OPTIMAL INCOME TAXATION WITH ADVERSE SELECTION AND MONOPSONIST
POWER IN THE LABOR MARKET
Abstract

We extend the job market signaling game from chapter 2 between a representative firm and three types of
workers with heterogeneity in productivity and costs of working and costs of acquiring education.
Workers choose to enter the job market or not, and whether to receive a productivity enhancing education
or not. Monopsonist firms choose wages to maximize profit. The government chooses linear taxes on
wages and profits and rebates the revenue in lump sum transfers to maximize utilitarian social welfare
function composed of the utility of the workers. Policy may offset the labor market power of the firm. The
optimal tax policy includes effective negative wage tax rates for workers and a positive profit tax rate

which is facilitated through positive transfers to workers that includes a “basic income”.

1. Introduction

In the optimal taxation literature based on Mirrlees (1971) it is often assumed a perfectly competitive
labor market produces taxpayer income outcomes observed by the government. When information
between firms and workers about individual worker productivity is symmetric each worker is
compensated according to their marginal productivity. When this information is asymmetric, as in Spence
(1973), it depends on how the equilibrium concept is defined. Each worker may or may not be
compensated according to their marginal productivity.® Alternatively, if the assumption on a perfectly
competitive market is relaxed then workers will not be compensated according to their marginal

productivity. This creates possible inefficiencies and inequities that may be addressed by tax policy.

! For example, under a Rothschild-Stiglitz equilibrium [Rothschild & Stiglitz (1976)] each contract offered in
equilibrium must yield zero profit separately. Alternatively, a Miyazaki-Wilson-Spence equilibrium [Miyazaki
(1977), Wilson (1977), and Spence (1978)] yields zero profits across the portfolio of contracts allowing some
individually to yield positive profits as long as others balance with negative profits.



If firms have market power, the situation a worker faces will be different than under competition
where firms don’t have market power. Under perfect competition one would expect an unemployed
worker to face multiple offers which would allow them to bid up the offers until they were fully
compensated for their productivity. Any worker with a job facing a pay cut would have similar prospects
if they quit since this allows them to avoid such a pay cut by switching jobs. Manning (2005)
acknowledges multiple frictions in the labor market that contribute to switching costs which leads
employers to have significant oligopsony if not monopsony power. Further, there is a growing literature?
demonstrating concern that firms exert labor market power over workers due to locality of labor markets
where workers participate in the labor market through narrow geographic and industry constraints. All
this calls into question the usefulness of perfect competition as an assumption when analyzing optimal
taxation.

In this paper we will incorporate government tax policy into the labor signaling model of chapter two
where the policy includes an income tax rate, a profit tax, and transfers. The policy will be chosen by the
government. We will assume the firm acts as a monopsonist and chooses wages before workers make
their education and labor supply decisions. Anticipating this the government chooses its policy before the
monopsonist employer chooses wages.

Stantcheva (2014) assumes a perfectly competitive labor market and mostly limits her analysis to a
Miyazaki-Wilson-Spence separating equilibrium analysis.® The source of inefficiency in her model stems
from adverse selection in the labor market where firms cannot observe output directly and must contract
for pay based on effort measured as hours worked. This results in a “rat race” where high productivity
workers are induced by firms to work more hours than is optimal to provide a signal that separates them

from lower productivity workers. This means a positive tax rate can correct the rat race labor supply

2 See Azar, Marinescu, and Steinbaum (2020), Benmelech, Bergman, and Kim (2020), Berger, Herkenhoff, and
Mongey (2022), Card, Cardoso, Heining, and Kline (2018), and Lamadon, Mogstad, and Setzler (2022).
3 An analysis of a Rothschild-Stiglitz equilibrium is confined to an online appendix.



distortion in a similar manner to a Pigouvian tax. Further, this dynamic allows for greater redistribution
from higher skill to lower skill workers since high skill workers have less of an incentive to mimic low
skill workers relative to the Mirrlees baseline with symmetric information.

