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1 Introduction

Two distinct e�ects commonly arise in models in which income is taxed, and tax revenues

redistributed. First, taxes and transfers reduce undiversi�able idiosyncratic earnings risk by

transferring money from agents whose labor income is currently high to agents whose labor

income is low. If agents are ex ante identical, then this has a substantial risk sharing e�ect:

it reduces the cross sectional variance of after tax income and of consumption, and generates

a more equitable allocation of resources in the economy. Second, taxes can also cause savings

distortions that may reduce average production and consumption through lower investment

and hence a lower accumulation of physical capital. Policy makers are typically faced with a

trade-o� between equity and eÆciency. This paper constructs a simple heterogeneous agent

model to discuss the trade-o� between inequality (equity) and distortions (eÆciency) and

then tests the model by exploiting the variability in tax rates across the di�erent US states.

To assess the equity-eÆciency trade-o�, a heterogeneous agent framework is necessary.

The earliest such models, by Huggett (1993) and Aiyagari (1994), analyzed the general equi-

librium implications of undiversi�able, idiosyncratic, labor income risk in the presence of

liquidity constraints. A parallel literature focusing on precautionary saving and individual

behavior featured the same microeconomic assumptions and has received substantial atten-

tion and empirical support at both the microeconomic1 and macroeconomic level2. As a

result of this positive evidence, the general equilibrium counterparts of these models are

now routinely being used to investigate the implications of alternative policy regimes for

macroeconomic outcomes (see Rios-Rull (1999) for a survey of applications and compu-

tational approaches). This paper follows this approach, augmenting the Aiyagari (1994)

in�nite horizons model by including taxes, transfers and discount factor heterogeneity. This

last feature better matches the wealth distribution observed in the data (see Krusell and

Smith (1998) and Carroll (2000)). Two studies have made a similar simulation exercise to

1Deaton (1991), Carroll (1992, 1997), Carroll and Samwick (1998), Hubbard, Skinner, Zeldes (1995), At-

tanasio, Banks, Meghir and Weber (1999), Cagetti (1999) and Gourinchas and Parker (2002) o�er supporting

evidence that some combination of precautionary saving and/or liquidity constraints can be important de-

terminants of saving and consumption dynamics.
2See, for instance, Ludvigson and Michaelides (2001).
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assess eÆciency and welfare. Floden (2001) analyzes the e�ect of various combinations of

transfer and debt policies, while Domeij and Heathcote (2002) analyze the e�ect of changes

in marginal taxation. While using a similar theoretical framework, this paper assesses the

empirical implications of the model since empirical work to date has mostly focused on test-

ing the implications of partial equilibrium models either through the explicit estimation of

structural parameters (for instance, Gourinchas and Parker, 2002) or through the illustration

that key correlations implied by the model hold up in the data (for instance, Carroll and

Samwick, 1998). The general equilibrium version of the model, or the more general idea

of an equity-eÆciency tradeo� from higher taxation, has not yet come under an empirical

scrutiny of similar magnitude.

By exploiting variations in tax policy across US states we can compare the predictions

of the model with observed outcomes. The policy trade-o� is investigated by looking at the

mean of saving and at the mean, the standard deviation, and the coeÆcient of variation

of consumption in each state using household survey data. For mean saving and mean

consumption, the use of aggregate data is inappropriate since they do not directly aggregate,

see Attanasio and Weber (1993, 1995), while the construction of higher moments requires

microeconomic data. We use the Consumer Expenditure Survey (CEX), a large survey of US

households available on a continuous basis for 1980-1998 to construct consumption measures.

US data are ideal for the empirical investigation as we can exploit the substantial variation

in taxes across the di�erent states. Variation across countries could also be exploited, but

such variation may instead reect di�erences in institutional, cultural and other country-

speci�c features. Moreover, using the same survey across tax regimes reduces the chance

that di�erences in the survey design generate the di�erent measured policy responses.

Among the constructed variables, the coeÆcient of variation of consumption parsimo-

niously summarises the main implications of the model. The reduction of the numerator

(the standard deviation of consumption) is the policy bene�t and the reduction in the de-

nominator (the mean of consumption) is the cost. The empirical test of the e�ect of di�erent

redistributive regimes across American states looks at how the coeÆcient of variation of con-

sumption varies across regimes. By combining the simulation exercise with the empirical

evidence we can establish how successful theoretical general equilibrium models of this type
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are in assessing this trade-o�. It is important to emphasize that despite the voluminous gen-

eral equilibrium, incomplete markets, heterogeneous agent literature, very little work exists

that confronts the implications of these models with the data (the empirical work that exists

on precautionary savings models usually tests partial equilibrium implications).

The empirical results in this paper show that higher taxes are negatively correlated with

both mean consumption and the saving rate. Also, consumption inequality is lower in states

with more redistributive tax policies, which can potentially arise from both pure redistribu-

tion from rich to poor, and from insurance against unexpected changes in income. Finally,

we show that the coeÆcient of variation declines with increases in taxation, suggesting that

there is a small fall in eÆciency for a large gain in equity. We interpret these �ndings as

being broadly consistent with the main theoretical predictions of the model.

The structure of the paper is as follows. Section 2 describes the theoretical model and

section 3 analyzes the implications for the observable variables. Section 4 describes the data

sets and proposes two measures of tax redistributiveness in the di�erent US states. Section

5 discusses the empirical �ndings and section 6 concludes.

2 The Model

The model is a variant of Aiyagari (1994), extended to include an exogenous redistributive

policy, and discount factor heterogeneity to generate more plausible wealth distribution

pro�les. The focus is on the e�ects of di�erent redistributive policies on the various measures

of the trade-o� between risk sharing and productive eÆciency.

2.1 Production and factor prices

Production of �nal goods takes place through a large number of identical �rms that use

capital and labor as inputs. All �rms operate a common neoclassical production technology

characterized by the Cobb-Douglas production function:

y = F
�
K; L

�
= K

�
L
1��
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with � 2 (0; 1). The function F is endowed with all the usual neoclassical properties:

diminishing marginal returns with respect to each factor, constant returns to scale, and the

Inada conditions.

