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1. INTRODUCTION

Kleven and Kreiner (2006a,b,c,d) are part of a larger research project by the
Rockwool Foundation Research Unit on work and the welfare state. Kleven and
Kreiner (2006¢,d) evaluate the effects of the Danish tax and transfer policy on la-
bor supply incentives, government revenue, economic efficiency and equality. This
paper provides a technical documentation of the economic theory and numerical
analysis underlying the results.

Part I describes the modelling of labor supply and derives theoretical measures
of the effects of tax reforms on government revenue, the marginal cost of public
funds and the trade-off between efficiency and equality. Part I also derives condi-
tions under which tax cuts pay for themselves. The key theoretical measures are
generalizations of existing results in the public finance literature, see Immervoll
et al. (2005), Kleven and Kreiner (2006e) and Saez (2004).

The theory is applied to data from the Danish Law Model. Part II describes

the data and the methodology behind the numerical implementation.



Part 1

Economic Theory



2. MODELLING OF LABOR SUPPLY
BEHAVIOR

In this section, we present the model of labor supply underlying the analysis. As
we have explained elsewhere (e.g. Kleven and Kreiner, 2005), it is very important
to distinguish explicitly between labor supply adjustments along the intensive
margin (the number of hours worked) and along the extensive margin (the number
of employed individuals). Moreover, a realistic model must be consistent with
empirical distributions of hours worked showing almost no workers a low weekly
hours of work. In other words, if individuals decide to work at all, they tend to
work a substantial number of hours (say, 30 or 40 hours per week). In the empirical
literature, discrete entry is typically explained by the presence of non-convexities
in preferences and/or budget sets created by fixed work costs (e.g., Cogan, 1981)
or concave work cost functions (Heim and Meyer, 2003). These work costs may be
monetary costs (say, expenses to child care and transportation), they may reflect
time losses (say, commuting time), or they could be emotional costs arising from
the added responsibility and stress associated with having a job. Work costs of
this sort — whether they are fixed or depend in some way on working hours —
tend to create economies of scale in the work decision making very low hours
of work unattractive. Below we adopt a framework incorporating fixed costs of

working, denoted by ¢, in order to get discrete entry. We allow for heterogeneity



in the size of ¢, along with heterogeneity in wages/productivities and preferences.

We assume that the population may be divided into I distinct subgroups, with
N; denoting the number of individuals in group . Across different subgroups, we
allow for heterogeneity in wages rates as well as in preferences. Within any given
group, individuals are characterized by identical wages and preferences, but they
are facing heterogeneous fixed costs of work. In particular, we assume a continuum
of individuals in each group, with fixed work costs in group i being distributed
according to the cumulative distribution function P; (¢) and the density function
pi (). By assuming a continuum of fixed costs, the model will generate a smooth
participation response at the aggregate level of the group, such that the sensitiv-
ity of entry-and-exit behavior may be captured by elasticity parameters for each
group. Although the aggregate participation response in each group is continuous
in this way, the individual participation response is discrete as explained in the
previous section.

Individual utility is specified as
v (e,h) —q-1(h >0), (2.1)

where ¢ is consumption, h is hours of work, and 1 (-) denotes the indicator function.
The subutility function v; (¢, h) is increasing in the first argument and decreasing
in the second argument. While the subutility function v; (+) is assumed to be well-
behaved, a non-convexity is introduced through the last component in utility.
Conditional on labor market participation (A > 0), the individual incurs a fixed
utility cost ¢ along with the standard variable disutility of work embodied in
the v;-function. The specification implies that the average work cost per hour

is U-shaped — like a standard average total cost curve in production theory —



and this tends to make small hours of work unattractive for the individual. If
the individual enters the labor market at all, he would do so at some minimum
number of working hours, say 20 or 30 per week.

For the purpose of simplification, we have assumed separability of fixed costs
in the utility function (2.1). Because of this assumption, the size of the fixed cost
will not affect the marginal rate of substitution between leisure and consumption
conditional on entry. Hence, while the fixed cost is crucial for the decision to enter
the labor market, it will not affect the choice of hours worked once entry has been
made. In combination with identical within-group wage rates and preferences, the
separability of fixed costs implies that every individual in a given group enters the
labor market at the same hours of work. In other words, while the entry-and-exit
decision is heterogeneous within the group — due to different work costs — decisions
about hours of work and earnings conditional on entry are not. As we shall see
below, this formulation allows us to capture labor supply responses by setting
intensive and extensive elasticities at the level of the group, and it allows us to
capture the tax-transfer system by setting marginal tax rates along with virtual
incomes for each group rather than each individual.

A more general formulation would include ¢ as a third argument in the v;-
function. This implies a correlation of fixed costs with earnings and intensive
labor supply responses within each group. Although this extension would make
the analysis a lot more involved, the general formulation is analytically tractable.
But for the purpose of empirical application, it is unclear that much would be
gained by the added complexity. In the end, fixed costs are difficult to observe
and thus little is is known about their correlation with earnings and labor supply

responses. Moreover, the error made by ignoring a possible correlation between



fixed costs and labor supply behavior at the intensive margin may be alleviated by
disaggregating groups more. If we were to consider highly disaggregated groups
— say income deciles along with demographic subgroups at each decile — the as-
sumption of uniform within-group behavior at the intensive margin seems quite
reasonable.

Taxes and transfers in this model are captured by a net-tax payment function
T (w;h,x;, z), where w; denotes an exogenous gross wage rate, and where z is a
shift-parameter that we use to capture changes in the tax-transfer system. Besides
earnings, the tax-transfer scheme may depend upon non-labor income and demo-
graphic characteristics (kids, marital status, place of residence, etc.) included in
the vector x;. While we allow for the T-function to include non-linearities and
discontinuities, we restrict attention to the case of piecewise linearity. The budget

constraint for individuals in group ¢ equals
¢ <wh —T (w;h,x;, 2), (2.2)
which may alternatively be written as
¢ <(1—m;)wh+Y,, (2.3)

where m; = 9T (w;h,x;,2) /O (w;h) is the marginal tax rate and Y; = m;w;h —
T (w;h,x;, z) is so-called virtual income.

The household maximizes (2.1) subject to (2.3). The problem is solved in a
two-step procedure: first, we solve for the optimal hours of work conditional on
working, and then we consider the choice to participate in the labor market. Con-
ditional on participation (h > 0), the optimum is characterized by the standard

first-order condition
_8U¢ (Ci, hl) /8h
(9% (Ci, hi) /80
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where ¢; and h; denote optimal consumption and hours worked for a partici-
pating worker in group i. From (2.3) and (2.4), we may write hours worked
as a function of the marginal net-of-tax wage rate and the virtual income, i.e.
hi = h; (1 —m;) w;, Y;).

For the individual to enter the labor market in the first place, the utility from
participation must be greater than or equal to the utility from non-participation.

This implies an upper bound on the fixed cost of working;:
q < vi(ci, hy) — v (c?, 0) = q, (2.5)

where ¢ = —T(0,x%;,2) denotes the consumption level for non-participants in
group ¢. Individuals with a fixed cost below the threshold-value ¢; enter the labor
market at h; hours, while those with a fixed cost above the threshold decide not to
enter. Since the fixed cost is distributed according to the density function p; (q),
the fraction of individuals in group ¢ who participate in the labor market is given
by foii pi (q)dg = P;(g;). The aggregate labor supply in group i is a product of
the number of individuals participating in the labor market and the hours of work

for these individuals, i.e.
Li = Ni- P (@) - hi (1 —my) wi, Vi) . (2.6)

This expression decomposes aggregate labor supply into labor supply along the
extensive and intensive margins, and it implies that variation in aggregate labor
supply reflects changes along these two margins. The explicit distinction between
margins of response is necessary due to the fact that the two margins are related
to distinct tax-transfer parameters. While the choice of working hours depends on

the marginal tax rate m;, the participation rate is determined by the threshold-



value for the fixed cost ¢;, which is related to total tax liabilities when working
and not working, T' (w;h;, X;, z) and T (0, x;, 2).

The sensitivity of labor supply along each margin is measured by labor supply
elasticities. The hours-of-work elasticity with respect to the after-tax wage rate

is defined as

which denotes the uncompensated hours-of-work elasticity. From the Slutsky-

g =

(2.7)

equation, it may be decomposed into a compensated elasticity, €5, and an income
effect, 0;, that is
E; = Eg — QZ 2 0, (28)

where 0; = — (1 — m;) w; - Oh;/0Y; is positive if leisure is a normal good. The
hours-of-work elasticity has an indeterminate sign reflecting that the individual
labor supply curve may be backward-bending.