Bastani et al. (2015) sets up a similar framework with adverse selection in the labor market where
firms contract for pay based on hours worked but focuses on the Rothschild-Stiglitz equilibrium concept
with allowance for pooling equilibria. This means that while each individual contract does yield zero
profit, more than one worker type can self-select the same contract, which requires the wage paid to be
equal to the average of the worker’s productivities. This is done to emphasize that income taxation can
achieve redistribution through two means, one direct and one indirect. The tax-transfer policy can directly
change the income distribution through transfers. Second, the policy can indirectly change the income
distribution by altering wages. This creates an explicit trade-off between efficiency gained from
revelation of information in a separating equilibrium with equity gains from wage pooling. There is no
consideration of individuals who do not work in equilibrium in Bastani et al. or Stancheva.

da Costa & Maestri (2019) assume the same underlying framework with adverse selection in the labor
market but relax the assumption that the labor market is perfectly competitive. The assumption of market
power for firms means that workers may not be paid their marginal product, which is a potential source of
inefficiency. The tax policy they study features labor income tax schedules, a tax on firms’ profits, and
transfers to workers who do not work and stay out of the labor market, which they characterize as
“unemployment benefits”. While the model is set up explicitly where multiple firms are randomly
matched with a finite number of workers and each worker is matched with a single firm, they show each
firm acts equivalently to a single monopsonist firm. They show the optimal tax schedule exhibits negative
marginal tax rates for most incomes except for the top of the distribution and must include a positive
transfer to individuals who do not work.

As in chapter 2 we rely on the Spence (1973) signaling model of education but where education

enhances productivity. We assume there are three types of workers who are heterogeneous in their



productivity and costs of work and education. We add an assumption on each worker’s net benefit
calculated by the difference in their productivity and costs of education and working. We explicitly
assume that the high-type, medium-type, and low-type maximize their net benefits when they acquire an
education and work at the educated wage, do not acquire education and work at the uneducated wage, and
do not acquire education and forego work, respectively. We assume the firm acts as a monopsonist and
chooses the educated and uneducated wages before individuals make their education and labor market
decisions. We assume in the absence of tax policy the monopsonist employer has an incentive to
maximize profit by choosing wages that do not sustain the fully informative separating equilibrium where
each worker maximizes net benefits. Anticipating this, the government acts before the firm and chooses
the income tax rate, the tax rate on profit, and transfers corresponding to income levels.

We find that given the assumption on worker’s net benefits of education and working that the
separating equilibrium maximizes total social welfare, but the firm prefers to choose wages that sustain
other equilibria rather than the separating equilibrium. Increasing certain transfers favors the
sustainability of some equilibria over others by affecting the relative profitability of equilibria for the firm
in addition to directly changing the income distribution and indirectly affecting the wage distribution. For
example, in the absence of tax policy a firm might choose lower wages that only incentivizes the high-
type worker to get an education and work. Therefore, increasing the transfer a worker receives while
working without an education can incentivize the medium-type worker to work at a lower wage making it
profitable from the firm’s perspective to hire them. However, this may also incentivize the firm to adjust
wages to hire both the high and medium types to work without an education. Thus, increasing the transfer
a worker receives while working with an education can incentivize the high-type worker to still work and
receive an education. Increasing the transfer an individual receives when not working while increasing the
other two transfers one for one simultaneously increases the utility of all workers while maintaining all
the same incentives for workers and the firm from before such a change is implemented. Specific

numerical solutions are presented where the optimal policy entails a positive profit tax, negative income



tax rates for all workers, and the transfer to the individuals who do not work is positive. The profit tax is
used to overcome the market power of the monopsonist.

The paper is organized as follows. Section 2 presents the model and government program. In section
3 we identify the results on social welfare and profit of equilibria and resulting conditions on transfers
that maximizes social welfare. Section 4 presents numerical examples and discusses our findings and

section 5 concludes the paper.

2. Model

There are three types of workers distinguished by their level of productivity: high, medium, and low.
The high, medium, and low productivity workers have production values equal to 7, 7, and r ,,
respectively, with investment in education and 7., .., and r ., respectively, with no investment in
education where 7; > 7; > r ; and j = ne, e. Workers move first and each worker can choose to seek
work while investing in their human capital through education that enhances their productivity, r, > 1,
for all types, or not. The worker can also choose not to seek work. This decision depends on a comparison
of the educated wage with the uneducated wage, which is determined by the labor market, and whether
firms decide to hire them or not.

