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Abstract
This paper extends the nonparametric method to estimate labor supply
developed by Blomquist and Newey (2002) to handle cases in which
there are individuals who do not work. The method is then applied to
married women in Sweden from 1973 to 1999. For 1999, I find an ag-
gregate uncompensated wage elasticity around 1 and an aggregate in-
come elasticity around -0.05. Furthermore, marginal tax rates are be-
yond the net government revenue maximizing rates. Despite large labor
supply effects, the dramatic evolution of the tax system can only ex-
plain a small share of the 58 percent rise in female labor supply during

this period.
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1. Introduction

The responsiveness of labor supply to taxation is of great interest to policymakers, as it is
crucial for the welfare evaluation of tax systems. There are many difficulties involved in esti-
mating labor supply, and there exists a large literature that uses different approaches with
varying results. Today, there is a general belief that male labor supply is not very responsive,
but there is no consensus regarding female labor supply. Blundell and MaCurdy’s (1999) sur-
vey of the literature finds uncompensated wage elasticities ranging from 0 to 2 and income
elasticities ranging from -1 to 0.5 for women. The bounds are so widespread that they are
useless for policy evaluation. This lack of convergence and understanding of the reasons for
the dispersion illustrates the need for additional methodological developments in this area of
research.

This paper contributes by extending the nonparametric method developed by Blomquist
and Newey (2002) to handle censoring, which allows estimation for groups with considerable
numbers of individuals who choose the corner solution of zero hours of work. The method is
then applied to married women in Sweden from 1973 to 1999.

Compared to other countries, Sweden’s tax burden is and has generally been very high.
Its total tax revenues as share of gross national product have been consistently among the top
two (with Denmark) among the OECD countries during the sample period (OECD, 2008). A
testable hypothesis that is relevant to countries with a high tax burden and to groups with high
labor supply responsiveness is whether tax rates are beyond the net government revenue
maximizing rates. This would be a nearly indisputable sign of suboptimal tax rates as rate
reductions would lead to government revenue gains. Most studies from the 1980s produced
labor supply elasticities that would reject this hypothesis for prime-aged working men (see,
e.g., MaCurdy, 1992). More recent studies that focus on taxable income find more support,
especially for men with high incomes (see, e.g., Goolsbee, 1999; and Mofitt and Wilhelm,
2000). For female labor supply, there is much less consensus. The empirical application in
this paper provides an assessment on this issue for a large and economically important group,
which is considered to be more sensitive to taxation than married men and faces very high tax
rates.

There have been several sweeping reforms to the Swedish tax system during the period
of study. The overall tax level increased in the 1970s to a historical peak in 1980, decreased
during the 1980s to a historical low in 1991, and finally increased a little since then. The tax

system did not change much in the 2000s until the earned income tax credit reform in 2007.



During this period, the labor supply of married women also rose from an average level of 55
percent to 87 percent of regular full-time hours (a 58 percent increase), which nearly bridges
the entire gap between them and their almost exclusively full-time working husbands. The
empirical application in this paper also provides an assessment of the role of tax policy in
raising female labor supply and in creating gender equality at work. This is of great policy
interest, as the labor markets in many OECD countries today are similar to that of 1973 Swe-
den (OECD, 2009).

Like the main strand in the literature, I depart from a static secondary-earner frame-
work; i.e., I do not account for dynamic savings concerns and I account for the income of the
other spouse as if it were unearned income. There are, even within this framework, several
major difficulties in estimating the effects of taxation on labor supply. One is that there are
selection problems in gross wages and unearned incomes as they typically covary with ob-
servable or unobservable variables that may have their own effects on the labor supply. An-
other difficulty arises because the nonlinear tax and transfer system, with its many tax brack-
ets, creates nonlinear budget sets that have many segments. Individuals can therefore affect
the marginal tax rate that they face by selecting which segment to place themselves in. Hours
of work and the net tax are therefore simultaneously determined. The nonlinearities also cre-
ate kinks in the budget set around which there is no net wage. An additional difficulty is that
the functional form of the labor supply is unknown. Furthermore, some methods depend on
distributional assumptions that may drive the estimation results. In the case of female labor
supply, there is also substantial censoring.

The most straightforward strategy to estimate labor supply is to linearize the budget set
around the actual marginal segment where individuals place themselves and to estimate the
effects of this segment on the labor supply with ordinary least squares (OLS). This approach
suffers from most of the mentioned difficulties.

Approaches that primarily focus on credible identification often solve the selection issue
convincingly. The natural experiment approach uses within-group or within-individual varia-
tions provided by tax reforms that hit groups or individuals differently (e.g., Eissa, 1995; and
Feldstein, 1995). Estimation is carried out with difference-in-differences or first-difference
methods. Unfortunately, this approach leaves the nonlinear budget set issues unsolved. Addi-
tional functional form assumptions are also needed to obtain general behavioral elasticities.

The instrumental variables approach could additionally handle the simultaneity issue
(see, e.g., Pencavel 1986), although it leaves the functional form issue unsolved. Nonetheless,

Mroz (1987) and Blomquist (1996) show that the results are very sensitive to the set of in-



struments used, which indicates that the exclusion restriction and instrument strength as-
sumptions are seldom fulfilled at the same time. Several recent studies combine natural ex-
periments and instrumental variables (e.g., Auten and Caroll, 1999; and Gruber and Saez,
2002). However, Mofitt and Wilhelm (2000) point out that it seems unlikely that the simulta-
neity issue is completely solved in those studies.

Structural approaches that focus on tight connection between empirical specification
and theory often solve the nonlinear budget set issues convincingly and are also useful for
simulations at the expense of selection problems. The maximum-likelihood (ML) based ap-
proach developed in Burtless and Hausman (1978), Hausman (1981), and Hausman (1985),
henceforth referred to as the Hausman approach, was very popular for a long time. Nonlin-
earities are accounted for by entering variables characterizing the whole budget set into the
likelihood function. Desired hours of work are usually assumed to be the outcome of utility
maximization, subject to piecewise-linear convex budget constraints, to make computations
feasible and interpretation straightforward. The standard method assumes joint normality of
two error terms. However, Blomquist and Newey (2002) report evidence that these distribu-
tional assumptions may not hold and that that the bias could be quite large (67 percent in their
application). Additionally, the choice of functional form produces nontrivial differences (see,
e.g., Blomquist and Hansson-Brusewitz, 1990).

Another increasingly popular ML-based approach is to treat the hours of work decision
as a discrete choice problem and to use multiple choice methods (e.g., van Soest, 1995; and
Hoynes, 1996). A potential pitfall is that measurement errors in hours of work cannot be ac-
commodated. This approach also requires distributional assumptions, and there is some evi-
dence that limited dependent variable models in general are sometimes sensitive to them (see,
e.g., Chay and Powell, 2001; and Wooldridge, 2002). Functional form assumptions are also
needed, although these could be quite flexible (e.g., van Soest et al., 2002).

Blomquist and Newey (2002) recently developed a nonparametric structural approach
that handles all the mentioned difficulties except the selection issue when there is no censor-
ing. The whole budget set is accounted for without imposing a functional form on the labor
supply and without requiring distributional assumptions. Many variables are required to char-
acterize the whole budget set, resulting in a “curse of dimensionality” that needs to be cir-
cumvented for nonparametric estimation to be feasible. They overcome this problem by put-
ting structure on the regression with utility maximization restrictions in piecewise-linear con-
vex budget sets. Estimation is carried out with OLS. Blomquist et al. (2001), Wu (2005), and
Kumar (2006, 2007) are the only others who have applied this approach.



The first part of this paper extends their nonparametric method to the case with censor-
ing. In addition to estimation of expected hours of work, the extension enables estimation of
the participation probability within the same framework, which makes it possible to sort out
responses on the participation and hour margins. This paper is closely related to that by
Kumar (2006), who also attempts to develop such an extension. For expected hours of work, I
arrive at a rather different labor supply function, although the empirical specifications that we
use are both similar to the original specification by Blomquist and Newey (2002). It is my
opinion that, although he accounts for censoring in desired hours of work, it is more appropri-
ate to account for censoring in observed hours of work, which include measurement errors. To
sort out responses on the participation and hour margins, I derive and estimate a structural
participation function within the original framework, whereas he applies the nonparametric
sample correction method suggested by Das et al. (2003).

The second part of this paper then uses the proposed extension to estimate the labor
supply of married or cohabiting women (henceforth referred to as married women) in Sweden
from 1973 to 1999 with data from four years. My empirical specification is an improvement
over Blomquist and Newey’s (2002) in that I add demographic control variables and time
dummies. By primarily relying on the variation in impact of tax reforms on individual budget
sets for identification, like in the natural experiment approach, selection issues are dealt with
more carefully than previous structural studies. The controls are included nonparametrically
and structurally unlike in the work of Kumar (2006, 2007) on American data. This flexibility
allows the responsiveness not only to be a function of the tax system and the tax reform of
interest but also of demographics and time factors. In contrast to the constant elasticity as-
sumption often made in the literature, there is some evidence that labor supply elasticities
vary with tax system and time (e.g., Goolsbee, 1999; and Heim, 2007).

Labor supply estimates are usually summarized in terms of elasticities for linear budget
sets. At the sample mean, I find a statistically significant uncompensated wage elasticity of
labor supply around 0.7 and a small income elasticity for linear budget sets. However, the
wage elasticity varies between 0.3 and 0.8 depending on the point of evaluation. More prob-
lematic is that the budget sets are nonlinear. There are therefore many net wage rates, and it is
usually not possible to vary one rate in isolation. Extrapolation is also needed to infer behav-
ior on linear budget sets. It is more appropriate to use the labor supply estimates for simula-
tions with realistic budget sets.

These problems lead me to construct simulation-based aggregate elasticity measures,

specific to each tax system, population, and type of reform. Such measures are not as general



as, nor directly comparable to, linear budget set elasticities, but they are much more informa-
tive and policy relevant. I simulate hypothetical reforms and construct such elasticities for the
1999 tax system, which is similar to the present Swedish system and almost identical to the
2007 system prior to the latest earned income tax credit reform. I find an aggregate uncom-
pensated wage elasticity of 0.9 for marginal tax rate changes in low and medium income
brackets with roughly equal contributions from the participation and hour margins; in high
income brackets, my finding is 1.4. The linear budget set wage elasticity at the mean is there-
fore an underestimation of the aggregate wage elasticity. The hour margin contributes as
much as the participation margin at low and medium income brackets, but four times more at
high income brackets. I also find an aggregate income elasticity of -0.05 with the bulk made
up of responses on the hour margin. These findings suggest that the participation rate is very
responsive both to the changes in the first marginal segment that non-working individuals face
and to the rest of the budget set.

The simulations reveal negative average tax elasticity of net government revenues at all
income levels: -0.3 in low and medium income brackets and -1.5 in high income brackets.
This indicates that marginal tax rates are beyond the revenue maximum for married women.