Competitive pricing implies that factors of production earn their marginal products:

R = F1

�
K;L

�
and w = F2

�
K;L

�

Capital depreciates in each period at the constant rate Æ, implying that the user cost is

r = R� Æ.

2.2 The government budget

The government imposes a �xed and pre-speci�ed marginal tax rate � on capital and labor

income and redistributes the average tax revenues, T , to all individuals, after paying the

interest cost of the steady state government debt, Dt.
3 The government's balanced budget

constraint in each period therefore becomes:

Tt + rDt = �rKt + �Lt

2.3 The household problem

There are a large number of households that derive utility solely from the consumption of

the �nal good. Each household receives an idiosyncratic labor income shock. Households

can smooth their consumption pro�le via the trading of assets Ait in a capital market that

is characterized by an (exogenously given) borrowing constraint. The household pays taxes

at a at marginal tax rate, � , on both capital and labor income, but receives a common

per-capita lump-sum transfer T that is �nanced from taxation. Policies are exogenous and

constant over time and there is no commitment problem on the part of the government in

enforcing its policy.

3Note that we �x the marginal tax rate on capital and labor to be identical. As will be seen in the

empirical section, tax jurisdictions rarely distinguish between these di�erent sources of income when assessing

the household's tax liability.
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There is no aggregate uncertainty, but individuals face idiosyncratic labor income shocks,

denoted by Yit. In the stationary equilibrium, all resulting asymptotic distributions in the

economy are time-invariant, even though there is substantial mobility at the individual level.

Aggregate-economy prices are therefore constant, generating a price vector fr; wg.

The consumer's problem is:

maxE0

1X
t=0

�tu(Cit)

s.t. (8t 2 f0; 1; ::g):

Cit + Ait+1 = [1 + (1� �) r]Ait + (1� �)wYit + T

Ait+1 � �b

where � is the constant discount factor, Cit is consumption for individual i at time t, b is

the borrowing limit and T is the per capita transfer.4

The computations will allow no borrowing (b = 0).5 Moreover, following Deaton (1991)

and Aiyagari (1994), it is convenient to work with the the total resources available for

consumption, or cash on hand (Xit = [1 + (1� �) r]Ait + (1� �)wYit + T ), thus:

Xit+1 = [1 + (1� �) r]Ait+1 + (1� �)wYit+1 + T

= [1 + (1� �) r] (Xit � Cit) + (1� �)wYit+1 + T

2.4 Preferences

We use the standard CRRA utility function, without leisure:

u (Cit) =
C

1��
it

1� �
4We abstract from government spending on public goods, and any possible ineÆciency in raising revenue

and/or spending by governments. We are interested solely in the redistributive aspect of taxes and transfers.

In a recent paper, Fat�as and Mihov (2001) look at the e�ects of government spending on consumption and

employment.
5Allowing the borrowing limit to vary exogenously is trivial and does not a�ect the qualitative comparative

statics of varying the tax rate.
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with � > 0. This assumes that the labor choice decision is exogenous, even though there

are taxes on marginal earnings. The motivation for this assumption is empirical: prime-age

males are typically estimated to have extremely low labor supply elasticities, see for instance

Card (1994) and Hyslop (2001). It is true that the labor supply elasticity of the female

spouse is typically estimated to be much higher (Hyslop (2001)) but building explicit micro-

foundations for this fact requires modeling the marriage decision and the combined labor

supply choice facing a household. This would substantially complicate the analysis, and is

beyond the scope of this paper. The chosen formulation implicitly assumes that most of the

distortions arising through taxation result from the ineÆcient allocation of capital rather

than labor.

2.5 Labor income

Labor income risk is non-diversi�able (perhaps because of moral hazard and adverse selec-

tion) and therefore a�ects households' consumption paths. Idiosyncratic labor productivity

for household i follows the process:

lnYit = ' lnYit�1 + "it (1)

where ' is close to a unit root (it will be set to 0:92). This might not be an uncontroversial

assumption. A large literature in applied labor economics on earnings dynamics either

assumes that there exists a unit root in individual earnings (Abowd and Card (1989) and

MacCurdy (1982), for instance) or cannot reject the hypothesis of a unit root (Meghir and

Pistaferri (2001), for example). The literature on bu�er stock saving, following Deaton

(1991) and Carroll (1992), usually assumes that labor income can be decomposed into a

permanent and a transitory component (see Carroll and Samwick (1998) for evidence about

this). In these papers, the demeaned growth in individual labor income follows:

� lnYit = lnNit + lnUit � lnUit�1; (2)

Individual earnings growth in (2) has a single Wold representation that is equivalent to

the MA(1) process for individual earnings growth estimated using household level data
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(MaCurdy (1982), Abowd and Card (1989), and Pischke (1995)).6

We do not follow this approach in this paper for two reasons. First, unit root tests in

short panels can have low power; discriminating between a very persistent process and a

unit root might not be possible. Second, most of the general equilibrium literature with this

model uses an AR(1) process (see Aiyagari (1994), Floden (2001) and Domeij and Heathcote

(2002), for instance). For comparability reasons, we therefore want the model to be as close

as possible to this standard speci�cation. However, this might be an important assumption

given the non-monotonicity in results between a persistent AR(1) process and a unit root

process, as pointed out by Deaton (1991) in partial equilibrium and Krusell-Smith (1997) in

general equilibrium.

2.6 Equilibrium

We assume that there are no problems of commitment on the part of the government to pre-

announced tax rates. Once a tax rate is announced, economic agents solve their individual

consumption problem given the tax rate and prices. Prices are then determined endogenously

to equilibrate asset supply and the demand for capital. We compute the joint distribution

of wealth and labor income (rather than using simulations of individual life histories) and

present these distributions later on in the paper.