It is assumed the worker’s cost of investing in human capital and working is perfectly inversely
correlated with their productivity. Let c, be the cost of education, where this cost is lowest for the high
productivity worker and highest for the low productivity worker, i.e., ¢, < ¢, < ¢,. The cost of working
for each type of worker high, medium, and low productivity is ¢ e, Cnew: @Nd Cpeyw, respectively, when
not educated and ¢ geys Ceew, @Nd Ceeyy, respectively, when educated, where ¢, < ¢, < ¢, and k =
new, eew. Total cost after receiving an education and working at the educated wage iS Ceeyy = Ce + Cow

where ¢, < €, < ¢, Which means cpey < Coew < Ceew DY definition. It can be the case that c,e,, <



Cow OF Crew = Cey for all types but it is assumed that ¢,,ey, < Ceey for all types*. Further, it is assumed
Ceew — Cnew < Coew — Cnew < Ceew — Cnew- SIMply put, the increase in cost from working without an
education to working with an education must also preserve the inverse relationship between productivity
and cost. This makes it such that education and willingness to work act as a perfect signal for
productivity.

Nature determines the true probability a worker is of a certain type where the distribution is
defined by parameters @ € [0,1] and B € [0, 1], which represent the probability a worker is high and
medium productivity, respectively. Also, define n, = aN,n,, = fN,and n; = (1 — a — f)N where N is
the total number of workers so ny, is the total number of high types, n,, is the total number of medium
types, and n; is the total number of low types. Workers who work receive a wage w, if educated and w,,,
if not educated. Workers also receive a lump sum transfer respectively denoted by i,, where the amount
depends on whether the worker chooses to work with an education or without or not work at all and n =
ew, new, and nw, respectively. The government imposes a tax on wages denoted by t € [0, 1] and a tax
on profit T € [0, 1], where the revenue is rebated back to the workers through lump sum transfers. The
firm forms a belief about the productivity of a worker after observing their educational choice and
whether they are willing to work. Let the parameters y, §, and & denote the conditional probability the
firm believes a worker is high, medium, or low productivity, respectively, after observing their
educational choice. Similarly, the conditional probability distribution over productivity when they
observe no education is defined by parameters n, 8, and A where the parameters denote the probability the

firm believes a worker is high, medium, or low productivity respectively where y, 8, ¢,1,0,and A €

4 There is no reason to generally assume that working with an education is less costly than working without an
education or vice versa. However, it must be the case that after factoring in the cost of education the summed cost of
education and working with an education must be greater than working without an education or else there is no
tradeoff. Workers could produce more output at lower cost thereby making it more efficient for all workers to get an
education. In that case, there would be no separating equilibrium by definition.



[0,1],y+ §+e=1,andn + 6 + 1 = 1. Based on these beliefs the firm decides to hire a willing
worker or they don’t hire them.®

Workers receive payoffs i,,, + (1 — )W, — Ceey aNd iy, + (1 — )Wy — Crew When working
with an education and without an education, respectively. When not working with an education they
receive i,,, — ¢, and when not working without an education they receive i,,,. Each cost ¢ corresponds to
¢, ¢,and c for each worker type high, medium, and low. The firm receives a payoff of zero if it does not
hire a worker, n,, — wy,, When hiring a worker at the uneducated wage, and r, — w, when hiring a worker
at the educated wage. Each revenue r corresponds to r, #*, and r for each worker type, low, medium, and
high.

We show in chapter 2 there are ten sustainable equilibria of this game and explain how changes in
costs and beliefs expand or contract the range of wages that sustain such equilibria. Now we will expand
on this game adding two more stages to the above game that will act as the third stage. In the first stage
the government sets tax rates t and T and transfers i,,,, inew, and iy, . In the second stage the firm takes
tax rates t and T and transfers i,,,, inew, and i, as given and chooses wages w, and w;,,. In the third
stage workers take wages w, and wy,,, the tax rate t, and transfers i,,,, inew, and iy, as given and the
high, medium, and low-type individuals choose to seek work while investing in their human capital
through education that enhances their productivity or not or choose to not seek work as in chapter 2. This
choice determines the transfer and wage combination they receive in addition to the cost and revenue
combination they bear and deliver to the firm. This quadruple combination that results from their
education and labor supply choice is defined as (if, w!, ¢!, ") where this denotes the transfer, wage, cost,
and revenue quadruple for individual I = h, m, [ for the high, medium, and low type individual. Each
individual’s quadruple is an element of the following sets:

(ihr wh, el rht )E {(inw: 0,0,0), (inewr Whnes Cnews ?ne)' (iew' We, € eewr ?e)}'

® Belief formation for the firm is carried out as it is in chapter 2.