In parts of the simulations, I also account for the mechanical effects of the hypothetical
reforms on the husbands’ incomes and the income cross-effects that these have. The small
income elasticity that I find for married women and that Blomquist and Newey (2002) find for
married men indicates that such effects are small for both spouses in Sweden. The mechanical
effects on the husbands have, however, large financial effects on net government revenues.
Accounting for these effects produces marginal tax rates that are on the right side of the reve-
nue maximum at the household level. Additionally accounting for the behavioral effects of the
husbands, using back-of-the-envelope calculations based on the labor supply estimates and
simulation results for married Swedish men (Blomquist et al., 2001), gives marginal tax rates
that are on the right side in the low and medium income brackets but at the revenue maximum
in the high income brackets. A comparison of the spouses shows that the financial effects on
the wives to which their behavioral effects translate are much larger than those on their hus-
bands, despite the wives’ lower gross wages.

Although there are large behavioral effects of taxation, simulations also reveal that the
dramatic evolution of the tax system can only explain a small share of the extreme rise in fe-
male labor supply during the sample period. It cannot explain any of the rise prior to 1981, but

it can account for 34 percent of the rise afterwards. Demographics and time factors, such as



attitudes, technology, and macroeconomics, account for the main part of the rise. Variation in
gross incomes also contributes non-trivially.

The paper proceeds as follows. The next section derives the labor supply functions.
Section three describes how the functions are estimated empirically. Section four describes
the data. Section five reports the labor supply estimates and sorts out tax system effects during
the sample period. Section six simulates hypothetical reforms and aggregate elasticities. The

last section concludes.

2. Labor Supply Functions

Blomquist and Newey (2002) develop a method to nonparametrically estimate expected hours
of work conditional on a nonlinear budget set, i.e., to estimate E(h;|x;), where A; is observed
hours of work, x; is a vector of income variables characterizing the whole budget set, and sub-
script i is an index for individuals. E(h|x;) = s(x;) 1s well defined as it is, but nonparametric
estimation is infeasible due to the high dimension of x;. To overcome this problem, they re-
duce this function into sums of additive separable low-dimensional functions that are each
feasible to estimate nonparametrically. This derivation is done under the assumption of utility
maximization subject to piecewise-linear convex budget constraints.

A simplifying assumption that they make is that hours of work are unconstrained; i.e.,
there is no censoring. This is a good approximation for the labor supply of married men that
they estimate, but not for, e.g., married women. The participation rate is 90.7 for married
women in the sample used here, whereas it is 99.1 for a similar sample of married men. I de-
rive a similar expression when some individuals do not work, i.e., when there is censoring at
zero hours of work. I also derive the participation probability that could be used to estimate
the responsiveness on the participation margin.

I follow their approach closely, but I also condition on a vector of control variables z;,
and therefore derive E(h;|x;z;) and Pr(h>0|x;z;). Adding control variables increases the di-
mensionality. Blomquist and Newey (2002) argue that parameters of some demographic vari-
ables are insignificant for married men when using a parametric approach, and they do not use
any control variables. However, it is generally believed that demographics play a larger role
for the labor supply of married women, particularly for the participation decision. There may
also be strong effects of attitudes, technology, and macroeconomics on the labor supply.

Expected hours of work conditional on working can then be recovered as



E(hi |xi’zi)

E(h; | x;,2,,h, > 0)= Pr(h, > 0] x,,z,)

(1

and can be used to examine the responsiveness on the hour margin. In elasticity terms, Elgp) =
Elp,g>0) + Elgmn>0), where El denotes own elasticities, which can be derived from equation
(1) and the decomposition in McDonald and Mofitt (1980). The reason for not deriving
E(hi|x;z;,h>0) and retrieving one of the other two entities using equation (1) is that this deri-
vation results in an expression that is too complicated to estimate nonparametrically.

The labor supply function takes the form

*

h'=h"(x;,z,v,.6)=n +¢& =n(x,,2,,v,)+¢,. )

1 1

v; is unobserved heterogeneity and captures the remaining variation in utility functions across
individuals once z; has been accounted for. Individuals may have different taste for work and
desire different numbers of hours, even if they have the same values on the explanatory vari-
ables. ¢; is an additive measurement error. With the error structure adopted here, &; can also
contain an optimization error term that arises because individuals cannot fine-tune their hours
of work. This accounts for the fact that some options for hours of work may not be available
for some individuals. 7r,-* is desired hours of work when there are no hour restrictions due to
job availability. When there is no censoring, as in Blomquist and Newey (2002), observed
hours of work %; = ;. The specification with two error terms adopted here and by Blomquist
and Newey (2002) is the same as in the Hausman approach. A consequence is that observed
hours of work need not be the outcome that would have maximized utility had there been no
hour restrictions.

I handle censoring in a latent variable framework, treating hi* as latent hours of work.

Observed hours of work /; and the observed participation (dummy) D(%,>(0) become:

. 1 ith” -
h=1" and D(, >0)= ith >0 & >-m 3)
0 0 ith' <0 e <1

Unlike in many binary outcome models, the latent variable in this setup has an economic in-
terpretation. It is observed hours when there is no censoring. In such a world, negative hours

would imply that the individual purchases leisure at her first-segment wage rate. '

! There is also a maximum hour censoring as time endowment is limited. This is ignored as the probability of
being located there is zero in practice. Accounting for the maximum hour censoring would adjust the derived
expressions very little and would not change the empirical specifications.



The joint distribution of v; and ¢; is denoted by f(v;¢;). I assume that v; is statistically in-
dependent of x; and z;. This is appropriate when the tax system and the controls are exogenous
and when the remaining unobserved heterogeneity is not determining gross income variables.
Additionally, I assume that E(e;|x;z;) = 0 and that T is strictly increasing in v;. These as-
sumptions are similar to those made by Blomquist and Newey (2002) except for the addition
of z;. The independence between v; and x; that they require is relaxed to conditional independ-
ence given z;. No distributional assumptions are made about the error terms, unlike those
needed for ML methods, which make the estimation more robust to misspecification. The cost
is an efficiency loss when the distributional assumptions hold and also that parameters of
f(vi,&;) cannot be retrieved. From here on, the i-index is usually left out.

The tax and transfer system creates nonlinear budget sets containing piecewise-linear
segments in the income-hour space. In a static framework, individuals consume all their in-
come and are located on the budget frontier. A budget set with J segments indexed by j can be
fully described by the slopes w; and the intercepts y; of each of the extended segments and the
end point /; of all but the last segment; i.e., x = (w;_wyy;.ysI;. 1;;)" If the budget frontier is
continuous, then /; = (y—y;+1)/(wj+1—w;). The slope of a segment is the net (marginal) wage
rate (after all taxes), and the intercept of the extended segment is the (net marginal) virtual in-
come (after all taxes) of that segment. y; is the unearned income. In a secondary-earner
framework, the spouse’s income is part of the unearned income. A three-segment piecewise-

linear convex budget set is shown in Figure 1.
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Figure 1. Three-segment piecewise-linear convex budget set



Desired hours of work on a budget set that is a linearization of the j* segment is de-
noted mj(v) = m(w;y;,z,v), and the inverse of z;(v) is denoted 7rj'] (1). Under utility maximization
subject to piecewise-linear convex budget constraints, individuals desire to locate on the seg-

ments and kinks according to:
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Expected hours of work and the participation probability are derived after summing terms on

each of the segments and kinks, and are reported in Propositions 1 and 2.

PROPOSITION 1. When there is censoring at zero hours of work, expected hours of work
under utility maximization subject to piecewise-linear convex budget constraints conditional

on income and control variables can be written as

J-1

E(h ‘ x’z): E(WJ’yJ’z)—I_Z[Iu(wj’yj’lj’z)_/u(wj-H’yjH’lj’z)]
=

where 7(w,,y,,z)= J._Z f;(WJ ,yj,z'v)[ﬁ(wJ,y‘,,z,v)+ glf(v,g)dgdv, 5)
y(wj,yj,lj,z):

Jvrl(w, ,y,',l,,z){.[i(w‘ » V)[ﬂ(wj Vi z}v)+ glf(v,g)dg - f; [Ij + Slf(v,g)dé‘}dv.

—00

Proof. See Appendix A.

PROPOSITION 2. When there is censoring at zero hours of work, the participation probability
under utility maximization subject to piecewise-linear convex budget constraints conditional

on income and control variables can be written as

<~

-1

Pr(h >0] x,z)= EP(WJ,yJ,Z)Jr [ﬂp(wj’yj’lj’z)_/’IP(WJH’yjH’Ij’z)]

J

1l
—_

where 7°(w,,y,,2) = fwji(w , ”)f(v,e)dgdv, (6)

u” (W_/ Yiliz ) = fwl b 'Z)J'_li f (v, 5)dgdv.

—ﬁ(wj ,yj,z,v)

Proof. See Appendix A.
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Equations (5) and (6) represent expected hours of work and the participation probability in
terms of the labor supply in a budget set that is a linearization of the last segment and a cor-
rection term for nonlinearities. The expressions have the same structure and are identical to
Blomquist and Newey’s (2002) formula for expected hours when there is no censoring with
respect to dimensionality, and the expressions can be estimated nonparametrically along their
approach. Hence, naively applying their formula for expected hours in the presence of cen-
soring would accidentally produce the same empirical specification as when applying the
proper censoring-adjusted formula. This result is, however, not trivial; Proposition 1 is needed
to realize this. Expected hours collapse to their simpler expression when there is no censoring
and there are no control variables. The linear term has a dimensionality equal to two plus the
number of controls. The correction term has a particular difference form in which the dimen-
sionality is three plus the number of controls independent of the number of segments in the
budget set. Blomquist and Newey (2002) show that the accuracy in estimating this term is
independent of the number of segments.

The way to account for the censoring outlined here does not require additional distribu-
tional assumptions, in contrast to parametric methods. Neither does it require exclusion re-
strictions, in contrast to usual nonparametric methods. Responses on the participation and
hours margins can also be sorted out. The straightforward structural extension preserves all
features of the original Blomquist and Newey (2002) method, including asymptotic proper-
ties, and feasibility and simplicity to estimate nonparametrically.

It is however impossible to distinguish parameters belonging to the linear budget set
term from those belonging to the correction term since some explanatory variables enter both.
It is also impossible to identify parameters belonging to desired hours from the measurement
error for the same reason. We can, however, consistently identify the effects of changes in
explanatory variables, such as the effect of budget set changes on the labor supply. A basic

requirement is that the budget sets are known and characterized properly.

3. Empirical Specification and Estimation

Blomquist and Newey (2002) estimate expected hours of work nonparametrically by ap-
proximating each term with power series regressors and then using OLS. Power series are
convenient because additivity and equality constraints are easily incorporated into the estima-

tion by excluding interaction regressors and by imposing equality of coefficients. OLS is at-
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tractive in terms of implementational simplicity and computational time. This approach can
also be used to estimate expected hours of work and the participation probability when there
is censoring. In fact, the empirical specification becomes similar, since all these entities result
in expressions with an identical structure. Differences in the sets of regressors for the different
entities are due to the empirical selection of regressors that is described later in this section.

