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The following lemma follows directly from Theorem 3.1 in H�ardle and Stocker (1989) and

Proposition 5 in Newey (1994):

Lemma 1 Under suitable regularity conditions, the following holds:

1p
N

NX
i=1

dit�̂it � E[dit �it]
d! N(0; E[(rt(z)

2]) (B.8)

where rt(z) = h(z)�1 h0(z) dt(z) [Tt � gt(z)], h(z) is the density of z, h0(z) the derivative

of h(z) with respect to income and gt(z) = Tt(z) is the conditional expectation of the tax

payments.

Combining the results above, we have:

1p
N

NX
n=1

fn(�0; �̂n) =
1p
N

NX
n=1

8>>>><
>>>>:

yn1 [en1(�0; ; �n1) + �r1(zn1)]

:::

ynT [enT (�0; �nT�1; �nT ) + �rT (znT )]

9>>>>=
>>>>;

+ op(1)

d! N(0;�0) (B.9)

where �0 = E['(�)'(�)0] and:

'(�) =

8>>>><
>>>>:

yn1 [en1(�0; �n) + �r1(zn1)]

:::

ynT [enT (�0; �n) + �rT (znT )]

9>>>>=
>>>>;

(B.10)

Note that the covariance consists of two terms. The �rst one is the one of a GMM estimator

which treats the tax rates as known. The second term corrects for the fact that tax rates

were estimated non-parametrically in the �rst stage. Newey (1994) shows that this is a

general property of semi-parametric estimators which satisfy simple regularity assumptions.

Replacing D0, W0 and �0 with consistent estimators yields a consistent estimator of the

covariance matrix as shown in Lemma 5.4 in Newey (1994).
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fn(�; �n) is continuous, fn(�; �n) is uniformly continuous in �n for every �. Following Bierens

(1987) �̂n converges uniformly to �n in probability. Therefore, for each �

1

N

NX
n=1

fn(�; �̂n) � 1

N

NX
n=1

fn(�; �n) = op(1) (B.3)

This result together with Theorem 2.1 in Hansen (1982) implies that �N2 converges in prob-

ability to �02 as claimed.

Next we prove asymptotic normality. Under standard di�erentiability assumptions, �N2

satis�es the following �rst order condition:

0 = D
0

N WN

"
1

N

NX
n=1

fn(�
N
2 ; �̂n)

#
(B.4)

which implies that:

p
N (�N2 � �0)

d! N(0; (D
0

0W0D0)
�1 D

0

0W0 �0 W0 D0 (D0W0D0)
�1 ) (B.5)

provided it can be shown that:

1p
N

NX
n=1

fn(�0; �̂n)
d! N(0;�0) (B.6)

To prove equation(B.6), we cannot directly appeal to a Lindeberg type Central Limit The-

orem, since the terms in equation (B.6) are not independent of each other. The dependence

arises due to the non-parametrically estimated marginal tax rates, �̂nt. Nevertheless, the

asymptotic properties of these function have been worked out in the recent literature on

semi-parametric estimation. 19 To derive the limiting distribution of the estimator above,

note that:

1p
N

NX
i=1

ln(1� �̂it)� E[ln(1� �it)] =
1p
N

NX
i=1

dit�̂it � E[dit �it] + op(1) (B.7)

19See among others Stocker (1986), H�ardle and Stocker (1989), Powell, Stock, and Stocker (1989), Newey
and Stocker (1993) and Newey (1994).
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A household is included in our data set if we have complete information for all the

relevant variables for this household for at least one year. In addition, it is required that

the household head works full time, where full time is de�ned to be working at least 20

hours per week on average. Also households with heads who were older than 55 in 1985 are

excluded from the sample. Altogether there are 1490 di�erent households in the sample.

A.2 The Wage Regression

The wage regression is estimate with the 1985 cross-sectional data set using OLS. The

estimation results are given in Table 6:

Table 6: Estimation of the Wage Function

constant education education experience experience

squared squared

coe�cient 1.68 0.0672 -0.0002 0.0341 -0.0006

standard error (0.23) (0.034) (0.0013) (0.0046) (0.0001)

B Proof of Proposition 1

Combining the orthogonality conditions we obtain the following vector:

fn(�; �̂n) =

8>>>><
>>>>:

yn1 en1(�; �̂n0; �̂n1)

:::

ynT enT (�; �̂nT�1; �̂nT )

9>>>>=
>>>>;

(B.1)

where �̂n = (�̂n0; :::�̂nT)0. The semi-parametric estimator can be de�ned as:

�N2 = argmin
�2�

("
1

N

NX
i=1

fn(�; �̂n)
0

#
WN

"
1

N
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n=1
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#)
(B.2)

To prove consistency, we note that, for all n, �n and �̂n belong to a compact set. Since
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A The Data Set

A.1 The De�nition of the Variables

The variables are constructed according to the following rules: Marital status is equal to

1 if the household consists of a married couple and 0 if the household consists of a single

person. Unmarried couples are therefore excluded from the sample. Annual hours worked is

obtained by multiplying average hours worked per week with 52. The annual leisure is equal

to 8760 minus annual hours worked. The GSOEP contains a variable which is called average

monthly gross labor income. This variable measures the average labor income before income

and social security taxes. Gross labor income is then de�ned as average monthly gross labor

income times 12. Net labor income is given by average monthly net labor income times 12.

The nominal wage is de�ned as gross labor income divided by annual hours. The nominal

wage is deated using the OECD price deator with base year 1985 to obtain the real wage.

Annual tax payments for an agent are gross labor income minus net labor income. The size

of housing unit, household size and number of children under 16, Labor market experience,

school education, post school education are variables in the data set.

Individual tax payments are de�ned as the di�erence between gross and net labor in-

come. This tax measure is based only on taxes on labor income, and does not include

taxes paid on non-labor income. This assumption is typically imposed in similar studies.

However, tax payment as de�ned is only a reasonable measure provided that most of agents

in the sample do not obtain signi�cant amounts of such non-labor income. Only a small

fraction of the agents in the sample reported a signi�cant amount of non-labor income which

would fall above the level which is tax free. In addition, capital income was not reported

directly to the tax authorities during the observation period. It is therefore widely believed

that a large fraction of the population managed to avoid paying taxes on capital income.

Summarizing the discussion above, the tax measure used in this analysis seems to be a

reasonably good measure for the vast majority of agents in this data set.
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7 Concluding Remarks

The paper formulates a life-cycle model of labor supply in the presence of income taxation.

The model is estimated using parametric, non-parametric, and semi-parametric techniques.

The test statistics of the over-identifying restrictions do not provide evidence against the

framework. The estimated coe�cients of the model are, in general, of reasonable magnitude

and do not provide evidence against the validity of the model. The estimates are used to

study two issues of longstanding interest in public �nance and labor economics: the incentive

and distributional consequences of income tax policies. The empirical results suggest that

the approach outlined in this paper is quite promising for further work in this area.
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The impact of changes in the tax policy on the lifetime tax burden depends on three

factors: the impact of the policy change on e�ective tax rates, the labor supply elasticities,

and the impact of the tax policies on the marginal utility of wealth. If changes in tax

policies do not involve substantial transfers from the public to the private sector but just

a�ect the rate structure, it is not likely that these changes have a large impact on the

marginal utility of wealth (Regime 2). In this case, the lower tax rates increase the after

tax wage resulting in an increased labor supply in all time periods (see Figure 5). Despite

the increase in labor supply, total tax payments decrease. (There is no La�er-Curve e�ect.)

