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Abstract

Recent estimates of the marginal cost of public funds differ substantially. Some studies argue
that the efficiency cost of taxation counter the welfare gain connected to redistribution of
income. Hence, the efficiency cost of taxation should not be included as a cost of public goods
provision. Kleven and Kreiner (2006), however, argue that the cost of public goods provision
may double in countries with a large welfare state due to exit from the labor market. This study
shows that the cost of public goods provision should be increased with less than 15 percent
when categorical transfers redistributed income even though taxation may lead to exit from the
labor market.
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1. Introduction

Public projects are usually financed with tax revenue from distorting taxes. The cost of such
distortions are incorporated into cost-benefit analyses by multiplying costs with a factor,
MCEF, or the marginal cost of public funds. The Traditional approach by Stiglitz and
Dasgupta (1971), Atkinson and Stern (1974), and Browning (1976) consisted of
calculating the efficiency cost of raising additional tax revenue when taxation distorted
the intensive margin labor/ leisure choice. Recent literature, however, that takes account of
concerns for the distribution of income estimate MCF around one, see Kaplow (1996),
Sandmo (1998), Christiansen (1981), Christiansen (2007) and Jacobs (2013). Estimates differ
with assumptions, but the main argument is that the efficiency cost of taxation counter the
welfare gain connected to redistribution of income. Hence, there should be no additional cost
attached to raise public funds when public goods are provided.

These studies design tax and transfer systems based on observed income of individuals, as the
government is assumed not to observe the ability of each individual. Hence, transfers to
redistribute income are given uniformly to all individuals. Most countries have, however,
adopted categorical social transfer schemes, where individuals are classified into groups.
Individuals are classified as disabled or sick by doctors, old aged are classified as retired,
(single) parents with children receive child benefit, and social security transfers are only
offered to individuals that satisfies a set of requirements. Akerlof (1978) show that such
tagging improves welfare as less distorting taxes is needed when transfers are limited to
tagged groups. Hence, improved tools to redistribute income are likely to increase the welfare
gain of public transfers. An unresolved question is whether the welfare gain of public goods
provision should match the higher welfare gain of categorical transfers to disabled groups.

The empirical literature show that variation in the supply of labor is mostly generated by
changes in labor force participation by people at the lower end of the earnings distribution,
see Heckman (1993), Blundell, MaCurdy (1999), Eissa and Liebman (1996) and Meyer and
Rosenbaum (2001). The participation tax rate which distorts labor force participation,
consisting of both income taxation and loss of transfers, is also substantial in many countries
according to Immervoll et al (2007). Hence, income taxation to finance public goods
provision is likely to create substantial distortions due to exit from the labor market. Kleven
and Kreiner (2006) show that incorporation of such extensive margin labor/ leisure choices
leads to a substantial increase in estimates of MCF. Estimates increase from the interval 0,85-
0,93 to the interval 1,26- 2,20 within their basic scenario. Kleven and Kreiner (2006),
however, do not consider income taxation in combination with adjustments in transfers to
non-waorkers, or adjustments in tax credits to low income earners, to alleviate extensive
margin distortions. The extensive margin distortion could have been neutralized if the income
tax increase had been combined with a reduction in social benefit transfers so that the



participation tax rate was kept constant. Indeed, Saez (2002) and Immervoll et al. (2007) show
that optimal income tax/ transfer programs in the presence of extensive margin distortions
should stimulate entry by offering tax credits similar to the Earned Income Tax Credit in the
us.

Tagging of transfers is also likely to reduce extensive margin distortions for two additional
reasons. First, disability benefit programs contain incentives that exclude disabled from
working according to OECD (2009). Kostgl and Mongstad (2014), however, find that
recipients have considerable capacity to work that can be effectively induced by providing
financial work incentives. Indeed, a substantial share of intended recipients of welfare
programs do not get social benefit transfers, see Moffitt (2003), Currie (2006). In EU
countries, about 30 percent of people who report severe disability do not get disability
benefits, and choose to work according to Eurostat (2001). Hence, extensive margin
distortions can be reduced by offering transfers to disabled that decide to work. Second,
tagging imply that transfers are restricted to disabled only. Extensive margin distortions are
consequently reduced as the participation tax rate for individuals that do not qualify for
transfers is reduced.

The aim of this study is to explore how MCF should be adjusted in the presence of extensive
margin distortions when categorical transfers redistribute income so that the welfare is
maximized. Hence, the insight from the literature on MCF and redistribution is extended with
categorical transfers and extensive margin distortions. A well-established result is that
categorical transfers should be set so as to eliminate inequality in the average social marginal
value of income between tagged groups, see e.g. Viard (2001). Simple arguments uncover that
the MCF equals one in the presence of quasilinear utility functions and group specific
transfers which eliminate inequality in the average social marginal value of income between
groups. The average social marginal value of income is however larger for the disabled group
when the size of this group is sufficiently large and lump-sum transfers are constrained to be
non-negative?, see Slack (2015). The present study investigates implications for MCF in this
case, and shows that MCF exceeds one in the presence of categorical transfer systems. The
MCF exceeds one even though the income tax is chosen so that the efficiency cost of taxation
is balanced against the distributional welfare gain. The intuition is that categorical transfers
improve the welfare impact of social transfer schemes. The welfare gain of public goods
provision has to match the welfare gain of categorical transfer in a welfare maximizing
solution.