3 Implications of Varying Tax Rates

3.1 Parameter Choice and Solution Method

Each time period is a year. We use a CRRA coeÆcient equal to 3 and � = 0:36, so

that the labor share is about 2
3
in production. The marginal tax rate ranges from zero to

forty percent in �ve-percent intervals. The standard deviation of the earnings shocks, �",

is 0:1. The depreciation rate of capital is eight percent and the discount rate �ve percent.

The persistence in earnings is 0:92. We use a seven point approximation and a quadrature

6Although these studies generally suggest an MA(2) process, an MA(1) is also found to be a good

approximation.
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method to take expectations (see Burnside (1999) for a clear exposition of the practical issues

involved). We rely on 100 grid points for the endogenous state variable (cash on hand) and

ensure that the maximum value of cash on hand is always higher than the maximum possible

cash on hand implied by the model (this is done by trial and error). We compute the time

invariant distribution of cash on hand explicitly (rather than using simulations). Cubic spline

interpolations are used to interpolate between grid points.

3.2 Constant discount rate economy

The results for some of the variables of interest are presented in �gures 1-9. Higher taxation

leads to a lower equilibrium saving rate for the economy (�gure 1), a higher gross (and

net) interest rate (�gure 2), a lower capital stock (�gure 3) and output and a higher level

of transfers (�gure 4). These results capture the distortionary e�ects of higher taxation.

The distortionary e�ects of higher taxes can also be seen in �gure 5 that illustrates how

mean log consumption (�) falls quite quickly with higher taxes7. On the other hand, the

dispersion (standard deviation, �) of log consumption in the economy falls (�gure 6); this

is the redistributive value from higher transfers. Moreover, the ratio of the two (relative

dispersion=�
�
) falls (�gure 7), implying that the fall in mean consumption is slower than

the fall in the standard deviation of consumption; the reduction in inequality outweighs the

distortionary e�ect for all tax rates in this economy according to this metric.

We will be interested in making welfare evaluations from varying the tax rates. To do

so, we compute aggregate mean social welfare as the average of the value functions using the

time-invariant distribution of cash on hand. This utilitarian social welfare function (denote

it by U) increases if consumption rises, if inequality is reduced (since the welfare function

is concave) or if uncertainty is reduced (since agents are risk averse). To compare two

di�erent economies, we �nd the percent of life-time consumption that agents in one system

are prepared to give up to accept the policy change. We report all our results with the zero

tax rate case as the benchmark (call this economy A). It can be shown that the proportional,

percentage life-time consumption agents are prepared to give up to move from one regime

7We have scaled consumption up to be near the mean log consumption values in the data.

13



(A) to another (B) is given by

100 � [(
UB

UA

)1=(1��) � 1]

This is the metric we use in our evaluations. Figure 8 illustrates the trade-o� between

equity and reditribution. For low tax rates the bene�t outweighs the cost as the reduction in

the variance of possible consumption outcomes (�gure 6) dominates the reduction in mean

consumption (�gure 5). Nevertheless, as tax rates rise the reduction in mean consumption

eventually implies a lower welfare for higher taxes (�gure 8). The optimal tax rate for

this calibration is 16 percent and agents would be willing to give up around 2.1 percent of

mean consumption to move from the zero-tax rate economy to the 16% one, illustrating the

substantial bene�t from lowering inequality once the utilitarian comparison is used. Figure 9

illustrates more clearly what happens to the unconditional wealth distribution when taxes are

raised. The reduction in inequality is clearly illustrated: the wealth distribution is squeezed

to be in a narrower range with higher taxes and transfers.

The results are robust to varying the structural parameters of the model. As a general

rule, varying structural parameters that increase the value of risk-sharing increases the value

of redistributive taxation. Speci�cally, a more persistent earnings process or a higher risk

aversion coeÆcient leads to more value for risk sharing. Higher risk sharing on the other

hand takes place at the cost of substantial productive (and mean consumption) distortions.

3.3 Generating an Empirically Plausible Wealth Distribution

Krusell and Smith (1998) show that the observed wealth distribution in the data can be

matched once discount factors are allowed to change stochastically in the economy with a

small variation from their unconditional average. Carroll (2000) matches some key features of

the observed wealth distribution using the same idea but a simpler heterogeneity in discount

rates by assuming that two thirds of the population is \impatient" and one third \patient".

We follow Carroll (2000) and assume that the impatient households have a discount factor

equal to 5:5% and the patient ones have one equal to 4% so that the unconditional average of

discounting in the economy remains equal to 5%. The patient households will, in equilibrium,
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end up holding a larger level of wealth. We also assume that taxes are paid by everybody

but transfers are only received by the poorest segment of the population (the impatient

consumers). This is intended to capture in the simplest possible way the progressivity of the

tax system so that richer people are taxed disproportionately relative to the poorer agents

in the economy.

The results are presented in �gures 10-19. Figures 10-11 show what happens to the

wealth distribution when the tax rate is varied from zero to forty percent. Figures 10

and 11 compare the unconditional wealth distribution for the impatient (�gure 10) and the

patient consumers (�gure 11). A higher tax rate leads to higher transfers being passed to

the impatient consumers, and therefore their wealth distribution shrinks as the tax rate is

raised. Perhaps surprisingly, the opposite results are predicted for the patient consumers

in �gure 11. Even though these agents do not receive transfers, their wealth distribution

would still be expected to be compressed when taxes are higher. Nevertheless, we will see

shortly that both the gross (and net) interest rate increase as taxes are raised. Given that

these agents save a bigger proportion of their incomes, this general equilibrium e�ect tends

to make their distributions more unequal as taxes are raised.8

The e�ects from varying the tax rate on key variables of the model that will be later

compared to the data are presented in �gures 12-19. The general direction of how tax rates

a�ect the key variables of interest at the aggregate level (the weighted average of the patient

and impatient consumers) is similar to the constant discount rate economy. Higher tax rates

are associated with lower saving rates (�gure 12), with higher gross and net interest rates

(�gure 13), with a lower capital stock (�gure 14), and higher transfers (�gure 15). Figures