Alternatively, the substitution e�ects induced by the lower tax rates may be o�set by the

income e�ects induced by the transfer (Regime 3). Consequently labor supply might decline

in every period (see Figure 5). Total tax payments decrease by larger amounts than under

Regime 2. As discussed in Section 5.1, the German tax reform was not designed to be

revenue neutral. The loss of tax revenues were estimated to be roughly 50 billion DM

per year. In addition, Section 6 shows that labor supply did not increase throughout the

observation period. These two facts indicate that the third regime captures the nature of

the tax reforms better than the second. Lower tax rates imply lower tax revenues for the

government even after controlling for endogenous changes in labor supply

Finally, consider the redistributional consequences of the tax reform. Based on the

last column of Table 5, the analysis indicates that agents with low levels of education have

smaller relative reductions in the lifetime tax burden then agents with high education levels.

In addition, older agents gain more in relative terms than younger agents. A comparison

between the static and the dynamic approach for measuring the tax burden reinforces the

idea that all redistributional e�ects of taxes are likely to be muted in a life-cycle context.

The distribution of lifetime income varies less than the distribution of annual income. Con-

sequently, lifetime measures of the tax burden do not di�er as much as annual measures.

33



The income pro�les for di�erent types of agents can be easily inferred from the wage

and labor supply pro�les. The net present value (NPV) of the income stream measures

the lifetime income. Income pro�les directly translate into pro�les for tax liabilities. The

lifetime tax burden is given by the NPV of the tax liabilities. The change of the lifetime

tax burden captures the impact of the policy change. Table 5 reports the results of the

computations of these measures for agents who di�er with respect to their age and their

education level. The lifetime income and tax liabilities are derived under three di�erent

regimes. Regime 1 is based on the 1985 tax schedule. Regime 2 is based on the 1990 tax

schedule but assumes that the change in the tax policy does not alter the marginal utility

of wealth. Regime 3 also imposes the 1990 tax schedule, but assumes that the change in

the tax policy lowered slightly the marginal utility of wealth.

Table 5: The Lifetime Tax Burden

Agent Regime 1 Regime 2 Regime 3

1 2 3 4 5 6 7 8 9 10

years of lifetime average lifetime average change in lifetime average change in

age education income tax rate income tax rate taxes income tax rate taxes

11 592,053 31.57 594,439 30.19 3.98 590,061 30.18 4.71

35 14 729,901 31.96 733,189 30.41 4.40 728,033 30.41 5.10

18 920,875 32.50 925,743 30.73 4.96 919,420 30.72 5.64

11 442,850 31.56 444,627 30.19 3.97 441,349 30.18 4.70

45 14 561,136 32.00 563,694 30.44 4.44 559,741 30.43 5.14

18 733,452 32.64 737,469 30.80 5.10 732,472 30.79 5.77

11 193,881 31.45 194,630 30.12 3.85 193,179 30.12 4.59

55 14 252,088 31.91 253,207 30.39 4.35 251,421 30.38 5.05

18 340,670 32.61 342,525 30.79 5.08 340,201 30.78 5.75

Table 5 provides some surprising results. The average tax rates do not vary signi�cantly

for di�erent types of agents. Average tax rates range between 30% and 33%. Furthermore,

average tax rates do not necessarily increase with lifetime income indicating that the tax

system is not progressive over the whole income range. This result is robust with respect

to the three di�erent regimes and contrasts the �ndings in the static case.
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Figure 4 illustrates the results of the estimation of the wage processes for an agent who

enters the job market at the age of 18 (21, 25) after having acquired 11 (14, 18) years

of education respectively.18 The estimated wage pro�les are hump-shaped, reecting the

impact of human capital acquisition in the labor market. Wages increase substantially in

the �rst period of labor market participation, peak between the ages of 45 and 52 and

decline during the last 10 years. There are signi�cant payo�s to education obtained before

entering the job market. Wage pro�les peak at di�erent ages reecting the fact that agents

enter the labor market at di�erent ages. Following the procedure outlined above, labor

supply pro�les are constructed under alternative assumptions about the time paths of the

remaining exogenous variables, l1nt and xnt and the tax system. Figure 5 illustrates the

shape of the labor supply pro�les that are generated by the model.

Figure 5: Labor Supply Pro�les
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The �gure above illustrates estimated labor supply pro�les for a married

male without children and 14 years of education under three scenarios:

{ regime 1, - - regime 2 , ... regime 3.

18The wage equation is estimated from the 1985 cross section of the sample using OLS. Results of estima-
tion are reported in the appendix.
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and Miller and Sieg (1996)). Intuitively, technological progress induces �t to decline and

w0t to increase. This �nding suggests to treat �t w0t as a time invariant constant.

One more identifying assumption is required to compute life-cycle labor supply pro�les.

In the absence of knowledge of �n, equation (6.1) can only de�ne the change in labor supply.

The observed labor supply quantity in a reference period is used to compute the value of the

marginal utility of wealth, �n, such that its values makes the observed labor supply optimal

for this period. Summarizing the discussion above, life-cycle paths for labor supply can be

computed under alternative tax regimes using the following partial equilibrium procedure:

First, estimate the parameters of the wage function, w0t, and B2, and the utility function.

Second, compute pro�les for the exogenous variables, xnt, female leisure l1nt, and wages,

w0nt. Third, compute the value of �t �n such that it corresponds to the observed wage

and labor supply in a reference period. Finally, compute labor supply pro�les under the

alternative tax regimes based on (6.1).

Figure 4: Wage Pro�les
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The �gure above illustrates estimated wage pro�les for three types of

agents: { agent with 11 years of education, - - agent with 14 years of

education, ... agent with 18 years of education.
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in the tax policy may have far reaching consequences for the allocation of resources in an

economy. These e�ects can only be dealt with in a full-edged general equilibrium model.

Such an analysis is beyond the scope of this paper. (A discussion of these applied general

equilibrium models can be found in Kotliko� and Summers (1987) and Fullerton and Rogers

(1993).) However, the impact of tax reforms on relative prices may not be substantial. In

this case, an analysis which ignores these e�ects may still lead to valid approximations of

the individual tax burden. The remainder of this section is therefore in the spirit of a partial

equilibrium analysis. Ignoring error terms, male labor supply is implicitly de�ned by the

following equation:

ln(l0nt) =
1

(�0 � 1)
[ln(�n �t) + ln(1� �0nt) + ln(w0nt)� �1 ln(l1nt)� x0ntB0] (6.1)

Note that the marginal tax rate, �0nt, is a function of l0nt. Partial equilibrium analysis

requires to impose a few simplifying assumptions about the wage pro�les, fw0ntg�tt=0, and
the aggregate shocks, f�tg�tt=0. It is common practice in labor economics to measure labor

supply in e�ciency units. Under this assumption, the wage rate, w0nt, can be decomposed

into the price of an e�ciency unit, w0t, a measure of the agent's productivity which is a

function of observed characteristics, xnt, and an error term which captures the impact of

unobservables. The observed characteristics usually consist of measures of the educational

achievement and the labor market experience of agent n at time t. Ignoring error terms,

the wage function is typically speci�ed as:

ln(w0nt) = ln(w0t) + x0ntB2 (6.2)

The empirical evidence suggests that wage changes are more closely related to human cap-

ital accumulation, technological progress and demand shocks than to changes in tax poli-

cies.(Davis (1992) and Katz and Murphy (1992).) Therefore, it is not restrictive to assume

that households face the same wage pro�les under alternative tax regimes. Furthermore,

male leisure, l0nt, depends on w0t and �t only through their product �t w0t. Previous studies

have found evidence that �t and w0t move into opposite directions (Altug and Miller (1990)
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Figure 3: The Static Approach

3.5 4 4.5 5 5.5 6 6.5 7 7.5

x 10
4

0

500

1000

1500

di
ffe

re
nc

es
 in

 ta
xe

s

Parametric Estimation

3.5 4 4.5 5 5.5 6 6.5 7 7.5

x 10
4

0

500

1000

1500

economic income

di
ffe

re
nc

es
 in

 ta
xe

s

Nonparametric Estimation

The �gure above illustrates the redistributional consequences of the tax

reform based on the estimated tax functions for a married male without

children

slightly favored households with higher incomes.