@™ w™, ™ r™) € {(inw, 0,0,0), (inews Wne) Cnews Tne)» (lews We) Ceew Te)}, and
(@ wh,c', ") € {(Gw, 0,0,0), (inews Wne» Crews I ne ), (lews Wes Cew T e) )
Each quadruple equals the first element of the set if the given individual chooses to not work, equals the
second element if they choose to work without an education, and equals the third element if they choose
to work with an education. Each individual takes the costs inherent to themselves, tax rate, transfers, and
wages as given and chooses the combination that maximizes their own individual payoffs, respectively,
"+ @ -twh—ch,
im+A-twm™ —-c™,
and
i+ (1 -twt -k
There are 10 different combinations of quadruples that individual types can choose that is
sustainable as an equilibrium as a function of tax rates, transfers, and wages as shown in chapter 2. The
firm knowing the workers will choose the quadruple that individually maximizes their payoff and taking
tax rates t and T and transfers i,,,, isew, and i, as given the firm chooses wages w, and wy,, to
maximize
A =D n, " = wh) + ny, ™ —w™) + n,(rt —wh)]
The government knowing the firm knows the workers will choose the quadruple that individually
maximizes their payoff and knowing the firm will choose wages w, and w,,, to maximize profit, the
government chooses tax rates t and T and transfers i,,,, inew, and i, to maximize social welfare, the
utilitarian sum of the individual utility of the workers,
n, (" + (1 —Owt —c®) +n,, (™ + (1 — Ow™ — c™) + m (it + (1 — Hw! — )
subject to its budget constraint, labelled BC, and the non-negative profit condition for the representative
firm, labelled profit,
BC:t(npw" + npw™ + nw!) + T(ny (" = wh) + npy 0™ — w™) + ('t = wh)) = nyil + nypi™ + nyi

profit: (1 — T [n, " —wh) + n,,,(r™ —w™) + n,(r' —wH)] = 0.



We will assume the government’s budget balances. If it were the case that tax revenues exceeded
transfers, then “money is being left on the table” and it is possible to increase utility by increasing
transfers. If it were the case the tax revenues were less than transfers, then there is additional value being
added into the system in the model and we assume there is no outside value other than what is generated
by workers working for the firm. The second constraint on private profit recognizes the firm can’t operate
with negative profit. In addition, cross subsidization across types may occur through wages. Relaxing the
restriction for zero profit makes it possible for equilibria that features cross subsidization within a contract
to work with or without education as well as across contracts as long as profits are non-negative.

We will also make the following assumptions on the revenue workers generate and their associated
costs for the high, medium, and low type, respectively, which determines their relative net return of their
labor,

Te = Ceew > Tne — Cnew > 0,

The = Cnew > Te = Ceew > 0,

and 0 > 7 40 — Cpew > T e — Coew-

The net benefit of the high-type worker working at the educated wage is greater than if they worked at the
uneducated wage or chose not to work at all. The net benefit of the medium-type worker working at the
uneducated wage is greater than if they worked at the educated wage or did not work at all. The net
benefit of the low-type worker not working at all is greater than if they worked at the uneducated wage or
the educated wage. These assumptions on net return will determine the government’s objective and

therefore, its maximization program, as we will show next.

3. Results
3.1 Total Social Welfare of Full Separating Equilibrium
We have our first result that the full separating equilibrium maximizes total social welfare. For clarity

when referring to proposition 3.x this refers to a proposition in chapter 2.



Proposition 3.1.1: Given the definitions of payoffs for the firm and workers, total social welfare, and
government budget constraint the separating equilibrium in Proposition 3.1 maximizes total social

welfare relative to all other equilibria if

— Cnew > T e — Ceew-
The proof appears in the appendix but in words this says that if the net benefit individually is greatest
from the high type working at educated wage, the medium type working at the uneducated wage, and the
low type not working at all then total net benefits are maximized when each type is slotted into that role in
equilibrium.® This means that if surplus is greatest in the separating equilibrium, then utility is potentially
maximized in the separating equilibrium. This implies the goal of optimal tax policy in this context
should be to sustain the separating equilibrium and the following will be part of the solution to the
government’s problem above:
(@ wh ") = (iow, We Ceews Te)s
@™ w™, ™, ™) = (inew» Wne» Cnew» Tne ), and
@@, whchrh) = (ipy, 0,0,0).
The government’s problem can be recharacterized as

. max . nh(iew + (1 - t)We - Eeew) + nm(inew + (1 - t)Wne - 6new) + nlinw
t, T, lew, lnews Inw

subject to
Ichm: iew + (1 - t)We — Ceew 2 inew + (1 - t)Wne — Cnew
IC™: iy, + (1 — )W, — Ceew = lnw

Ith: inew + (1 - t)Wne - Enew 2 iew + (1 - t)We - é‘eew

5 In the separating equilibrium cross subsidization can still occur through wages since they are not restricted to being
equal to marginal productivity.