16 and 17 separately present the results for the patient and impatient households, and the

average across household types. The dotted line in the �gures is the average and is therefore

always between the two solid lines that represent the patient and impatient consumers. Mean

(log) consumption is again decreasing in the tax rate (�gure 16), as is the standard deviation

of (log) consumption (�gure 17). Nevertheless, the rate of change in response to the tax rate

8It is also useful to point out that the wealth distribution for the patient consumers is more skewed to

the right (relative to the distributions for the impatient consumers), and the proportion of total wealth held

by these consumers is higher (compare �gures 10 and 11 which both have the same domain).
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is very di�erent between the two subgroups in the population. Mean consumption falls much

faster for the patient households since they bear the cost of taxation without receiving the

bene�t of the transfer. The standard deviation of consumption falls faster for the impatient

households (�gure 17) as they receive the bene�t of the transfer. This is most clearly reected

in the coeÆcient of variation (�gure 18). It falls for the impatient households but is mostly

rising for the patient households. In �gure 19, mean welfare (computed as described in the

last section) for impatient households has a hump shape as a function of the tax rate but

this is not true for the patient households that prefer a zero tax rate. Note that a political

equilibrium can sustain a positive tax rate since the impatient households that make up

two thirds of the population prefer a positive tax rate due to the value associated with

redistribution through the tax system.

3.4 Empirical Implications

The calibration exercise implies that the mean and the standard deviation of consumption are

both falling as taxes are raised. The coeÆcient of variation is also generally decreasing with

increases in taxes. This gives a set of implications for consumption, which can be confronted

with the data. Moreover, the mechanism through which taxes act on consumption is through

saving and capital accumulation: the saving rate falls as marginal tax rates increase, as does

the capital stock. These e�ects are consistent across the two calibration exercises, which di�er

in the assumptions about the discount rate. We next compare the testable implications of

the model with the data.

4 Data Description

Household consumption is measured using the Consumer Expenditure Survey (CEX): a

survey of US households that has operated on a continuous basis since 1980 and has detailed

information on consumer expenditure and saving. The Bureau of Labor Statistics (BLS)

collects the data to construct the consumer price index and hence the data-set contains

extremely detailed information on the various components of consumption, together with a

16



variety of household characteristics. It also includes the state of residence. The survey is

designed as a rotating panel, with households being interviewed 5 times at quarterly intervals

(although the �rst is a contact interview from which no information is made available).

Each quarter, households reaching their �fth interview drop out and are replaced by a new

household. Since the survey records detailed information on several expenditure items, we

can construct a measure of non-durable consumption that includes food and beverages,

tobacco, housekeeping services, fuel, public utilities, repairs, public transport, personal care,

entertainment, clothing and books, each deated by the appropriate price index. Saving

(deated by the Stone price index for non-durable consumption) is the sum of the amount

held in saving accounts at banks, credit unions, savings and loans institutions, checking

accounts, brokerage institutions, in US saving bonds, and the estimated value of stocks,

bonds, and other liquid securities. We restrict the sample to those households for which

full state information is available,9 interviewed between 1982-1998 and where the head is

between the ages of 25 and 55. Furthermore, self-employed and farming households have

been excluded. This results in a sample of around 100,000 households.

Information on household level income and transfers is obtained from the March supple-

ment of the Current Population Survey (CPS). This is a Census survey also run by the BLS

and designed to give very detailed and accurate information on income and demographics.

Income is de�ned as total household labor income. We use income data from the CPS be-

cause it has the advantage of being a much larger survey than the CEX. Another advantage

is that the errors with which income and consumption are measured are likely to be cor-

related when they are taken from the same survey while this is less likely when they come

from di�erent surveys.

4.1 Measuring taxes

Constructing a measure of the tax burden in each state is not a trivial task and a number

of problems must be addressed in the process. For instance, US households are subject to

taxes levied at the federal and state levels, by county administrations, and by schoolboards;

9For con�dentiality reasons, state information is sometimes suppressed.
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these taxes include income taxes, sales taxes, property taxes and duty. We concentrate

on income tax, which is raised at both the federal and state level: this is driven by our

identi�cation strategy that exploits variation across, but not within, states. Speci�cally, we

could construct a measure of property taxes but this measure would be problematic because

property taxes are largely levied at the county/schoolboard/city level. Equivalently, there is

a substantial variation within states between lower jurisdictions. We avoid using sales taxes

for the same reason. Moreover, sales taxes are paid at the place of sale and not that of

residence, which makes it extremely diÆcult to devise a measure of sales taxes levied on the

households within the state if cross-border shopping takes place. In the CEX, the spending

�gure excludes sales taxes, which makes spending comparable across states.

Table 1 illustrates the complexity of the federal income tax system: the 1998 federal

marginal tax rate varies non-linearly from 15 percent for single people whose income is less

than $26,250 (and less than $43,850 for married couples) up to 39.6 percent for incomes

over $288,350. Furthermore, these tax rates, and tax brackets, have all changed over the

years. Before 1987 a much larger number of tax brackets was applicable, while before 1996

around 15-20 percent of people had incomes that were not suÆciently high for them to pay

any federal income tax. Moreover, state marginal tax rates and exemptions di�er widely

between states. Table 2 displays the current tax rates applicable in di�erent US states

and shows that 8 states, including Texas and Florida, do not levy any income tax on their

residents. In addition, New Hampshire and Tennessee only charge tax on dividend and

interest income. The other states have a variety of income tax bands and exemptions (or

tax credits) that are applicable. Although some states have a at rate income tax, in most

states, the marginal tax rate increases with income, and there are a variety of tax allowances

to which households are entitled.

To measure the tax burden, information on transfers is also required; this comes from the

CPS. Such transfers include social security and railroad retirement income, supplementary

security income, unemployment compensation, worker's compensation and veterans pay-

ments, public assistance or welfare, and the value of food stamps received: the CPS asks

questions on all these transfers. Table 3 shows that the average transfer over the whole

sampled population amounts to $994, while 22.6 percent of households receive a transfer.
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Conditional on receiving at least something, households receive an average of $4,389. This

should be compared to the average household salary in the survey of $34,281, or $19,483 for

those households that are receiving transfers. While this amount may seem small, for some

households it can make a substantial di�erence to their after tax (and transfer) income.