The analysis based on annual income and tax payments has several drawbacks. In

particular, it does not allow for statements about individual welfare. The life-cycle approach

moves away from the impersonal measure of the tax burden which is based on the notion of

an income class and considers measures that are more closely related to individual welfare.

Most individuals move among di�erent income classes during their lifetime. Agents, who

face lower tax rates in early periods of their lives, usually pay higher taxes in later periods

as they move into higher income groups. Therefore, the appropriate measure of the tax

burden of an individual should be based on his life-cycle income and tax payments.17

Several issues arise in the implementation of life-cycle measures of the tax burden. Changes

17Given this perspective, a progressive tax is one in which the lifetime tax burden as a fraction of lifetime
income increases as lifetime income rises. For further details about the concept of lifetime incidence see
Fullerton and Rogers (1993).
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6.3 The Distribution of the Tax Burden

This section focuses on the problem of measuring the redistributional consequences of tax

policies. Progressive income taxation not only causes disincentive e�ects, but also provides

the most important tool to redistribute resources and alter the distribution of economic

welfare throughout an economy. If redistribution is costly, a natural question to ask is

who bears the tax burden in the economy (Pechman and Okner (1974)). The focus of the

analysis in this paper is to measure the impact of taxation on the distribution of economic

welfare. Existing empirical studies in this area fall into two classes. The �rst approach

is static, divides households into groups based on annual income, and measures the tax

burden from estimated annual tax liabilities.16 Fullerton and Rogers (1993) argue that

the tax burden should be measured in a dynamic framework. Agents, who face low tax

rates when they are young, usually pay higher taxes as they accumulate human capital and

move into higher income classes. Therefore, measures of the tax burden should be based

on the net present value of tax payments. It would be a distinct advantage to combine

estimation and simulation in a uni�ed framework avoiding some of the ambiguities in the

calibration procedure and facilitating sensitivity analyses of the relevant implications of the

simulation exercises. This paper tries to move into this direction without simulating a full-

edged general equilibrium model. It provides some simulation exercises to approximate

the lifetime tax burden of di�erent types of households. These measures are used to analyze

the way in which recent tax reforms redistributed the tax burden among di�erent groups

in society.

Consider the �rst approach. Figure 3 illustrates the di�erences in tax payments based

on the 1985 and the 1990 estimated tax schedule for a married male without children.

The gains range from a 500 DM for low income earners to approximately 1,500 DM for an

agent making 75,000 DM per year. Both parametric and non-parametric estimates indicate

that households with incomes above the median bene�ted more from the tax reform than

households below the median. The static analysis therefore suggests that the tax reforms

16Kotliko� and Summers (1987) provide a detailed survey of the literature.
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change substantially when taxes are included into the model. The previous section indicated

that e�ective marginal tax rates did not change as much as formal tax rates. In particular,

e�ective tax rates changed gradually over time. This implies that the speci�cation of the

intertemporal marginal rate of substitution in the model with taxes is similar to the one in

the case without taxes. Consequently, the inclusion of income taxation does not alter the

point estimates of the parameters signi�cantly.

Female leisure is not treated as a choice variable in the estimation procedure, i.e. restric-

tions regarding the optimality of female labor supply are not exploited in the estimation

strategy. Nevertheless, we obtain estimates of �1 which range between -0.08 to -1.79. As

expected, these values are well below 1 as required by the concavity of the utility function.

These results indicate that female labor supply is more receptive to changes in the tax

policies than male labor supply. But given the limited information incorporated in these

estimates, more research is needed in this area to clarify the impact of taxation on female

labor supply.15 The estimated coe�cients that control for heterogeneity among households

are similar to those found in previous studies (Altug and Miller (1990) and Miller and Sieg

(1996).) An additional household member decreases the marginal utility for leisure. The

impact of children on male labor supply is indeterminate.

Summarizing the discussion above, the empirical results of this paper provide two expla-

nations why researchers have not been able to �nd signi�cant responses in labor supply to

tax changes even though tax reforms were supposed to provide a better incentive structure.

First, German tax reforms had a modest impact on e�ective tax rates. Second, labor supply

elasticities are small, especially for married males who work more than 20 hours per week

on average. This implies that the labor supply is relative inelastic and not likely to a�ected

signi�cantly by changes in the tax rates.

15In particular, the question remains whether changes in the tax policies have a signi�cant impact on
labor market participation. Some of these issues have been addressed recently by Blundell et al. (1992) and
Eissa (1995).
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of freedom indicating that the test is not rejected at standard levels of con�dence. If we

knew the exact point of time in which an unanticipated change in the tax policies occurred,

a more powerful test could be designed. In this scenario only one speci�c intertemporal

MRS should fail whereas the other ones should still be valid. In the application studied in

this paper it is di�cult to pinpoint the exact date at which an unanticipated change might

have occurred since the reforms were gradually enacted over a �ve year period.

It is common practice in the empirical literature on labor supply to measure the impact of

wage changes through elasticities. MaCurdy (1981) distinguishes between the intertemporal,

the uncompensated, and the compensated substitution elasticities. The last two involve

derivatives of the marginal utilities of wealth. Since these derivatives are inherently di�cult

to estimate most studies focus on the intertemporal elasticity of substitution which measures

the impact of wage changes along the lifetime path of an agent on his labor supply.14

Estimated elasticities range between 0.019 and 0.038 for the married sample and from

0.048 to 0.26 for the full sample. There is a controversy in the empirical labor supply

literature about the magnitude of the intertemporal elasticity of substitution. In a recent

review of the literature, Card (1994) concludes that the literature suggests that \the elas-

ticity of the intertemporal substitution is surely no higher than 0.5, and probably no higher

than 0.2"(p.63). The �ndings of this paper, in particular those obtained from the married

subsample, are generally in line with this conclusion. However, the results also suggest

that the substitution e�ects might be more substantial if one includes single agents into

the sample. These results are intuitively appealing. The total variation of labor supply

of married males is small, especially once one controls for changes in female labor supply,

changes in household composition and aggregate shocks. This translates into low estimates

for the elasticities. Single males are generally younger than married males and show a

larger variation in labor supply. Including these agents into the sample increases the point

estimates for the elasticity of substitution.

The results of this study show that the estimates of the labor supply elasticities do not

14In this framework, the intertemporal elasticity of substitution is given by �1

�0�1
.
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incorporate tax rates estimated parametrically, and the Columns III and VI incorporate

rates estimated non-parametrically.

Table 4: Estimation of Parameters of the Utility Function and Time Dummies

I II III IV V VI

�0 � 1 -36.55 -53.23 -26.10 -3.85 -5.85 -21.10

(7.84) (11.81) (5.85) (1.22) (1.53) (4.76)

�1 -1.30 -1.79 -0.24 -0.15 -0.08 -0.22

(2.70) (3.87) (1.79) (0.45) (0.57) (1.59)

household size -0.64 -0.96 -0.38 -0.04 -0.07 -0.27
utility function

(0.44) (0.64) (0.34) (0.08) (0.10) (0.30)

number of children 0.52 0.83 0.25 0.10 0.15 0.16

(0.50) (0.72) (0.36) (0.09) (0.11) (0.31)

� ln(�86) -0.07 -0.08 -0.07 -0.02 -0.01 -0.05

(0.07) (0.10) (0.05) (0.01) (0.01) (0.04)

� ln(�87) -0.03 -0.05 -0.02 -0.03 -0.05 0.00

(0.06) (0.08) (0.04) (0.01) (0.01) (0.04)

� ln(�88) -0.14 -0.18 -0.11 -0.05 -0.06 -0.11

(0.06) (0.09) (0.05) (0.01) (0.01) (0.04)

� ln(�89) -0.23 -0.33 -0.20 -0.07 -0.10 -0.17

(0.07) (0.10) (0.06) (0.01) (0.01) (0.04)

� ln(�90) 0.10 0.14 0.04 0.01 0.01 0.03

time dummies

(0.08) (0.11) (0.06) (0.01) (0.02) (0.04)

J-value 24.39 24.76 27.70 24.12 25.54 23.49

NOTE: estimated standard errors are given in parentheses.