? This constraint on transfers could be implemented to prevent social turmoil and potential riots connected to
positive lump-sum taxation. Indeed, the Thatcher government imposed lump-sum taxes in 1990 in England. It
created social turmoil and riots in several cities before it was abandoned later that year.



The impacts of incorporating extensive margin distortions are marginal and negative
compared with a solution where the extensive margin distortion is excluded. The MCF for the
US economy is reduced from 1,102 to 1,087 and from 1,048 to 1,042 when the intensive
margin labor supply elasticity equals 0,2 and 0,1, respectively. The intuition is that transfers
to non- working disabled generate extensive margin distortions. Hence, it is optimal to
redistribute less to non- working disabled. The marginal utility of income for this group
increases. A higher average marginal utility of income contributes to lower MCF as the value
of public funds measured in units of private income is reduced. The difference in results
compared to Kleven and Kreiner (2006) emerges because less transfers to non- workers due to
extensive margin distortions contributes to lower MCF as the average marginal utility of
income increases. Estimates in Kleven and Kreiner (2006) are entirely focused on the
efficiency aspect of taxation even though the impact of incorporating redistribution is
discussed.

The welfare cost of correcting for the extensive margin distortions is larger in a scenario
where the government is unable to differentiate between transfers to productive and disabled
that are working. Estimates of MCF are slightly below one in this case. The intuition is that
transfers to non- working disabled are lowered to take account of the additional cost of
correcting for extensive margin distortions. Hence, the marginal utility of income for this
group increases. This contributes to lower MCF as the value of public funds measured in units
of private income is reduced.

Section 2 presents the model and calculates formulas. Section 3 present estimates of MCF,
while section 4 concludes.

2. The model framework

The design of the model framework and available tax and transfer system is crucial for
calculations of MCF as the marginal welfare cost of collecting additional tax revenue equals
the marginal welfare gain of redistributing transfers in a welfare maximizing solution. The
welfare gain of a one dollar transfer to all individuals in the case with quasilinear utility
functions equals the sum of the marginal utility of income for all individuals. The marginal
welfare gain of redistributing one dollar is found by dividing this sum by the number of
individuals. Hence, this welfare gain equals the average marginal utility of income.

The MCF measures the amount of private income the welfare maximizing government is
willing to sacrifice for one additional unit of income in the public sector. Hence, the MCF is



defined as the shadow price of public funds divided by the average marginal utility of income
in most recent studies. The shadow price of public funds equals the average marginal utility of
income in the case with quasilinear utility functions and uniform transfers to all individual.
This explains why the MCF equals one in this case. Sandmo (1998) show that MCF is smaller
than one when leisure is a normal good and taxation distorts the supply of labor. A reduction
in transfers to finance public goods provision boosts the supply of labor, and hence, alleviates
the distortion. The present study assumes quasiliner preferences for working individuals, and
hence, excludes the income effect on the supply of labor.

Tagging implies that the government can design a separate income tax function for each
tagged group of individuals, including uniform within group transfers. A welfare maximizing
government can redistribute transfers to each group, so that the average marginal utility of
income is equalized between groups, see Viard (2001). The shadow value of public transfers
therefor equals the average marginal utility of income when utility functions are quasilinear.
This explains why the MCF equals one in this case as well.

However, a sufficiently large fraction on social welfare benefits in combination with a non-
negative constraint on transfers implies that taxation required to equate average social
marginal value of income between groups is too harmful. Hence it is suboptimal to equate the
social marginal value of income between tagged groups in this case according to Slack
(2015). Transfers to the productive group of individuals equals zero in this case as positive
lump-sum taxes are excluded by assumption. Indeed, pure positive lump-sum taxes to
productive workers are not observed even though tax and transfer systems differ.
Governments instead opt for distorting taxation to finance redistribution to needy groups. This
study explores the implications for MCF within this context. A special case is also analyzed
where the government is unable to differentiate policy between healthy and disabled
individuals that are working.

The model framework is designed to calculate MCF when a welfare maximizing government
allocates public funds to public goods provision. A linear income tax distorts the intensive
margin labor/ leisure choice of working individuals with quasilinear utility functions. The
government is assumed to be able to perfectly separate between two groups of individuals.
Transfers to non-working within the disabled group distort the extensive margin labor/ leisure
choice due to exit from the labor market. Transfers to working individuals within the disabled
group contribute to neutralize this distortion. The government is assumed to maximize the
welfare by balancing the efficiency cost of distorting income taxation against the welfare gain
of such transfers. Lump-sum taxes on productive working individuals are excluded. This
assumption is implemented to investigate cases with a sufficiently large welfare state, see
Slack (2015).



2.1 The behavior of individuals

There are two types of individuals in the economy with preferences for leisure, I, private
consumption, ¢, , and consumption of public goods, z . Utility functions are identical for all

individuals except for one feature. Type 2 individuals experience a loss of utility connected to
entering the labor market. This loss differ between type 2 individuals. This utility function is
quasilinear for consumption above a given level, ¢ .