The sensitivity along the extensive margin is measured by two participation

elasticities:
ci—c 0P, O(ci—) (i — D)pilq) Ov; (e, hy)
n = 0 - s (29)
P, 0(¢— ) dc; Pi(q:) dc;
0 . 0 N (a, (D
o= a—¢ 0B 0(a-—q) _ (¢; — &)pi(q;) Ov; (CZ,O)' (2.10)
P O(c—¢))  Oc Pi(q:) oc}

Both elasticities measure the percentage change in the number of workers in group
1 following a one-percent increase in the difference in consumption between work-
ing and not working, ¢; — ¢?. The change in the incentive to participate may
occur through a change in the budget set at the working state, captured by 7,
and/or a change at the non-working state, captured by 79. The two elasticities

are not necessarily identical because the marginal utility of consumption may
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differ between the two states. Unless leisure is an inferior good, the marginal

utility of consumption is higher at the non-working state than at the working

v (9, (ci.hy .. . .
state, E%ZQO) > 5”1((;;;“)_ This implies that n? > 7,. The difference between the

two elasticities reflects an income effect in the participation decision making. If
income increases with the same amount in the two states, for example because of
an increase in non-labor income or because of a general tax reduction, then labor
force participation will fall if n? > n,.

Notice that the participation elasticities are positive. By implication, a rise
in the wage rate always increases labor supply along the extensive margin. This
is in contrast to labor supply responses along the intensive margin which may be

negative due to a strong income effect on hours worked.
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3. EFFECTS OF TAX REFORMS ON
(GOVERNMENT REVENUE

In this section, we analyze the impact of tax reforms on government revenue. The

aggregate government revenue is given by

R =" [T (wihi,%s,2) P (@) + T (0,%4, ) (1 — P (@))] Ni (3.1)

i=1
where the first term reflects total tax payments net of transfers for those who are
working, while the second term is total tax payments net of transfers (presumably
a negative number) for those outside the labor market. A tax reform, represented
by a change in the shift parameter z, influences government revenue through a

mechanical effect and a behavioral effect:

dR dM dB

el 32
dM ror, . TP _

dB < dhi , oy 4% (%)

T Z lmiwiapi (@) + (TZ -1 ) 71 N; (3.4)

i=1
where we have used the simplifying notation T; = T (w;h;, x;, 2) and T = T (0, %, 2).
The mechanical effect in (3.3) measures the direct impact of the reform on govern-
ment revenue before any behavioral responses. The behavioral feed-back effects

on revenue are given in (3.4). The first term shows the revenue effect created by
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adjustments in hours worked by those who are working. The size of this revenue
effect depends on the magnitudes of the initial marginal tax rates. The second
term reflects that some workers will be induced to join the ranks of non-employed
people when the tax burden on labor income goes up, creating a revenue effect
because of lower tax proceeds and higher aggregate transfer payments to those
out of work. The expression shows that the size of this revenue effect depends on
the initial tax burden on labor force participation, T; — T?.

Using egs (2.2) to (2.10), the expression in (3.2) may be rewritten to (see
Appendix A)

0 . .
ﬁ = ZlaT oT; (N; — E;) — i <3mz ih c—@@') E;

dz — 0 0z 1—m; \ 0z 0z
ai+b; (01, oT?
“1oa -0, <E7h 5 77@) Ez:| : (3.5)

where E; = P;(¢;) N; is the number of employed individuals in group i, b; =

—T?/ (w;h;) denotes a benefit rate, while a; = T,/ (w;h;) is the average tax rate.

Let 84 = 25/ (wh;) and 3 = 8; / (w;h;) be the change in the average tax
rate and the benefit rate, respectively, following the reform (excluding behavioral

responses). Then the above expression may be rewritten to

dR Zf:laaz ob; N, — B, my <amigc_%0>
=1

dz 02 0z E,  1-m;\ 0z ' 0z
a; + bz 8&1 8[)1 0
- | = - iLi, 3.6
1—ai—bi<8zm+8z )}w (3:6)
where 8“; = %7; / (w;h;) and £ = daigf / (w;h;) is the change in the average tax

rate and the benefit rate, respectlvely, following the reform (excluding behavioral
responses). This expression decomposes the intensive revenue effect into a substi-

tution effect being created by the change in the marginal tax rate and an income
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effect resulting from the change in the average tax rate. We also see that the
extensive response is being created by the change in the average tax rate and the
benefit rate, and that the revenue implications of these responses have to do with
the size of a; + b;, which is the total participation tax rate.

Of course, big tax reforms have, ceteris paribus, a large impact on government
revenue. When comparing different types of reforms, it is therefore necessary to
normalize the size of the reforms. We do so by deriving the behavioral effect on
revenue per dollar raised in mechanical revenue, i.e.,

dB/dz  dR/dz —dM/d>
dM/dz dM/dz

S = (3.7)

which gives the fraction of tax revenue lost through behavioral responses. In the
case of tax cuts, S measures how big a fraction of the tax cut that is recouped by
behavioral feed-back effects on government revenue. Hence, we will refer to S as
the degree of self-financing.

In the following, we will consider different types of tax reforms. For that
purpose, it is useful to derive a general formula for tax reforms that keep the
well-being of the unemployed unchanged, 977°/0z = 0b;/0z = 0. By inserting
(3.6) in the definition of S, we obtain

aH—bi
— ;| Si,
1—az~—bim

(3.8)

)

I
S = {"”(@g—m+
i=1 m;

om0
where ®; = 87;;// o

is a measure of the progressivity of the tax change, and where
S; = %wiLi / (Zi[:l %wiLZ) denotes the tax increase for group 7 as a share of

the total tax increase in the population.
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3.1. A Lump Sum Tax Change for All Individuals (Reform
A)

We first consider a tax reform that changes the tax liabilities for all employed,
9T;/0z, and all unemployed, 0T /dz, with the same amount. Notice, that this
reform leaves the marginal incentive to supply hours unaffected because the mar-
ginal tax rate is unchanged. The difference in consumption possibilities between
working and not working is also unchanged. Hence, the change in labor supply
behavior is only due to income effects.

From egs (3.5) and (3.7), we get

l—mi _l—ai—bi

A ! m; (Lz"f‘bi 0
5= p g R ) e (39)
=1

where p = E/N is the participation rate and where e; = E;/E is the employment
share of group 7. The reform gives rise to two types of income effects on labor
supply behavior, reflected by the two terms in the expression. Firstly, the higher
tax burden on employed individuals creates an income effect leading to higher
hours of work (under the assumption that leisure is a normal good). The implied
increase in earnings is taxed with the marginal tax rate and this raises tax rev-
enue, as reflected by the first term in the above expression (S becomes negative
reflecting that a lump sum tax reduction will generate reductions in labor supply
which will reduce tax revenue further).

The second term reflects an income effect in the participation decision. The tax
burden is raised with the same amount on employed and unemployed individuals.
However, the marginal utility of income may be higher in the unemployment state

than in the employment state, leading to n? > n,, in which case some individuals
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will be induced to enter the labor market. These individuals leave welfare benefits

and pay more in taxes thereby improving the government budget.

3.2. A Lump Sum Tax Change for Employed Individuals
(Reform B)

In this case, the tax burden is raised with the same amount on all employed indi-
viduals (9T;/0z is the same for all i) while the net-tax payment of the unemployed
is left unchanged (97°/0z = 0). Thus, conditional on labor force participation,
the increase in tax burden amounts to a lump sum payment.

By inserting ®; = 0 in expression (3.8) and noting that s; for this reform is

simply equal to the employment share, we obtain

I
m; a; + b;
SP = —— 9, = e 3.10

Compared to (3.9) only the second term differs. The reason for this difference is
that the reform in this case only raises tax liabilities on employed. This will un-

ambiguously reduce labor market participation and thereby government revenue.

3.3. A Lump Sum Tax Change for All Individuals with Cer-
tain Demographic Characteristics (Reform C)

In this case, the tax burden is raised with the same amount on all individuals who
belong to certain demographic groups (tagging). Individuals who are target for
the reform pay the same lump sum tax. Let T denote the groups who are target

for the reform. From eqgs (3.5) and (3.7), we obtain

i i + b
T ) ) )
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where e, = E;/> + E; and p = % Notice, that this result is identical to S4

when all individuals are given transfers.

3.4. A Lump Sum Tax Change for Employed Individuals
with Certain Demographic Characteristics (Reform D)

In this case, the tax burden is raised with the same amount on all employed
individuals who belong to certain demographic groups. Individuals who are target
for the reform pay the same lump sum tax. Let T denote the groups who are target

for the reform. Then we obtain

D my; a; +bi
_ _ 0, | e, 12

which is identical to S if all groups are target for the reform. On the other
hand, a reform targeted at individuals with high participation elasticities and high

participation tax rates may involve a substantial higher degree of self-financing.