The dimensionality of each term is low when control variables are omitted, as they are
in Blomquist and Newey (2002). The potential number of approximating regressors for each
term increases exponentially with the number of controls due to new combinations of interac-
tion regressors. Feasible estimation therefore requires parsimony in the number of controls
that are included.? However, to reasonably argue that the remaining unobserved heterogeneity
is independent of the budget set requires that variables that may determine gross income vari-
ables (before any taxes) and taste for work are included as controls. Based on these consid-
erations, I include three demographic control variables: age a, number of children ¢, and years
of education (including vocational training) e. To account for additional unobserved time-
varying heterogeneity, such as attitudes, technology, and macroeconomics, I also include time
dummies, Y80, Y90, and Y99, for each of the three latest years, 1980, 1990, and 1999, in the
data. The first year, 1973, is left out to avoid multicollinearity. Therefore, z = (a c e Y80 Y90
Y99)". 3

Using ~ to denote approximation of terms with a vector, the terms in expected hours of

work in equation (5) in Proposition 1 are approximated as:

E(WJ’yJ’Z)N pM(x’z): [pl(x’z)"'pM (x:z)]'

7
where P (x, Z) — g™ (m)cnzz(m)ems(m)Y80m4(nz)Y90m5 (m)Y99m5(m)WJm7(m)me8(m) (7)
J-1
[/u(wj’yj’lj’z)_ﬂ(wj+l’yj+1’lj’z)]
j=1
~q"(x.2)=[g,(x.2)...q, (x.2)} whereg, (x,z) = ®)

J-1
")) y g yggn S g o)y, 0, w0y mle)y, w0

J J
Jj=1

2 A method to handle a larger number of control variables is to use an index specification 7; = 7 (y;, w;,p'z,v) along
the lines of that used by Ichimura (1993), which would only add one dimension to each term independent of the
number of controls. I find such a specification too restrictive.

? Other potential controls available are: socio-economic, metropolitan area, municipality, county, and individual
dummies/fixed effects. Many of these variables are problematic to include because they take away a lot of the
variation in the income variables, decrease the degrees of freedom substantially, or cannot be estimated consis-
tently due to too little variation or too few observations.
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The approximation is similar for the terms in the participation probability in equation (6) in
Proposition 2. Capital letters denote the number of approximating terms, and lowercase letters
index them. Numbered letters are integer power order functions. The empirical specification

of hours of work, which is estimated with OLS, is
h=pBy+B, p" (x.2)+B8,'q" (x.2)+ S, ©)

where fy is a constant and ¢ is an error term. For participation, the dependent variable /4 is
replaced with D(h).

Many potential approximating regressors in the approximating vectors are perfectly
collinear and need to be excluded. Potential first and second order regressors in p™(x,z) are a,
a’,c e, ac, ce, Y80, Y90, Y99, a¥Y80, aY90, a¥99, cY80, cY90, cY99, eY80, e¥Y90, eY99,
Wi, Vi, W), wf, yf, awy, ayy, cwy, cyy, ewy, ey, Y80wy, Y80y, Y90w,, Y90y, Y99w,, and
Y99y,. Similarly, ¢™(x,z) could contain regressors such as Aw, Ay, Awy, Aw’. 4y°, Ay, adw,
ady, cdw, cdy, edw, edy, Y804Aw, Y804y, Y904w, Y904y, Y99A4Aw, and Y994y, where
a”c”e”Y807 Y907 Y99% [ Aw™ y* = a” ¢ e Y80 Y90 Y99 i 1" (wj°8 Y =w v )

j=1

For non-working individuals, gross wage rates are imputed by separately estimating a
gross wage rate function with the working individuals for each of the four cross-sections.”
There is no need to account for selection in the gross wage rate function, as the estimates here
are only used for prediction and not for causal inference. The regressions give coefficients of
determination around 0.3. The gross wage rate and the unearned income are used together
with the relevant tax and transfer system to construct the net wage rates and the virtual in-
comes needed to estimate the labor supply function.

Flexible selection of the number as well as the power order of the approximating regres-
sors is the nonparametric component in the estimation of equation (9). I use the same cross-

validation criteria that Blomquist and Newey (2002) use to select the exact set of regressors:

1
CVl—ﬁ,whereSSEZ[ll[ﬁ’(;li)lR ]2. (10)

SSE is the sum of squares of the forecast errors normalized with the inverse of squares of one

minus the respective diagonal element in the projection matrix R'(R'R)”R, where R is the

YA quadratic in age, number of children, and education years, as well as education level, socio-economic,
county, and metropolitan area dummies are used as regressors in these regressions. The goal with this regression
is goodness of fit, and I therefore choose to use an extensive set of explanatory variables.
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matrix of all regressors. The forecast of i, ﬁi‘i is the predicted value using all but the i"

observation. The division of SSE with the sample sum of squares of # makes the cross-
validation value invariant to the scale of 2. Maximizing CV minimizes the asymptotic mean-
square error and the bias goes to zero at the same rate as the standard deviation according to
Andrews (1991). More terms are needed for a faster convergence rate.

Since there are a lot of combinations of regressors, finding the global CV maximum is
not easy. I follow some simple principles to make the selection process tractable. To begin
with, first-order approximating regressors are included. Additional groups of regressors are
then added, one group at a time, until the CV maximum clearly seems to be passed. I con-
secutively add the group whose inclusion maximizes CV among a pool of groups. The pool
contains groups with all the lowest-order terms that have not yet been added. The pool can be
expanded with higher-order groups each time a group has been added. A composite regressor
such as ¢?’Aw’ cannot be added before its subfactors c, &’ , Aw, An?, cAw, ¢ Aw, and cAw’ have
been added. Each group contains regressors of similar type and order. An example of a group
is ac, ae, and ce; another example is w. 7 and Aw’.

The flexibility advantage of nonparametrics is magnified when there are control vari-
ables. The impacts of the income and control variables are flexible by themselves and when
interacted. This allows both the responsiveness of the labor supply to budget set changes and
the impact of demographics to vary over time. The flexibility is, however, demanding on the
data. Demographic controls and time dummies alone remove a lot of the variation between
individuals and time periods, respectively. The remaining variation in gross income variables,
such as the gross wage and the unearned income, provides some individual variation useful
for identification. Tax reforms that have different impacts on individuals with different budget
sets provide a crucial source of variation, as in natural experiment-based approaches. Even
some of this variation could, however, be removed by interactions between demographic vari-
ables and time dummies, leaving much of the identification to the specific structure of the
budget set imposed by utility maximization and the selection criterion.

The results from labor supply estimations are often summarized in terms of elasticity
measures that reflect the responsiveness of labor supply. Nevertheless, caution is needed in
interpreting and comparing such figures. Elasticities typically vary enormously with the point
of evaluation, which is illustrated by Blomquist and Hansson-Brusewitz (1990).

Another caveat is that there is not a single net wage rate or virtual income when the

budget set is nonlinear. It is therefore artificial to speak of the effect of a change in the net
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wage or virtual income on labor supply, even if this may be natural from the point of view of
the empirical specification in many methods. It is also problematic in most cases to try to dis-
tinguish the effects of the net wage or the virtual income on a specific segment from those on
another segment, as changing the net wage or virtual income on one segment usually also
automatically changes those on others. Most authors, including Blomquist and Newey (2002),
report and interpret elasticities as the responsiveness in linear budget sets where there are
clearly a single net wage and virtual income. Some extrapolation is, however, required either
in the construction or in the interpretation of such a measure, as there are no linear budget sets
in the data. The measure may therefore not be very informative.

Despite these shortcomings, it is common practice and convenient to report results in
terms of elasticities. In the present method, there is also such a need, since the parameters
themselves are completely uninformative. However, it is not clear how to construct elastic-
ities, since variables characterizing the whole budget set are used in the estimation. To be able
to compare with results in other papers, I first follow Blomquist and Newey (2002) and use
the regression estimates to construct the uncompensated wage elasticity of labor supply Elj,,

and the income elasticity of labor supply El, for a linear budget set with

X = Xiinear = X(W,y) = (Wi=w_ w/=wy;=y_y,=y) :

oh . .
Elh‘w(x = x,inear,z)E%aw* (w1 =W ., W, =W )|W*:w, (11)
ah * *
Elhy(x:xlinear’z)E%ay* (yl :y ""’yJ :y )|)/*:y’ (12)

Depending on the kind of comparison for which the elasticities are used, 4 is sometimes cho-
sen, and sometimes functions of x and z. Note that there is only one virtual income, which is
the unearned income in linear budget sets. Standard errors are constructed using the bootstrap.

Due to the problems with these elasticities, I find the main use of the labor supply re-
gression estimates to be predicting Mongrel labor supply (defined by Blomquist and Hansson-
Brusewitz, 1990), which is the labor supply given explanatory variables for a tax system at
hand. By letting certain non-tax variables vary, Mongrel labor supply functions for a tax sys-
tem can be constructed. Different tax systems can be evaluated by comparing their Mongrel
labor supply functions. For a given sample, the sample statistics of predicted Mongrel labor
supply also provide an aggregate picture. Important in these simulations is that the simulated

budget sets need to have equivalents in the data used for estimation to avoid extrapolation.
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To obtain a more relevant and less problematic elasticity summary measure, I propose a
simulation-based tax-system and tax-reform tied aggregate Mongrel elasticity measure for a
given population at a certain point in time. A certain tax system can be described by the tax
matrix T = (z,7p), where 7, represents the tax rates and 7, represents the tax brackets. A
population at a certain point in time can be described by the gross incomes x¢, demographics
and time period Z, and the budget sets X(7,x¢,Z), where the population vector and matrices
are obtained by stacking the individual equivalents. 7 is used to index the elements in the vec-
tors and matrices for an individual. A tax reform 47 induces budget set changes AX(4T,x¢,Z).
Each aggregate elasticity is then a function of 7, x¢, Z, and AT .

To simplify notation, the subindex pre denotes the pre-reform situation with budget

sets X, and the subindex post denotes the post-reform situation with budget sets X+ 4X. The
aggregate Mongrel wage and income elasticities of labor supply are then Elh\w,pre and
Ely. pre . Another interesting elasticity is the aggregate Mongrel net-of-tax elasticity of taxable

income Ely-z ., where Y is taxable income and 7 is the average tax rate. The elasticities are

constructed as:

Elywpe[4X (4y, =0)]=
lim Z(l - 2_-h>0,pre )WGJ Z hz ,post Z hz pre (13)
AT -0 ZhAh>0,pre le_fh>0,post( pre)_lval Z( —Tjso, pre)W G.i

i

lim zyllpre zthost zthre

Elnypre[AX (AW =0)]= 14
o [4X( =41 S0 Zh,,,,e Zyl,pos, Zyl,m (9
_ ( ) lim z (1 - z_-pre ) z i, post z i,pre
Elyii-z)pre\4X ) = ! (15)
e AT =0 Z - 2[1 pm,(h h, )j Z( o)
where Y, = WG,ihA(x,.,z,.)+ Vi (16)
Z h>0(hi’xi’zi) Z[ h>0(h X% )"'fl,i]
and 7, , = = T= (17)

ZWG,ih(xi’zi) ’ Z[WGI ,,z +y1:"]

T(x;z; is the tax revenue function, and 7 (*) is the average tax function. Unearned incomes

are held constant when calculating the uncompensated wage elasticity; i.e., the unearned in-
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come change subvector Ay; = 0 in the matrix AX. The idea is to exclude pure income effects.
Net wages rates are instead held constant; i.e., the net wage rate submatrix AW =0 in the
matrix 4X. The idea is to study pure income effects due to changes in unearned incomes and
to allow only changes in virtual incomes and kinks that accompany the unearned income
changes.