IC™: ingy + (1 = OWpe = Crew = lnw

ICM: iy, =g, + (1 — )W, — Cop

IC™: iy = inew + (1 — )Whe — Chew-
where these constraints are incentive compatibility constraints ensuring that each type self-selects into the
appropriate transfer, wage, and cost/revenue combination.

BC:t(nyw, + nyuwy,) + T(nh(T‘e —w,) + ny, (F, — Wne)) > Nplew + Nplnew + Nilnw
profit:m' = (1 = T)[ny(Te — W) + iy (Frre — Wye)] 20
! >k forallk =2,3,...,10
where the constraint labelled BC is the specific government budget constraint for the separating
equilibrium and the constraint labelled profit is the specific non-negative profit condition for the
representative firm for the separating equilibrium. The profit tax is necessary if all effective income tax
rates are negative, without it the government budget would not balance in this case.
Next, we will develop expressions for the above conditions on profit in equilibrium 1 relative to

the other equilibria.
3.2 Total Profit of Full Separating Equilibrium
Solved total profits will be maximized within a given equilibrium when wages w, and w,,,, are at their
minimum values that still sustain that equilibrium. The derivation of these terms using the minimum of
wage values taken from the corresponding proposition for each equilibrium from chapter 2 are given in

the appendix of this chapter.

Proposition 3.2.1: In the absence of tax policy, i.e. T =t = i,y = inew = inw = 0, total profit in the
separating equilibrium in Proposition 3.1 is greater than total profits in the equilibria in propositions 3.3,
3.4,35,3.6,3.7,3.8,and 3.10 if
Te = Ceew > Tne — Cnew > 0,
Tne — Cnew = To — Coew > 0,and

0 > T ne ~ Cnew > T e — Ceew:



Proposition 3.2.2: In the absence of tax policy, i.e. T =t = i,y = inew = inw = 0, total profit in the
partial pooling equilibrium in Proposition 3.2 is greater than total profit in the separating equilibrium in
Proposition 3.1 if

Te = Ceew > Tne — Cnew > 0,

Tne = Cnew > Te — Ceew > 0,

0>7ne = Chew > T e~ Ceew, and
Mn (Fre = Cnew) < Mn(Cnew = Cnew)-

That is, in the absence of policy where T =t = i,, = inew = inw = 0, it must be the case that the loss
from not hiring the medium worker at the uneducated wage is less than the savings from no information

rent paid to the high-type worker for profit in equilibrium 2 to be greater than profit in equilibrium 1.

Proposition 3.2.3: In the absence of tax policy, i.e. T =t = i,y = inew = inw = 0, total profit in the
partial pooling equilibrium in Proposition 3.9 is greater than total profit in the separating equilibrium in
Proposition 3.1 if

Te = Ceew > Tne — Cnew > 0,

The = Cnew > Te — Ceew > 0,

0> 7 ne = Cnew > T e — Ceew, and
np(Te = Ceew) = Mh(Tne = Cnew) + Mt (Fae — Enew) < i (Cnew = Cnew)-

That is, in the absence of policy where T =t = i,y = inew = inw = 0, if the loss in net productivity for
the high-type and medium-type workers is less than the savings from no information rent paid to the high-

type then profit in equilibrium 9 is greater than profit in equilibrium 1.