Individuals of type 1 and 2 differ with respect to productivity, which is given by their respective wage
rates, w, . All N type 1 individuals are working. The higher type 1 wage rate imply a consumption
level which exceeds €. Hence, the utility function of type 1 individuals, U, , are given by

(1) U, =c, +g(l)+ ()

Inada conditions are assumed for f (z). Consumption is given by after tax wage income,
where w, equals the wage rate of type 1 individuals, h, equals hours of work, andt equals the
tax rate

(2) ¢, =(1-t)wh,
The time constraint of type 1 individuals is given by
3) hy=T-1

Individuals of type 1 maximize their utility, given by equation (1), conditional on their budget
equation (2), and their time constraint, equation (3). First order conditions of this optimization
problem gives

A1=1
The marginal utility of income, 4, equals one for all levels of consumption above €.
a9
5)—=(@0-t)w
( )all 1-tw,

The marginal rate of substitution between leisure and private consumption equals the after tax
wage rate. The partly quasi linear utility function implies that the leisure is given by the tax
rate, t.

ol
L =1 (t —1>0
(6) I, =1,() ot

Hence, the indirect utility of type 1 individuals equals



(7) Uy =QA-Ow (T - 1,(1) + 9(l, (1)) + T (2)

Note that the choice of leisure is not influenced by the income effects of taxation. This
assumption excludes tax base effects due to income effects, but simplifies calculations of
MCF.

Type 2 individuals with a sufficiently low loss of utility connected to entering the labor
market is assumed to choose a fixed number of working hours. Note that empirical
observations uncover that almost no worker chooses low annual or weekly hours of work, see
Eissa et al. (2004). Discrete entry is typically explained by fixed costs (both emotional and
fixed working costs) connected to enter the labor market which differ between individuals,
see Cogan (1981). Consumption of working type 2 individuals exceeds ¢, Hence, preferences
of type 2 individuals are represented by the utility function, U, :

8) U, =c,+9(l,)—e + f(2),
Their accumulated cost of entering the labor market equals

1
9) ZaN?
()2

Hence, the working disabled with the highest entry cost equalse, = aN , where ¢« isa

parameter which determine the size of the entry cost. Working type 2 individuals receive a net
transfer, a, from the government. Income tax payments are subtracted from this transfer.
Consumption is given by

(10)c, =w,h, +a
Their indirect utility is given by
(11) u, =w,h, +a+g(,)—e + f(2)

The labor supply for type 2 individuals, h, , with a sufficiently high disutility for working
equals zero.

(12)h; =0
Hence, consumption of non-working type 2 individuals equals transfers, b®.

(13)c;, =b

*Income tax payments are subtracted from this transfer.



These transfers can be lower than ¢ . Hence, the indirect utility of non-working type 2
individuals is given by

(14)u; =S(b)+9g(T) + f(z), whereS'(0) =00, S’>1andS” <0 when Cc, <C.

The number of type 2 individuals equals N , and the number of working type 2 individuals
equals N . The equilibrium condition which determines the number of type 2 individuals
which is working is given by

(15) w,h, +a+g(l,) —aN = S(b) + g(T)

This equation determines N as a function ofb and a. Hence, the size of the social benefit
transfers is affecting the number of disabled that decide to work. These assumptions are
implemented to highlight the extensive margin choice, and to simplify calculations. The
intensive margin distortion is however excluded.

(16)N = N (b, a)

The potential welfare gain of redistributing one unit of the consumer good from working to
non-working individuals equals the difference in their marginal utility of income, Z—E-l. This

specification is consistent with literature on reported happiness, which finds a strong positive
correlation between reported happiness and income for low income levels, and a positive
connection for higher income levels, see Deaton (2008) and Stevenson and Wolfers (2008).
The specification of utility functions implies that there is no potential welfare gains connected
to redistributing income between working individuals. The policy tool to harvest such welfare
gains, transfers to the group of productive workers, is excluded. Hence, this specification of
utility functions is not likely to influence results.

The present study assumes that the marginal utility derived from public good provision is
equalized between individuals. The study also assume that the productivity and tax revenue
generated is unaffected by the provision of public goods. These assumptions are crucial for
results, see Sandmo (1998). Kaplow (1996).

2.2 The government’s optimization problem

The government maximizes an individualistic social welfare function given the budget
constraint of the government.



(17)

Maks N[~ t)w, (T ~1, () + 9(1, ®) + f ()] + N(b,a)[w;h, +a+ g(l_z)]—%a(N(b,a))z +

(N —N(b,a))(S(b) +g(T)) + Nf ()
Given the budget constraint
(18) Ntw, (T —1,(t)) = gz + (N — N(b,a))b + N(b,a)a
The Lagrangian is given by
(19)

L= N[(l—t)wl(r —1L (@) +9(,@®) + f(2)]+ N(b,a)[wzh2 +a+ g(l_z)]—%a(N(b,a))2 +

(N —N(b,2))(S(b) +g(T)) + Nf (2) + [ Nitw, (T ~1,(1)) — 6z — (N ~ N(b, 2))b—~ N (b, 2)a

The price of public goods is denoted g, and the shadow value of public funds is denoted 4 .
Fairly reasonable restrictions on g(l,), 1, (t), f (z)and S(b) imply that the lagrangian is
concave, see appendix A. The first order conditions and calculations necessary to estimate

MCEF is presented in appendix B. Key equations to determine variables necessary to estimate
MCEF are presented below.