The tax rate change used for denomination is the average tax with labor supply fixed to
the pre-reform level described; i.e., h=h pre = I;(XZ ) Averaging is a convenient way to

summarize nonlinear tax rates in a single conceivable rate, which, in contrast to the marginal
rate, is not directly plagued by behavioral adjustments. Note that for a given marginal tax
change in a segment, the average tax changes much less. Fixing labor supply is necessary to
clean out behavioral effects of reforms on tax rates. The tax reform matrix approaches zero in
the sense that all elements in it are shrunk keeping the ratio between them constant.

Finally, the tax elasticity of net government revenues can be constructed as

lim Z z_-i’l’re z fi.posz - z f;’pre
i F -
AX =0 zﬁ,]’re Zz_-i,post - Zz_-[,p,.e
i i i
lim Z fi,post - IZ f;,pre

i

) AT — 0 Zf:fi,posz (hAi,pust = hAi,pre)_ zf;',pre

i

Eﬂr,pre (AX) =

(18)°

For a concave Laffer curve, this elasticity is positive up the revenue maximum and negative

after that.

4. Data and Summary Statistics

In the estimation of female labor supply, I use data from 1973, 1980, 1990, and 1999 from the
Swedish “Level of Living” (LNU) surveys undertaken in 1974, 1981, 1991, and 2000. The
Swedish National Data Service (SND) and the Institute of Social Research (SOFI) at Stock-
holm University have provided the survey data and data on taxation and social security. The

surveys cover around 6,000 individuals for each wave and make up a random sample con-

> It is possible to construct individual elasticity measures without aggregating over the population. For such

T.
_ i,pre
TN-7,pre — 1_ ; ElY\l*?,pre .

elasticities the following relationship holds: £/ The average of the individual

i,pre

elasticities usually differs from the corresponding aggregate elasticity.
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sisting of 1/1,000™ of the Swedish population in the age span of 18 to 75 years old. It is a ro-
tating panel where about 2,500 individuals appear in all four surveys. The overall response
rate in the four surveys is 81.6 percent.

The data from 1973, 1980, and 1990 have previously been used in labor supply studies
several times. Blomquist (1983), Blomquist and Hansson Brusewitz (1990), and Aronsson
and Palme (1998) use the Hausman approach. Blomquist and Newey (2002) and Blomquist et
al. (2001) use the same nonparametric approach as here, but they use it on married men. There
are also a number of studies (Selén, 2005; Ljunge and Ragan, 2006; Hansson, 2007; Gelber,
2008; and Blomquist and Selin, 2009) that look at taxable income and the extensive reforms
from 1980 to 1991 using register data and natural experiment or instrumental variables ap-
proaches.

It is common in the labor supply literature to select the sample quite heavily. One ra-
tionale is that different groups may have different responsiveness in labor supply. Another
important reason is that it is difficult to characterize the budget sets of some groups of indi-
viduals satisfactorily. The selection made here is very similar to those made in the papers
mentioned above, but still, it leaves out many groups that are also of great interest. I limit my
sample to married or cohabiting women in the age span of 20 to 60 years old without small
children (aged five years old or less). Pensioners, students, those with more than four weeks
of sick leave, farmers, and self-employed are also excluded. The number of observations
dropped in each step is reported in Table A1 in Appendix B. There remain 2,882 observations
after the selection, 825 from 1973, 746 from 1980, 698 from 1990, and 613 from 1999.

The distribution of yearly hours of work in the sample is shown in Figure A1 in Appen-
dix B. The four peaks correspond to individuals who do not work, work half-time, work 75
percent, and work full-time. Around 60 percent of the observations are clustered at these four
locations.

For 1973, 1980, and 1990, I use the same stylized tax systems as used in Blomquist
(1983), Blomquist and Hansson-Brusewitz (1990), Blomquist et al. (2001), and Blomquist
and Newey (2002). The stylized tax system that I use for 1999 is described in Appendix C.
These systems are used to construct the budget sets for the individuals; these budget sets are
needed in the estimation. Some minor components of the tax systems have been left out due to
the difficulty of modeling their effects on the budget sets and due to lack of relevance to the
sample individuals.

The taxation of earned and capital incomes, including basic and capital deductions, is

accounted for in the construction of the budget sets. Individual taxation was introduced in
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1970 prior to the sample period. Earned and capital incomes were jointly taxed until 1991.
Payroll tax (PRT) and value added tax (VAT) are also accounted for. The social security and
transfer system has become increasingly important over time. The two most important allow-
ances for married couples, the child and housing allowances, are incorporated into the budget
sets. In the selected sample, other programs, such as the parental cash benefit, various pen-
sions, student finance, the sickness benefit, and social assistance, are of small or no impor-
tance and not considered.

The tax and transfer system contains minor non-convexities. As the labor supply func-
tions are derived under the assumption of convex budget sets, I convexify the budget sets be-
fore estimation. Blomquist and Newey (2002) perform Monte Carlo simulations and statistical
tests using non-convex budget set correction terms on a data set that is similar to the one used
here. They find that there is little bias produced by imposing the convexity restrictions despite
the presence of some non-convexities.

Summary statistics for some key variables are reported in Table 1. Means are reported
without and standard deviations within parentheses. Yearly hours of work and hourly wage
rates from the surveys are used. Measurement errors in the yearly hour dependent variable are
accounted for in the estimation as long as they are not correlated with the explanatory vari-
ables, in which case there would be a bias. Using hourly wages from the surveys avoids the
division bias reported by Eklof and Sacklén (1999) that arises when using hourly wages cal-
culated by dividing the yearly income by yearly hours. 7 denotes marginal tax rates, and seg-
ments denotes the number of segments. Subscript actual denotes the actual segment on which
individuals are located, / denotes the first segment, and J denotes the last segment, where
individuals at kinks are counted as facing the next segment. All income variables apply to the
convexified budget sets. The wages reported are gross before payroll tax (pre-PRT) rates,
whereas the tax rates and the virtual incomes are net after value added tax (post-VAT) figures.

Between 1973 and 1999, the labor supply of married women increased by 58.3 percent,
from an average level of 55.0 to 87.1 percent of regular full-time work. This development
nearly bridges the entire gap between them and their almost exclusively full-time working
husbands. The rise is due to both increased participation as well as increased hours of work.
However, there is also a positive trend in the average education, gross pre-PRT hourly wage,
and age, as well as a negative trend in the average number of children. This co-variation over
time indicates the need to include demographic variables or time dummies as controls. The
variation in yearly hours of work and in the participation rate decrease over time as revealed

by the standard deviations.
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Table 1. Summary statistics

Variables Pooled 1973 1980 1990 1999

h 1,475 1,145 1,384 1,666 1,812

(732) (826) (702) (597) (530)

D(h>0) 0.907 0.800 0.914 0.960 0.982
(0.290) (0.400) (0.280) (0.196) (0.133)
Wpre-PRT 116.268 83.478 104.571 144.158 142.875
(42.978) (21.018) (26.286) (37.040) (49.844)

T actual 0.600 0.476 0.611 0.706 0.632
(0.144) (0.169) (0.117) (0.061) (0.063)

T 0.362 0.226 0.370 0.523 0.350
(0.116) (0.019) (0.060) (0.053) (0.000)

) 0.816 0.829 0.869 0.831 0.717
(0.054) (0.000) (0.001) (0.006) (0.001)
Vactual 157,942 131,231 165,698 169,589 171,192
(74,917) (63,206) (61,493) (71,089) (96,528)
\ 142,173 117,343 149,009 155,577 152,010
(73,025) (62,808) (59,025) (69,205) (94,375)
Vi 216,660 229,025 224,802 211,288 196,225
(71,460) (60,777) (57,714) (67,994) (94,907)

segments 9.759 8.995 16.429 5.725 7.263
(4.194) (0.070) (1.258) (0.614) (0.778)

segments, 4.189 2.698 5.504 3.629 5.232
(2.457) (1.620) (3.513) (1.076) (1.408)

a 43.826 43.612 42.866 44.123 44.943
(10.127) (10.438) (10.413) (9.654) (9.766)

c 0.865 0.918 0.922 0.811 0.788
(1.031) (1.052) (1.024) (1.000) (1.039)

e 10.287 8.653 9.562 11.097 12.447
(3.338) (2.856) (2.989) (3.158) (3.096)

Notes: Means are reported without and standard deviation reported within parentheses. % is expressed in yearly
hours, Wye-prrs Yactuar» Y1, and y; in SEK (1999 price level, USD 1.0 = SEK 7.8), and e in years.

The marginal tax rates in different parts of the budget sets are higher than usual for Sweden
due to the inclusion of indirect taxes. The variation in average marginal tax rates between
different parts of the budget set is quite large. The average marginal tax rate is lowest in the
first segment, higher in the actual segment, and highest in the last segment, reflecting the pro-
gressivity of the tax systems. Among the different segments, the standard deviation is usually
lowest for the last-segment marginal tax rates and highest for the actual segment. There is no
clear trend over time, and it is difficult to rank the tax levels in the different years based on
the statistics shown here.

Among the different segments, the last-segment marginal tax rate is the best indicator of
the overall tax level, as the first-segment rate depends on capital income deductions and trans-
fers, and as the actual rate depends on hours of work. The last-segment means are consistent

with the general view that the overall tax level increased to a historical peak in 1980, de-
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creased to a historical low in 1991, and increased a little since then. The average number of
segments partly reflects the complexity of the tax and transfer system and was highest in 1980
with an average of 16.2 segments. The average actual segment is quite low in relation to the
average number of segments in 1973 and 1980, but it is higher in 1990 and 1999.

To get a more complete picture of the tax systems, marginal tax rates (including allow-
ances and indirect taxation) at different gross pre-PRT earned income levels are plotted for an
average individual experiencing each of the four different tax systems in Figure 2. There are
only a few minor marginal tax rate changes after 500,000 SEK (1999 price level), at which
the figure is truncated. We see that (marginal) tax rates increased at all income levels between
1973 and 1980, but decreased at all income levels between 1980 and 1990 and between 1990
and 1999. The decrease since 1980 is mainly at medium to high income levels, where tax
rates have been reduced by over ten percentage points over large intervals. The 1999 tax sys-
tem has higher tax rates at low income levels and lower tax rates at higher income levels
compared to the 1973 tax system and is hence less progressive. The evolution of the tax sys-
tem provides ample variation in budget sets, which is crucial for identification and simula-
tions. The variation in tax systems also indicates that the results in this paper are of primary

concern to high tax countries, but they are more general with respect to progressivity.
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Figure 2. Marginal tax rates including allowances and indirect taxes
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5. Estimation Results

5.1 Labor Supply Estimates

The estimates for expected hours of work in equation (5) using the empirical specifications in
equations (7) to (9) are reported in Table 2. Approximating regressors, the cross-validation
value (CV), and the uncompensated wage elasticity Elj(X=Xiinear) and income elasticity
Elyy(X=Xijinear) 0of labor supply for linear budget sets are reported. Additional regressors are
added on top of the previous ones guided by the cross-validation criterion in equation (10).
The elasticities are constructed from the regression estimates for a linear budget set at the
pooled sample actual-segment mean according to equations (11) and (12). They are evaluated
at the same fixed hours of work to enable comparison across specifications. The linear budget
set elasticities are summary measures that should be used with caution as discussed in section

three.