3.5. A Proportional Tax Change (Reform E)

A natural and simple benchmark case to study is where additional revenue is
raised through a proportional tax change. In this case, the marginal tax rate is
increased at all income levels and with the same percentage point increase at all
income levels, i.e., Om;/0z = Om;/0z for all i,j. In this case, the change in the
average tax rate da;/0z is equal to the change in the marginal tax rate Om;/0z,

which implies that expression (3.8) simplifies to

I
SE:Zl m_ oy _tith (3.13)

i1 l—miz ]_—CLZ'—bZ‘Z v
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where ¢; = &f — 0; is the uncompensated hours-of-work elasticity, and where

s; = w;L;/ (Zif:l wiLi> is the earnings share of group 1.

3.6. A Marginal Tax Increase at a Given Earnings Level
(Reform F)

Another interesting special case is where additional government revenue is col-
lected by increasing the marginal tax rate at one earnings level, holding all other
marginal tax rates constant. For the purpose of studying this case, we impose
an ordering of subgroups ¢« = 1, ..., I according to earnings levels such that the
earnings level in group ¢ is higher than in group ¢ — 1. Then we consider an in-
crease in the marginal tax rate in group k, while all other marginal tax rates are
unchanged. In this case, eq. (3.8) may be rewritten to
I I

F _ My c my; a; + bZ
Sk - 1— - CkakSk - ; 1_7%0181 + ; mmsi (3.14)

where we have used the fact that groups below k are unaffected by the reform.
In the empirical implementation, we will also account for heterogeneity within
earnings groups, which may lead to different tax rates and elasticities. However,
to understand the main mechanisms, it is useful to start by considering the above
more simple case.

The reform gives rise to three different effects on labor supply behavior, re-
flected by the three terms in the expression. Firstly, because of the higher mar-
ginal tax rate for people in group k, workers in this group reduce hours worked
through a substitution effect. This effect reduces government revenue. Secondly,
all workers with earnings at — or above — the level of group k experience higher

tax burdens, which creates an income effect leading to higher hours of work if
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leisure is a normal good. In isolation, this effect implies a higher revenue. Finally,
increased tax burdens will induce some workers to exit the labor market in order
to collect benefits, thereby lowering government revenue.

An interesting issue is the relation between the degree of self-financing and the
earnings level where marginal tax rates are being increased, i.e., how S depends on
the earnings threshold of the reform k. It turns out that there are many different
effects at play and that it is impossible from theory alone to determine whether
S increases or decreases when £ is changed. The theoretical effects are discussed
in greater detail in Kleven and Kreiner (2006¢). In Part II, we will calibrate the
degree of self-financing for Denmark and study how it is related to the earnings
threshold of the reform.

In the empirical implementation, we will divide the population into earnings
deciles. Thus, ¢ denotes the decile number and I equals 100. We will account
for the fact that effective tax rates may vary because tax liabilities and benefit
payments depend on age, marital status, kids, etc. In addition, labor supply
elasticities may vary across demographic sub-groups. Let J be the relevant number

of combinations of demographic characteristics. The revised version of (3.14) then

19



becomes

100 100
Sf = (I)kSkAk — Z SiBfL’ + Z Sz'Oz', (315)
i=k i=k
T E
Az = 2 c Y
Z 1 - m’L]gU Ez ’
7=1
Toom E..
B = u_ g4
Z 1-— ij J Ei ’
7j=1
T a4+ b E
Ci = v v 2
Zl_am_bij Y E17
7=1

where E;;/E; denotes the number of individuals in group (7, j) in proportion to all
individuals in decile . As in the previous sections, the variable s; denotes the tax
increase for group 7 as a share of the total tax increase in the population. Notice,
however, that the tax increase for group ¢ depends on the decile k at which the
marginal tax rate is raised. Indeed, we have

0 iti <k

wrhr—Yy e
Si = wkhk*yﬁk(fk*k)(kymryk) ifi=Fk ) (3-16)

Ykr1—Yk e
ifi>k
wihg—yrp+I—k) (Ye+1—Yk) =

where vy, is the earnings level that separates percentile k and k—1. Here, wihy —yx
is the income in percentile k£ that is subject to the higher tax rate, and yr11 — yx
is the income that is subject to the higher tax rate for individuals belonging to
percentiles higher than & (recall that the marginal tax rate is raised for earnings in

percentile k, i.e. in the earnings interval y;11 — yx). Since the number of individ-

uals are constant across percentiles, o hkﬁy;i’“(?ﬁg(kykﬂfyk) measures the fraction

Yk+1—Yk
wihe—yk+I—k) (Yr+1—Yk)

of the tax increase paid by individuals in percentile k, while
measures the fraction of the tax increase paid by individuals in a given percentile

above k.
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The increase in tax burden of an individual in percentile k equals Omy/0z -
(wrh — yr). Therefore, the change in the average tax rate becomes day/0z =

8mk/8z : (wkhk — yk) / (wkhk) implying that

. 8mk/8z . wkhk

O, = = .
¥ aak/ﬁz wkhk — Yk

(3.17)

From these formulas and information on earnings, effective tax rates and labor
supply elasticities, we are able to calculate the degree of self-financing for every

k.

3.7. A Marginal Tax Increase on All Income Above a Given
Threshold (Reform G)

For this reform, we assume that the marginal tax rates are increased on all labor
income above ¥y, where k denotes an earnings percentile while y; is the earnings
level that separates percentile k and £ — 1. Thus, the marginal tax rates are raised
for all the groups ¢ > k, while marginal taxes are unchanged for the groups 7 < k.
It is assumed that the marginal tax rate increase, Om;/0z, is the same for all the

groups ¢ > k.
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In this case, eq. (3.8) may be rewritten to

100 100 100

i=k i=k i=k

A = iﬂgc,&i

! - 1—mij E Ei’
j=1

o= Y g B

v jzll—mzj Z]EZ‘7
J

o, = _ G Yy B
Z 1-— aij — bijn” Ez

j=1
This result has some similarity to the result (3.15) for reform F. The variables A;,
B, and C; are the same as before, and so are the last two terms in (3.18). The first
term in (3.18) is different because all groups above k now face higher marginal
tax rates which lead to substitution effects in the hours-of-work decisions. A more

subtle difference is taking place in the s;-parameters:

wih; — Y
S; —
Zilgz)c (wihi — y)

These parameters differ from the previous reform because all income above y;, now

for i > k. (3.19)

is taxed at a higher rate. In reform F, the marginal tax rate was only raised in
the income interval y;.1 — Y.

Finally, we have

" 0ai )0z wihi —

for ¢ > k,

which is now defined for all ¢ > £ because marginal tax rates are raised on all
income above y.
In Part II, we describe how these expressions may be applied to data in order

to study the consequences of the current tax and welfare system. The results from
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a numerical implementation on Danish data are reported in Kleven and Kreiner

(2006¢).

3.8. Budget-Neutral Tax Reforms

In this section, we consider tax reforms where the proceeds from a tax increase
are returned back to all individuals as a lump-sum transfer, T'R. The size of the
lump sum grant is adjusted to the level that ensures (ex post) revenue neutrality,
i.e. dR/dz = 0. Consider for example the proportional tax change studied in
Section 3.5. The mechanical revenue effect is denoted by }‘fi—]\f |  Implying that the
total effect on government revenue equals }% | » (1= Sg). We may now combine

this reform with the lump-sum reform studied in Section 3.1 in order to get

dM
'— (1=8Sg)=TR-N-(1-54).
dz |
This may be rewritten as
dM
—)| -(1-Sz) =TR- N,
‘dz E "

where Sz =1— I_Si is the degree of self-financing of Reform E including budget-

1—S
neutral lump-sum transfers. The other reforms studied in the preceding sections
may be adjusted in the same way in order to ensure budget neutrality through

lump sum transfers.