The provision of public goods can be determined by instructing government agencies to
implement all projects that pass the cost- benefit test, where costs are multiplies by the MCF.
The MCF is defined as the shadow value of public funds divided by the average marginal

utility of income, 4 , in most recent studies. The A - parameter is necessary in the definition
to convert the welfare effect of public funds into units of income/ consumption goods. The
present study calculates the MCF based on this definition.

Previous studies have adopted different definitions of the MCF, see Jacobs (2009). The Pigou-
Harberger-Browing approach differs from the Atkinson-Stern-Ballard-Fullerton approach,

and it remains unclear which measure to use for social cost benefit analysis. Jacobs (2013)
adopts a third approach where MCF is defined as the shadow value of public funds divided by
the average of the social marginal value of private income instead of the average marginal
value of private income. The denominator in his definition includes the welfare effects of
income effects on taxed bases. He shows that MCF equals one with an optimal linear and non-
linear income tax with this approach. Indeed, the MCF equals one within a fully flexible tax
system according to Christiansen (2007).



The aim of all studies is however to arrive at an MCF that implements the socially desirable
supply of public goods. The present study contributes by calculating the welfare maximizing
deviation from the Samuelson rule. The MCF that should be used in cost benefit analysis is
found by multiplying costs, i.e. the marginal rate of transformation between private and public
goods, with a factor required to implement the welfare maximizing supply of public goods.
Multiplying costs within cost- benefit tests with this factor (MCF), and realizing projects
which pass this test will implement the welfare maximizing supply of public goods.

The MCF defined as the shadow value of public funds divided by the average marginal utility
of income is presented in equation (20).

(20) MCF = £
pi

Equation (20) state that MCF equals the marginal value of public funds measured in welfare
units, x , divided by the average marginal utility of income, 4 . Hence, the MCF can be

interpreted as the MRS between private and public income, i.e. the number of goods
consumed by privates the government is willing to forgo to increase government consumption
with one.

The shadow value of public funds, g, which is the numerator on the right hand side of

equation (20) is determined by the intensive margin labor supply elasticity and the income tax
rate.

(21)/1—{

The shadow value of public funds, x, equals one when the intensive margin labor supply
elasticity equals zero®. The shadow value of public funds equals 1,11 and 1,25 when the tax
rate equals 0,5 and the intensive margin labor supply elasticity equals 0,1 and 0,2,
respectively.

The average marginal utility of income, which is the denominator on the right hand side of
equation (20), becomes

4 Incorporating income effects into the utility function do not alter this outcome.



B I\AI+N+(N—N)§
(22) 7 = db

N+N
The average marginal utility of income is determined by labor force data and the marginal

utility of income for non-working disabled, % given by equation (23).

oN
N —N(b,a)
(23)§= >1ifa—ll>0,%<0and b>a.
ob ol, ob
SR S
w, (T =1,(t))

Equation (23) shows that there are two reasons why transfers to non-working disabled are
restricted so that their marginal utility of income exceeds one. First, collecting tax revenue to
finance such transfers distorts the intensive margin labor/ leisure choice of working
individuals. This effect is given by the denominator on the right hand side of equation (23).
Second, transfers distort the extensive margin labor/ leisure choice of disabled, given by the
numerator on the right hand side of equation (23).

The optimal choice of transfers to working disabled, a, is chosen so that there is a link
between the extensive margin distortions and the shadow price of public funds, x .

ON
(24) u——(b-a)=uN -N
oa

The right hand side of (24) equals the cost of a marginal increase in public funds spent on
transfers to working disabled, #N , minus the direct increase in utility of working disabled,

N . This equals the left hand side, which is the welfare gain connected to the drop in transfers

to disabled as several disabled decide to enter the labor force, yZ—N(b —a). Hence, the
a

marginal utility of income for non-working disabled, % can be determined by labor force

data and the shadow value of public funds, .

s __ wN-N)

(25) 2 = —
b N-N+1-u)N

Equation (22) into equation (20) gives



(26) MCF = ?

Equation (25) and (21) together with equation (26) determines MCF as a function of labor
force data, the intensive margin labor supply elasticity, and the income tax rate.

The alternative approach consists of calculating the optimal deviation from the Samuelson
rule. The first step consists of investigating whether the approach where MCF is defined

as% constitutes an optimal deviation from the Samuelson rule. First order equations and the

definition of MCF in equation (20) gives

(N +N)ﬂ

The left hand side of equation (27) equals the number of private consumer goods a welfare
maximizing government is willing to sacrifice for one additional unit of the public good, i.e.
the MRS between private and public goods from the perspective of the government, see
appendix C. The right hand side of equation (27) equals the marginal cost of public funds

defined as%, multiplied by the price of public goods measured in units of the private good.