Complete markets imply that all changes in the tax policies are anticipated by the agents.

This might be a restrictive assumption. We would expect that the restrictions implied by

the intertemporal MRS of male leisure which exploits restrictions across periods, should not

hold if policy changes were unanticipated.13 The J-values for for the tests of this hypothesis

are between 23.49 and 27.70 which is below the corresponding critical value for 31 degrees

13Note that the marginal rates of substitutions between consumption and male leisure were still valid since
they refer to within period allocations. But given the lack of decent consumption data in the GSOEP this
more general test cannot be implemented.
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Figure 2: Estimated Marginal Tax Rates 2
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The �gure above illustrates the non-parametrically estimated marginal

tax rates faced by a married male without children in 1985 and 1990.

small margins over the relevant income range. The two approaches produce slightly di�erent

marginal tax schedules, in particular for incomes below the median. In the parametric case,

the marginal tax schedule is relatively at, showing only modest signs of progression. In the

non-parametric case, marginal tax rates are smaller for low income earners and increase at

faster rate. These di�erences arise because the non-parametrically estimated tax function

does not pass through the origin.

6.2 Incentive E�ects of Income Taxation

Table 4 reports the results obtained from the estimation of the parameters of the utility

function and the time dummies which capture the impact of aggregate shocks. While

the �rst three columns report the results when the model is estimated with the married

subsample, the last three columns give the results when the full sample is used. Columns

I and IV give the results of the standard model without taxation. Columns II and V
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Table 3: Non-parametric Estimation of the E�ective Tax Functions

married male married male married male single male

two children one child no children no children

income 1985 1990 1985 1990 1985 1990 1985 1990

35.000 10314 10241 10734 10074 11576 11094 11605 11699

(327) (367) (239) (356) (250) (255) (779) (865)

40.000 11204 11059 11437 10909 12420 11952 12326 12476

(345) (368) (279) (352) (305) (293) (778) (835)

45.000 12219 11977 12226 11954 13449 12945 13242 13466

(383) (383) (353) (372) (400) (366) (803) (808)

50.000 13355 12936 13138 13200 14687 14074 14464 14723

(454) (415) (443) (427) (508) (439) (881) (800)

55.000 14596 13921 14211 14540 16107 15332 16105 16243

(568) (481) (539) (511) (610) (483) (1073) (875)

60.000 15923 14993 15480 15846 17635 16700 18214 17936

(686) (575) (654) (592) (673) (491) (1372) (1088)

65.000 17333 16271 16953 17109 19203 18150 20717 19656

(787) (678) (764) (648) (660) (493) (1727) (1433)

70.000 18854 17826 18586 18450 20827 19645 23454 21287

(923) (804) (860) (728) (671) (576) (2180) (1896)

75.000 20546 19553 20303 20018 22591 21163 26279 22803

(1173) (1074) (1086) (880) (948) (790) (2878) (2429)

NOTE: standard errors are given in parentheses.

induced by the �rst child. Another way of interpreting the �ndings, is to use the results

of the estimation to impute estimated values of the tax deductions. For example, we �nd

that the di�erences in tax payments for an agent who is married with two children and a

single agent with 70,000 DM income is roughly 5,000 DM. Assuming that these agents face

formal marginal tax rates of around 50%, we conclude that estimated average value of tax

deductions is roughly 10,000 DM. This appears to be a fairly reasonable point estimate,

given the large amount of tax bene�ts which are o�ered to families under the German tax

laws.

Figure 2 illustrates the non-parametrically estimated marginal tax rates. A comparison

of the parametric and non-parametric results shows that both estimated tax schedules seem

to explain the variation in the data reasonably well. Estimated total tax payments di�er by
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Figure 1: Estimated Marginal Tax Rates 1
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The �gure above illustrates the parametrically estimated marginal tax
rates faced by a married male without children in 1985 and 1990.

marginal tax rates and reduced the amount of progression. But the quantitative impact of

tax reforms on marginal tax rates was smaller as one expect based on an analysis of the

formal code.

Table 3 reports non-parametrically estimated tax schedules for four types of agents:

a married male with zero, one or two children, and a single male without children. The

estimated tax schedules are relatively smooth and convex over the relevant income range.12

The standard errors show that the tax schedules are estimated relatively precisely, especially

for married agents earning close to the median income. The monetary bene�ts of marriage

range between a few hundred DM for low income earners and roughly 2,500 DM for high

income earners. The �rst child reduces the tax burden by roughly four to �ve percent. The

second child also leads to lower tax payments although the reductions are smaller than those

12A drawback of the estimated tax functions is that they do not go through the origin. Since the sample
used in this analysis consists of agents who work at least 20 hours per week, there are very few agents in
the sample with a reported income below 30,000 DM. Hence the lower part of the tax function is hard to
estimate.
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tion of these tax functions are reported in Table 2. Both nominal and real tax functions are

estimated, using quadratic and cubic polynomials. In general, all four speci�cations produce

satisfactory results. The J-values associated with the various estimations show that none

of the speci�cations is rejected at the 95 percent con�dence level. The critical value for 30

(24) degrees of freedom is 43.77 (36.42), well above the J-values of the estimations. The

coe�cients for household size, the number of children below 16, and the dummy variable

indicating a married couple are negative without exception.11 Most of these coe�cients

are signi�cant. There are considerable bene�ts associated with marriage and child rearing.

While a1 is estimated very precisely, the standard errors for a2 and a3 are considerably

larger. The hypothesis that a quadratic approximation captures the relevant features of

the tax function imposes six restrictions on the parameter space. The test statistic for the

nominal (real) tax function is 4.127 (3.576) which is well below the critical value of 12.59.

Hence, the data do not reject this hypothesis. (For a discussion of hypothesis testing in a

GMM framework see, Gallant and Jorgenson (1979), Hansen (1982), and Newey and West

(1987).) The estimated tax functions seem to explain the variation in the data reasonably

well. The values of nonlinear R2 range from 0.52 to 0.54.

Figure 1 illustrates the evolution of the e�ective marginal tax rates from 1985 to 1990.

E�ective tax rates are relatively low compared to formal tax rates. This implies that the

tax code o�ers plenty of opportunities to reduce the tax burden of a household. The

other important feature of the e�ective tax schedule is that it shows only modest signs of

progressivity. This suggests that tax deductions are a convex function of economic income,

largely o�setting the progressivity of the formal tax function. The modest progressivity of

the estimated tax schedule is consistent with Stiglitz (1987) who concludes that optimal

tax schedules are often remarkably close to linear. Estimated e�ective tax functions seem

to have similar properties. However, if the deductions in the tax code cannot be justi�ed on

e�ciency grounds, the distortions and welfare losses which are created by the tax exemptions

may still to be quite substantial. Finally, Figure 1 also shows that the tax reforms lowered

11More general speci�cation which include a richer set of conditioning variables were tested, however the
results obtained from these estimations are very similar to the ones reported in the paper.
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The general trend of the economy is also reected in the wage data. Gross real wages

increased on average by 1.78 percent, corresponding roughly with the average growth rates

of the real GNP through out the period. The average nominal income of married males

rose by roughly 22.5 percent during the observation period. At the same time tax payments

only increased by 14 percent resulting in a drop of the average tax rate from 29.6 percent

to 27.6 percent. There are at least two di�erent explanations for this e�ect. First, this

e�ect can be attributed to the general aging of the sample which would induce agents to

move into lower tax brackets. Alternatively, the tax reforms may have truly lowered the

tax burden. The framework presented in this paper also allows us to di�erentiate between

these hypotheses.