Table 2. Estimates for expected hours of work

Specification Additional terms CV Elpw(X=Xiinear)  Elny(X=Xiinear)
First order constant, wy, y;, Aw, Ay 0.108 0.491 -0.085
(0.056) (0.018)
Controls a,c, e, Y1980, Y1990, Y1999 0.137 0.416 -0.038
(0.098) (0.019)
ac, ae, ce, a’, ¢, ¢ 0.152 0.446 -0.059
(0.098) (0.019)
Maximum 1Ay 0.164 0.556 -0.063
(0.090) (0.019)
ace, a’c, a’e, ac’, c’e, ae’, ce’ 0.157 0.545 -0.062
(0.090) (0.019)
Preferred awj, Cwj, ewj, aAw, cAw, eAw 0.147 0.731 -0.059
(0.131) (0.018)
w1y, AWy 0.135 0.638 0.049
(0.126) (0.108)
wit, Aw’ 0.122 0.663 0.027
(0.195) (0.106)

Notes: The elasticities are evaluated for a linear budget set at the pooled sample mean, i.e., a =43.812,
c=0.865e=10287, w=43.382,y=157,942, and h = 1,475. Standard errors are constructed using the boot-
strap (1,000 replications) and are reported in parentheses.

First-order income variable regressors are included in First order. Demographic regressors
and time dummies are added in Controls. Higher order regressors are then added. The cross-
validation value is maximized among the specifications tested in Maximum. The preferred

specification from which subsequent simulations depart is reported in Preferred. The wage
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elasticity is positive and statistically significant. It decreases as first-order control regressors
are added, and it usually increases as higher-order regressors are added. Accounting for demo-
graphics and time factors and using a flexible specification therefore matter. The sign of the
income elasticity is ambiguous, and it is often statistically insignificant.

The cross-validation value increases with additional terms until it reaches 0.164, which
may, however, be a local maximum. For satisfactory convergence, the number of terms needs
to be beyond the global cross-validation maximum. My preferred specification has many
more terms to ensure this, but it still has a high cross-validation value, and it also has elastic-
ities that are stable as more regressors are added. The wage elasticity is 0.731, and the income
elasticity is -0.059. Both elasticities are statistically significant at the one percent level. The
elasticities depend on demographics but not on other time factors in the preferred specifica-
tion.

The estimates for the participation probability in equation (6) using the empirical speci-
fications in equations (7) to (9) are reported in Table 3, which is organized like Table 2. The
wage elasticity is positive and statistically significant. It increases as first-order control re-
gressors are added, and it usually increases further as higher-order regressors are added. The
sign of the income elasticity is ambiguous, and it is mostly statistically insignificant. My pre-
ferred wage elasticity is 0.177, and income elasticity is insignificant. The elasticities depend

again on demographics but not on other time factors in the preferred specification.

Table 3. Estimates for the participation probability

Specification Additional terms (O\Y Elyw(X=Xiinear)  Elny(X=Xiinear)
First order constant, wy, y;, Aw, Ay 0.035 0.128 -0.030
(0.033) (0.012)
Controls a,c,e, Y80, Y90, Y99 0.048 0.156 -0.016
(0.050) (0.013)
ac, ae, ce, a’, ¢, ¢ 0.061 0.190 -0.032
(0.052) (0.013)
Maximum awj, cwy, ewj, aAw, cAw, eAw 0.066 0.265 -0.035
(0.071) (0.013)
Preferred Wiy, Awgy; 0.059 0.177 0.102
(0.068) (0.062)
ace, azc, aze, acz, cze, aez, ce’ 0.041 0.175 0.104
(0.069) (0.062)
aY 80, cY80, €80, aY90, cY90, 0.028 0.180 0.076
€90, aY99, cY99, €99 (0.079) (0.065)

Notes: The elasticities are evaluated for a linear budget set at the pooled sample mean, i.e. a =43.812,
c=0.865e=10.287, w=43.382,y=157,942, and h = 1,475. Standard errors are constructed using the boot-
strap (1,000 replications) and are reported in parentheses.
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The preferred wage and income elasticity estimates are plotted at different net post-VAT
hourly wage rates and unearned income levels in Figure 3 to illustrate the variation with the
point of evaluation. Other explanatory variables are still kept at the pooled sample mean, but
hours of work are no longer fixed — predicted values, given explanatory variables, are used.
The net wage is varied between the 5™ last-segment and the 95™ first-segment percentiles of
the pooled sample along the x-axis, where a vertical line marks the actual-segment median.
The unearned income is kept at the 5™ first-segment percentile in the dotted lines, at the
actual-segment median in the solid lines, and at the 95™ first-segment percentile in the dashed

lines. Thick lines are used for the wage elasticity, and thin lines are used for the income elas-

ticity.
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Figure 3. Elasticity estimates for linear budget sets at different wage rates and income levels

We see that the wage elasticity is positive and tends to increase in the net wage, but it does
not vary much with the unearned income. The variation is large — from 0.3 to 0.8. The income
elasticity is negative and increases in the net wage but decreases in the unearned income. It

varies between -0.2 and 0.0.
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5.2 Tax Systems and the Rise in Female Labor Supply

The linear budget set elasticities used in the previous subsection should be interpreted with
caution for reasons discussed in section three. It was argued that the labor supply regression
estimates are more useful for simulations. Mongrel labor supply functions given the tax sys-
tems in 1973, 1980, 1990, and 1999 are predicted and plotted at different gross pre-PRT
hourly wage rates in Figure 4 to compare the tax systems in the sample period. Other ex-
planatory variables are kept at the pooled sample mean. The gross wage rate is varied from
the 5™ to the 95™ pooled sample percentiles along the x-axis, where a vertical line marks the
median. A dotted line is used for 1973, a dashed line for 1980, a solid line for 1990, and a
thick line for 1999.
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Figure 4. Predicted Mongrel labor supply functions for different years in the sample

We see that work incentives decreased until 1980 and increased thereafter. The incentives
decreased in the gross wage in 1973 and 1980 but increased in the gross wage in 1990 and
1999. There is a close correspondence between the Mongrel labor supply functions and the
marginal tax rates in Figure 2. Labor supply is high when tax rates are low, and high progres-

sivity mainly discourages work for high income individuals.
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The actual variation in labor supply between the different years may also, depend on
other factors, such as differences in gross incomes, demographics, time, or differences in the
distribution of these variables. To sort out these effects, the Mongrel labor supply is predicted

under different sets of explanatory variables in Table 4.

Table 4. Predicted expected yearly hours of work from 1973 to 1999

Point of evaluation 1973 1980 1990 1999
Pooled sample means 1,727 1,426 1,461 1,571
+ Yearly income variable means 1,740 1,404 1,467 1,652
+ Yearly control variable means 1,234 1,445 1,711 1,903
Distribution/Actual average 1,145 1,384 1,666 1,812

The years are varied horizontally, and the points of evaluation are varied vertically. The labor
supply is first predicted at the pooled sample mean. The predicted variation across years re-
flects pure tax system differences. Next, the predictions are made at the yearly sample means
for the gross pre-PRT income variables and then also for the control variables. The predicted
variation additionally accounts for the average differences in gross incomes and then also in
demographics and time factors between the years. Finally, the predictions are made for the
actual sample individuals in the different years, given the different distribution of explanatory
variables, and then averaged. The predicted variation then incorporates all systematic varia-
tion in the explanatory variables. These averages coincide with the actual averages.

At the pooled sample mean, labor supply falls dramatically until 1980, after which it in-
creases. The rise is not as big as the fall. At the yearly means for the gross income variables,
the rise after 1980 becomes larger. At the yearly means also for the control variables, the fall
until 1980 becomes a rise. Additionally, the rise after 1980 is more than doubled. This pro-
duces a strong positive trend over time. Further accounting for the distribution does not
change the trend.

The actual rise in labor supply until 1980 is therefore entirely due to demographics and
time factors. Tax reforms can, however, at the pooled sample mean, explain 33.8 percent of
the actual rise in hours of work after 1980, particularly the rise after 1990. They can, together
with the evolution of gross income variables, account for 58.1 percent of the rise. The rest is
mostly due to demographics and time factors. The overall picture is that tax systems had a
large labor supply effect during this period, but the dramatic rise was mainly driven by

changes in gross incomes, demographics, and time factors.
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6. Simulating Hypothetical Reforms

6.1 Simulated Reforms

This section simulates the labor supply, government revenues, and the income distribution of
married women and, with some additional assumptions, households, under different tax sys-
tems using the preferred labor supply regression estimates from the previous section.’ The
simulations primarily aim at gaining additional understanding of the details of the vast re-
forms between 1980 and 1999, which have previously been shown to have contributed to the
rise in female labor supply. A secondary aim is to gain some insights about the tax system
today.

The evaluation of a reform depends on the population affected by it and the tax system
that was in place previously in the present nonparametric setting. The same reform could
therefore have different effects at different points in time. To reach the goals of the simula-
tions in the best way, I choose to perform hypothetical reforms on the 1999 subsample and tax
system that was used in the estimation. The simulations reveal the counterfactual situations of
what would have happened had we had another tax system in 1999, e.g., one that resembles
the 1980 tax system, i.e., if the vast reforms after 1980 had not been implemented. The 1999
situation is also informative of today’s situation since 1999 is not too long ago and since the
largest rise in female labor supply had already taken place (not much room for further in-
creases). The tax system also changed very little after 1999 until the earned income tax credit
reform in 2007, and it provides a good proxy of the pre-2007-reform situation, which is useful
for understanding the latest reform that is currently receiving much attention. Actual reform
simulations often depart from pre-reform samples further back in time (e.g., Blomquist et al.
2001 and Flood et al. 2007).

The hypothetical reforms are quite simply and transparently designed and consist of
marginal earned income tax increases in different brackets in the 1999 earned income tax
system. The 1999 pre-reform tax system and three simulated reformed systems are shown in
Table 5. The reforms increase tax rates in the lowest income brackets in +70% low, the me-
dium income brackets in +/0% medium, and the highest income brackets in +70% high. The

earned income tax rates are uniformly increased by ten percentage points. Roughly, the lowest

® I have also performed simulations using estimates from a number of other specifications as sensitivity tests.
These results are not reported here, but are available upon request. First, additional regressors on top of those in
the preferred specification have been added. Second, additional control variables have been included linearly in
the preferred specification. These are socio-economic, metropolitan, and county dummies. Third, each of the
cross-sections from 1973, 1980, and 1990 has been separately dropped. The results are insensitive to these tests.
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brackets reach up to around one third, the medium brackets are limited to one third and two
thirds, and the highest brackets are beyond two thirds of the average gross post-PRT taxable

earned income.