Hence, this approach differs slightly compared to the approach where MCF is defined as the
optimal deviation from the Samuelson rule. A difference emerges because the original
Samuelson rule defines the marginal rate of substitution between private and public goods
differently.

The optimal deviation from the Samuelson rule is found by adding consumers’ marginal rate
of substitution between private and public goods, and setting this equal to the marginal rate of
transformation multiplied with the welfare maximizing marginal cost of public funds,

MCF Calculations, which are presented in appendix D, imply that

Samuelson®

of
oo O Ny oz
(28) (N -+ N)—+(N - N) £& = MCF

Samuelsonq

ab

The left hand side of equation (28) equals the accumulated marginal rate of substitution
between private and public goods. The right hand side equals the marginal rate of



transformation, g, multiplied with the welfare maximizing marginal cost of public funds,
MCF

Samuelson*®

3. Results

This section calculates MCF for a large welfare state country, Norway, and a small welfare
state country, the US. Most countries will have a relative size of the welfare state between
these two countries. Different estimates of MCF are obtained by implementing necessary
labor market data into the model framework. Special cases where taxation do not distort the
intensive or the extensive margin labor choice is presented in section 3.1 and 3.2,
respectively. Section 3.3 present estimates when taxation distorts both extensive and intensive
margins. Both distortions are also present in section 3.4, but differentiation of transfers
between disabled and productive individuals that are working is assumed not to be possible.
Estimates within each scenario are calibrated to labor force data to obtain empirically relevant
estimates. The difference between scenarios should not be interpreted as changes generated by
policy, as such changes in policy may alter labor force outcomes.

3.1 No intensive margin distortions
This section estimates MCF when it is assumed that taxation do not distort the intensive

. . . oh . - , .
margin choice of labor supply, i.e. %1 = 0. Kinked indifference curves are required to obtain

this solution. This assumption is sufficient to determine the MCF. Hence, the estimate holds
for any combination of labor force data.

. o . . oh . .
Consider the case where taxation is non-distortionary, i.e. %l = 0. Equation (21) implies

that .« =1. Equation (24) becomes
(29) @(b—a) =0
oa

Hence, the welfare maximizing choice of a is to set a =b. Implementing these solutions into
equation (25) gives Z—E =1, which imply that transfers to non- working disabled individuals is

carried out to the point where the marginal utility of income equals unity. The intuition is that



the potential welfare gain of redistributing income is completely exhausted because there is no
additional welfare costs connected to collecting tax revenue in this case.

Implementing % =1 into equation (22) implies that A =1. Hence, the shadow price of public

revenue, x , equals the average marginal utility of private income, A . The MCF defined as

% consequently equals one.

The first best is attainable because the cost of collecting tax revenue from high income earners
is zero. Hence, it is optimal to not distort the labor/ leisure decision of disabled individuals by
giving the same transfer to working and non-working disabled. Redistribution to both working
and non-working disabled is carried out until the welfare gain of improved redistribution is
exhausted, i.e. where the marginal utility of income for disabled equals the marginal utility of
income for productive workers.

The welfare gain of spending one unit of public revenue on redistribution equals one in this
case. The welfare gain of spending one unit of public revenue on public goods provision has
to match this in optimum. Hence, the marginal rate of substitution between private and the
public good equals the resource cost of public goods in this case.

3.2 No extensive margin distortions

This section calculates MCF when taxation distorts the intensive margin choice of labor
supply, but not extensive margin choices. This scenario is implemented into the model

framework by assuming that Z—hl is positive, and by assuming that the disutility of entering
W

the labor market, « , is large. The shadow value of public funds, x, is given by equation (21).

Equation (15) implies that the number of working disabled becomes marginal. Hence,
equation (25) implies that

(30) @ ~
a M

Equation (26), (30) and N =0 gives



Ny

(31) MCF = —* 51
N +

N+N

Labor force data is presented in table 3.2.1, see appendix E. Scenarios with labor supply
elasticity of 0,1 and 0,2 is reported for both countries. The total tax rate on labor income is
found by an assessment of the tax system within each country. Table 3.2.1 report estimates of
MCF of approximately 1,1 and 1,05 for the US with an intensive margin labor supply
elasticity of 0,2 and 0,1, respectively. Estimates for Norway are slightly higher mainly due to
a higher tax rate.

The intuition for these results is that the numerator in the definition of MCF, u, equals the
welfare gain of transferring public funds to non- working disabled. This welfare gain equals

the marginal utility of income for non-working disabled, % as such transfers do not distort

the extensive margin labor choice in this special case. This welfare gain exceeds one because
it is not optimal to exhaust the welfare gain of redistribution when taxation creates intensive
margin distortions. The welfare gain is also larger than the average marginal utility of income,
which equals the the denominator in the definition of MCF. The welfare gain is larger because
the marginal utility of income for non- working exceeds the marginal utility of income for the
remaining population. Hence, the MCF exceeds one in this case to match the higher welfare
gain of transfers to non- working.

