txlc
t ¼ tc

t
~Y

c

t � ~wt
~N

c

t � ~dedc
t

� �
� ~crdc

t ;

~txl
beq
t ¼ tbeq

t UAð Þ
Z
Z

Z
J

ð1� pjÞ
X

f¼s;m

~O
f ;z

t;j ~ytþ1;jþ1 dj dz;

and transfers are:

~TRfed
t ¼

Z
Z

Z
J

X
f¼s;m

ð~ss
f ;z
t;j þ ~trs

f ;z
t;j Þ~O

f ;z

t;j dj dz:

9. The state and local composite government maintains a balanced

budget:

~slthh
t þ ~sltc

t ¼ ~C
sl

t þ ~I
sl

t ;

where net state and local tax receipts from households and corporations

are:
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~slthh
t ¼

Z
Z

Z
J

X
f¼s;m

tsl
t î

f ;z

t;j þ tslp
t ho

t;j

� �
~O

f ;z

t;j dj dz;

~sltc
t ¼ tslc

t
~Y

c

t � ~wt
~N

c

t � it ~B
c

t

� �
:

10. The measure of households is time-invariant:

~O
f ;z

tþ1;j ¼ ~O
f ;z

t;j :

11. The net worth of households that die before reaching the maximum

age J is allocated to end-of-life consumption expenditures, estate

taxes, and bequests such that:

~ceol
t þ ~txl

beq
t þ ~�G ¼ UAð Þ

Z
Z

Z
J

ð1� pjÞ
X

f¼s;m

~O
f ;z

t;j ~ytþ1;jþ1 dj dz:

Definition 2: A steady-state perfect-foresight trend-stationary recursive

equilibrium is a perfect-foresight stationary recursive equilibrium,

where every growth-adjusted aggregate variable is time-invariant.
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Notes

1. Ordinary capital income consists of interest income, noncorporate business

distributions, short-term capital gains, and nonqualified corporate dividends.

In 2017, there were seven tax brackets on the ordinary income statutory tax

schedule—10, 15, 25, 28, 33, 35, and 39.6 percent—where the applicable rates

depend on income ranges that vary with filing status.

2. Preferential capital income consists of long-term capital gains and qualified

corporate dividends. In 2017, there were three tax brackets on the preferential

capital income statutory tax schedule—0, 15, and 20 percent—where the appli-

cable rates depend on income ranges that vary with filing status.

3. This statistic is from data created by the Statistics of Income (SOI) division of

the Internal Revenue Service’s 2017 sample of individual income tax returns.

4. This issue has been recognized in prior literature such as Guvenen, Kuruscu,

and Ozkan (2014), who argue that the complexity of capital taxation is a reason

to completely abstract from modeling it when studying labor income taxation.

5. See Joint Committee on Taxation (JCT, 2017) for a list of provisions contained

in PL 115-97, colloquially known as the “Tax Cuts and Jobs Act.”

6. The previous-law statutory tax rate schedule on corporate income in the United

States with maximum rate of 35 percent and replaced it with a single 21 percent

statutory rate beginning in calendar year 2018.

7. The major changes included an overall reduction in statutory rate tax rates on

ordinary income, expansion of the standard deduction, modification of itemized
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deductions, 20 percent deduction of qualified business income for pass-through

entities, repeal of personal exemptions, and expansion of the child tax credit.

8. In particular, expansions to the previous work described in this article reflect a

version of the overlapping generations model built by the authors for use by the

JCT in providing the US Congress with macroeconomic analyses of major tax

legislation.

9. These provisions include the special treatment of social security income; per-

sonal and dependent exemptions; standard deduction; earned income credit;

child tax credit; home mortgage interest deduction; state and local income,

sales, and property tax deductions; charitable giving deduction; limitation on

overall itemized deductions; net investment income and Medicare surtaxes; and

dependent care credit.

10. See Congressional Budget Office (2019) for a historical analysis of statutory

versus effective federal tax rates on labor income.

11. We do not model the choice of a given firm to be a corporate or noncorporate

entity as in Raei (2020b). Rather, we allow for the relative size of the repre-

sentative corporate and noncorporate firms to depend on their investment and

hiring choices.

12. While prices, taxes, and utility are time dependent, the household keeps track of

choice variables over time using age. To reduce notational clutter, we omit the

time subscript in what follows.

13. These various types of consumption are relevant for tax purposes and consid-

ered because their special tax treatment produces heterogeneity in effective

marginal tax rates (Moore and Pecoraro 2020b). This consumption detail is

described in Appendix A.

14. Using the internal tax calculator requires evaluating the tax consequences of

every possible combination of choice variables at every possible household-

level state. The number of combinations is significantly reduced by using dis-

crete labor supply choice set instead of a continuous one.

15. As emphasized in Chang, Kim, and Schorfheide (2013), indivisible labor

implies that the aggregate labor supply elasticity is endogenous and

depends on the distribution of reservation wages across households, which

itself does not fully depend on the parameterization of the labor subutility

function.

16. The functional form for instantaneous utility is chosen because it is consistent

with a balanced growth path in the presence of fixed costs from working. See

Holter, Krueger, and Stepanchuk (2019) for a proof.

17. See the “Household Demographics, Preferences, and Characteristics” subsec-

tion in Appendix C for details.
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18. An alternative, infinitely lived financial intermediary framework could be struc-

tured to yield the same no-arbitrage condition derived here.