To construct each household's income tax burden, we exploit the TAXSIM 4.0 program

developed by Freenberg (see Freenberg and Coutts (1993) for details) and provided by the

NBER. Using a variety of household variables, including a husband's and wife's earnings,

interest, dividends and other income, and information about the household's characteristics

(such as the number of dependant children) and other deductibles (like property costs) as

well as the year and state of residence, the program calculates both the state and the federal

tax bracket, tax liability, and marginal tax rate for each household in the sample, explicitly

controlling for a variety of allowances.

From the output of the TAXSIM program we want to construct a measure of how re-

distributive the tax system is in each state. If the marginal tax rate was the same for all

households in any year-state, then this would be the natural measure of redistributiveness.

However, marginal taxes di�er substantially across agents even in the same year and state.

Furthermore, agents have many exemptions, allowances, and transfers available to them

that depend upon their characteristics. Rather than explicitly model all the di�erent e�ec-

tive marginal taxes (and transfers) that are available, we will instead reduce the problem to

constructing an index that reects the \average" marginal tax rate in each state. While a

simpli�cation, this will allow us to concentrate on the main feature of interest for this paper:

how variation in taxes a�ects consumers.

No completely satisfactory measure of redistributiveness exists, but some measures are

possible given the output provided by the TAXSIM program. An obvious one is to compute

the average marginal tax rate within each year t and state j. This is calculated as the

mean of the household marginal tax rates obtained from the TAXSIM program. As table 4

shows, the average federal bracket is 20.2 percent, and the average marginal tax rate (which

accounts for various allowances) is 19.2 percent. The state rates vary from zero in Texas and

Florida, which charge no income tax, to an average marginal tax rate of 7.4 percent in New

York.
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A problem associated with this measure is that it does not account for heterogeneity

amongst household tax rates. For instance, a mean marginal tax rate of 20 per cent in a

state and year, could be due to all paying a marginal tax rate of 20 per cent; or to the

bottom �fth of the population paying 100 percent and the rest nothing; or to the top 20 per

cent paying 100 percent and the rest nothing. These three cases have substantially di�erent

implications for the amount of redistribution within the state and year, something that we

would like the tax measure to capture. In order to better account for this heterogeneity in

taxes, we also construct a more direct measure of how much the tax system redistributes

income. This measure is constructed as:

1�

vuutvarjt (incomeijt � tax liabilityijt + transfersijt)

varjt(incomeijt)
(3)

where the tax liability is obtained from the TAXSIM program, and i denotes the household.

The above measure is computed for each group of households that reside in a given state j

in a given year t as one minus the square-root of the ratio of the variance of income after

tax and transfers to the variance of income before tax and transfers. If all households faced

the same marginal tax rate, and there were no allowances, then this constructed measure

would exactly equal the marginal tax rate (and also the average tax rate), and it would not

matter which measure was used. Since a larger value implies more redistribution, we name

it the income compression measure. Given that the mean marginal tax rate conceals large

di�erences in the households' marginal tax rates, the income compression measure will be

our preferred measure of how redistributive the tax system is.

Table 4 displays the two tax measures for the whole of the US and for the 6 largest US

states. The �rst column shows that the average marginal federal tax rate is 19.2 percent

and that the average marginal state tax goes form 2.2 in Pennsylvania to 6.3 in New York.

The second column of table 4 reports the income compression measure, which averages 28.3

percent over the whole US, but di�ers from 22.8 percent in Florida (where there is no income

tax), to 33.0 percent in New York, traditionally viewed as one of the more progressive states.

This means that the tax and transfer system is 50 percent more redistributive in New York

than in Florida. Taken together, these numbers show that there is enough variation across

states to get meaningful results, a key issue if we are to convincingly assess the model
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predictions. Results will be reported for both measures and the correlation between the two

measures is 0.81.

5 The Empirical Evidence

The regressions use year-state level grouped data where the measures of tax redistribution

vary over time and across states. Cells were de�ned for each state for every two years: the

minimum cell size was 50 households. Putting two years together allows more states to be

included in the regressions given the minimum cell size of 50. In choosing the cell size we face

a trade-o�: choosing a higher number of households in each cell implies fewer observations in

the regression leading to higher standard errors whereas a smaller cell size generates a larger

number of observations in the regression but increases the within cell measurement error.

Setting the cell size to 50 may seem low, but for many states there are few observations:

this choice leaves 34 states to be included in the regressions with a total number of 227

observations. Using di�erent cell sizes, or combining one, or three years together, does not

qualitatively change the results. Nevertheless, for comparison, some results are reported for

a minimum cell size of 100.

Throughout we refer to the mean and standard deviation of consumption as the mean

and the standard deviation of log consumption in each cell. The ratio of the standard

deviation to the mean of consumption is de�ned as the relative dispersion or coeÆcient of

variation of consumption. All these variables were regressed on the two di�erent measures

of tax redistributiveness. To control for observed heterogeneity at the household level, the

following procedure was adopted: in the �rst stage household consumption (or saving, for

which a tobit was ran) was regressed against a cubic polynomial in age, education, family-

size, month, year, race, and marital status. Group averages were then constructed from the

residuals. We also report results without the �rst stage controls.
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Saving

The e�ect of taxes on saving is reported in table 5. Panel A shows how the income compres-

sion measure (recall equation 4) a�ects savings, while panel B reports results for the mean

marginal tax rate. The results refer to the saving level.10 Column (1) displays the basic re-

gression, which includes state dummies. The results, surprisingly, show that increasing tax

redistributiveness (using either measure) increases the level of saving: this result conicts

with the predictions from the theory. Moreover the results are signi�cant at the 1 percent

level. When year dummies are also included in the regression, column (2), the results change.