Labor supply and wages follow similar pattern in the subsample of single males. Tax

payments di�er signi�cantly, since singles pay substantially higher taxes on average than

married persons indicating that the tax system provides considerable bene�ts to marriage

and child rearing. One of the nice features of the framework presented in this paper is that

it allows us to analyze the redistributive properties of the tax system. Tax reforms may be

used as a tool to redistribute resources from one segment of the society to another. Section

6.3 provides a more detailed analysis of the distribution of the tax burden and the impact

of policy changes.

6 Empirical Results

6.1 E�ective Tax Rates

First consider the results obtained from parametrically estimating e�ective tax functions.10

Six tax functions from 1985 to 1990 are estimated simultaneously. The pre- and post-reform

tax functions (1985 and 1990 respectively) are most interesting. The results of the estima-

10The focus of this section is on results where total tax liabilities are assumed to be the sum of the individual
liabilities. As pointed out above, this assumption can be easily relaxed to allow for non-separabilities between
male and female taxes. Results for the non-separable case are available upon request from the author.
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Table 1: Descriptive Statistics of the Sample

1985 1986 1987 1988 1989 1990

sample size 959 879 845 794 775 673

labor incomeam 47114.36 49525.56 50686.93 52845.78 55227.25 57679.83

(20914.26) (22616.20) (21715.24) (22261.19) (24888.46) (22728.66)

male tax paymentsam 14208.10 14941.06 15072.36 16016.18 16184.87 16251.94

(9583.81) (10718.07) (9588.43) (10502.39) (11468.58) (9298.18)

average tax ratem 0.293 0.291 0.290 0.295 0.284 0.276

(0.086) (0.084) (0.079) (0.084) (0.085) (0.077)

hours workedbm 45.19 45.06 44.49 44.20 43.64 43.90

(7.93) (8.29) (7.45) (7.03) (6.93) (7.76)

real wage ratem 20.22 20.54 20.83 21.67 22.19 22.39

(8.41) (8.21) (7.62) (8.29) (8.72) (7.76)

hours workedbf 32.55 31.66 31.65 30.90 31.62 30.59

(10.78) (11.02) (11.13) (9.70) (10.76) (10.50)

married

real wage ratef 14.27 14.21 14.27 15.00 14.95 15.12

(5.08) (5.11) (5.30) (6.00) (5.80) (6.03)

household size 3.44 3.43 3.41 3.44 3.41 3.36

(1.08) (1.03) (1.02) (1.04) (1.04) (1.01)

number of children 0.95 0.90 0.84 0.87 0.85 0.84

(0.99) (1.00) (1.00) (1.04) (1.03) (1.01)

sample size 179 153 149 139 137 116

labor incomeam 40346.61 42663.22 44466.77 47944.14 49719.24 51339.83

(17426.29) (16946.43) (16537.00) (19988.24) (16906.51) (18476.30)

tax paymentsam 13963.78 14799.22 15293.48 16824.60 16700.67 16711.14

(8369.62) (7926.68) (7657.08) (9337.17) (8376.28) (8771.62)

average tax ratem 0.334 0.338 0.338 0.341 0.332 0.317

(0.092) (0.089) (0.088) (0.089) (0.101) (0.103)

hours workedbm 44.80 44.50 44.46 43.52 43.51 43.39

(8.09) (8.08) (7.97) (8.17) (7.99) (8.34)

real wage ratem 17.36 17.43 18.37 19.84 20.01 20.21

(6.23) (6.18) (5.90) (6.80) (5.86) (6.98)

single

household size 1.10 1.13 1.19 1.20 1.22 1.25

(0.40) (0.55) (0.67) (0.70) (0.69) (0.72)

NOTE: standard errors are given in parentheses, a measured on a annual basis in DM,
b measured on a weekly basis, m refers to males, and f refers to females.
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Although the architects of the German tax reforms claimed to pursue the same goal, most

tax exemptions were left intact. While a comprehensive discussion of these exemptions is

beyond the scope of the paper, it should be noted that most of the substantial exemptions

are related to families (tax splitting), child rearing, and work related expenses. (For example

you can deduct commuting costs).

5.2 Data

The data used in the analysis are collected by the German Socio Economic Panel (GSOEP,

years 1985-1990). The GSOEP is the only nationally representative panel study of house-

holds and individuals in the Federal Republic of Germany. For each household in the sample

the following variables are necessary to estimate the model: tax payments of the household

head, T0nt, male labor income, i0nt, annual male leisure, l0nt and and annual female leisure

l1nt, the average male hourly wage, w0nt, the number of household members, the number of

children under 16, and an indicator for the marital status of the head of the household. A

description of the requirements imposed on the raw data to construct the sample is given

in the Appendix A. Broadly speaking, a household is included in the sample if the infor-

mation about the variables mentioned above is complete for at least one of the years in the

observation period. In addition, the household head must have worked at least 20 hours

per week on average. Table 1 provides descriptive statistics of the sample.

The average age of a household head in the married subsample in 1985 is 42 years. Labor

supply, as measured by the average number of hours worked per week, showed a declining

trend. It decreased during the observation period by 2.9 percent from 45:19 hours to 43:90

hours. This decrease can be due to one of the following factors: the cyclical behavior of

the economy, life-cycle e�ects, changes in the tax system, changes in the wage structure, or

changes in the labor supply of the spouses. The framework presented in this paper controls

for these e�ects and allows us to decompose the change in the labor supply according to

its sources. The next section outlines the empirical results which provide evidence on the

sources of the changes in labor supply.
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5 An Application: Tax Reforms in Germany

The general framework developed in the previous sections is applied to study tax policies

in Germany during the 1980's. The next two subsections provide a brief overview of the

changes in the tax code during that time period and describe the data set.

5.1 The Tax Reform Act of 1986-88-90

During the 1980's the German government designed a comprehensive reform of the income

tax system which was implemented in three stages in 1986, 1988 and 1990.8 Most of the

changes in the tax code were discussed long before the reforms were �nally enacted so

that it can be safely assumed that the public anticipated most of them.9 At least four

di�erent goals were pursued with these reforms. First, marginal tax rates were lowered.

The lowest marginal tax rate was decreased from 22% to 19% and the highest from 56%

to 53%. Simplifying the tax structure was the second goal. After the implementation of

the third step of the reform, over 90% of the income taxpayers faced a tax formula with

a marginal tax rate which increased linearly in taxable income. The third purpose of the

tax reform was to ease the tax burden for families. The annual allowance for children was

increased from 432 DM to 3,042 DM. Parents paying for the education of children over 18

were awarded additional tax allowances not to exceed 4,200 DM. Finally, revenues were

shifted from the public to the private sector. The total loss of revenues was estimated to

be roughly 50 billion DM per year.

Unlike reforms, enacted at the same time in the United States and the UK, the German

tax reforms did not signi�cantly lower the marginal tax rates for high income earners. The

highest marginal tax rate was lowered by only three percentage points. Tax reforms in the

U.S.A. eliminated most of the tax exemptions and thus radically simpli�ed the tax structure.

8Readers who are interested in a comprehensive discussion of this reform and the German tax code should
consult among others B�os (1992) and Schwarze (1995).

9This conjecture is tested in the later sections of the paper.
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4.4 A Semi-parametric Estimator

Combining the parametric and non-parametric estimation strategies leads to the following

two step procedure to estimate the parameters of the utility function, �02 2 �2, semi-

parametrically. First, estimate the marginal tax rates non-parametrically. Second, substi-

tute the estimates into equation (4.1) which yields:

e2nt(�2) = �x0ntB0 + (�0 � 1) � ln(l0nt) + �1 � ln(l1nt)

� � ln(�t)�� ln(1� �̂0nt)�� ln(w0nt) (4.12)

Then proceed as outlined in Section 5.2 and construct a moments estimator for �02 based on

orthogonality conditions that can be derived from the intertemporal MRS of male leisure.