Table 5. Marginal earned income tax rates under the different simulated tax systems

Bracket (lower limit) 1999 +10% low +10% medium +10% high

0 0.000 0.100 0.000 0.000
8,700 0.114 0.214 0.114 0.114
12,340 0.363 0.463 0.363 0.363
68,000 0.284 0.284 0.384 0.284
105,200 0.363 0.363 0.463 0.363
110,800 0.394 0.394 0.494 0.394
135,000 0.406 0.406 0.406 0.506
203,800 0.375 0.375 0.375 0.475
219,300 0.575 0.575 0.575 0.675
245,000 0.563 0.563 0.563 0.663
299,832 0.515 0.515 0.515 0.615
360,000 0.565 0.565 0.565 0.665

Notes: Gross post-PRT earned income tax bracket limits are in SEK (1999 price level). Marginal tax rates that
are changed in the reforms are reported in italics.

The tax increases in the medium and high income brackets together create a tax system that is
comparable to the 1980 tax system and provide insights concerning the vast reforms between
1980 and 1999. The tax increase in the low income brackets is similar to the reverse of the

introduction of the earned income tax credit program in 2007.

6.2 Effects on Labor Supply

The simulations of female labor supply are reported in Table 6. For each tax system, sample
averages of the individual Mongrel labor supply predictions are reported, even for the pre-
reform system to ensure comparability with the reformed systems. For the pre-reform system
in 1999, these averages of the predictions are close to the actual averages. Percentage changes
relative to the pre-reform system are reported in parentheses. The (hypothetical) reforms af-
fect the wives’ hours of work through different channels. The direct effects on the wives are
accounted for in the Direct rows. The indirect cross effects on the wives due to the mechani-
cal effects on the husbands’ incomes, which constitute part of the wives’ unearned incomes,
are additionally accounted for in the +/ndirect rows. There are additional indirect cross ef-

fects on the wives due to behavioral effects on the husbands. These are not accounted for.
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Table 6. Average predicted Mongrel female labor supply

Specification  Effects 1999 +10% low +10% medium +10% high
E(h) Direct 1,812 1,729 1,735 1,680
(-4.590) (-4.280) (-7.292)
+Indirect 1,732 1,738 1,687
(-4.415) (-4.114) (-6.924)
Pr(h>0) Direct 0.982 0.960 0.961 0.965
(-2.219) (-2.167) (-1.760)
+Indirect 0.960 0.960 0.968
(-2.248) (-2.195) (-1.475)
E(h/h>0) Direct 1,843 1,798 1,803 1,738
(-2.429) (-2.158) (-5.685)
+Indirect 1,802 1,807 1,740
(-2.216) (-1.956) (-5.584)
E(h)*Wpeprr  Direct 264,805 252,886 253,644 242,693
(-4.501) (-4.215) (-8.350)
+Indirect 253,340 254,077 243,707
(-4.329) (-4.051) (-7.967)

Notes: Average predicted expected yearly hours, participation probabilities, expected yearly hours for working
individuals, and expected yearly gross pre-PRT taxable earned incomes in SEK (1999 price level) are reported.
Percentage changes relative to the pre-reform system are reported in parentheses. Direct holds the husbands’
incomes constant, whereas +Indirect accounts for the mechanical effects on the husbands’ incomes.

The reforms have negative behavioral effects on both the participation and hour margins. The
(marginal) tax (rate) increases in the low and medium income brackets have similar effects
and the contributions from the two margins are roughly equal (-4.590 and -4.280 percent).
The tax increase in the high income brackets is more than two thirds worse with respect to
average expected hours (-7.292 percent). The response on the participation margin is, how-
ever, smaller (-1.760 compared to -2.219 and -2.167 percent) and the response on the hour
margin much larger (-5.685 compared to -2.429 and -2.158 percent) than in the lower income
brackets. The participation response to tax rates in the high income brackets is, however, sur-
prisingly high, and not much lower than the responses to tax rates in the lower income brack-
ets. This indicates that the participation decision depends on the whole budget set, including
half-time and full-time options, and not just the first-segment characteristics. Predicted aver-
age gross pre-PRT taxable earned income responds similarly as the predicted average labor
supply, with the most notable difference being that the tax increase in high income brackets
becomes worse. This indicates that high-income individuals who receive a higher weight are
disproportionally harmed by this reform.

The additional indirect effects are very small. This indicates that income effects, in the
sense of altered unearned incomes keeping the tax system intact elsewhere, are small. The

additional cross-effects on the wives due to behavioral effects on the husbands are also un-
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earned income effects of this kind and therefore likely to be small if the behavioral effects on
the husbands’ incomes are of the same order as the mechanical effects or smaller.

The effects on the wives can be translated into effects at the household level. The aver-
age labor supply percentage figures then need to be scaled by a factor of 0.4617, and the aver-
age expected gross pre-PRT taxable earned income percentage figures by a factor of 0.414°,

Average predicted Mongrel female labor supply functions at different gross pre-PRT
wage rates are plotted in Figure 5 to assess how the effects are distributed. Relative to Figure
4, the covariation between the gross wage and other individual characteristics has been im-
posed using the observed joint distribution. A moving-average smoother has been applied,
and the observations have then been averaged within small intervals to obtain smooth curves.
The gross wage is varied from the 5™ to the 95" percentiles, and a vertical line marks the me-
dian. A thick line is used for the pre-reform system, a dotted line for the tax increase in low
income brackets, a dashed line for the tax increase in medium income brackets, and a solid

line for the tax increase in high income brackets.
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Figure 5. Average predicted Mongrel female labor supply functions across tax systems

" This is calculated using the fact that average yearly hours are 2,076 hours for a corresponding sample of mar-
ried men.

¥ This is calculated using the fact that the average hourly gross pre-PRT wage is SEK 180.746 for a correspond-
ing sample of married men.
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We see that the different reforms decrease expected hours of work at all gross wage rates. The
decrease is fairly constant across gross wage rates for the tax increases in the low and medium
income brackets, whereas it is larger at high wage rates for the tax increase in high income
brackets. The tax increase in the high income brackets reduces expected hours of work more

than the tax increases in the lower income brackets at all but the lowest gross wage rates.

6.3 Effects on Incomes

The individual Mongrel labor supply predictions can be used to predict individual incomes
and government tax revenues, which can be averaged to obtain average effects. For the wives,
the average predicted income is very close to the average actual income in the 1999 pre-
reform system. For the husbands, actual individual gross pre-PRT taxable incomes in 1999 are
instead used and held constant in the simulations.

The effects of the different tax systems on government revenue sources are reported in
Table 7. To begin with, only the direct labor supply effects on the wives are included in the
calculations. First, average earned income, capital income, payroll tax, and value added tax
revenues per wife are reported. Then, transfer expenditures per household, which include
child and housing allowances net value added tax, are reported. The sums of these posts are
reported as net revenues from the wives. It is reasonable to regard transfer expenditures as
pertaining to the wives here as the labor supply of the husbands is fixed, in which case any
behavioral effects on transfer expenditures arise due to effects on the wives. To assess the
importance of behavioral effects, net revenues assuming no labor supply effects from the re-
forms, i.e., with labor supply fixed to the pre-reform level, are then reported. The mechanical
effects on the husbands are then accounted for. These have effects on the net revenues from
the wives and from the husbands, which are both reported. Net revenues are finally reported at
the household level with and without accounting for the direct labor supply effects on the

wives. Percentage changes relative to the pre-reform system are reported within parentheses.
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Table 7. Average predicted government revenues

Revenue source 1999 +10% low +10% medium +10% high
Earned income tax revenues Wife 69,834 72,642 72,625 67,716
(+4.022) (+3.997) (-3.032)
Capital income tax revenues Wife 1,819 1,819 1,819 1,819
(x0.000) (+0.000) (+0.000)
Payroll tax revenues Wife 65,793 62,832 63,020 60,299
(-4.501) (-4.215) (-8.350)
Value added tax revenues Wife 17,026 15,621 15,695 15,196
(-8.250) (-7.817) (-10.746)
(-) Transfer expenditures -5,653 -5,697 -5,687 -5,821
(-0.778) (-0.602) (-2.959)
Net revenues Wife 148,819 147,218 147,473 139,211
(-1.076) (-0.905) (-6.456)
Net revenues Wife 148,819 154,572 154,372 154,795
(Fixed supply) (+3.866) (+3.731) (+4.016)
Net revenues Wife 148,819 147,526 147,767 139,858
(tIndirect) (-0.869) (-0.707) (-6.022)
Net revenues Husband 220,919 226,669 226,375 233,002
(+2.603) (+2.470) (+5.469)
Net revenues Household 369,739 374,195 374,142 372,860
(+1.205) (+1.191) (+0.844)
Net revenues Household 369,739 381,242 380,747 387,798
(Fixed supply) (+3.111) (+2.977) (+4.884)

Notes: Average predicted expected revenues in SEK (1999 price level) are reported. Percentage changes relative
to the pre-reform system are reported within parentheses. +/ndirect accounts for the mechanical effects on the
husbands’ incomes. Fixed supply holds labor supply fixed at the 1999 level.

The tax increases in the low and medium income brackets increase (+4.022 and +3.997 per-
cent), whereas the tax increase in the high income brackets decreases (-3.032 percent) earned
income tax revenues. Tax rates are therefore beyond the labor tax revenue maximum in the
high income brackets. The negative behavioral effects decrease payroll tax and value added
tax revenues and increase transfer expenditures. These losses more than counteract the earned
income tax revenue gains, and net revenues ends up negative for tax increases in any income
brackets (-1.076, -0.905, and -6.456 percent, respectively). The net revenue loss is five times
larger in the high income brackets than in the lower income brackets. This indicates that tax
rates are beyond the net tax revenue maximum for the wives. This can be compared to the net
revenue gain from the reforms when not accounting for behavioral effects (+3.866, +3.731,
and +4.016 percent). The mechanical losses from the wives are therefore wiped out by the
gains from the behavioral effects.

The adjustment in revenues from the wives is small when accounting for the mechanical
effects on the husbands’ incomes. Those effects do, however, increase the revenues from the

husbands. The percentage revenue gain is smaller in the low and medium income brackets and
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higher in the high income brackets (+2.603 and +2.470 compared to +5.469 percent) in rela-
tion to the equivalent mechanical fixed supply increase for the wives (+3.866 and +3.731
compared to +4.016 percent). This is because the husbands’ incomes are higher than the
wives’. At the household level, all reforms increase net revenues (+1.205, +1.191, and +0.844
percent), indicating that tax rates are on the right side of the net revenue maximum.

Compared to the fixed labor supply case, we see, however, that the behavioral effects of
the wives negate between 59.993 (1-1.191/2.977) and 82.719 (1-0.844/4.884) percent of the
net revenue gains from the households. This is under the assumption that there are no behav-
ioral effects on the husbands. This may be reasonable for the tax increases in the low and me-
dium income brackets as those reforms primarily induce an income effect on the almost ex-
clusively full-time working Swedish husbands with high incomes and as the income effects
previously found for them are small (e.g., by Blomquist and Hansson-Brusewitz, 1990, with
the Hausman approach, and by Blomquist and Newey, 2002, with a nonparametric approach).
If this income effect is negative, there are even more net revenue gains from the husbands.’
However, such reasoning cannot be applied for the tax increase in the high income brackets.
Blomquist and Newey (2002) find, e.g., that roughly 28 percent of the tax revenue change is
counteracted by behavioral effects for Swedish men for tax increases in high income brackets.
Accounting for this would almost exactly cancel out the remaining net revenue gain from the
households'’, indicating that tax rates in the high income brackets are right at the net revenue
maximum for the households.