First order conditions imply that
62 (N+N) 2 = 4
0z

Hence, the marginal welfare gain of public goods provision, the left hand side, equals the
shadow value of public funds multiplied by the price of public goods, the right hand side. The
shadow value of public funds also equals the welfare cost of colleting additional tax revenue
by increasing the income tax rate. This can be illustrated by taking the derivative of the
welfare measure with respect to the tax rate, and dividing by the derivative of the tax revenue
with respect to the tax rate. Equation (30) shows that the marginal welfare gain of transfers
equals the shadow value of public funds. Hence, the welfare cost of collecting tax revenue
equals the welfare gain of spending tax revenue. The welfare gain is equalized between
different types of spending, i.e. transfers or provision of public goods.



A higher average marginal utility of income lowers the value of public funds measured in
units of private income. The willingness to pay for public goods is however reduced as the
marginal utility of income for non- working is increased. These effects are identified by
implementing equation (20) into equation (27). This modified Samuelson rule show that the
willingness to pay for public goods, the left hand side, is reduced by an increase in the
average marginal utility of income (the denominator on the left hand side). The reduction in
MCF, on the right hand side of the modified Samuelson rule, is identical. This reduction in

MCEF explains why MCF is smaller than the welfare gain of transfers, % see table 3.2.1.

Table 3.2.1. MCF for Norway and the US with no extensive margin distortions

Country | N N N El, h t H 0S MCF = MCF
ab Samuelson
A/_
A
Norway | 2,619 1,349 0 0,1 0,5 1,111 1,111 1,07 1,073
Norway | 2,619 1,349 0 0,2 0,5 1,25 1,25 1,152 1,165
USA 156,76 70 0 0,1 0,4 1,071 1,071 1,048 1,049
USA 156,76 70 0 0,2 0,4 1,154 1,154 1,102 1,106

3.3 Both intensive and extensive margin distortions

This section estimates MCF when it is assumed that taxation distort both the intensive and the
. . . . oh, . .

extensive margin choice of labor supply. Consider the case where %1 is positive and where

a and the initial value of S(0) is chosen to obtain the required stock of disabled that are

working, and the relevant extensive margin labor supply elasticity. Equation (21) and (24)
implies that b > a, i.e. that transfers to non- working disabled is larger than transfers to

working disabled. This result and equation (21) and (23) implies that % >1. Equation (21),

(25) and (26) determines the value of MCF. Note that this solution differs from the result in
Saez (2002), where income is taxed with negative rates at low income levels.

Data on how many disabled (and others on social welfare) that are working is required to
estimate MCF in this case. The value of N is obtained by assessments of data even though N
is an endogenous variable within the model framework. It is estimated that approximately 30




percent of individuals with severe disability within EU countries chose to work, see Eurostat
(2001). A substantial share of these individuals receives social welfare benefits. It is however
difficult to pinpoint the exact number. Two scenarios are analyzed where 10 and 20 percent of

individuals classified as disabled choose to work. These individuals are assumed to be

included in the labor force when data is presented. Results and adjusted labor force date is
presented in table 3.3.1.

Table 3.3.1. MCF for Norway and the US with both intensive and extensive margin distortions

Country | N N N Elh t H 0S MCF = | MCF
ab Samuelson
!/_
A

Norway | 2,282 1,686 0,337 0,1 0,5 1,111 1,143 1,059 1,064
20 %

Norway | 2,47 1,5 0,15 0,1 0,5 1,111 1,125 1,066 1,069
10 %

USA 139,26 87,5 17,5 0,1 0,4 1,071 1,090 1,042 1,044
20 %

USA 148,98 77,78 7,78 0,1 0,4 1,071 1,0795 1,045 1,047
10 %

Norway | 2,282 1,686 0,337 0,2 0,5 1,25 1,333 1,123 1,144
20%

Norway | 2,47 1,5 0,15 0,2 0,5 1,25 1,286 1,139 1,155
10 %

USA 139,26 87,5 17,5 0,2 0,4 1,154 1,200 1,087 1,095
20 %

USA 148,98 77,78 7,78 0,2 0,4 1,154 1,174 1,095 1,101
10 %

Table 3.3.1 report estimates of MCF below 1,1 for the US economy. Estimates for the

Norwegian economy are slightly higher. Estimates are lower compared to the case without
extensive margin distortions. The explanation is that the possibility to limit transfers to non-




working disabled with a higher marginal utility of income contributes to increase the welfare
gain of transfers within this scenario. Such transfers, however, generates a distortion in the
extensive margin choice of labor/ leisure. This distortions is not completely neutralized by
transfers to working disabled because collecting tax revenue to finance transfers create
distortions in the intensive margin labor/ leisure choice of working individuals. Hence, it is
optimal to restrict redistribution to non- working disabled to prevent both intensive and
extensive margin distortions. This explains why the marginal utility of income for non-

working, % iIs larger than the shadow value of public funds, «, see table 3.3.1. The larger

marginal utility of income for non- working contributes to increase the average marginal
utility of income. A higher average marginal utility of income leads to a proportional
reduction in both the willingness to pay for public goods, and the MCF. The explanation for
this is presented in the previous section. Table 3.3.1 show that the reduction in MCF is
modest compared to the previous section.