Lemma 3.2.a: In the absence of tax policy, i.e. T =t = i,y = inew = inw = 0, total profit in the partial
pooling equilibrium in Proposition 3.2 is greater than total profits in the partial pooling equilibrium in

Proposition 3.9 if



(e — Ceew) > (Tre = Cnew)-
Therefore, going forward we will assume the conditions in Propositions 3.2.2 and 3.2.3 hold. Thus, In the
absence of tax policy when wages are at their minimums that sustain equilibria 2 and 9 profits will be
greater than when wages are at their minimums that sustain equilibrium 1. Also, given the assumptions on
revenues workers generate and their associated costs, profit in equilibrium 2 is greater than profit in
equilibrium 9. Finally, under the same conditions per proposition 3.2.1, profit in equilibrium 1 is greater
than profit in the rest of the equilibria. This implies that in the absence of policy the firm prefers
equilibrium 2 to equilibrium 9 which is preferred to equilibrium 1, and which, in turn, is preferred to the
rest. The goal of optimal tax policy in this context should be to incentivize the firm to choose wages that
sustain equilibrium 1 over equilibria 2 and 9 without subverting the pre-tax policy incentives to prefer
equilibrium 1 over equilibria 3, 4, 5, 6, 7, 8, and 10. Next, we will derive conditions for which profit in

equilibrium 1 is greater than profit in the other 9 equilibria in the presence of tax policy.

Proposition 3.2.4: In the presence of tax policy, i.e. T > 0,t > 0,i,,, > 0,i,e, > 0, and i, = 0, total

profit in separating equilibrium 1 is greater than total profit in partial pooling equilibrium 2 when

7o Enew (inew - inw) (Enew - Qnew)
ne 1t 1—¢ h 1—¢

lf inew S iTLW + Enew then nm

5new (inew - inw) C~'new + (inw - inew)
1—t 1—t h 1—t '

and if inew > inw + Cnew then ny, [fne -
Per proposition 3.2.2 we assume that in the absence of tax policy these conditions do not hold. The above
conditions tell us that the left-hand side is increasing in i,.,,, the transfer given to an individual working
at the uneducated wage. For sufficiently large i,.,, relative to i,,, and the cost of the high-type individual
working at the uneducated wage the right-hand side is decreasing in i,.,,. Therefore, to incentivize the

firm to choose wages that supports equilibrium 1 relative to equilibrium 2, i,,.,, needs to be sufficiently

large. The reverse is true for i,,,,, the transfer given to an individual not working. The left-hand side is



decreasing in i,,, and for sufficiently large i,,.,, the right-hand side is increasing in i,,,. Therefore, any
increase in i,,, must be accompanied by a commensurate increase in i,,,, for the above conditions to

hold.

Proposition 3.2.5: In the presence of tax policy, i.e. T > 0,t > 0, iz, > 0,ipew > 0, and iy, = 0, total

profit in separating equilibrium 1 is greater than total profit in partial pooling equilibrium 3 when

(7: _C~new>_(f _Eeew>+(inew_iew)
"1 —t ¢ 1-t 1—¢

if inew < inw + Cpew thenn,,

(Qeew - Enew) _ (Eeew - Enew)

>
Mt 1—t¢ 1—¢

and if inew > inw

Enew) _ (~ _ 5eew> + (inew - inw) + (inew - iew) - 5new
1—t ¢ 1-t 1—t

+ Cpew then ny, [(fne -

(Eeew - Enew) (inw — lnew) — Ceew
1—-t 1-t

>nh

Per proposition 3.2.1 given the assumptions on revenues workers generate and their associated costs the
above conditions hold in the absence of tax policy. The above conditions tell us that the left-hand side is
increasing in i,,,,. For sufficiently large i,.,, relative to i,,, and the cost of the medium-type individual
working at the uneducated wage the right-hand side is decreasing in i,.,,. Additionally, the left-hand side
is decreasing in i,,,, the transfer given to an individual working at the educated wage. For sufficiently
large i,,.,, the left-hand side is decreasing in i,,, and the right-hand side is increasing in i,,,. Therefore,
sufficiently large i,,, and i,,, must be compensated by increases in i,,,, for the above inequalities to
continue to hold. Thus, the firm is incentivized to choose wages that support equilibrium 1 relative to

equilibrium 3 if i,,, and i,,, are not sufficiently larger than i,,,,.



Proposition 3.2.6: In the presence of tax policy, i.e. T > 0,t > 0, iz, > 0,ipew > 0, and iy, = 0, total

profit in separating equilibrium 1 is greater than total profit in full pooling equilibrium 4 when

C o . — o Enew o Eeew (inew - iew)
if inew < lpw + Cpew thenn,, [(rne — —) — <r +

1—t e 11—t 1—t
(Ceew = Cnew) = (Ceew = Enew) c (lew — inw)
>nh < eew newz _t eew new )] +nl |:<te _1€iwt>+ ev;_glw :|

and if ipew > inw

_ c C i —i +( —i -C
+ Cpoyy then ny, [(Fne _ new) _ <T~' eew) n (lnew aw) + Unew ew) new]

1—t e 11—t 1—t

((Eeew - Enew) - (Eeew - Enew)> + (inw - inew)

>Tlh 1—¢

Coew — C. (low — Inew)
+nl[£e_(eew new)_l_ ewl_;:lew .

