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Part 1: Tax Incidence

Consider a worker with the following utility function
u(e,h) = ¢ — v(h), (1)

where ¢ is consumption and h is labor supply. The worker mazrimizes utility subject to the

following budget constraint

¢ = wgh, (2)

where wg is the after-tax wage rate that the worker receive. The consumer takes wg as given.

(1A) Show that the effect of a marginal increase in wg on the worker’s utility is given by

du(c, h)
Jwg

= h. (3)

Provide intuition for the result. In particular, for why the effect is independent of the worker’s
behavioral response to the higher after-tax wage rate.
#
First we find the worker’s first order condition
du(c,h)  dc

= = — =
= dn v'(h) =wg —v'(h) =0.

This equation implicitly defines h as a function of ws. Next we differentiate (1) wrt. wg and



uses the first order condition above

du(c,h)  dc ;... Oh

o (h)—
dwg dwg vl )aws’
where dilus e Oh _ p 4 ws . Use this to get
du(c, h) oh ;... Oh dh
———==h — —v'(h)=— =h —v'(h =h
dwg +w88 Wy vl )8w5 +wdw5 ’
=0

which is what we were asked to show.

The result implies that when the worker experiences a marginal increase in the wage rate
(wg) his utility is simply affected by the mechanical effect: with initial work hours of h, a
1$ increase in the wage rate increases his disposable income by h$. The result also implies
that even thought the worker is likely to increase his labor supply in response to the change
in wg, this behavioral response has no first order effect on his utility. This is due to the fact
that the individual initially has maximized his utility, and therefore he is different between

working one hour more or less (The envelope theorem).

Assume that the after-tax wage is given by wg = wp — t, where wp is the wage rate that
firms pay out to workers, and that the initial equilibrium on the labor market is given by
S(ws) = D(wp), where S(wg) is aggregate labor supply and D(wp) is aggregate labor de-
mand.

(1B) Show that the effect of an increase in t on the after-tax wage (wg) is given by

dwg _ €D D (4)
dt ep +esy2 eptes
where e = —M0D) _wn g gpe ¢ cal) elasticity of labor demand and eg = —950Ws) _ws
D = dwp  D(wp) 1S ine (numericai) elasticity oy Labor aemana ana s = dws D(ws)

1s the elasticity of labor supply. The last approrimation holds when t is small. Describe the

economic intuition behind the formula.

#

Note that there is a typo in this question. The elasticity of labor supply should be

dS(ws) _wg
dws D(wg)"

In order to derive (4) we start from the equilibrium condition on the labor market, differ-

defined as eg =




entiate wrt. the tax, rewrite the result to isolate the two elasticities:

dS(ws) dws  dD(wp) dwp wg  dS(wg) dws S(ws) wp dD(wp) dwp D(wp)

dwg dt dwp dt S(ws) dws dt ws  D(wp) dwp dt  wp
—_——
=€g =—€p
Next, using that S(wg) = D(wp) and that wg = wp —t = dfi”—ts = d”;l”—tD — 1, we obtain
dwg wp (dws > dwg €D €D
Eg———=—€p|—— +1]| & =— R — :
STat D\ a T dt ep +e522 ep +eg

The formula shows that the economic incidence on the worker is determined by the relative
size of the elasticities. Consider, for example, the case where labor supply is completely
inelastic (eg = 0). In this case, workers supply a fixed number of work hours, completely
independent of the after tax wage rate. A higher tax will reduce labor demand, but, because
the labor supply curve is vertical, this will go directly into a lower wage to workers. In the
other extreme case, labor supply is perfectly elastic (eg — oco) implying that workers are will
to work any number of hours as long as the wage rate is above some fixed level. In this case,
firms will reduce demand until the point where they are willing to pay workers the original
wage plus the tax, and firms will therefore bear the full burden of the tax. These points may

be illustrated graphically.

Part 2: Labor taxation in the short run and in the long run

Consider a model economy where firms hire labor (L) and rent capital (K) to produce output

(Y) according to the following Cobb-Douglas production function

Y = K“L'™, (5)

All markets are perfectly competitive and the wage rate (wp) and the rental rate (rp) that
firms pay therefore equal the marginal product of labor and capital, respectively. Both labor
and capital income are tazed so that the wage rate that workers receive (wg) and the rental

rate that capital capital owners receive (rg) are given by
ws = (1 —tr)wp (6)

rs = (1—tg)rp. (7)

Finally, assume that workers supply labor according to an aggregate labor supply function



L(wg) with a constant elasticity €. Log transforming and total differentiating the model above

yields the following five model equations

1DD = a([%’—[l), (8)
ip = —(1-a)(K-1L), (9)
dt
wg = — L + wp, (10)
1—-tr
dti
L ; 11
s i T (11)
L = ewg, (12)

where & = dx/x, that is, the percentage/relative change in x. The government revenue is
given by
R=trwpL+tgrpK. (13)

(2A) Show that in the short run, where the capital stock is assumed fived (K = K), the

effect of an increase in the tax on labor (tr,) on labor supply is given by

é& dtr,
1 .