3.A. Derivation of equation (3.5)

In this appendix, we derive eq. (3.5). This is done by first deriving the behavioral
responses to the tax reform, dh;/dz and dP,; (¢;) /dz, and then inserting the results
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into eq. (3.2). We start by deriving dF,; (g;) /dz. From the participation condition
(2.5), we have
@ o 8vz~ (CZ‘, hz) dCi 8vi (Ci, hl) dhi . 3vi (Cg, 0) d_C?

dz oc;  dz oh;, dz ol dz’
Using the budget constraint (2.2) to derive dc¢;/dz, the above relationship may be
written as
dg; dv; (¢i, hy) ov; (¢, hi) | dh;
24 AT T ) Vs e A T
dz dc; ( mi) wi + Oh; dz

_ (%i (Ci, hz) ﬁﬂ 8'UZ' (C?, 0) (3T10
Je; 0z ol 0z

From the first-order condition for hours of work (eq. 2.4), the first term in this
expression is equal to zero, such that we obtain

dgi — Ovi(ci,hi) OT; | Ovi (c,0) OTY

dz Je; 0z ol 9z

This expression implies that the change in the participation rate is equal to

db (@) ., dg;
dz = 7i(@) dz

(e MVOT B (.0) 9T
amcz,hz)aTz_8%(%0)3’5). (3.20)

= h@) ( de; 0z ol 0z
In this equation, we substitute the participation elasticities defined in (2.10) and

(2.9). This gives the following change in the participation rate

AP () 1 naTi_nQan
'Oz b0z

] P (a) (3:21)

dz ¢ —

Next, we derive the impact on hours worked of a small reform. The optimal

hours of work is a function of the marginal net-of-tax wage rate and the virtual
income, i.e. h; = h; (1 —m;)w;,Y;). A reform changes hours according to

dz I[(1 —m;) w] Yigs T aY; dz
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The definition of virtual income, Y; = m;w;h — T (w;h, x;, z), implies that

N om b 0T om0,
dz 0z Wili T mithi dz it dz 0z 0z Wil 0z

Substituting this relationship into the above expression for the change in hours

worked gives

== wi o Wity — —=— |-
dz o[l —my)w;] ~ 0z  9Y; \ 0z 0z
By using the definition of the uncompensated hours-of-work elasticity, e; = 8[(1?Zi)wi] (1_21')“’" ,
and the Slutsky equation (2.8), the above expression may be rewritten to
_ e - g | 3.22
dz 1—my l@z ©i w;h; 0z } ( )

Now, eq. (3.5) is obtained by inserting eqs (3.21) and (3.22) in eq. (3.2) and
using eq. (2.6).
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4. THE MARGINAL CosT OF PuBLIC FUNDS

In this section, we derive analytical measures of the marginal cost of funds (MCF),
defined as the welfare cost from raising one additional Euro of government revenue.
The approach is explained more carefully in Kleven and Kreiner (2006¢).

Before proceeding with the derivations, we should emphasize a methodological
choice which is being made. In the utility specification (2.1) we have not include
public goods and, by implication, our results for the MCF will not incorporate
any effects of public spending on labor supply and government revenue. This is
the most common approach in the recent MCF literature (Dahlby, 1998; Sandmo,
1998), and it has been based on two different interpretations. In one interpre-
tation — labelled the Stiglitz-Dasgupta-Atkinson-Stern approach by Ballard and
Fullerton (1992) — public goods are simply assumed to be separable in utility so
that spending has no effects on labor supply. In the other interpretation, any
effects of spending on labor supply and revenue should be ascribed to the benefit
side in the cost-benefit analysis used to evaluate a public project. As pointed out
by Sandmo (1998), if the goal of MCF is to provide policy makers with a practical
measure that can be applied across different public projects, it makes sense not to
include the effects of government spending. Because if we did include such effects,
each single public project would have to be assigned its own MCF.

The standard analytical approaches to measuring the MCF do not include
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distributional concerns. But in our framework where individuals are heterogeneous
in terms of wages, preferences and fixed work costs, it is natural to start by
considering a distributionally-weighted MCF, labelled the social marginal cost of
public funds (SMCF) by Dahlby (1998). For this purpose, we assume an additive
Bergson-Samuelson social welfare function W (). Aggregate welfare may then be
written as
o0

W= Z U vi (e, hs) — ) pr (q) dg + /q ; (vn (co,0)) ps (q) dg| N, (4.1)
where the first term reflects the contribution to welfare from those who are work-
ing, while the second term is the contribution to welfare from those outside the
labor market. By considering a small change in the tax-transfer system — captured
by a change in the z-parameter (dz) — we may define the social marginal cost of

public funds in the following way

1dW/dz
MCF = ——
SMC NdR/dz’

(4.2)

where R denotes aggregate government revenue, and where we have defined

\= ZU () 2, q) da|

as the average social marginal utility of income for the entire population. The

A-parameter is of course necessary in the definition in order to convert the welfare
effect in utils, dW, into a welfare effect in units of income.

In general, tax reforms affect labor supply along both the intensive and exten-
sive margins. However, these labor supply adjustments have no first-order effects
on aggregate welfare in (4.1), as long as we are considering marginal reforms.

This is a result of the envelope theorem applied to each margin of response. Thus,
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because initial hours of work have been optimized by employed individuals (from
eq. 2.4), small changes in hours worked have no effect on individual welfare v; and
therefore have no effect on aggregate welfare WW. Likewise, changes in labor force
participation — resulting from a changed threshold value ¢; — will not affect aggre-
gate welfare because marginal entrants were initially indifferent between working
and not working (from eq. 2.5).

With these insights, it is straightforward to obtain the effect on aggregate

welfare as

AW ST ui() 0T, ©  du () OT?
E__Zl/o i) de; 8zpi<q)dQ+/— Vi) Je; 8zpi(q)dq Ni

=1 qi
(4.3)

where 0T;/0z denotes the mechanical increase in the tax payment for an employed
group ¢ individual (the increase in tax burden excluding any behavioral responses
induced by the reform), while 977 /02 denotes the mechanical increase in the tax
payment for an unemployed group ¢ individual.

To simplify this expression, we define social welfare weights on working indi-

viduals in the following way

1, v; (ci, hi) [ g: (@) pi (q) dg
Gi (Q) = <V (Ui (Ci,hi> —q)—, gi = —

A de; [ i (q) dg

l 8Ui (C,?, O)

0 / ) 0 )
9; )\\I’i (UZ (Cz ) hl)) acg

where g; (¢) denotes the social marginal utility of income for a working individual
in group 7 with fixed work cost ¢ (relative to the average for the entire population),
g; is the average social marginal utility of income among the working population
in group 4, and ¢? is the social marginal utility of income for an unemployed

individual in group i. Using these distributional weights, we may rewrite eq. (4.3)
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to
I

dW/dZ:—Z{ S (4.4)

%9,
where E; = P;(g;) N; is the number of employed individuals in group ¢. This
expression shows that the welfare effect is a weighted sum of the total mechanical
increases in tax burdens for each group.
Besides the welfare effect just derived, the social marginal cost of public funds

in (4.2) depends on the change in government revenue. Using the definitions in

(3.2) and (3.7), SMCF may be written as

—dW/dz 1
N-dMjdz 1-5’

where dM /dz is the total mechanical effect of the reform on government revenue,

SMCF =

(4.5)

while S is the degree of self-financing.

The marginal cost of public funds (MCF) focuses entirely on the efficiency
aspect of taxation. This corresponds to assuming that the social value of an extra
unit of consumption is uniform across all individuals in society (g; = ¢¥ = 1 Vi).
In this case, it follows from (4.4) that —% - dW/dz = dM/dz and (4.5) therefore
simplifies to

1

This expression reveals a simple relationship between the marginal cost of public
funds and the degree of self-financing. For the six tax reforms considered in Section
3, we may obtain the MCF of the reforms simply by inserting the results for the

degree of self-financing into the above expression.
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5. THE TRADE-OFF BETWEEN EFFICIENCY
AND EQUALITY

In Section 3 and Section 4, we studied policies that raise or reduce the aggregate
tax revenue of the government. In this section, we study redistributive policies,
defined as policy reforms that change the distribution of the tax burden between
individuals in society without changing the aggregate tax revenue. The goal of
the section is to derive analytical measures for the marginal trade-off between
equity and efficiency. We will focus on the trade-off between equity and efficiency
for two specific types of redistributional reforms: a traditional welfare policy that
provides income support to all the poor and a working poor policy which tar-
get transfers to poor individuals conditional on working (in-work benefits). Our
analysis generalizes the results in Immervoll et al. (2005), which assumed away
income effects in labor supply decisions. In addition, we consider reforms that are
targeted certain demographic groups.

Redistributive policies providing income support for the poor or the working
poor come at the cost of reduced incomes and welfare among high-income earners.
Let us consider a general small and revenue neutral tax reform dz. This reform
creates losers and gainers. We denote by dG > 0 the aggregate welfare gains of
those who gain from the reform and by dL < 0 the aggregate welfare change of

those who loose from the reform. Note that in the case of a Pareto improving
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reform there are no losers and dL = 0.