The tax increases and the labor supply decreases also decrease net incomes for the indi-
viduals. The average net post-VAT income of the wives without accounting for indirect ef-
fects decreases by 8.834, 8.399, and 10.856 percent for the tax increases in the low, the me-
dium, and the high income brackets, respectively. Corresponding decreases at the household
level, including the mechanical effects on the husbands, are 6.105, 5.801, and 9.399 percent,
respectively. These losses are much larger than the eventual gains in net government reve-
nues.

Gini coefficients among married women and households are reported in Table 8. This
coefficient measures the area between the actual wage distribution and the 45-degree line and

i1s a measure of income inequality. Many interesting income distribution effects are likely to

? Accounting for such effects would adjust the wives’ unearned incomes and produce additional cross-effects.
Such effects are, as already discussed, relatively small.

1 A complete analysis would of course also require that we simultaneously account for cross-effects on the
husbands due to mechanical and behavioral effects on the wives. If income effects on the husbands are small, as
shown by the previous studies, these cross-effects are likely small for the husbands as well.
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take place among low income groups. Many of those groups are, however, excluded from the
analysis here. The effects on married women and households alone may therefore not be of
great interest in themselves, and the results should not be taken to reflect any general picture
of the income distribution.

To begin with, the coefficient is reported for the wives’ net post-VAT incomes in Wife,
first with direct labor supply effects, then with labor supply fixed to the pre-reform level, and
finally with direct and indirect labor supply effects. The coefficient is then reported for
equivalent net post-VAT incomes in Equivalent. Equivalent net incomes are calculated by
dividing household net incomes, including transfers, by the number of consumption units in
each family, treating each adult as 0.96 and each child as 0.66 units as in Blomquist et al.
(2001). Each household is then weighted by its size (the number of family members). The
surplus or deficit that a reform creates is then assumed to be shared equally in per capita terms

(through, e.g., less extensive public service) in the Surplus sharing specifications.

Table 8. Predicted Gini coefficients

Unit and restriction 1999 +10% low +10% medium +10% high

Wife 0.183 0.205 0.203 0.167
Fixed supply 0.191 0.190 0.166
+Indirect 0.206 0.204 0.166

Equivalent 0.236 0.245 0.243 0.229
Fixed supply 0.241 0.240 0.227
Surplus sharing 0.239 0.238 0.226
Surplus sharing + Fixed supply 0.229 0.228 0.208

Notes: Gini coefficients are calculated for net post-VAT incomes for the wives in Wife and for equivalent in-
comes, which is net income per consumption unit where each adult is treated as 0.96 and each child as 0.66
units, weighting each household by its size in Equivalent. Fixed supply holds labor supply fixed at the 1999
level. Surplus sharing increases incomes with the average reform surplus per capita.

The tax increases in the low and medium income brackets increase the Gini coefficient and
income inequality (from 0.183 to 0.205 and 0.203, respectively) for the wives’ net incomes,
whereas the tax increase in the high income brackets decreases it (from 0.183 to 0.167). The
change in income inequality in the low and medium income brackets is larger than when the
labor supply is fixed (0.205 compared to 0.191 and 0.203 compared to 0.190), indicating that
behavioral effects worsen income inequality. The indirect effects are again small. The pattern
is similar but less pronounced at the equivalent income level. Accounting for surplus and
deficit sharing further weakens the reform effects on income inequality. Additionally, impos-
ing a fixed labor supply decreases income inequality, making all three reforms income ine-

quality decreasing (from 0.236 to 0.229, 0.228, and 0.208, respectively), especially for the tax
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increase in the high income brackets. Increased taxation that is spent in a per capita fashion
therefore enhances income equality when the labor supply is fixed. Behavioral effects may,
however, counteract or reverse this effect, especially when tax rates are increased in the low

or medium income brackets.

6.4 Simulated Aggregate Elasticities

Some of the results from the simulations of the hypothetical reforms can be summarized in
terms of aggregate Mongrel elasticities, by shrinking the reforms to marginal changes while
keeping the proportions of the different tax rate changes. Such elasticities, tied to the specific
population and tax system in 1999 and the specific reforms, described by equations (13) to
(18), are reported in Table 9. I report the uncompensated wage and income elasticities of labor
supply at the different margins, as well as the net-of-tax elasticity of gross pre-PRT taxable
income and the tax elasticity of net government tax revenues for the wives. For the wage
elasticity, indirect effects due to the mechanical change in the husbands’ incomes are ex-
cluded since they enter the wives’ unearned incomes, which are by definition held fixed. The
reforms do not involve any direct change in the unearned incomes of the wives that can be
used to simulate the income elasticity. The indirect effects are instead used to simulate this
elasticity. For the tax elasticity, indirect effects are not accounted for since I want to isolate
pure effects on the wives here. However, the previous simulations show that the indirect ef-
fects are relatively small. To obtain a good summary measure at the household level would
involve accounting not only for the indirect effects, but also the behavioral effects on the hus-

bands.

Table 9. Aggregate Mongrel elasticities in 1999

Aggregate elasticity Margin +10% Low +10% Medium +10% High
Elpw E(h) 0.885 0.868 1.356
Pr(h>0) 0.427 0.433 0.264
E(h/h>0) 0.458 0.434 1.092
Elyy E(h) -0.046 -0.046 -0.046
Pr(h>0) 0.008 0.008 0.012
E(h[h>0) -0.054 -0.054 -0.058
Elyji 0.897 0.884 1.605
Ely, -0.282 -0.261 -1.471

The elasticities are similar for marginal tax rate changes in the low and medium income

brackets and larger in absolute terms in the high income brackets. In the low and medium
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income brackets, the wage elasticity is approximately 0.9, with roughly equal contributions
from the participation and hour margins. At the high income brackets, the wage elasticity is
1.4, with the hour margin contributing four times more than the participation margin. This can
be compared to the wage elasticity for linear budget sets, which ranges from 0.3 to 0.8 for
most net wage rates (see Figure 3), where the contribution on the hour margin is roughly dou-
ble that of the participation margin (see Table 2 and 3). The income elasticity is in the region
of -0.05, with the bulk made up of responses on the hour margin, and is close to the values
obtained for linear budget sets.

The net-of-tax elasticity of gross pre-PRT taxable income is close to the wage elasticity
of labor supply, which is of course because gross wages are treated as exogenous. The tax
elasticity of net government revenues is negative for all reforms. This indicates that tax rates
are beyond the revenue maximum for married women at all income levels. The elasticity is
fairly small in the low and medium income brackets at approximately -0.3, but large around
-1.5 in the high income brackets. Decreasing marginal tax rates in the high income brackets
such that the average tax rate decreases by one percent when there are no behavioral effects
would therefore increase net government revenues by more than one percent when accounting

for behavioral effects.

7. Concluding Discussion

This paper first extends the nonparametric approach to estimate labor supply developed by
Blomquist and Newey (2002) to handle cases in which there are non-working individuals. In
addition to estimation of expected hours of work, the extension enables estimation of the par-
ticipation probability within the same framework, which makes it possible to sort out re-
sponses on the participation and hour margins. The method is then used to estimate the labor
supply of married or cohabiting women in Sweden from 1973 to 1999. Despite the many
limitations of using elasticities for linear budget sets as summary measures, I first construct
such entities at the pooled sample mean and find a statistically significant uncompensated
wage elasticity of 0.7 and a small income elasticity. The wage elasticity varies between 0.3
and 0.8 depending on the point of evaluation.

The wage elasticity that I find is large in comparison to the elasticity in the region of 0.1
for married Swedish men that Blomquist and Newey (2002) find, even when accounting for

their higher average hours of work. It is, however, similar to what Kumar (2006) finds for
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married American women. The income elasticity was insignificant for Swedish men and in
the region of -0.5 for American women in those studies. Further, the elasticities are very close
to the wage elasticity of 0.35-0.70 and the small income elasticity for married Swedish
women that Blomquist and Hansson-Brusewitz (1990) find using the Hausman approach on
similar data.

I also construct simulation-based aggregate elasticity measures specific to each tax sys-
tem and population and to the kind of reform of interest. Such measures are more informative
and policy relevant and are not associated with the interpretation and extrapolation problems
plaguing linear budget set elasticities. For the 1999 tax system, which is similar to the present
Swedish system, I find an aggregate uncompensated wage elasticity of 0.9 for marginal tax
rate changes in low and medium income brackets and 1.4 in high income brackets. The hour
margin contributes as much as the participation margin in low and medium income brackets,
but four times more in high income brackets. I also find an aggregate income elasticity of
-0.05, with the bulk made up of responses on the hour margin.

Several things could be learned from the simulated aggregate elasticities. First, elastic-
ities do not only vary with population and tax system, but also non-trivially with the kind of
reform. Second, the hours of work decision for an individual may depend on other segments
in the budget set than the segment in which they are located, which indicates the need to ac-
count for the whole budget set in the estimation. Third, elasticities that account for nonlinear
budget sets may differ quite substantially from the commonly used linear budget set elastic-
ities, which indicates the need to account for the whole budget set in constructing summary
measures from the estimation. Finally, the low aggregate income elasticity found here sug-
gests that cross effects of the husbands on the wives working through unearned incomes are
small.

Another finding in the simulations is that marginal tax rates were beyond the revenue
maximizing rates for married women in 1999. However, together with the results in
Blomquist et al. (2001), the results here indicate that marginal tax rates are on the right side in
low and medium income brackets and just at the revenue maximum in high income brackets
at the household level. This is consistent with the finding in Holmlund and Séderstrom (2008)
that top marginal tax rates were close to the revenue maximum in Sweden in the 1990s. They
use a methodology that combines natural experiments and instrumental variables and also
account for dynamics. The financial effects found here that the behavioral effects of the wives
translate into are much larger than those of the husbands found in Blomquist et al. (2001),

despite the wives’ lower gross wages.
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Although there are large behavioral effects of taxation, the simulations also reveal that
the dramatic evolution of the tax system can only explain a small share of the extreme rise in
female labor supply during the sample period. Demographics and time factors, such as atti-
tudes, technology, and macroeconomics, account for the main part of the rise.

The nonparametric method used here may be extended in several directions. One is to
develop and estimate a household model. Another is to incorporate savings dynamics. For
Sweden during the period of study, a few papers using the Hausman approach indicate that
ignoring these aspects does not produce a large bias (see Blomquist and Hansson-Brusewitz,
1990; and Aronsson and Palme, 1998, for the household aspect and Flood and MaCurdy,
1992, for the dynamics aspect). Another potentially fruitful investigation would be to explore

the possibilities of applying this nonparametric approach to taxable income.
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Appendix

Appendix A

The derivations of expected hours of work in Proposition 1 and the participation probability in
Proposition 2 are similar to the derivation of expected hours when there is no censoring con-
ducted in Blomquist and Newey (2002), albeit much messier. I start with the simpler deriva-
tion of the participation probability in Proposition 2 to illustrate the underlying procedure
before turning to expected hours in Proposition 1. In the derivations, I only lay out the steps in
detail for the three-segment case in order to focus on the essentials. The generalization to the
J-segment case is straightforward.