-i/Short = - (14)

Comment on the expression and on the importance of o and e, respectively.

#
We find the effect on labor supply in the short run by inserting the equations (8) and

(10) into (12):

. dt . . dt Lo aqt
Lzs(— L —aL><:>L:— L o T
1—1p 11—t 1+ ae a+€1*tL

From this equation we see that the fall in equilibrium labor following an increase in t;, depends
positively on i and €. € comes from the labor supply function and determines how much a
given change in wg affects labor supply. é comes from the labor demand function, where
o determines how much w@p increases for a given fall in L. When « is large (1 is small),
labor demand is inelastic in which case an increase in t; push up wp. In this case wg —
and therefore L — fall less. It could be noted that this formula corresponds to the standard

formula in a market with both supply and demand effects.

(2B) Show that in the long run, where the capital stock is assumed to be perfectly elastic



at the world interest rate level (rg = T), the effect of an increase in the taz on labor (tr) on

labor supply is given by
dty,

1—1;

Liong = — £ (15)

Comment on the expression and compare it to the effect of an increase in the tax on labor in
the short run. Provide intuition for the difference.
#

Under the assumption that rg = 7 = 7g = 0 we see from equation (11) that 7p is
independent of t7. From equation (9) this further implies that so is K—1L (the capital-labor
ratio). A fixed capital-labor ratio implies that wp = 0 from equation (8) and the effect of ¢y,
on labor supply is therefore simply given by inserting equation (10) into (12)

_Z/— (_ dtL >__ dtL
“\T1oy ) T iy

From this equation we see that labor supply in the long run only depends on the labor supply

elasticity. This is due to the fact that capital is assumed to be perfect elastic in the long run
(the result can also be obtain by letting 2 — oo in equation (14)). This also implies that the
fall in equilibrium labor following an increase in ¢y, is larger in the long run than in the short
run. The intuition for this result is that in the short run (when capital is fixed), an increase

tr, is mitigated by an increase wp, and thereby a small decrease in wg and L.

(2C) Is the behavioral effect on the government revenue of an increase in the labor tax
largest in the short or in the long run? Does the answer depend on whether capital is taxed
(tg > 0) or not (tg = 0)?

#

The behavioral effect on the govenrment’s revenue of an increase in ¢y, is proportional
to L, and the effect is largest in the long run following the argument in the answer to (2B).
The answer is independent of whether the tax on capital is zero or positive. In fact a positive
tax on capital will reinforce the behavioral effect in the long run (but not in the short run).
In the long run K—-L=0« K =L and a fall in L therefore results in a proportional fall in
K. When capital is taxed, this fall also reduces the government’s revenue (a larger behavioral

effect). This is not the case in the short run, where capital is fixed.

Part 3: Inequality and intergenerational mobility

(8A) Define the Pigou-Dalton principle and discuss when the principle is sufficient to

rank two (income) distributions according to their degree of inequality.



#

The Pigou-Dalton principle states that an inequality measure must decrease if there is
a transfer of income from a richer household to a poorer household conditional on the transfer

being a so-called Pigou-Dalton transfer, that is:

e The transfer preserves the rank of the two households (the transfer must not be so large

that the poorer household becomes the richer).
e The transfer leaves total income unchanged (pure redistribution).

Pigou-Dalton principle is sufficient to rank distributions according to their degree of inequality
if you can transform one of the distribution to the other using only Pigou-Dalton transfer.
This point can be illustated by comparing two Lorenz curves. If the two Lorenz curves do not
cross, you can transform the lowest Lorenz curve to the highest Lorenz curve by a number
of Pigou-Dalton transfer; and as each Pigou-Dalton transfer reduces inequality, the lowest
Lorenz curve is unambigiously associated with a lower level of inequality.

If instead the two Lorenz curves cross, then you will need Pigou-Dalton transfers to trans-
form one of the curves to the other in one part of the income distribution and opposite
Pigou-Dalton transfers in other parts of the income distribution. In this case it is therefore
not possible to unambigiously rank the two distributions according to their degree of inequal-

ity using only the Pigou-Dalton principle.

(3B) Describe how "inequality” and “intergenerational mobility” are different concepts

(although they may be related).

#

Inequality measures the variation across individuals in some outcome, for example vari-
ation in income or wealth at a given point in time or differences in lifetime income across
individuals. Intergenerational mobility measures to what extent outcomes are related across
generations. A high degree of intergenerational persistence (low degree of mobility) implies
that a high degree of inequality is transmitted to the next generation. The concepts are
therefore related to each other, although they are not the same.