Due to behavioral responses to taxes and transfers, the decline in welfare for
the rich may potentially be much higher than the welfare gain for the poor (i.e.,
dG + dL < 0), reflecting the distortionary effects of redistributive tax policy. A
critical question then becomes how to evaluate the desirability of reforms involving
such interpersonal utility trade-offs. The standard approach has been to specify
a social welfare function involving certain welfare weights across individuals de-
creasing across the income distribution. Any given redistributive policy is then
beneficial if it raises the value of the specified social welfare function. However,
the interpersonal comparisons implied by the adopted welfare function are clearly
subjective, and this limits the applicability of such an analysis as an input into
the policy making process.

Following Browning and Johnson (1984), we divide the population into those
who gain from the reform and those who lose from the reform. This partitioning
of people will be endogenous both to the reform and to the behavioral responses
created by the reform. This is an important point, which will be discussed later
on when analyzing the distributional consequences of tax reforms. Within each
of the two groups we assume that the social marginal utility of consumption is
constant across individuals. We then define the interpersonal utility trade-off ¥

in the following way
dL

el

If the reform constitutes an increase in redistribution, ¥ gives the welfare cost to

U= (5.1)

the rich from the transfer of one additional dollar of welfare to the poor (or the

working poor). Conversely, if we are thinking about rolling back welfare programs,

'In contrast, if the reform is Pareto worsening, there are no gainers and dG = 0.
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¥ is the cost to the poor per dollar transferred to the rich. This interpersonal
trade-off may be interpreted as a critical value for the relative social welfare weight
between the two groups, i.e., the relative weight on those who gain such that the
reform breaks even in terms of social welfare. The trade-off measure used here
was originally proposed by Browning and Johnson (1984), and subsequently used
by Ballard (1988), Triest (1994) and Immervoll et al. (2005).

The magnitude of ¥ reflects the degree to which there exists a trade-off between
equity and efficiency. In the case with no behavioral responses to taxes and
transfers, redistributive taxation does not imply lower efficiency, and there is no
change in aggregate utilitarian welfare from the reform. Thus, the welfare gain
of those who gain (the denominator) exactly equals the welfare loss of those who
lose (the numerator), implying that ¥ is equal to one. Alternatively, a W-value
larger than one implies a trade-off between equity and efficiency (those who lose
from the reform loose more than the gainers gain), whereas if ¥ is less than one
there is no conflict between the two and the reform actually increases efficiency.

To derive ¥ for a general tax reform, we start by examining the impact on
individual welfare from a marginal change in the reform parameter z. Let dWV;/dz
denote the marginal welfare effect of an individual in group ¢+ measured in units

of consumption. From egs (2.1), (2.2), (2.4) and (2.5), we obtain?

AW, gafe = —0Ti/0:  q<gq
dz - dvi/dz 970 /9 (52)
v focd — TP [0z q>g

where T; = T (w;l;, %;, 2) and TP = T (0, x;, z). The effect on individual welfare is

2In calculations of the marginal welfare effect, the choice of welfare measure does not mat-
ter. Thus, the welfare effect in equation (5.2) is consistent with all the common measures, for
example the equivalent variation, the compensating variation, and the compensating surplus.
See Fullerton (1991) for a discussion of these issues.
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given simply by the direct (mechanical) change in the tax liability since, by the
envelope theorem, a marginal tax-induced change in hours of work or participation
does not affect utility as labour supply is initially at its optimal level.

Since the reform experiments which we consider do not take money away from
those who are unemployed, i.e. 9TY/0z < 0, we may include these individuals
among the gainers in the denominator of the W-measure. Moreover, by defining
GG as the set of groups for which employed people gain from the reform, we may
use eq. (5.2) to write ¥ in the following way

Zigc % i
Siea BB+ 5 (N B)

where E; = P;(q;) N; denotes the number of employed people in group i, £ =

U=

(5.3)

> E; is aggregate employment, and N = ). N; is the total population.

Since we are considering redistributive policies, the tax reform is revenue neu-
tral. It is central to note that this does not imply that the partial tax changes
in the above expression sum to zero. Aggregating partial tax changes capture
only the mechanical effect on government revenue, i.e., the effect in the absence
of behavioral responses. The total effect on aggregate revenue of a reform dz is
given by (3.5), which we repeat here

I

. 0 ; j ‘
e - Z {@Ez + b (N; — E;) — - <%wihi€§ N 2 QZ) h

dz — 0z 0z 1—m; \ 0z 0z
a; + b; oT; oT?

We consider only policy reforms that change the distribution of the tax burden
without changing the aggregate tax revenue, dR/dz = 0. For any of such reforms,

we may calculate the equity-efficiency trade-off ¥ from formula (5.3). The first two
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terms in equation (5.4) are the mechanical effect (which we have previously denote
by dM) of the tax reform. As we showed in (5.2), the mechanical effects are exactly
equal to minus the aggregate welfare effect dIW on the population. Let dB denote
the behavioral effects, i.e., the third and fourth terms in equation (5.4). Equation
(5.4) and revenue neutrality then imply that dW = dG + dL = dB. Hence,
the aggregate change in welfare (adding the gains of gainers and the losses of
losers) following the reform is exactly equal to the behavioral effect on government
revenue. Thus, —dB can be seen as the extra deadweight burden generated by
the reform. Our equity-efficiency measure ¥ = —dL/dG is larger than one if and
only if dB < 0, i.e., the tax reform generates deadweight burden. For a given level
of deadweight burden —dB, the larger the absolute value of gains and losses, the
larger the amount of redistribution the reform achieves, and hence the smaller is
v,

In the following, we will concentrate on four simple tax reforms for which
closed form expressions for ¥ may be obtained. These four types of policies are
chosen so as to illuminate some of the most important trade-offs which policy

makers are facing in connection with welfare reform.

5.1. Demogrant Policy

In this subsection, we analyze a small welfare reform which redistributes income
from high-wage earners in the labour market to individuals earning low wages and
to those who are not employed. In particular, the reform under consideration takes
the form of a demogrant policy which raises the tax rate on all units of labour
income by 7 and returns the collected revenue as a lump sum 7'R to all individuals

in the economy. This redistributive reform corresponds to an expansion of the
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traditional welfare programs financed by a general increase in tax rates.

The tax/transfer schedule is changed in the following manner:

% = 9, Tw;h; — TR, 5 = —TR. (5.5)

Inserting these expressions in eq. (5.4) and setting dR/dz equal to zero, we obtain

I
TR-N=Qq-7) wihiE; (5.6)
=1
where
_1-SF

where S4 and S¥ are defined in eqs (3.9) and (3.13). This expression shows
that the aggregate lump sum transfer TR - N is equal to the direct increase in tax
revenue from the imposition of 7 multiplied by a factor 2, reflecting the behavioral
responses to the reform. When €); < 1, a fraction 1 — 2, of the mechanical tax
revenue collections vanishes due to the behavioral responses to taxation, thereby
reducing the amount of money which may be returned as a lump sum transfer.
Notice that this type of redistributive reform combines reform A and reform
E studied in Section 3. The tax revenue is raised through a proportional tax
increase. The term 1 — S¥ in (5.7) gives the total increase in tax revenue in
proportion to the mechanical increase in tax liabilities. The tax proceeds are paid
out as lump sum transfers to everybody, and in order to pay out one euro we will
need 1 — S4 euros because of the behavioral responses to the transfer payments.
In the special case of no labour supply responses along either the intensive or
the extensive margins (¢; = 1, = 0 for all i), there will be no behavioral revenue
effects and (2; equals one. Likewise, if the initial tax system is a non-distortionary

lump sum tax (7; = a; = 0 for all 7), we get Q; = 1.
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Now, using egs (5.5) and (5.6), we may rewrite (5.3) as

PRI S LY (5.8)
Pe€la — 54

where p; = [>,. Ei + (N — E)] /N denotes the population share for those who
are gaining from the reform, while s, = > . _ s; is the cumulative wage share for
those who are gaining. If we are considering a tax reform creating no efficiency
loss (€24 = 1), the interpersonal trade-off is exactly one, i.e., an additional euro
transferred to the poor imposes a one-euro cost on the rich. However, if the
redistributive reform generates an efficiency loss (2; < 1), and this is normally

the case, it will cost more than one euro of welfare for the rich to transfer one

euro to the poor.

5.2. Working Poor Policy

In this subsection, we compare the demogrant policy considered above with a
reform which redistributes income to low-wage earners in the labour market, while
keeping constant the income of those who are out of work. As before, the reform
raises the tax rate on all units of labour income by 7, but now the collected
revenue is returned only to those who are working positive hours. Conditional on
labor force participation, the transfer is lump sum. This type of reform may be
interpreted as the introduction of an Earned Income Tax Credit (EITC) financed
by higher taxes on high-wage earners.