19. Adjusted gross income (AGI) is a concept used by the Internal Revenue Service

to measure income for tax purposes. This differs from economic income, such

as the personal income measures produced by the Bureau of Economic Anal-

ysis. See Ledbetter (2007) for a discussion.

20. In the “Adjustments to Economic Income” subsection in Appendix C, we

describe our process for capital income aggregation by source and the process

by which adjustments are made to gross economic income to arrive at AGI.

21. JCT’s Individual Tax Model (JCT-ITM) is in principle similar to NBER’s

TAXSIM model. However, while TAXSIM makes use of the SOI division

public use files, the JCT-ITM generally uses more a recent, confidential sample

of tax returns from the SOI division that contains a broader set of variables than

do the public use data. For more information, see JCT (2015).

22. The assumed portions of noncorporate business income, dividend income, cap-

ital gains, interest income, and rental income treated as ordinary are 100, 25.3,

9.5, 60, and 100 percent, respectively.

23. We omit time subscripts when referring to variables in the initial steady state.

24. The average tax rates are derived by dividing the figures in table 2 by the

corresponding figures in table 3 for each ðf ; zÞ demographic. We report these

components separately because, as described in the “Household Demographics,

Preferences, and Characteristics” subsection in Appendix C, adjusted gross

labor income for each demographic is calibrated internally by choosing indi-

vidual labor productivity to meet the specified income target.

25. Since rental income is a relatively small portion of total capital income and

receives the same tax treatment as noncorporate business income, the tables

combine the two.

26. See Moore and Pecoraro (2020b) for a derivation.

27. Although taxes are not levied directly on the noncorporate firm, the noncorpo-

rate firm’s behavior must be consistent with the tax liabilities associated with

noncorporate income paid at the household level. The only tax liabilities asso-

ciated with noncorporate income entering the government’s budget constraint

are those at the household level.

28. We compute the effective marginal tax rate (EMTR) by adding 1 percent to the

taxpayer’s adjusted gross labor income.

29. The EMTR is not necessarily statutory tax rate, even if the incremental income

used to compute the EMTR does not cause the taxpayer to move across statutory

marginal tax brackets.

30. In the baseline steady state, about 66 percent of total adjusted gross capital

income is characterized as ordinary. Since every household has the same

Moore and Pecoraro 385



portfolio composition, each household then faces the same proportional

shock.

31. If the shock were to persist for a second period, households would have an

additional incentive to change their savings in response to changes in the after-

tax return to future capital income.

32. See the “Calibrating Tax Instruments for Policy Changes” subsection in Appen-

dix C for a description of how each tax system is calibrated for policy changes.

33. Delayed adjustment of fiscal instruments to maintain fiscal sustainability mini-

mizes the within-budget-window bias associated with the specific “fiscal

closure” rule chosen. See Moore and Pecoraro (2020a) for a discussion.

34. The conventional revenue target from JCT (2017) is the estimated change in tax

receipts from those projected under a present-law baseline forecast, holding

constant gross national product. See JCT (2011) for a discussion of the conven-

tional estimation methodology.

35. Noncorporate distributions increase immediately before a long-run decline

because the noncorporate firms’ investment expenses decline faster than non-

corporate output itself.

36. Under the conventional tax specification, productivity unweighted labor hours

increase throughout the budget window while productivity weighted labor sup-

ply remains roughly constant. This results from the initial labor supply response

being largely driven by low-productivity workers under that tax system.

37. Parameters calibrated to the single year 2018 in Moore and Pecoraro (2020b)

are calibrated to the single year 2017 here, while parameters calibrated from

2018 to 2028 projections in the former paper are calibrated from 2017 to 2027

projections presented in The Budget and Economic Outlook: 2017 to 2027.

38. Our “NIPA-comparable” measure is computed using the JCT-ITM by adding to

AGI wage income (i) combat pay, (ii) employers’ share of the Federal Insurance

Contributions Act (FICA) tax, (iii) deferred 401k compensation, (iv) employers

share of 401k compensation, (v) employer provided dependent care, (vi)

employer health-insurance compensation, (vii) employer Health Savings

Account (HSA) compensation, and (viii) employer life-insurance

compensation.

39. We define financial wealth as financial assets (balances of checking accounts,

savings accounts, money market mutual accounts, call accounts at brokerages,

prepaid cards, certificates of deposits, total directly-held mutual funds, stocks,

savings and other bonds, IRAs, thrift accounts, future pensions, cash value of

whole life insurance, trusts, annuities, managed investment accounts with

equity interest, and miscellaneous other financial assets) less debt (credit card

balances, educations loans, installment loans, loans against pensions and/or life

insurance, margin loans, and other miscellaneous loans).
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40. We truncate the sample by disregarding all observations in the bottom 20

percent and top 10 percent of the original sample. We truncate the sample from

the bottom because the magnitude of negative net worth of held by households

in the bottom 20 percent of the original sample prevents the corresponding

model agents from feasibly earning enough income to pay off their endowment

of debt given the deterministic labor productivity path, thereby violating the no-

Ponzi condition. We truncate the sample from the top because the variation in

positive net worth held by agents in the top 10 percent of the distribution

requires that the net worth grid be impractically large, generating untenable

curse of dimensionality issues.

41. See Altshuler et al. (2005) for a discussion of calibration ratios.

42. Since rental income is a relatively small portion of total capital income and

receives the same tax treatment as noncorporate business income, the tables

combine the two.

43. The conventional revenue effect is the estimated change in tax receipts from

those projected under a present law baseline forecast, holding constant gross

national product. See JCT (2011) for more details.
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