To see the difference between the two concepts, consider as an example two countries that
have the same income inequality throughout an extended period of time. One country has
no intergenerational mobility, implying that a child gets the same position in the distribution
as the parents, while the other country has perfect intergenerational mobility, implying that
the position of a child in the distribution is completely unrelated to that of its parents. Thus,

the two countries have the same distribution, but very different intergenerational mobility,



with parents being crucial for outcomes of children in one country, but not in the other country.

The article ”Intergenerational Wealth Formation over the Life Cycle: FEwvidence from
Danish Wealth Records 1984-2013” in the American Economic Review (2016) by Boserup,
Kopczuk and Kreiner studies the impact of bequests following parental death on the wealth
distribution of the next generation. Below (next page) is a copy of Figure 2 and Figure 3 from

the article.

(3C) Describe the results in each of the graphs and how the graphs lead to different conclu-
sions about the effect of bequests on inequality. How can this difference be explained/reconciled?
#

Boserup et al. (2016) divide individuals into treatment and control groups depending
on whether a parent dies at a given point in time (denoted by 0 in the graphs) or do not die.
The aim is to measure the impact on the wealth distribution of the next generation receiving
bequests, which is not directly observable in the data. The left panel in Figure 2 displays
the percentage difference in the variance of the wealth distribution between the treatment
group and the control group over time. The difference in the seven years before death of a
parent is close to zero and then increases by around 30 percent after death of the parent.
Thus, bequests increase the variance of the wealth distribution of the next generation. The
right panel in Figure 2 displays the difference in 75th wealth percentile between the treatment
group and the control group over time. Similar to the left panel, the difference is close to zero
before time 0. After the death of the parent the difference increases to around 150,000 DKK.

Figure 3 shows the share of wealth owned by the one percent most wealthy in the treatment
group and the control group, respectively. In the seven years prior to death of the 3 parent,
the top 1% share of the control group lies somewhat higher than the treatment group, and the
wealth share varies over time with the business cycle, but the wealth shares of the two groups
co-vary reasonably well with a fixed difference over time. After death of the parent, the gap
between the two curves increases (actually, it occurs somewhat already the year before, which
may be due to wealth transfers in order to avoid inheritance taxation). This implies that the
wealth share of the treatment group falls compared to the control group (by 6 percentage
points), implying that bequests reduce the share of wealth owned by the top 1% wealthiest
(and equivalently that the wealth share of those not in the top 1% group increases).

As described above the conclusion from Figure 2 is that bequests increase wealth inequal-
ity, while the conclusion from Figure 3 is that bequests reduce wealth inequality. The reason
for this difference in conclusions is the use of different inequality concepts. The variance of

the distribution is a measure of absolute inequality, focusing on absolute differences across



people. Inheritances stretch the distribution because the rich inherits larger amounts, which
increases absolute inequality. The top 1% wealth share measures one groups wealth out of
total wealth, which is a measure of relative inequality. If the rich inherit a smaller percentage
of their initial wealth than the less rich (which is the case here) then relative wealth inequality
decreases. To conclude, whether bequests increase or decrease wealth inequality depends on

how we measure wealth inequality.

(3D) Provide an argument for whether or not the results in Boserup et al. (2016) are
likely to be causal estimates of the effect of bequests on the wealth distribution of the next
generation. Is there anything in the graphs that validates or invalidates a causal interpreta-
tion?

#

The estimation method in Boserup et al. (2016) is essentially a difference-in-difference
estimation that compares a treatment and control group over time. The key assumption in
this estimation method is the common/parallel trend. The parallel trend assumption states
that the treatment and control groups should have evolve in parallel absent the treatment (in
this case the death of a parent).

The parallel trend assumption cannot be proven as we do not observe the evolution of the
treatment group absent the treatment, but the assumption can be validated by comparing
the treatment and control group on outcomes that should not be effected by the treatment,
such as e.g. outcomes prior to the treatment. The figures from Boserup et al. (2016) enable
exactly this type of validation. In particular in Figure 2 (the right panel) and in Figure 3 we
see that the treatment and controls groups evolve in parallel prior to the treatment, which
speaks to the validity of the parallel trend assumption, and thereby that the estimates are

the causal effect of bequests on the wealth distribution of the next generation.



Ficure 2. EFFECTS OF BEQUESTS ON THE VARIANCE AND THE T5TH PERCENTILE OF THE WEALTH DISTRIBUTION
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Note: Percentage difference in variance of treatment group relative to control group (left panel), and difference
between treatment group and control group in the value of the 752 percentile (right panel). Variance based on the
distributions censored at the 15t and 99*" percentiles. Weighting as in Figure 1. $1 = DKK5.6 in 2010.

Ficure 3. EFFECT OF BEQUESTS ON ToP 1% SHARE OF WEALTH
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Note: Top 1% share in the treatment and control groups. Weighting as in Figure 1.