Let �N2 denote this semi-parametric estimator. The asymptotic properties of this estimator

are summarized by the following proposition:

Proposition 1 Under suitable regularity assumptions the semi-parametric estimator, �N2 ,

is a consistent estimator of �02 and
p
N(�N2 � �02) converges to a normal random vector with

covariance matrix given by equations (B.5) and (B.9).

(Proof in Appendix B.)

A detailed proof of Proposition 1 is given in Appendix B. Intuitively, the standard errors

consist of two components. First, the estimator accounts for the standard errors implied by

a GMM-Estimator which treats the marginal tax rates as known. The second component

corrects for the fact that these marginal tax rates are estimated non-parametrically in the

�rst stage. Appendix B shows that the estimator above falls into a general class of semi-

parametric estimators which are discussed in Newey (1994).7

7See also Stocker (1986), H�ardle and Stocker (1989) and Powell et al. (1989), and Newey and Stocker
(1993).
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speci�c characteristics including income, and K(�) is a kernel function. The asymptotic

properties of Kernel estimators and related non-parametric estimators have been studied

extensively in the statistical literature (Prakasa-Rao (1983) and Bierens (1987)).

The tax function need to be estimate to compute marginal tax rates. Equation (4.1)

illustrates that households base their decisions on marginal tax rates which are in general

unobserved by the econometrician. However, marginal tax rates can be estimated using

a derivative estimator which is based on the total tax payments observed in the sample.

Di�erentiating the estimator for the tax liabilities above with respect to the income variable

yields the following non-parametric estimator of the marginal tax rate:

�̂jnt(znt) =
@T̂ (int; xnt)

@ijnt
(4.9)

=

P
i6=n Tit K

0(znt � zit; hN)
1
hN

P
i6=n K(znt � zit; hN)

[
P

i6=n K(znt � zit; hN)]2

�
P

i6=n Tit K(znt � zit; hN)
P

i6=n K 0(znt � zit; hN)
1
hN

[
P

i6=n K(znt � zit; hN)]2

Ullah and Vinod (1988) show that under suitable regularity assumptions �̂j(znt) is a con-

sistent estimator of �j(znt) =
@T (int;xnt)

@ijnt
and

q
hk+2N N [�̂j(znt)� �j(znt)]

d! N(0; V ) (4.10)

with covariance matrix:

V = �2(znt) [f(znt)]
�1

Z
K02(w)dw (4.11)

The covariance matrix V can be estimated non-parametrically. Alternatively, standard

errors could be obtained by using a bootstrap algorithm similar to the one proposed by

H�ardle (1990). Most the conditioning variables used in this analysis (number of children,

number of household members, indicator variables for marital status) have a discrete support

which limits problems induced by high dimensional kernel functions.
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dure generates e�cient estimates. The �rst round uses the identity matrix as a weighting

matrix to obtain a consistent estimate of �01. The optimal weighting matrix is given by any

consistent estimator of:

W0 = 
�1 = E
h
f(�01) f(�

0
1)
0
i�1

(4.7)

The model is reestimated using the optimal weighting matrix. This procedure is repeated

until the di�erence between two iterations is small. A three or four round estimation

procedure is usually su�cient. Under standard assumptions the estimator is consistent and

N1=2(�N1 ��01) converges to a normal random vector with covariance matrix (D0
0 


�1 D0)
�1

where D0 = E[@f(�; �)=@�01].

4.3 A Non-parametric Estimator

The parametric estimation of the e�ective tax function is subject to a number of drawbacks.

Policy changes induce changes of e�ective tax rates which implies that a separate set of pa-

rameters must be estimated for each time period. Consequently, the number of parameters

to be estimated increases linearly in the number of time periods. A parsimonious functional

speci�cations of the tax function must be used to keep the computational burden of the

estimation procedure within reasonable limits. This introduces the risk of misspeci�cation

into the analysis.

Some of these problems can be avoided by estimating the tax function non-

parametrically based on observed tax payments by the agents in the sample. Instead of

assuming a parametric speci�cation of the tax function as in equation (3.4), the tax func-

tion, T (int; xnt), can be left arbitrary and unspeci�ed. Following Bierens (1987) a Kernel

Estimator of the tax liabilities of agent n in period t is then given by the following expression:

T̂ (znt) =

P
i6=n Tit K(znt � zit; hN)P
i6=n K(znt � zit; hN)

(4.8)

The term hN is the bandwidth parameter, znt = (int; xnt)0 is a k dimensional vector of agent
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4.2 A Parametric Estimator

As shown in the previous section the model leads to two testable restrictions { equations

(4.1) and (4.2) { which have the property that:

E
h
ejnt(�

0
1)
i
= 0 j = 1; 2 (4.3)

Additional orthogonality conditions can be formed by using instruments, yjnt, which satisfy

the following restriction:

E
h
yjnt ejnt(�

0
1)
i
= 0 (4.4)

In the application, the following instruments are used: a constant, the household size, the

number of children, male and female school education and labor market experience. If the

underlying error terms, (�1nt; �2nt), are purely transitional or exhibit �nite time dependence,

for example is they follow a MA(q) process, additional instruments are appropriately lagged

values of wages, leisure, and household income. The choice of these instruments is fairly

standard and similar instruments have been used extensively in previous studies.6 For

notational convenience de�ne:

fn(�1) =

8>>>><
>>>>:

y1n1 e1n1(�1)

:::

y2nT e2nT (�1)

9>>>>=
>>>>;

(4.5)

Following Hansen (1982), a GMM estimator can be de�ned as:

�N1 = arg min
�12�1

8<
:
"
1

N

NX
n=1

fn(�1)

#0
WN

"
1

N

NX
n=1

fn(�1)

#9=
; (4.6)

where WN is a positive de�nite weighting matrix. A standard iterative estimation proce-

6For a detailed discussion about the role of instruments, see among others Altug and Miller (1990), Ham
and Jacobs (1994), Miller and Sieg (1996) and Hayashi et al. (1996).
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4 The Econometric Approach

Having completely speci�ed the model, we need to devise a exible strategy to estimate the

parameters of interest. This section proposes two di�erent approaches. The �rst approach

is parametric and exploits the parameterizations of both the tax and the utility functions

introduced in the previous section. The second approach does not impose functional re-

strictions on the tax function and relies on non-parametric estimators of the tax function.

The parameters from the utility function are then estimated semi-parametrically.

4.1 Orthogonality Conditions

Let �01 2 �1 denote the unknown parameter vector of the tax and utility function to be

estimated. Given the parameterization of the model, orthogonality conditions can be con-

structed from two sources: the representation of the tax function and the optimality con-

ditions characterizing household behavior. Substituting the parameterization of the utility

function and the tax function into equations (2.8) and (2.9) implies that the intertemporal

allocations of for male leisure satisfy:

e1nt(�1) = �x0ntB0 + (�0 � 1) � ln(l0nt) + �1 � ln(l1nt)

� � ln(�t)�� ln(1� �0nt)�� ln(w0nt) (4.1)

where e1nt(�
0
1) = ��1nt. Substituting equations (3.5) into equation (3.3) yields the following

orthogonality condition:

e2nt(�1) = Tnt �
"

KX
k=0

akt(xnt) i
k
nt

#
(4.2)

where e1nt(�
0
1) = �2nt. As pointed out in the previous section, �xed e�ects can be included

in the model speci�cation, if the tax code does not change across time. The orthogonality

condition would then be based on the �rst di�erence of equation (4.2).
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Parametric estimation procedures impose functional restrictions on T (int; xnt). In this

application the tax function is speci�ed as a polynomial of order K:

T (int; xnt) =
KX
k=0

akt(xnt) i
k
nt (3.5)

The coe�cients of the polynomial depend on observed characteristics of the household as

a way of controlling for the observed heterogeneity in the sample.5 To illustrate this spec-

i�cation consider the case where K = 2. It is reasonable to assume that the tax function

goes through the origin implying that a0t = 0. Furthermore, the lowest marginal tax rate

should be strictly larger than 0 and the highest marginal tax rate should be well below 1,

or: 1 > a1t > 0. The progressive nature of the income tax schedule translates into a2t > 0.