While the income compression measure still shows a positive e�ect, the coeÆcient is reduced

and is marginally not signi�cant (at the 10 percent level). However, in panel B the e�ect

becomes negative. Columns (3) and (4) instead di�erence the data, and regress the change

in saving against the change in the tax measures. Di�erencing will remove any linear time

trend, which appears in the constant of the di�erenced equation, and it will also remove the

state �xed e�ect. For both tax measures the e�ect is now negative. Moreover, the e�ect is

signi�cant for the mean marginal tax rate, at the 1 percent level in column (3) that includes

year dummies to control for aggregate shocks, and at the 5 percent level in column (4) that

additionally allows for di�erent deterministic trends for each state.

In columns (5) and (6) the minimum cell size is 100 rather than 50. This will reduce the

number of observations in the regression, but also the measurement error since the variable

of interest is constructed over a larger number of households.11 The results mirror those

in columns (2) and (4), but this time they are never signi�cant. Increasing the minimum

size of the cell has raised the standard errors (this is also true for tables 6-8), which could

account for the lack of signi�cance. Columns (7) and (8), instead, do not control for the

demographic variables before construction of the variable of interest, but again the results

are not signi�cant. In columns (9) and (10), the top and bottom 5 percent of observations

(ordered by consumption) are removed. There are two possible reasons for removing the

top 5 percentile. Firstly, the model may not be a good description of the behavior of the

10Using the saving rate (the ratio of saving to disposable income) leads to very similar results.
11Results are similar when the minimum size of each cell is either 75 or 120 observations, and this is also

true for tables 6-8.
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very rich. Carroll (2000) argues that the simplest model that explains the saving behavior

of the rich assumes that the well-to-do view the accumulation of wealth as an end in itself.

Secondly, the CEX topcodes the responses of the wealthiest households, and it is diÆcult to

reconstruct their real level of consumption or saving given this topcoding. That the data is

topcoded is ignored in the other columns. While the results are similar to those in columns

(2) and (4), they are again not signi�cant.

One might wonder whether the results are a�ected by the endogeneity of taxes with

respect to saving (and to consumption and inequality). Any change in the tax system may

be due to changes in the underlying economy and is thus co-determined with changes in the

other variables of interest. To address this problem, we need to use instruments that a�ect

taxes without directly a�ecting saving (or consumption). Political variables are candidate

instruments since they are likely to reect attitudes towards redistribution, rather than

general economic conditions. The variables used are the percent of voters voting for the

republican candidate in presidential elections, whether the state governor was a democrat

or republican, and who controlled the state legislature.12 Also included is a measure of the

tax raising ability, or tax �scal capacity of the state in each period, and the tax intensity or

e�ort in each period. For the years up to 1991 the data are available from ACIR (Advisory

Commission on Intergovernmental Relations, 1993), while subsequent data are taken from

Tannenwald (2002), although it was necessary to linearly interpolate the two series for some

years. A full discussion of these variables is contained in these two references.

Columns (11)-(13) in table 5 show the results when the tax system is instrumented

by the political variables. The results are never signi�cant, and moreover, for the income

compression measure of the tax system, panel A, the coeÆcient is always positive. It is

also positive for the mean marginal tax rate measure when state dummies only are included

in the regression. The instruments pass the rank test in columns (11) and (12) but not

12The percent voting for the republican candidate was the percentage only considering those who voted for

either the democratic or the republican candidate, having adjusted for the overall level voting for each can-

didate at the national level. For the other two measures, independent governors, and split state legislatures

were dummied as intermediate. The data were made available by Tim Storey at the National Conference of

State Legislatures.
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in column (13), due to the low predictive power of the di�erenced variables. As for the

Sargan test, the results are consistent across Panel A and B and show that only in column

(13) are the over-identyi�ng restrictions not clearly rejected. This suggests that the political

variables do not do particularly well in instrumenting our tax redistributiveness measures in

the regressions for saving.

Overall the results are not clear cut. While column (4), which di�erences out the �xed

e�ect, includes year dummies, and allows di�erent growth rates in di�erent states, is the

preferred regression, and generates a coeÆcient with the sign predicted from the theory (and

is signi�cant for panel B), many of the other regressions either produce a positive and/or

statistically insigni�cant coeÆcient, hence we are cautious about these results.

Mean Consumption

Table 6 uses mean consumption as the dependent variable. When state dummies are in-

cluded, column (1), the estimated e�ect is negative, as the theory predicts, but marginally

not signi�cant at the 10 percent level. However, adding year dummies increases the size of

the coeÆcient, and causes the result to be signi�cant for the income compression measure

(panel A). When the data are di�erenced, as in columns (3) and (4), the coeÆcients are

again negative, and now highly signi�cant (at the 1 percent level) in panel A. These results

suggest that a more redistributive tax system is reducing average consumption. The same

pattern of results is obtained when the minimum size of each cell is 100, columns (5) and

(6); when the demographic controls are omitted, columns (7) and (8); and when the data

are symmetrically trimmed, columns (9) and (10).

Lastly, columns (11)-(13) investigate the e�ect of using the political variables as in-

struments. In contrast to the saving results, the Sargan test does not reject the over-

identifying restrictions for the income compression measure (panel A), and only rejects the

mean marginal tax rate measure (panel B) when the data are di�erenced, at least at the

10 percent level. When combined with the rank test (shown in table 5), this suggests that

the political variables are suitable instruments for a regression of the tax measure on mean

consumption, at least in levels. The results for levels show that the e�ect is not only neg-
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ative for both measures of the tax system, but also signi�cant at either the 1 percent level

when state dummies only are included, and at the 5 percent level when year dummies are

added. When the data are di�erenced, the results in panel A (using the income compression

measure) remain signi�cant at the 10 percent level. One note of caution, however, is that in

columns (12) and (13), the estimated coeÆcient (as well as the standard error) are dramat-

ically increased. Nevertheless, the results are strongly supportive of the hypothesis that a

more redistributive tax system does result in lower average consumption.