The tax/transfer schedule is changed in the following manner:

92 T, 5, Twil; — TR, 5

0. (5.9)
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Inserting these expressions in eq. (5.4) and setting dR/dz equal to zero, we obtain

I
TR-E=Qu, -7y _ whiE; (5.10)
i=1
where
1—S8F
pr = @, (511)

where SP and S* are defined in egs (3.10) and (3.13). As with the analogous
eq. (5.6) for the demogrant policy, the above expression shows that the aggregate
lump sum transfer, now T'R - E, is given by the direct revenue increase multiplied
by a parameter €2,,, capturing behavioral responses to the reform. The essential
difference to the previous equation lies in the denominator of the {2-parameter,
which reflects the positive participation response arising because the transfer is
given only to employed people, i.e. S® > S4. Because of these participation
responses, the behavioral feed-back effects on revenue may be positive on net.
Consequently, a redistribution towards the working poor may increase overall
efficiency (S% > S¥).
Inserting egs (5.9) and (5.10) into (5.3), we get

1-Q
w_ (5.12)

Yup = 1 €g8dup — S
where e, = ) ... ¢; is the share of employed people gaining from the reform. In
this expression, we have ¥,,,, % 1iff Q) % 1. Hence, it is possible that the welfare
cost to high-wage earners from the transfer of one dollar to low-wage earners is
less than the dollar transferred. In this case there would be no conflict between
equity and efficiency.

In the special case of no labour supply responses along the extensive margin

(n =0 and n° = 0) and no income effects in the hours-of-work decisions, the two
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types of tax reform which we have considered create identical behavioral responses.
It is illuminating to compare our efficiency and trade-off measures (2 and V¥ in this
special case.

Egs (5.6) and (5.10) show immediately that €24 = €2,,,, implying that the share
of the projected mechanical increase in tax revenue which is lost through behav-
ioral responses is the same for the two reforms. In other words, the additional
deadweight burden, and hence the difference between gains dG and losses —dL,
is the same for the two reforms. While the difference between gains and losses is
identical, the absolute magnitudes tend to be higher in the case of a demogrant
policy. In the demogrant policy, the unemployed obtain transfers without paying
any taxes, whereas in the working poor policy everybody getting transfers also
pays taxes. For this reason, the aggregate gain of the gainers dG and the aggre-
gate loss of the losers —dL will be higher for the demogrant policy. From the
definition of the equity-efficiency trade-off in eq. (5.1), the larger magnitudes of
both numerator and denominator (where the numerator is the larger number )
implies that ¥; < ¥,,,, i.e., the demogrant policy involves a more favorable trade-
off than the in-work benefit reform. This result shows that, with no difference in
the behavioral responses created by the reforms, the demogrant policy is “better”
than the in-work benefits policy in the sense that it achieves more redistribution
per euro of deadweight burden.

This difference in the trade-off for the two policies is part of a more general
point. In general, the magnitude of ¥ depends on the earnings distribution among
the people affected by the reform. Consider the working poor policy, for example.
Since tax payments depend on earnings, if the distribution of earnings is initially

relatively equal (workers are almost identical), the net mechanical tax change
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(equal to the welfare effect) will necessarily be almost the same for each individual
(i.e., gains and losses are close to zero). In other words, with an equal earnings
distribution, we get little redistribution, and for a given efficiency loss D, the
trade-off measure W becomes high. As the earnings distribution widens, gains
and losses become bigger (more money is redistributed), and ¥ becomes lower.
This implies that, for given labor supply elasticities, in-work benefits will be more

desirable in countries with large earnings disparities.

5.3. Tagging of Transfers to Individuals with Certain De-
mographic Characteristics

In this subsection, we consider a target policy. Let T be the set of groups who
are eligible for benefits. In this case, the tax/transfer schedule is changed in the

following way:

3, — TV = TRYIET, SL=0vigT, (5.13)
oT; o1,

0z 0z

Only the target groups receive the transfer T'R while all employed individuals pay
higher taxes in order to finance the outlays (the term 7w;l;).
By inserting the above expressions in eq. (5.4) and setting dR/dz equal to

zero, we obtain

I
TR-> Ni=Q 7Y whiE; (5.15)
T 1=1
where
1—8F
o =T—co

where S¢ and S¥ are defined in eqs (3.11) and (3.13).
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The trade-off between efficiency and equality, ¥;, may be calculated using eqs

(5.13), (5.14) and (5.15) into (5.3).

5.4. Targeted Working Poor Policy

In this subsection, we consider a working poor policies where the in-work benefits
are targeted to individuals with certain demographic characteristics (e.g. single
parents). Let T be the set of groups eligible for in-work benefits. Then, the

tax/transfer schedule is changed in the following way:

8T¢ . 8710 .

5 T Vi, 5y 0 Vi, (5.16)
or, | o |

5 = Twil; —TRYie Y, 9 Tw;l; Vi ¢ 1. (5.17)

The impact of the targeting is seen in the last equation. The in-work benefits,
TR, are only paid out to individuals belonging to the target groups T while all
employed individuals pay higher taxes in order to finance the outlay (the term
Tw;l;).

By inserting the above expressions in eq. (5.4) and setting dR/dz equal to

zero, we obtain

I
T i=1
where
1—-SF
prt = @, (519)

where S¢ and S are defined in eqs (3.12) and (3.13).
The trade-off between efficiency and equality, ¥,,,;, may be calculated using

egs (5.16), (5.17) and (5.18) into (5.3).
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6. CONDITIONS UNDER WHICH TAXx CUTS
PAY FOR THEMSELVES

This section derives conditions under which tax cuts pay for themselves. We
will first analyze, for given tax rates, how large elasticities need to be in order
to make tax cuts completely self-financed. Second, we analyze, for given labor
supply elasticities, how large initial tax rates need to be in order to make tax
cuts self-financed. That is, we solve for the tax rates that maximizes government
revenue (also called Laffer tax rates). Of course, the calculations will depend on
the type of reform considered. We will for this exercise focus on Reform G. For
this reform, tax cuts pay for themselves when the degree of self-financing in eq.

(3.18) equals one. This will be the starting point for the calculations below.

6.1. Required Elasticities

6.1.1. The Compensated Hours-of-Work Elasticity

In this section, we derive the level of the average compensated hours-of-work
elasticity 2° required to make Reform G exactly self-financed (SS = 1) for given
values of other parameters. The hours-of-work elasticities may still vary according
to earnings and demographic groups. We will assume that the compensated hours-

of-work elasticity for group (i, j) equals

c —c
€ij = Vij€ s
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where the y-parameters fulfill

This ensures that the average hours-of-work elasticity equals £°. By inserting this

in (3.18) and setting S¢ equal to one, we obtain
RS Ly e
zzﬁ?ﬂ ;s;4; 7

where
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It is possible to increase government revenue through tax cuts if the average hours-

of-work elasticity is larger than £¢.
6.1.2. The Participation Elasticity

In this section, we derive the level of the average participation elasticity n that
is sufficient to make Reform G self-financed for given values of other parameters.
The participation elasticities may still vary according to earnings and demographic

groups. We will assume that the participation elasticity for group (7, j) equals

Mij = Vij;
where the y-parameters fulfill
100 J
Lij _
2.2 g =L
i=k j=1 ¢
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which ensures that the average participation elasticity is in fact equal to 7. By

inserting the above relationship in eq. (3.18) and setting S¢ equal to one, we

obtain
. 1= 520 PisiAs + 32,00 siBi
S siC ’
where
J
m E
Az = 1) c 1)
Z; 1—- mijgw Ez ’
Ji
J
m E
B, = Y_g, =L
Z 1— myij ! E;
J=1
J a;; + by E
Cz — i iJ 1]
Z 1-— Qi bU Y EJZ
7j=1

6.2. Required Tax Rates

In this section, we analyze, for given labor supply elasticities, how large initial tax

rates need to be in order to make tax cuts self-financed.

6.2.1. Only Hours-of-Work Responses

We first focus on a special case without participation responses (n;; = 0 for all
deciles i > k). Moreover, we assume that the effective marginal tax rate is constant
from percentile £ and onwards. Let m denote this tax rate. In the following, we
analyze how large the pre-reform effective marginal tax rate needs to be in order
to make Reform G — a small reduction in m — self-financed.