The marginal welfare gain of public goods provision is equalized with the shadow value of
public funds, «, multiplied with the price of public goods. A fixed combination of intensive

margin labor supply elasticity and income tax rate determines the shadow value of public
funds. Hence, the supply of public funds is determined by the tax rate and the intensive
margin labor supply elasticity even though the MCF is lower.

3.4 Transfers to working disabled equals transfers to all workers

Previous sections assumed perfect tagging, where the government is able to differentiate
policy between productive and disabled. Policy should be adjusted when tagging is imperfect,
i.e. with mobility between groups, see Parson (1996) and Jacquet (2014). One may for
example argue that working disabled demonstrate that they are not disabled. The government
is unable to differentiate between transfers to productive and disabled that are working in this
case. This scenario is implemented into the model framework by assuming that transfers to
working disabled, a, is also given to productive workers even though such transfers are not
observed in most countries.

Simple calculations show that the only difference in the calculation of MCF is a new equation

to determine the marginal utility of income for non-working disabled, Z—E

(33) §= _ :u(N_N) _
b N-N+@1-)(N+N)



Table 3.4.1 present results for Norway and the US in the case where 20 percent of disabled
are assumed to work, and the intensive margin labor supply elasticity equals 0,1.

Table 3.4.1. MCF for Norway and the US without differentiation of transfers between workers

Country | N N N El, h t H 0S MCF= | MCF
ab Samuelson
A/_
A
Norway | 2,282 1,686 0,337 0,1 0,5 1,111 1,416 0,973 1,00
20%
USA 139,26 87,5 17,5 0,1 0,4 1,071 1,273 0,988 1,00
20 %

Table 3.4.1 report estimates of MCF slightly below 1 for both the Norwegian and the US
economy in this case. The explanation is that transfers to non- working disabled generate a
welfare gain due to their higher marginal utility of income. The extensive margin choice of
labor supply is however distorted. Transfers to working disabled to correct for the distortion is
also given to productive workers in this scenario. Collecting tax revenue to finance such
transfers generates a welfare loss due to intensive margin distortions. Hence, the welfare cost
of correcting for the extensive margin distortion is larger when transfers to working disabled
is also given to productive workers. This explains why transfers to non- workers are lower,
and their marginal utility of income higher. The larger marginal utility of income for non-
working, see table 3.4.1, generates a larger average marginal utility of income. This increase
explains why MCF estimates are substantially reduced in this scenario.

Giving transfers to all workers require a substantial amount of tax revenue. A subsequent
increase in the tax rate would have contributed to increase the shadow value of public funds,
and this would have increased the MCF estimate. The MCF estimate is however obtained by
calibrating the model to present data, including the tax rate. Hence, a potential tax rate
increase is excluded by the approach in this study to focus on empirical relevance. Another
approach is required to estimate the change in MCF due to policy changes. Note, however,
that MCF estimates for both the US and Norway are slightly below one even though the
Norwegian income tax rate is 10 percentage points above the US tax rate.

The cost of correcting for extensive margin distortions is reduced when transfers are given to
fewer workers because less distorting taxes is needed to finance such transfers. Saez (2002)
show that transfers to non-workers in the presence of extensive margin distortions should be




phased out at middle income levels. Hence, this section is likely to exaggerate the cost of
correcting for extensive margin distortions. A higher MCF estimate is likely to emerge when
the cost of correcting for extensive margin distortion is reduced.

4. Conclusion

Recent literature on the marginal cost of public funds that take account of concerns for the
distribution of income estimate MCF around one, see Kaplow (1996), Sandmo (1998),
Christiansen (2007) and Jacobs (2013). Estimates differ with assumptions, but the main
argument is that the efficiency cost of taxation counter the welfare gain connected to
redistribution of income. Hence, there should be no additional cost attached to collecting
public funds when public goods are provided. Kleven and Kreiner (2006), on the other hand,
argue that the cost of public goods provision may double in countries with a large welfare
state due to distortions in the extensive margin choice of labor supply.

The literature has however not investigated how MCF should be adapted in the presence of
categorical transfers designed to cope with extensive margin distortions. This study explores
how MCF should be adjusted in the presence of extensive margin distortions when categorical
transfers redistribute income so that the welfare is maximized. A simple argument uncover
that the MCF equals one in the presence of quasilinear utility functions and group specific
transfers which eliminate inequality in the average social marginal value of income between
groups. The average social marginal value of income is however larger for the disabled group
when the size of this group is sufficiently large and lump-sum transfers are constrained to be
non-negative, see Slack (2015). The present study investigates implications for MCF in this
case, and shows that MCF exceeds one in the presence of categorical transfer systems. The
impacts of incorporating extensive margin distortions are marginal and negative compared
with a solution where the extensive margin distortion is excluded. The welfare cost of
correcting for the extensive margin distortions is larger in a scenario where the government is
unable to differentiate between transfers to productive and disabled that are working. MCF
estimates are reduced to approximately one for both the US and the Norwegian economy in
this case. Hence, MCF should be chosen according to the income transfer system adopted by
the government. Estimates for both the US and the Norwegian economy however show that
MCF should be set below 1,15. A drastic reduction compared to the recommendation by
Kleven and Kreiner (2006).
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Appendix
A. The second order condition:

The Lagrangian is additively separable in z, t, and the par of transfers @ and b . Hence, the
Lagrangian is concave if each of these separable functions is concave.
The z -function:

2 2
oL _ (NI N N) o°f
0207 020z

(A1) <0

Hence, the Z function is strictly concave.