Consumption Inequality

Results for the standard deviation of log-consumption are reported in table 7. When state

e�ects only are included, column (1), the results, while negative for both measures of the tax

system, are not signi�cant. When year �xed e�ects are added, column (2), the sign in panel A

(which uses the income compression measure) is positive. Panel B, by contrast, has a negative

and signi�cant e�ect, consistent with the theory. When the data are di�erenced, columns

(3) and (4), the results show a negative coeÆcient, which is signi�cant in panel A. Results

are similar when the minimum cell size is 100, columns (5) and (6), when the demographic

variables are excluded, columns (7) and (8), and when the data are symmetrically trimmed,

columns (9) and (10): in all but one case, the estimated coeÆcient is negative, and in 5 cases

this coeÆcient is signi�cant at the 10 percent level. The �nal three columns demonstrate

the e�ect of instrumenting with the political variables. The Sargan test is not rejected in

Panel A, but is rejected at the 10 percent level in Panel B in levels. This suggests that the

political variables are good instruments for the income compression measure, but not for the

mean marginal tax rate. Nevertheless, the IV-regression results show that all six estimated

coeÆcients are negative. Moreover, when state e�ects only are included in column (11),

the results are signi�cant at the 5 percent level for both tax measures. The results remain

signi�cant at the 10 percent level for the income compression measure when year e�ects

are also included, or when the data are di�erenced (although again there is a large increase

in the estimated coeÆcient). Overall the results suggest that making the tax system more

redistributive signi�cantly reduces the standard deviation of consumption, as the theory
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predicts.

Tables 6 and 7 show that both the mean and the variance of consumption are reduced

when the tax system is more redistributive. The ratio of these variables is investigated in

table 8. The results are broadly in line with those reported in table 7. The baseline speci�-

cation in column (1), which only includes state dummies, shows a negative, but insigni�cant

e�ect. As before, when year dummies are also included, column (2), the coeÆcient in panel A

is now positive but insigni�cant, while in panel B the e�ect is negative and signi�cant. When

the data are di�erenced in columns (3) and (4), the estimated e�ect is always negative, and

is signi�cant at the 10 percent level for the income compression measure. The broad pattern

of results is again obtained in columns (5)-(10). When the tax system is instrumented with

the political variables in columns (11)-(13), the results of the Sargan test are the same as in

table 7: the Sargan test rejects the over-identifying restrictions in columns (11) and (12) for

Panel B. Combining these results with the rank test suggests that only Panel A, columns (11)

and (12), can safely be interpreted. Nevertheless, all the IV-regressions estimate a negative

e�ect on the coeÆcient of variation. In column (11), when state e�ects only are included in

the regression, the results are signi�cant at the 5 percent level in the top panel, and at the 10

percent level in Panel B. The results are no longer signi�cant when year e�ects are included,

column (12), while when the data are also di�erenced, the coeÆcients are only signi�cant

at the 10 percent level in Panel A. Overall, the results show that the coeÆcient of variation

falls as the tax system becomes more redistributive.

Our interpretation of the results is that making the tax system more redistributive has an

ambiguous e�ect on saving. However, the results suggest that the mean, standard deviation,

and coeÆcient of variation of consumption all fall with the degree of redistribution. With

the preferred measure of the tax system (the income compression measure), the results are

signi�cant in di�erences. For the mean, the e�ect is also signi�cant in levels when both

state and year dummies are included. When using the mean marginal tax rate the results

are much less clear cut. The evidence from the rank and Sargan test suggests that the

most satisfactory regression is for Panel A, columns (11) and (12): the results show that

increasing redistribution reduces the mean, standard deviation, and coeÆcient of variation
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of consumption.

Except for the saving regressions, the results generally support the theory. The lack of

convincing evidence for saving may be due to the CEX being designed as a survey to elicit

responses about consumption; saving may be poorly estimated as a result. Unfortunately

there is no other survey of saving that also has state information (state information is

available in the Survey of Consumer Finances, but only in 1986, and moreover, the sample

size is too small to give satisfactory results). Therefore, the e�ect on saving remains an open

issue.

6 Conclusions

The paper attempts to assess the trade-o� between eÆciency and equity: households like

more equality, but may not be prepared to pay the cost if there is a substantial welfare loss

due to distortions in the incentives to save and invest. The theoretical part of the paper

models a stylized economy that encompasses many of the important features needed to

make an assessment of this trade-o�. The calibration exercise, using standard assumptions

about the utility function, the persistence of labor income shocks, and the presence of credit

constraints demonstrates that raising taxes lowers saving, mean consumption and also both

the standard deviation, and the coeÆcient of variation of consumption.

Are the theoretical results consistent with the data? Ideally, one would like to have

several identical economies and exogenously vary tax rates to observe how the variables of

interest change. However, this is not practically possible. Instead, we use variation between

US states to empirically evaluate the model. Di�erences among households between states

are likely to be much smaller than di�erences between, for instance, countries, hence any

test of the theory can more convincingly be done by exploiting the variation between states.

However, one needs to control for some di�erences between states. This is done in several

ways: we control by including state and time dummies in the regression, we di�erence the

data to remove any state �xed e�ect, and we instrument the tax system using political

variables. In the data, there is evidence that the mean, the standard deviation and the

coeÆcient of variation of consumption are indeed decreasing in the tax redistributiveness
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measure, whereas the evidence on saving is more ambiguous.