Per proposition 3.2.1 given the assumptions on revenues workers generate and their associated costs the
above conditions hold in the absence of tax policy. The above conditions tell us that the left-hand side is
increasing in i,,,, and decreasing in i,,, and the right-hand side is increasing in i,,, and decreasing in
inw- FOr sufficiently large i, relative to i,,, and the cost of the low-type individual working at the
uneducated wage the left-hand side is decreasing in i,,,, and the right-hand side is increasing in i,,, and
decreasing in i,,,,. Therefore, sufficiently large i,,, must be compensated by increases in i,,,, for the
above inequalities to continue to hold. For sufficiently large i,.,, relative to i,,, sufficiently large i,,,
must be compensated by increases in i,.,,. Thus, the firm is incentivized to choose wages that supports

equilibrium 1 relative to equilibrium 4 if i, and i,,, are not sufficiently large relative to i,,,.

Proposition 3.2.7: In the presence of tax policy, i.e. T > 0,t > 0,iz, > 0,i,e, > 0, and i,,, = 0, total

profit in separating equilibrium 1 is greater than total profit in partial pooling equilibrium 5 when



~ Enew ~ 6eew Enew - Enew

M |\me =7 —¢) ~le "7—¢) * 1-t

(Eeew — Enew) _ (Eeew B 6new> _ Enew — Cnew
1-t 1-t 1—t

C low — L
. [(r o new) n (lnw — lnew) .

>nh

11—t 1—t
Per proposition 3.2.1 given the assumptions on revenues workers generate and their associated costs the
above condition holds in the absence of tax policy. The above condition tells us that the right-hand side is
increasing in i,,, and decreasing in i,.,,. Thus, sufficiently large i,,,, must be compensated by increases
in i, for the above inequality to continue to hold. Therefore, the firm is incentivized to choose wages

that supports equilibrium 1 relative to equilibrium 5 if i,,,,, is not sufficiently large relative to i,

Proposition 3.2.8: In the presence of tax policy, i.e. T > 0,t > 0,i,,, > 0,i,e, > 0, and i, = 0, total

profit in separating equilibrium 1 is greater than total profit in partial pooling equilibrium 6 when

r _ Enew + (inew - inw)
—ne 11—t 1—¢t '

Per proposition 3.2.1 given the assumptions on revenues workers generate and their associated costs the
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above condition holds in the absence of tax policy. The above condition tells us that the right-hand side is
increasing in i,,,, and decreasing in i,,,. Thus, sufficiently large i,,.,, Mmust be compensated by increases
in i, for the above inequality to continue to hold. Therefore, the firm is incentivized to choose wages

that supports equilibrium 1 relative to equilibrium 6 if i,.,, is not sufficiently large relative to i,,,,.

Proposition 3.2.9: In the presence of tax policy, i.e. T > 0,t > 0,iz, > 0,i,e, > 0, and i,,, = 0, total

profit in separating equilibrium 1 is greater than total profit in full pooling equilibrium 7 when
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Per proposition 3.2.1 given the assumptions on revenues workers generate and their associated costs the

> Ny,

above conditions hold in the absence of tax policy. The above conditions tell us that the left-hand side is
increasing in i,,, and decreasing in i,.,, and the right-hand side is increasing in i,,,,, and decreasing in
inw- For sufficiently large i, relative to i,,, and the cost of the low-type individual working at the
educated wage the left-hand side is decreasing in i,,, and the right-hand side is increasing in i, and i,
and decreasing in i,,,. Therefore, sufficiently large i,,.,, must be compensated by increases in i, for the
above inequalities to continue to hold. For sufficiently large i.,, relative to i,,, sufficiently large i,,, must
be compensated by increases in i,,,. Thus, the firm is incentivized to choose wages that supports

equilibrium 1 relative to equilibrium 7 if i,,.,, and i, are not sufficiently large relative to i,,,.