The t -function:
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The a and b -function:
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The solutions are limited to cases which satisfy these conditions.

J > 0 is satisfied when

B. The first order conditions:

The Envelope Theorem is employed to calculate the impact of a marginal change in the tax rate. The
equilibrium condition which determines the number of disabled that are working is employed to
calculate the impact of a marginal change in transfers.

oL o o of
Bl) —=(N+N)—-q=0
(B1) — =( )5, 4
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The budget constraint implies that

(8 5) Nitw, (T —1,(t)) = gz + (N = N (b, a))b + N (b, a)a

Hence, equation (B 1) gives
B6)(N+N) 2 = g
oz

Equation (B 2) and (5) gives
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Equation (B 3) and (15) gives
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Equation (B 4) and (15) gives

(B9)— (= )N(b, a)+ﬂ—(b a)=0

The MCF is defined as the shadow value of public funds divided by the average marginal utility of

income, A .

(B 10) MCF =

YIRS

Equation (B 10) into equation (B 6) gives
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Equation (B 7) gives
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The empirical implementation, however, require some additional calculations. First, the definition of

leisure,
(813) I, =T —h,,
imply that
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Second, the definition of the after tax wage rate,
(B15)w=(1-t)w,
imply that
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Equation (B 13)-(B 16), together with the definition
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Inserting this into equation (B 12) gives
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The average marginal utility of income is defined as

0S
The marginal utility of income for non-working disabled, %, is required to calculate the average

marginal utility of income. Implementing equation (B 12) into (B 8) gives
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Equation (B 9) implies that
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Equation (15) implies that
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Equations (B 22) and (B 23) implies that
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Equation (B 24) into equation (B 8) gives
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Equation (B 20) and (B 10) implies that

(B 26) MCF = i =
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Equation (B 25) and (B 19) together with equation (B 26) determines MCF as a function of labor force
data, the intensive margin labor supply elasticity, and the income tax rate.

C. The marginal rate of substitution

The point of departure is the individualistic social welfare function. A marginal unit of private
consumption, ¢ is included for each consumer. The welfare function is differentiated

marg ’

w.r.t. per person consumption, c and the public good. This gives

marg /

(N+N)@

N+N+(N=N) *
ab
The welfare maximizing governments’ marginal rate of substitution between private and

public goods is obtained by multiplying equation (C 1) with the number of
individuals, (N + N).

D. MCF based on deviations from the Samuelson rule

The point of departure is the first order equation (B 6)
CECR ) Ry
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Hence,
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Substituting 8_ on the right hand side with equation (D 1) gives
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E. Labor force data

The case of US is illustrated by implementing data for 2013. The number on social disability
transfers (app. 9 mill according to Social security administration), unemployment (8 million
in 2015 according to the US Department of labor), on Medicare (50 million according to the
Kaiser Family foundation), and public pensions (Estimate of 3 million). The total number on
social benefit transfers, N , amounts to 70 million. The number of employed amounts to
156,76 million individuals according to OECD. Sensitivity tests are conducted which

excludes people on Medicare from the group on social benefit transfers. The impact on MCF
estimates are modest.



The case of Norway is illustrated by implementing data for 2013. The number on social
disability transfers, unemployment benefit, sickness transfers and public pensions, N,

amounts to 1349 thousand. The total number of working individuals, N , amounts to 2619
thousand. One may however argue that individuals on public pension should be excluded
from the disabled group as many have accumulated wealth that can be consumed. This wealth
effect as well as their desire to consume may depress their marginal utility of income.

The income tax wedge on average income earners amounts to 31,5 percent in the US, and 37
percent in Norway in 2014 according to OECD. The sales tax range from 0 to almost 10
percent in the US. VAT on most consumer goods in Norway equals 25 percent. There is also
substantial taxation of corporate income in both countries, as well as real estate taxation in the
US. Immervoll et al. (2007) report total marginal tax rates above 60 percent for other Nordic
countries. Total tax revenue as a share of GDP only amounts to 25,4 percent of GDP in the
US and 40,8 percent in Norway in 2013 according to OECD. The average tax rate on labor
earnings is of course larger as the tax on capital earnings is lower.

The effective tax rate on labor earnings is also influenced by public spending, tax deductions
and tax evasion. Tax payments to finance public pensions in Norway resemble mandatory
savings schemes, as income tax payments are linked with pension transfers. Hence, one may
argue that such taxes should be exempted from the effective marginal tax rate. One may also
argue that certain types of public spending function as subsidies on private consumption.
Public roads may for example function as a subsidy on the purchase of cars. Public education
stimulates investment in human capital, and hence, earnings. It is however difficult to
determine the exact impact on the effective marginal tax rate. An overall assessment suggest
that the total effective tax rate on labor earnings amounts to approximately 40 percent in the
US, and 50 percent in Norway.
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