With a constant marginal tax rate, m, from percentile £ and onwards, eq.
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(3.18) gives

m w;h; J E;;
SkG — . 11ty gf l]
1-m ; Zz k ( h jzl ! EZ
S, (1 wihi — 1 J
i — Yk ij
_ 0,
1—m§2100 (w;h; —yk)Z !

By setting S& equal to one, we obtain the Laffer tax rate

1
T T (ot — i)
B = st e = Y002 e i and 0; = 377 0

2100 (wjhj—yk)’ j=1%ij N; J=1

In the special case, with constant hours-of-work elasticities at all deciles above

(6.1)

where o} = —gppifi
k 190k(wj i —Yk)

k, the expression (6.1) simplifies to

m=—— Vi>k (6.2)

10

where «a;, = —Zioi(wqh e

= wihi Notice, that in this special case, the size of m is

governed completely by the shape of the earnings distribution, reflected in the ov-
parameter. Empirical evidence shows that oy is increasing in the income percentile
k but that it converges towards some constant (see Saez, 2004 and Kleven and
Kreiner, 2006¢). This implies that the shape of the wage distribution makes the
size of the Laffer rate a decreasing function of the income threshold above which

taxes are changed.

6.2.2. Only Participation Responses

We now focus on the opposite special case, i.e. a situation without labor supply
responses along the intensive margin (f; = ¢;; = 0 for all deciles i > k). Moreover,

we assume that the effective participation tax rate is constant from percentile k
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and onwards. Let a + b denote this tax rate. In the following, we analyze how
large the pre-reform effective participation tax rate needs to be in order to make
Reform G — a small reduction in a + b — self-financed. In this case expression

(3.18) simplifies to
100

¢ a+b i

where 1, = Z‘j]:l nij% and i, = % By setting S& equal to one, we

obtain the Laffer tax rate

+b 1
a =
1+ Zzlg(i)g Bin;

Notice, that if the participation elasticities are all equal to some given level 1 then

(6.3)

the revenue-maximizing tax rate is constant at all income thresholds &:

1
at+b=——.
1+n

Constant participation elasticities are, however, not realistic. Empirical evidence
shows that low-income individuals have high elasticities while high-income in-
dividuals have very small elasticities. This implies from formula (2.6) that the
revenue-maximizing tax rate is an increasing function of the percentile £ from

which the the tax rate is changed.

6.2.3. Combining Hours-of-Work Responses and Participation Responses

In this section, we include both intensive and extensive labor supply responses.
However, in order to solve for a Laffer tax rate in this case, it is necessary to
work with a slightly different definition of the participation elasticity. Let 7,

be the percentage change in participation caused by a one percent change in the
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OP; w;

wage rate This elasticity is related to the participation elasticity in (2.9)

according to

We may now rewrite (3.18) as
100 100 100
G
Sy = E D,s,A; — E s;B; + E $,C;
i=k i=k i=k
_ mij o B
L) i
J
_ }: M 1%
BZ == 1 01] E 7
= mij i
J
_ aij +bij . Ej
Gi = Z 1 i
j=1 - mz] 7
her = WilkiTYk  gpd P, = Wili
WRETe i 198 (wihi—y) and @; wihi =Yg

We assume that the effective marginal tax rate is constant from percentile &
and onwards. Let m denote this tax rate. In the following, we analyze how large
the pre-reform effective marginal tax rate needs to be in order to make Reform

G — a small reduction in m — self-financed. In this case, the above expression

becomes
100 100 J
¢ m i e i aij + by . By
= o 2 (e = B0 ) ) S

Adjustments in the marginal tax rate m influence the participation tax rate ac-

cording to

wh — _
Qi + bij = (m — mij) %}L?Jk + ELZ‘J' + bij,
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where m;; and a;; + Bl-j are the tax rates individuals face in the existing system

according to the data. By combining the two above expressions, we arrive at

100 100 = wihi—yk P 7
Gg__m i_c m B mij) w;h; + @i + bij ~ Eij

The Laffer tax rate is found by setting SkG equal to one and isolating m. This

gives

100 . . By
Z Bk (Z] 1 (am + bzy) 771] E - h yk ZJ 1mw771] B )
100 100 z ’u}lh ’
1+Zz k(akg _519‘91) +Z yk Z] 1 z]E

Our numerical analysis of Laffer tax rates is based on thls expression. To better

understand the effects underlying the above result, it is useful to look at the special
case where hours-of-work elasticities (¢ and ) are constant and the participation
elasticities and tax rates do not depend on j. In this situation, the above formula

simplifies to

100 _wihy
- S (@ b i) (6.4)
m = , )
1+ e’ — 0 + ZIOO i wzh yk 7
100
where oy, = Wi’i_“k) This expression may be compared to the result without

participation responses in eq. (6.2). The only difference is the last term in the
numerator and the last term in the denominator of the above expression. These
terms arise because of participation responses which reduce the Laffer tax rate.
More interestingly, the above expression shows that the profile of the participation
elasticities are important. Empirical evidence indicates that the participation
elasticities decrease with earnings. This implies, ceteris paribus, that the revenue-
maximizing tax rate m is an increasing function of the percentile k from which the
the tax rate is changed. Hence, expression (6.4) combines the effects described in

the previous two sections.
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Part 11

Numerical Analysis for Denmark
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7. SIMULATION METHODOLOGY

The numerical results reported in Kleven and Kreiner (2006¢,d) are calculated
from the formulas in Part I using a microsimulation approach. The computations
require information on earnings, effective tax rates, and labor supply elasticities.
Information on earnings and effective tax rates are obtained from individual data
using the Danish Law Model while labor supply elasticities are set in accordance
with the empirical labor supply literature. Kleven and Kreiner (2006b,c) provide
a short survey of this literature and describe the labor supply elasticity constella-
tions applied in the numerical analysis.

The theoretical analysis in Part I is based on a discrete formulation dividing
the population into a number of distinct subgroups. In the empirical applica-
tion, we have to define these subgroups. Here it is important to choose a level
of disaggregation which adequately captures the observed heterogeneity in the
sample. Because tax rates, wage income and (potentially) labor supply elastici-
ties are strongly heterogeneous and correlated across individuals, one could make
substantial errors by aggregating too much. Our simulations will be based on
a disaggregation into 100 earnings deciles where each decile is divided into 42
subgroups depending on demographic characteristics (see Table 1 for details on
the demographic groups). This gives 4,200 groups in total. For each group, we

calculate an earnings level, a marginal tax rate, and a participation tax rate for
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TABEL 1
Demografiske grupper

Gruppe Demografiske karakteristika

Boo~voohrwnrk

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Dansk baggrund, 18-25 &r

Dansk baggrund, 25-54 ar, Enlig, Ingen hiemmeboende barn

Dansk baggrund, 25-54 &r, Enlig, Hiemmeboende bgrn

Dansk baggrund, 25-54 ar, Mand, Arbejdende aegtefzelle, Ingen hiemmeboende bgrn

Dansk baggrund, 25-54 ar, Kvinde, Arbejdende segtefaelle, Ingen hjemmeboende barn

Dansk baggrund, 25-54 ar, Mand, Arbejdende segtefzelle, Hiemmeboende bgrn

Dansk baggrund, 25-54 ar, Kvinde, Arbejdende segtefaelle, Hlemmeboende barn

Dansk baggrund, 25-54 ar, Mand, Ikke-arbejdende aegtefeelle, Ingen hiemmeboende barn

Dansk baggrund, 25-54 ar, Kvinde, Ikke-arb. segtefzelle, Ingen hjemmeboende barn

Dansk baggrund, 25-54 ar, Mand, Ikke-arbejdende aegtefeelle, Hiemmeboende barn

Dansk baggrund, 25-54 ar, Kvinde, Ikke-arbejdende aegtefeelle, Hiemmeboende bgrn

Dansk baggrund, 55-65 ar, Enlig

Dansk baggrund, 55-65 ar, Gift, Mand

Dansk baggrund, 55-65 ar, Gift, Kvinde

Vestlig indvandrerbaggrund, 18-25 ar

Vestlig indvandrerbaggrund, 25-54 ar, Enlig, Ingen hiemmeboende barn

Vestlig indvandrerbaggrund, 25-54 ar, Enlig, Hiemmeboende barn

Vestlig indvandrerbaggrund, 25-54 ar, Mand, Arbejdende zegtefeelle, Ingen hjemmeboende barn
Vestlig indvandrerbaggrund, 25-54 ar, Kvinde, Arbejdende aegtefeelle, Ingen hjemmeboende bgrn
Vestlig indvandrerbaggrund, 25-54 ar, Mand, Arbejdende zegtefeelle, Hiemmeboende barn