Higher dimensional polynomials allow for more complicated features of the tax system.

Instead of estimating the tax rates parametrically, we can also use a non-parametric esti-

mation approach, which has the distinct advantage that it avoids possible misspeci�cation

errors and does not rely on instrumental variables. This approach is discussed in the next

section.

Summarizing the discussion above, the estimation based approach provides some ex-

ibility to impute e�ective tax rates under fairly weak assumptions. While there may be

circumstances where some of the underlying assumption may be violated and hence esti-

mation may not seem feasible, it is not likely to one could construct rates from the tax

code under the same circumstances. In that respect, both approaches are subject to similar

limitations. Consequently, the estimation based approach should be seen as complementary

to other methods, helping the researcher to get a handle on a fairly complex problem.

5For computational simplicity assume that akt(xnt) = (1 + f(xnt)) akt, where f(�) is linear in the
household characteristics, xnt.
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where T (int; xnt) = E(Tntj int; xnt). At this stage it seems to be useful to point out some

features of this approach and compare it to the more common approach of constructing

tax rates from the tax code. First, taxes paid by an individual (or a household) may

not just represent individual applications of tax regulations, but may include deductions

based on economic choices. Broadly speaking, tax deductions may not only be linked to

(exogenous) household characteristics, like the number of children, but may also be linked

to (endogenous) choices, like the consumption of certain types of goods. If that is the case,

we would need to include these goods in the vector of conditioning variables. If we chose

to construct the tax rates from the tax code, we would also need to know this information.

Second, income does not necessarily need to be measured by a one-dimensional variable. The

approach easily extends to the case in which int is a vector of di�erent income categories

including non-labor income where di�erent types of income are taxed at di�erent rates.

Third, there is no need to impose the assumption that tax payments are separable across

household members (even though this might be done for purely computational convenience).

Finally, the error term should be considered as a transitory error. If agents make repeated

systematic errors while �ling their tax returns, or if the population consisted of di�erent

types of tax �lers (a careful type which takes full advantage of the tax code and a sloppy

one which does not), then it will be di�cult to estimate e�ective tax rates correctly. But

again, imputing tax rates from the tax code would also produce misleading results in this

scenario. In order to deal with idiosyncratic components of tax �ling behavior, one could

include a �xed e�ect, �2n, into the model speci�cation:

Tnt = T (int; xnt) + �2n + �2nt (3.4)

If one could identify two time periods in which the tax code did not change much, the

parameters of the tax function could then be estimated by using �rst di�erences. Alterna-

tively, one could use a simulation based estimators along the lines suggested by Gourieroux

and Monfort (1993) to integrate out the �xed e�ect.
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this study to previous studies. In particular, assume that:

Ut(l0nt; l1nt; cnt) = U0t(l0nt; l1nt) + U1t(cnt; l1nt) (3.1)

where:

U0t(�) =
1

�0
exp(x0ntB0 + �1n + �1nt) l�00nt l

�1
1nt

where B0 is a parameter vector, x
0
nt is a vector of household characteristics (the household

size and the number of children), �1nt is a transitory error term, and �1n is a �xed e�ected.

The error term �1nt is i.i.d. across n but not necessarily across t. Given this parameterization

E
n
ln
h@Ut+1(�)=@lnt+1

@Ut(�)=@lnt
i��� xnto = �x0ntB0 + (�0 � 1) � ln(l0nt) + �1 � ln(l1nt) (3.2)

which is linear in the unknown parameters (�0; �1; B0).

3.2 The Tax Function

As shown in the previous section, household choices depend on e�ective tax rates. One

approach is to approximate taxable income using information about household character-

istics and then compute the e�ective tax rates by applying the formal tax function to the

approximate measure of taxable income. Alternatively, the e�ective tax function can be

estimated exploiting observed income and tax levels. Note that both approach do not rely

on information about the taxable income which is con�dential and usually not reported in

standard data sets. The idea of this paper is to use the available information on the tax sys-

tem to devise exible representations of the e�ective tax function which can be estimated.

The tax function, Tnt, can be decomposed into an observed and an unobserved part such

that:

Tnt = T (int; xnt) + �2nt (3.3)
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and:

E
n
ln
h@Ut+1(cnt+1; l0nt+1; l1nt+1)=@cnt+1

@Ut(cnt; l0nt; l1nt)=@cnt

i��� xnto = ln
h�t+1
�t

i
+ v2nt (2.9)

where, by construction Efvjnt jxntg = 0. The left hand sides of equations (2.8) and (2.9)

are typically speci�ed as known functions of observed variables (cnt; l0nt; l1nt; xnt) and an

unknown parameter vector � 2 �. If markets are complete, can we linearly decompose the

conditional expectation in equation (2.9) into an aggregate component, �t+1=�t, and an

idiosyncratic component, v2nt, which is independent across households. Since households

are assumed to have correct price expectations in equilibrium, the aggregate term is constant

across agents.3

3 A Parameterization of the Model

Since the interest is in empirical implementation, further development of the model is best

done in an at least partially parameterized context. To this end, both preferences and tax

functions need to be speci�ed.

3.1 The Utility Function

The utility function of a household is expressed as the sum of two terms. The �rst term,

U0t, reects the preferences over male leisure, and the second term, U1t, expresses the

household's preferences for consumption.4 Utility functions of this type have been used

extensively in the applied econometric literature facilitating the comparison of results of

3If markets are incomplete, this nice linear decomposition may not valid. (Chamberlain (1984), Altug
and Miller (1990) and Miller and Sieg (1996).) While the assumption of complete markets might not be
appealing to some researchers, it should be pointed out this approach is for all practical purposes identical
to the incomplete markets approach suggested by Zeldes (1989) and Runkle (1991).

4The GSOEP does not contain any measure for household consumption. Hence, the utility function is
assumed to be separable in consumption and leisure.
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where w0nt is the equilibrium wage for a male in household n at time t and w1nt is the

corresponding wage for a female. The exogenously speci�ed amount of bequest is given by

bn. Households maximize expected utility subject to their budget constraint. For simplicity,

assume that T e
t (�) is strictly convex and twice di�erentiable. This assumption guarantees

that the budget set has nice properties.2 Making standard assumptions about the utility

function, optimal household behavior can be characterized by two types of optimality con-

ditions. First, consider the set of optimality conditions which characterize the allocation of

resources within a given time period:

@Ut(cnt; l0nt; l1nt)=@ljnt
@Ut(cnt; l0nt; l1nt)=@cnt

= (1� �jnt) wjnt j = 0; 1 (2.6)

where �jnt =
@T et (int; xnt)

@ijnt
is the marginal tax rate of agent, j, in household, n. This condition

states that the marginal rate of substitution between consumption and leisure must equal

the relative price of leisure in any time period. Note that this condition only relies on the

existence of spot markets and holds independently of the market structure for assets. The

second type of optimality conditions characterizes intertemporal allocations:

@Ut+1(cnt+1; l0nt+1; l1nt+1)=@cnt+1
@Ut(cnt; l0nt; l1nt)=@cnt

=
�t+1
�t

a:e:[P ] (2.7)

The intertemporal MRS for consumption must equal the ratio of the contingent claim prices

almost everywhere. To implement the model, divide the left hand side of equations (2.6)

and (2.7) into an observed and an unobserved part such that:

E
n
ln
h@Ut(cnt; l0nt; l1nt)=@ljnt
@Ut(cnt; l0nt; l1nt)=@cnt

i��� xnto = ln(1� �jnt) + ln(wjnt) + vjnt (2.8)

2For a discussion of problems that arise due to non-convex or nonlinear budget sets see Hausman (1985b).
Notice that even if the budget set is not convex, the optimal choice might still involve a tangency condition
similar to the one exploited in this analysis. Hausman (1981) notes " that it is probably safe to conclude
that nonconvexities [...] can be smoothed to produce a convex budget set for estimation purposes." (p.53)
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with respect to P . Denote by �t the Radon-Nikodym derivative of pt with respect to P .