For the three-segment case, the conditions for observed and desired hours in equations

(3) and (4) become:

* 1 . * _ *
hz{h (x’z’v’g)andD(h>0):{ ifh >0&¢>-—x (x,z,v) (A

0 0ifh" <0 e<-n"(x,z,v)
z,(v) if —o<v<a, (1))
I, if 7,7 (1,)<v<m, (1))
7 (x,2,v)=147,(v) if 7, (1,)<v<m, (1) (A2)
[ if nzfl(lz)ﬁvﬁn;l (lz)
7r3(v) if 7r371 (IZ)SVSOO,
Equations (A1) and (A2) can be collapsed into:
7,(v)+e 1ifSle —wo<v<a  (I,)ne>-x,(v)
I, +¢ lLifKle ,'()<v<a, () ne>—,
. ﬁZ(v)+8andD(h)= 1 if SZ@nzfli(lll)ﬁvén[li(llz)mg>—7r2(v) (A3)
1, +¢& Lif K2 m, ' (1,)<v<n, (L) ne>—1,
7 (v)+e 1ifS3e z,7'(l,)<v<oone>—n,(v)
0 0 otherwise,

where Si and Ki denote the conditions where individuals desire to locate on segment or kink i

and have positive observed hours.
Proof of Proposition 2. The participation probability can be obtained by summing the prob-

abilities that desired hours are on each of the segments and kinks at the same time as observed

hours are positive according to equation (A3):
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Pr(h>0]x,z7)= jjfvgdgdv_”fvgdgdv+ﬂfvgdgdv

h>0

+ [[£O,e)dedv+ [[ £(v.2 dgdv+”f v, & )dedv
) ) (A4)

=j”‘7l”‘)j°‘; oSk [” j 1(v,&)dedv

o 11

j 2 j o e Mdadv j L fosldedv [ [ fv.e)dedy.

The integrals are well-defined as the limits in the inner integrals only depend on the variable
of integration in the outer integrals and as the limits in the outer integrals do not depend on
the variables of integration.

Expanding some of the outer integrals in equation (A4) and summing over terms with

similar outer integral limits gives:
Pr(h>0]x,z)=[" ”‘I (.M
[ [, 7 (ve)dev | wl( [ 1.6
T I B (0 I ety
T Y e I
H[L ] e ddedv - r’ I@m £ (v,&)dedv
=] [ S Ge)dady
+Z f;l(]’)ﬁj(v) f(v.e)dadv-Y j” j 7o, )dadv

) r;l(lj) E,(v)f (v,e)de—jjj S (V,é')dg:|dv (A5)
D E ) |
=i J‘_; / [ sz” (V)f (v,e)de —L/ f (v,g)dg}dv

Merging the inner integrals inside the summation gives:

Pr(h>0]x.z) :j“’ j“’ fv,g)dgdv

= 20 et (A6)
+ZD j S (v.e)dedv - [ o f(v,g)dedv}

J it
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From a dimensionality point of view, the derivation reduces a high-dimensional func-

tion to additive separable low-dimensional functions according to:

Pr(h >0]x,z)=S(x,z)=s(wl,wz,w3,yl,y2,y3,ll,12,z)
:<eq.(A4)>:sl(wl,yl,ll,z)+ s, (W, wy, v, 9,.1,,2)

+s3(w2,y2,ll,lz,z)+ s4(w2,w3,y2,y3,lz,z)+ SS(W3,y3,12,Z) (A7)
= (eq.(A5)and (A6))

=zF w3 V3.3 Z[,u (W y, ) H ( j+l’yj+l’lj’z)]

The J-segment case is completely analogous, and equations (A6) and (A7) become:

<

-1
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~.
Il
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where 7" (w,,y,,2)= Jm J-w( )f(v,g)dedv, (A8)
0 I=T\Wy Y2V

—m\w;.y;.zv

) f(v,&)dedv,

QED. Importantly for the estimation, the generalization from the three-segment to the J-seg-
ment case does not increase the dimensionality. Additional segments simply add terms to the

difference sum without affecting its dimensionality.

Proof of Proposition 1. Expected hours of work can be obtained by summing integrals of ob-
served hours times the density function, given that desired hours are on each of the segments
and kinks and that observed hours are positive according to equation (A3), which is an appli-

cation of the law of total expectation to the continuous case:

E(h|x.2)=[[hf (v.e)dedv= [[hf (v, )dadv = [[h" f (v, &)dedv
:” (n° |Slf(v,g)dgdv+” (" 1K1)f (v, & )dedv
+” £ (v, g)dgdv+” | K2)f (v ,g)dgdv+”(h* 13)7 (v, & )dedv

B le " J-_,[l )+ &lf (v, e )dadv + j I L +elf (v, &)dedv
L:l((:z)) J_ﬂz( )[nz( v)+elf(v,&)dedv +.f J‘ [1, +&]f (v, &)dedv
* .[;:1 (, )IZ ) [, (v) + ] (v, )dedv.

=1

(A9)
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Equation (A9) has the same structure as equation (A4) but different integrands. Importantly,
each integrand only depends on the same subset of variables as its integral limits. The inte-
grands therefore do not add any dimensions to the integrals compared to the participation
probability case.

Carrying out similar steps as in equation (A5) on equation (A9) and generalizing to J

segments gives:

J-1

(h|xz) WJ’yJ’ + [( Yol ) /u(wjﬂ’yﬁl’l./’z)]

J=1

where;?(wJ,yJ,z)=.[ r;(w , zv)[;z(wj,yj,z,v)Jr g]f(v,g)dgdv,

—00 o—.

00

(A10)
,u(wj,yj,lj,z)=

J‘:' (W/’yf”/’z){ji(wj ,y/,z,v)[ﬂ-(Wj V% V)+ glf(v, 8)d€ - J.jj [lj + é‘]f(V, E)de}dv.

QED. The derivation is completely identical to the derivation in equation (A7) for the partici-

pation probability with respect to the reduction in dimensionality.

Appendix B

Table Al. Sample selection

Observations Pooled 1973 1980 1990 1999
Original random sample 26,578 6,593 6,813 6,710 6,462
Responses 21,675 5,616 5,613 5,306 5,140
Women 10,771 2,816 2,794 2,623 2,538
Married or cohabiting 7,095 1,882 1,798 1,723 1,692
20-60 years old 5,843 1,549 1,475 1,421 1,398
No child < 5 years old 4,253 1,075 1,083 1,041 1,054
In the labor force 3,610 959 902 960 789
Not farmer or self-employed 3,275 858 811 883 723
No missing values 2,882 825 746 698 613
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Appendix C

This appendix describes how the tax and transfer system in 1999 is implemented in the con-
struction of the budget sets. The figures are expressed in SEK at the 1999 price level. Earned
and capital incomes were separately taxed. The marginal earned income tax rates induced by

different tax components are described in Table A2.

Table A2. Marginal earned income tax rates in 1999

Bracket Basic Deduction Pension fee 99 EITC Total
0 0.315 -0.315 0
8,700 0 +0.685*%0.0695 —All 0
12,340 0 0.363
68,000 -0.25*0.315 0.284
105,200 0 0.363
110,800 +0.10*0.315 0.394
135,000 +0.012 0.406
203,800 0 0.375
219,300 0.515 +0.485*0.0695 0.561
245,000 0 0.549
299,832 0 0.515
360,000 0.565 0.565

Notes: Gross post-PRT taxable earned income tax bracket limits are in SEK (1999 price level).
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Basic includes an average local marginal tax of 0.315 and a national marginal tax of 0.20 for
earned incomes above 219,300 and an additional 0.05 above 360,000. Local marginal tax
rates varied little between local governments and were thickly clustered around the mean.
Deduction pertains to basic deductions, which equaled the earned income for earned incomes
up to 8,700, 8,700 up to 68,000, 8,800+0.25*(the earned income—68,000) up to 105,200,
18,000 up to 110,800, 18,000—0.10*(the earned income—105,200) up to 203,800 and 8,700
after 203,800. Pension fee was a general fee of 0.0695 on the earned income net basic tax for
gross incomes less than 299,832. No fee was paid until the earned income reached 8,700. 99
EITC was an earned income tax credit of 1,320 that could be used against all tax payments.
The credit decreased at a rate of 0.012 for earned incomes above 135,000. Total sums up the
marginal tax rates in different income brackets from the different components.

Capital incomes were taxed at a rate of 0.3. Losses gave tax credits at the same rate for
losses up to 100,000 and at the rate 0.21 for the part above 100,000. No refund was given if
total tax payments turned negative. Capital losses therefore brought marginal tax rates to zero
until the capital loss tax credit was fully exploited and shifted other tax credits upward.

The child allowance was the major allowance for families and was a general non-
means-tested allowance. The allowance was 9,000 each year per child aged 15 years old or
younger, plus an additional large family supplement of 2,400 for the third child, 7,200 for the
fourth child, and 9,000 for the fifth child. 16- and 17-years-old children received 6,750 each
year. | have access to and use actual payouts rather than numbers constructed from the chil-
dren’s ages.

The housing allowance was means-tested and is described in Table A3. Families with
children or couples where both partners were under the age of 29 were eligible. A basic
amount was first given. Another amount depended on family size. Of the subsidy-relevant
monthly housing cost, 75 percent was subsidized within a certain interval, and 50 percent
within another interval. These intervals are reported in x% of cost. The subsidy-relevant
monthly housing cost was based on the rent or a constructed cost based on a number of fac-
tors, such as operation costs for house owners. Only the cost for the share of housing space
below a maximum, reported in Max. space, entered the subsidy-relevant monthly cost. The
full share was, however, used if the subsidy-relevant monthly cost was below the minimum
reported in Min. cost. The allowance was then reduced by 20 percent of each of the spouses’
incomes above 58,500 for families with children and 33.333 percent of household income
above 58,000 for families without children as reported in Red. limit, and by 15 percent of
household wealth above 100,000.
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Table A3. The housing allowance in 1999

Children Basic 75% of cost 50% of cost Max. space  Min. cost  Red. limit
0 0 1,800-2,600 2,600-3,600 60 0 58,000
1 7,200 2,000-3,000 3,000-5,300 80 3,000 58,500
2 10,800 2,000-3,300 3,300-5,900 100 3,300 58,500
3 14,400 2,000-3,600 3,600-6,600 120 3,600 58,500
4 14,400 2,000-3,600 3,600-6,600 140 3,900 58,500
>5 14,400 2,000-3,600 3,600-6,600 160 4,200 58,500

Notes: Max. space is given in m” and the other figures in SEK per year (1999 price level), except % of cost and
Min. cost, which refer to monthly costs. Families without children were only eligible if both spouses were under
the age of 29 years old. Max. space refers to maximum space subsidized and Min. cost to minimum cost subsi-
dized. Reduction rates with household income were 20 percent for families with children and 33.333 percent for

families without children and start at Red. limit.

Payroll tax (PRT) amounted to 0.3306 of gross post-PRT income. Value added tax (VAT)

was 0.25 of the pre-VAT price on most goods, 0.12 on some goods, such as food, and 0.06 on

a few goods, such as books. I use the actual payroll tax rate, but a weighted value added tax

rate calculated as aggregate value added tax revenues divided by aggregate private consump-

tion in 1999, which equaled 0.15551 of the pre-VAT price.
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