Vestlig indvandrerbaggrund, 25-54 ar, Kvinde, Arbejdende aegtefeelle, Hiemmeboende bgrn

Vestlig indvandrerbaggrund, 25-54 ar, Mand, Ikke-arb. aegtefeelle, Ingen hiemmeboende barn
Vestlig indvandrerbaggrund, 25-54 ar, Kvinde, Ikke-arb. segtefeelle, Ingen hjemmeboende barn
Vestlig indvandrerbaggrund, 25-54 ar, Mand, Ikke-arbejdende eegtefeelle, Hiemmeboende bgrn
Vestlig indvandrerbaggrund, 25-54 ar, Kvinde, Ikke-arbejdende aegtefeelle, Hemmeboende barn
Vestlig indvandrerbaggrund, 55-65 ar, Enlig

Vestlig indvandrerbaggrund, 55-65 ar, Gift, Mand

Vestlig indvandrerbaggrund, 55-65 ér, Gift, Kvinde

Ikke vestlig indvandrerbaggrund, 18-25 &r

Ikke vestlig indvandrerbaggrund, 25-54 ar, Enlig, Ingen hiemmeboende barn

Ikke vestlig indvandrerbaggrund, 25-54 ar, Enlig, Hiemmeboende bgrn

Ikke vestlig indvandrerbaggrund, 25-54 ar, Mand, Arbejdende aegtefzelle, Ingen hiemmeboende bgrn
Ikke vestlig indvandrerbaggrund, 25-54 ar, Kvinde, Arbejdende segtefzelle, Ingen hjemmeboende barn
Ikke vestlig indvandrerbaggrund, 25-54 ar, Mand, Arbejdende eegtefzelle, Hiemmeboende bgrn
Ikke vestlig indvandrerbaggrund, 25-54 ar, Kvinde, Arbejdende aegtefeelle, Hemmeboende barn
Ikke vestlig indvandrerbaggrund, 25-54 ar, Mand, Ikke-arb. zegtefeelle, Ingen hjemmeboende barn
Ikke vestlig indvandrerbaggrund, 25-54 ar, Kvinde, Ikke-arb. eegtefeelle, Ingen hjiemmeboende bgarn
Ikke vestlig indvandrerbaggrund, 25-54 ar, Mand, Ikke-arbejdende zegtefeelle, Hiemmeboende barn
Ikke vestlig indvandrerbaggrund, 25-54 ar, Kvinde, Ikke-arbejdende segtefeelle, Hlemmeboende bgrn
Ikke vestlig indvandrerbaggrund, 55-65 ar, Enlig

Ikke vestlig indvandrerbaggrund, 55-65 ar, Gift, Mand

Ikke vestlig indvandrerbaggrund, 55-65 ér, Gift, Kvinde




a representative individual by taking the average of the individuals in the group.
The data on earnings and the calculation of effective tax rates are described in
the next sections.

Since the theoretical results in Part I are based on a small reform methodology,
the computed effects represent first-order approximations to the true effects. The
big advantage of the small reform methodology is its simplicity and transparency.
To evaluate the reforms, we need only to estimate earnings and tax rates and to
set elasticities based on the empirical literature. Moreover, we do not need to
specify utility functions or estimate (or calibrate) utility parameters in order to
calculate welfare effects.! Neither do we need to estimate fixed costs of working.
It is, however, important to keep in mind that the results only apply to small

changes in the existing system.

IThis is because the welfare effect of tax reform reflects the externalities created by changes
in government revenue, a results that follows from the definition of excess burden and the
application of envelope theorems.
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8. DATA ON TAXES, BENEFITS, AND
EARNINGS

Information on earnings and effective tax rates are obtained from the Danish Law
Model. The Law Model consists of two main components: (i) A database con-
taining information on individuals in Denmark and (i) the rules in the Danish
tax-benefit system converted into computer language (a detailed description is
provided in Finansministeriet (2003)). The primary statistical data in the data-
base is collected from a 33.3 per cent random sample of the Danish population.
We further restrict the sample to individuals in the age 18 to 65 who are working
full-time or part-time (excluding students) and who are registered as having pos-
itive ATP-contributions and earnings above 35,600 Danish kroner. For a few of
the computations, we also use the Law Model to obtain the number of individuals
outside the labor market in the different demographic groups.

The model population is from year 2003 but earnings, tax payments etc. are
adjusted to 2006 price- and wage levels. The database contains a considerable
number of items of information on each person, and by combining this infor-
mation with the computer algorithms representing the existing tax and benefit
legislation, the model is able to compute a range of tax and benefit amounts for
each observation unit in the database.

The computer algorithms captures the full range of institutional features of
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tax and benefit systems in the year 2006. This includes detailed income defini-
tions (such as taxable income or “means” relevant for computing income-tested
benefits), precise definitions of family and assessment units (such as who counts
as a “child” for the purpose of particular tax or benefit rules), thresholds, floors,
ceilings and relevant tax rates as well as specific eligibility rules, claw-back rates
or income disregards used in computing benefit entitlements. The considerable
level of detail makes it possible to derive a finely grained picture of tax burdens
and benefit entitlements and how these vary with earnings and individual or fam-
ily characteristics. Moreover, it is possible to calculate the change in the net
tax-benefit position of an individual if, say, the earnings of the individual change.
This feature is crucial in the calculation of the effective tax rates. Since the Law
Model takes into account interactions between different policy instruments (such
as the taxation of benefits) and household members’ incomes (e.g. that social assis-
tance is a function of family rather than individual income) we are able to capture
all relevant effects on total household income of an earnings change for a partic-
ular household member. A detailed description of the Danish tax-benefit system
and the way it is implemented into the Law Model may be found in Chapter 6
and Chapter 7 of Finansministeriet (2004).

Yearly pre-tax earnings are calculated directly from the data. In the calcula-
tions, we include pension contributions by both the employees and the employers.
The data on earnings are used as input in the formulas and are also used to divide

the individuals into earnings deciles.
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9. CALCULATION OF EFFECTIVE TAX RATES

The effective marginal tax rate of an individual is computed by increasing the
yearly earnings y of the individual by 1,000 kroner. The Law Model computes
all the changes in taxes and benefits of the household, and provides thereby an
estimate of the new net-tax burden of the household, T'(y + 1,000). The effective

marginal tax rate may then be calculated as

T(y + 1,000) — T(y)
1,000 ’

where T'(y) is the net-tax burden of the household before the increase in earnings.

m =

In this calculation, we have disregarded earnings-related pension contributions.
In order to account for the fact that a part of an increase in earnings normally

comes in the form of a higher pension, we use instead the formula

T(y + 1,000) — T(y) + 1,000 - p - 7,
1,000 - (1 + p) ’

m =

where p denotes total pension contributions in proportion of pre-pension earnings,
while 7, is the effective marginal tax rate on the retirement benefit when the
individual is retired. In the calculations, we set 7, equal to 55 per cent as also
done by the Ministry of Finance in similar calculations.

The purchasing power of labor income is also influenced by the substantial
tax on consumption in Denmark. Let 7. be the tax rate on individual consump-

tion, i.e. the amount of consumption taxes in proportion to the pre-tax value of
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consumption. Then the effective marginal tax rate on earnings becomes
m+ T,
m = .
1+ 7.

The Value Added Tax alone is 25 per cent. On top of that comes excise taxes

on specific goods such as cars, gasoline, alcohol, and tobacco. This difference
in consumption taxes implies that the effective marginal tax rate depends on the
consumption behavior of the individual. Unfortunately, it is impossible to account
for such differences in consumption behavior. The calculation of the consumption
tax rate is based on the methodology of Mendoza et al. (1994) which calculates an
(average) consumption tax rate, 7., from National Accounts. In our calculations
of the effective tax rates, we use a Ministry of Finance estimate of 7. equal to 33
per cent.

In order to compute the participation tax rate, we first compute the difference
between current household taxes and benefits and household taxes and benefits
when the earnings of the individual are set to zero: T'(y) — 7(0). We then divide
this difference by earnings y in order to obtain the participation tax rate (as in
the theoretical part, the participation rate may be written as an average tax rate

a plus a benefit rate b), i.e.
T(y) —T(0)
Y
When accounting for the effect of earnings-related pensions, the participation rate

a+b=

becomes

Ty) +y-p-1—T(0)
y-(1+p)
Finally, we also need to include consumption taxes in the calculation of effective

a+b=

tax rates. This gives B
a+b+ 7,
a+b=——"7"/9/—
1+7,
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Kleven and Kreiner (2006¢) reports effective marginal tax rates and participa-

tion tax rates for the Danish population.
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