Hence, pt admits for all events, At, the representation:

pt(At) =
Z
At

�t(!) dP (!) (2.2)

Tax payments are based on taxable income which di�ers from economic income due

to the provisions of the tax laws. To analyze this relationship, it is useful to introduce

more notation. The relationship between economic income, int, and taxable income, iTnt

is described by the function, gt(�), which captures the impact of tax exemptions and tax

deductions which drive a wedge between economic and taxable income. More formally,

assume

iTnt = gt(int; xnt) (2.3)

where xnt is a vector of household-speci�c characteristics. Tax payments are a function of

taxable income. This mapping is denoted by T f
t (i

T
nt). The tax function is assumed to be

intertemporally separable. Taxes paid in period t depend on income in t, but not on income

in other periods. The tax function is indexed by the time period, indicating that it can

change over time. The tax liabilities of a household n at t are then given by:

Tnt = T f
t (i

T
nt) (2.4)

= T f
t (gt(int; xnt))

= T e
t (int; xnt)

The composite function T e
t (int; xnt) is referred to as the e�ective tax function since it relates

tax liabilities directly to economic income. Under these assumptions, the lifetime budget

constraint of a household can be written as:

E0

8<
:

�tX
t=0

�t

2
4 1X
j=0

(1� ljnt) wjnt � cnt � Tnt

3
5
9=
; � bn (2.5)
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Section 4. Section 5 introduces the application studied in this paper and gives information

about the data set provided by the German Socio Economic Panel (GSOEP). The empirical

results are discussed in Section 6, and Section 7 presents the conclusions of the analysis.

2 A Life Cycle Model with Income Taxation

Consider the following life-cycle model. Production and consumption occur on discrete dates

t 2 f0; 1; 2; :::g. Let (
; F; P ) denote the probability space which characterizes the possible

paths that the economy might take. (Strictly speaking all variables must be measurable

functions from the underlying probability space into the real line. This dependence will

be suppressed for notational convenience.) There are two types of households: single agent

households and households which consist of, at minimum, a married couple. This distinction

is made due to the tax system which gives tax bene�ts to married couples. Households

consume three types of goods: male leisure, l0nt, female leisure l1nt, and consumption cnt.

Markets are complete, and hence there are spot markets for every type of good in every

period. In addition, there is a complete set of markets for contingent claims for at least one

good.1 Consider the optimization problem of households which consist of (at minimum) a

married couple. (The analysis for single agent households proceeds along the same lines.)

Assume that households maximize expected utility:

E0

8<
:

�tX
t=0

Ut(l0nt; l1nt; cnt)

9=
; (2.1)

where the utility function, Ut(�), is indexed by t to express possible time dependence (due

to discounting for example). A lifetime consists of �t periods. Let pt denote the price of

contingent claims to a numeraire good in period, t. Assume that pt is absolutely continuous

1These type of models, which are the natural extension of deterministic models developed by Heckman
and MaCurdy (1980) and MaCurdy (1981), were �rst tested by Altug and Miller (1990). See also Cochrane
(1991), Townsend (1994), Udry (1994), Ham and Jacobs (1994), and Hayashi, Altonji, and Kotliko� (1996),
and Miller and Sieg (1996).

3



feasible for a life-cycle model due to the large number of kinks in the intertemporal budget

constraint. A dynamic analysis of tax policies provides some distinct advantages. Dynamic

models control for aggregate shocks, shifts in the wage structure and changing demographics

which helps to isolate the impact of policy changes. Building on earlier work by MaCurdy

(1981, 1983), this paper provides a life-cycle model of labor supply which explicitly captures

the role of income taxation and provides a framework to study disincentive and redistribu-

tional e�ects of taxation over a longer time period controlling for the fact that tax rates

change over time.

Although a dynamic model provides advantages in analyzing tax policies, estimation

of these type of models is a challenging task. The key problem encountered in estimating

these models is �nding a good approximation of the intertemporal budget constraint. Since

tax laws are complex, the construction of tax functions based on information in the tax

code is cumbersome, especially if it must be done for a large number of time periods.

Alternatively, tax functions can be considered, similar to utility functions, as unknown

to the econometrician. This approach is closely related to work by Mo�t who estimates

bene�ts functions for welfare recipients using data on welfare payments. The idea is to

use exible estimation techniques and let the data determine the functional properties

of the underlying tax functions. While parametric estimators of the tax function are a

natural starting point, non-parametric estimators provide a way of avoiding speci�cation

problems that are associated with parametric estimation (Bierens (1987)). Depending on

the technique used to estimate tax functions, parametric and semi-parametric estimators

can be constructed to estimate the remaining parameters of the model. Despite the slower

rates of convergence for non-parametric estimators, the semi-parametric estimator is shown

to be
p
N-consistent and asymptotically normal (Powell, Stock, and Stocker (1989), H�ardle

and Stocker (1989), Newey (1994)).

The paper is organized as follows. Section 2 lays out the general equilibrium model

and derives a set of optimality conditions which characterize household choices. Section

3 introduces a parameterization of the model. The estimation strategies are explained in

2



1 Introduction

Within the literature on labor markets, there has been a recent thrust towards analyzing

household behavior in a dynamic context. This has been particularly evident in panel

studies of households which estimate preferences over consumption and leisure and test the

e�ciency of labor and �nancial markets. (For recent surveys see Blundell (1994) and Card

(1994).) This branch of research has been successful in providing new insights into the

dynamic nature of household decisions, however, most of the studies impose a number of

restrictions on the institutional environment.

One of the most prominent features of labor markets in modern societies is the existence

of progressive income taxation. These taxes drive a wedge between gross and net wages

and potentially create market ine�ciencies. Among these ine�ciencies are the disincentive

e�ects on work e�ort which, as noted by Blundell (1992), propagated many tax reforms in

the 1980's, both in the United States and Europe. These disincentive e�ects have been an-

alyzed primarily in static models. Burtless and Hausman (1978) spurred a literature which

analyzes the impact of taxes on labor supply using a piece-wise linear approximation of the

budget constraint. (Hausman (1981), Hausman (1985a), Pencavel (1986), Mo�t (1986),

MaCurdy, Green, and Paarsch (1990), and Blundell, Duncan, and Meghir (1992).) The

model is solved for a particular parameterization and estimated using a Maximum Likeli-

hood Estimator (MLE). These studies provide a rich set of empirical evidence which suggests

that income taxes have a signi�cant impact on labor supply by introducing nonlinearities

into the budget set.

Estimating dynamic continuous choice models typically exploits �rst order conditions

that arise as a consequence of an interior solution of a well de�ned optimization prob-

lem. (MaCurdy (1981), Blundell and Walker (1986), Altug and Miller (1990), Brown-

ing and Meghir (1991).) For this reason it seems to be necessary to abstract from non-

di�erentiabilities in the budget set. A MLE could, in principle, deal with solutions which

are characterized by inequality constraints. However, this estimator is computationally in-
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