The fact that the data are broadly consistent (except for saving) with the theory lends

support to the implications of the model; namely that raising tax redistributiveness increases

equity but reduces eÆciency. Interestingly, the result on the coeÆcient of variation suggests

that equity increases more than eÆciency decreases. This suggests that the \marginal rate

of transformation" between equity and eÆciency is less than one. Governments decide the

degree of redistribution on the basis of voters' preferences, given the trade-o� between equity

and eÆciency, which determines where the economy lies on the equity-eÆciency locus. This,

however, is beyond the scope of this paper, whose aim is to describe the equity-eÆciency

trade-o� and provide the input for future studies that want to describe how the optimal

combination of equity and eÆciency depends on preferences.
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Table 1: Income thresholds for current federal tax brackets:

Tax Rate Tax Bracket

(%) single married jointly married separately % paying

15 0 0 0 58.2

28 26,250 43,850 21,925 34.2

31 63,550 105,950 52,975 5.2

36 132,660 161,450 80,725 1.8

39.6 288,350 288,350 144,175 0.3

The data refers to 1998 and is available from the Federation of Tax Administrators at 444 N. Capital Street,

Washington DC. In the table `single' refers to single �lers, `married jointly' refers to married couples �ling

jointly, while `married separately' refers to married couples who �le separate tax returns. `Paying refers to

the proportion of households in the tax bracket.
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Table 2: State Individual Income Tax Rates in the US

State Tax Rates Exemptions

low high single married dependents

Alabama 2.0 5.0 1,500 3,000 300

Alaska no state tax

Arizona 2.87 5.04 2,100 4,200 2,300

Arkansas 1.0 7.0 20* 40* 20*

California 1.0 9.3 72* 142* 227*

Colorado 4.63 4.63 none

Connecticut 3.0 4.5 12,000 24,000 0

Delaware 2.2 5.95 110* 220* 110*

Florida no state tax

Georgia 1.0 6.0 2,700 5,400 2,700

Hawaii 1.5 8.5 1,040 2,080 1,040

Idaho 2.0 8.2 2,900 5,800 2,900

Illinois 3.0 3.0 2,000 4,000 2,000

Indiana 3.4 3.4 1,000 2,000 1,000

Iowa 0.36 8.98 40* 80* 40*

Kansas 3.5 6.45 2,250 4,500 2,250

Kentucky 2.0 6.0 20* 40* 20*

Louisiana 2.0 6.0 4,500 9,000 1,000

Maine 2.0 8.5 2,850 5,700 2,850

Maryland 2.0 4.75 1,850 3,700 1,850

Massachusetts 5.6 5.6 4,400 8,800 1,000

Michigan 4.2 4.2 2,800 5,600 2,800

Minnesota 5.35 7.85 2,900 5,800 2,900

Mississippi 3.0 5.0 6,000 12,000 1,000

Missouri 1.5 6.0 2,100 4,200 2,100

Montana 2.0 11.0 1,610 3,220 1,610

*Refers to Tax Credits rather exempt income. The data refers to 1998 and is available from the Federation of

Tax Administrators at 444 N. Capital Street, Washington DC. The `min.' and `max.' refers to the minimum

and maximum tax bracket in the state, `single' and `married' refer to single �lers and households in which

the husband and wife jointly �le, while `dependents' refer to each additional dependent person for which the

�le may claim.
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Table 2: (cont.) State Individual Income Tax Rates in the US

State Tax Rates Exemptions

low high single married dependents

Nebraska 2.51 6.68 91* 182* 91*

Nevada no state tax

New Hampshire taxes unearned income only

New Jersey 1.4 6.37 1,000 2,000 1,500

New Mexico 1.7 8.2 2,900 5,800 2,900

New York 4.0 6.85 - - 1,000

North Carolina 6.0 7.75 2,500 5,000 2,500

North Dakota 2.67 12.0 2,900 5,800 2,900

Ohio 0.691 6.98 1,050 2,100 1,050

Oklahoma 0.5 6.75 1,000 2,000 1,000

Oregon 5.0 9.0 132* 264* 132*

Pennsylvania 2.8 2.8 none

Rhode Island 25.5% of federal taxes

South Carolina 2.5 7.0 2,900 5,800 2,900

South Dakota no state tax

Tennessee taxes unearned income only

Texas no state tax

Utah 2.3 7.0 2,175 4,350 2,174

Vermont 24% of federal taxes

Virginia 2.0 5.75 800 1,600 800

Washington no state tax

West Virginia 3.0 6.5 2,000 4,000 2,000

Wisconsin 4.6 6.75 700 1,400 400

Wyoming no state tax

Dist. Columbia 5.0 9.0 1,370 2,740 1,370

*Refers to Tax Credits rather exempt income. The data refers to 1998 and is available from the Federation of

Tax Administrators at 444 N. Capital Street, Washington DC. The `min.' and `max.' refers to the minimum

and maximum tax bracket in the state, `single' and `married' refer to single �lers and households in which

the husband and wife jointly �le, while `dependents' refer to each additional dependent person for which the

�le may claim.
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Table 3: The level of wages and transfers for households in the US:

average average if received % receive

wages 32,950 34,281 96.1

social security 272 6,944 3.9

supplementary security income 73 4,339 1.6

unemployment/workers compensation 378 2,766 13.6

public assistance / welfare 166 4,216 3.9

food stamps 104 1,521 6.8

total transfer 994 4,389 22.6

Data is constructed from reported responses in the March supplement of the CPS for the years 1982-1998.

Total transfer refers to the sum of social security bene�ts, supplementary security bene�ts, unemployment or

workers compensation, welfare or other public assistance, and food stamps. The CPS questionnaire conates

social security bene�ts with railroad retirement income, and worker's compensation with veterans payments.

Table 4: Measuring tax redistributiveness by state:

marginal rate tax bracket income compression

Federal 19.2 20.2

State:

Overall 3.7 4.2 27.7

California 5.0 5.3 30.3

Florida - - 22.5

New York 6.3 7.4 32.6

Ohio 3.8 4.0 28.4

Pennsylvania 2.2 2.4 26.8

Texas - - 22.8

Data is constructed using income from the March supplement of the CPS for 1982-1998, and using taxes

reported from the NBER TAXSIM programme. `Marginal tax rate' refers to the mean marginal tax rate

across households, the `tax bracket' is the mean tax bracket across households while `income compression'

refers to 1 minus to the ratio of the standard deviation of income before taxes to the standard deviation of

income after taxes (and transfers).
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