Proposition 3.2.10: In the presence of tax policy, i.e. T > 0,t > 0,i,,, > 0,i,.,, > 0, and i,,, = 0, total

profit in separating equilibrium 1 is greater than total profit in the partial pooling equilibrium 8 when
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Per proposition 3.2.1 given the assumptions on revenues workers generate and their associated costs the
above conditions hold in the absence of tax policy. The above conditions tell us that the left-hand side is
increasing in i,,, and decreasing in i,.,,. For sufficiently large i.,, relative to i,,, and the cost of the
medium-type individual working at the educated wage the left-hand side is decreasing in i,,, and the
right-hand side is increasing in i,,, and decreasing in i,,, and i,.,,. Therefore, sufficiently large i,,c,,
must be compensated by increases in i,,, for the above inequalities to continue to hold. For sufficiently
large i, relative to i,,, sufficiently large i,,, must be compensated by increases in i,,,. Thus, the firm is
incentivized to choose wages that support equilibrium 1 relative to equilibrium 8 if i,,,,, and i,,, are not

sufficiently large relative to i,,,.

Proposition 3.2.11: In the presence of tax policy, i.e. T > 0,t > 0,i,,, > 0,i,.,» > 0, and i,,, = 0, total

profit in separating equilibrium 1 is greater than total profit in the partial pooling equilibrium 9 when
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Per proposition 3.2.3 we assume that in the absence of tax policy these conditions do not hold. The above
conditions tell us that the left-hand side is increasing in i,,,, decreasing in i,,,, and increasing or
decreasing in i,.,, depending on the relative number of high and medium type individuals. For
sufficiently large i,,, relative to i,,, and the cost of the high-type individual working at the educated
wage the left-hand side is unambiguously increasing in i, and the right-hand side is increasing in i,
and decreasing in i,,,. Therefore, to incentivize the firm to choose wages that supports equilibrium 1
relative to equilibrium 9 i,,, needs to be sufficiently large. Any increase in i,,, must be accompanied by a

commensurate increase in i,,, for the above conditions to hold.

Proposition 3.2.12: In the presence of tax policy, i.e. T > 0,t > 0,i,,, > 0,ipey > 0, and i,,, = 0, total

profit in separating equilibrium 1 is greater than total profit in the partial pooling equilibrium 10 when

— Ceew (6new - Enew) (iew - inw) - C~'new (inew - inw)
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Per proposition 3.2.1 given the assumptions on revenues workers generate and their associated costs the
above condition holds in the absence of tax policy. The above condition tells us that the right-hand side is
increasing in i,,, and i,.,, and decreasing in i,,,. Thus, sufficiently large i,,, must be compensated by
increases in i,,, and i,,,, for the above inequality to continue to hold. Therefore, the firm is incentivized
to choose wages that supports equilibrium 1 relative to equilibrium 10 if i,,,, is not sufficiently large
relative to i,,, and i, .,

In summary, starting from an absence of tax policy the firm prefers to choose wages that support

equilibrium 2. The government seeking to maximize utility of workers seeks to incentivize them to



choose wages that supports equilibrium 1. Proposition 3.2.4 tells us that i,,,,, needs to be sufficiently
large per the conditions stated. This makes sense given that in equilibrium 2 the firm is only hiring the
high-type individual at the educated wage and not the medium-type individual at the uneducated wage
and the objective for the government is that the medium-type individual is working. Thus, subsidizing the
hiring of an uneducated worker is necessary to incentivize the firm to do so. However, per propositions
3.2.8,3.2.9, 3.2.10, and 3.2.11 this can incentivize the firm to choose wages that sustains equilibria 6, 7,
8, and 9 over equilibrium 1. Then, following propositions 3.2.9, 3.2.10, and 3.2.11 increasing i,,,
incentivizes the firm to choose wages that sustains equilibrium 1 over equilibria 7, 8, and 9. However, per
propositions 3.2.5 and 3.2.6 this can incentivize the firm to choose wages that sustains equilibria 3 and 4.
Therefore the conditions in propositions 3.2.5 and 3.2.6 determine the maximum for i.,,. Given that i,,,
has no effect on incentivizing equilibrium 1 over 6 the condition in proposition 3.2.8 determines the
maximum on i,.,,. Given this logic and the above conditions we arrive at the following conditions on

inew and i, that sustains equilibrium 1.

Proposition 3.2.13: The following separating equilibrium can be sustained:
The high productivity worker invests in education and works, the medium productivity worker does not
invest in education and works, and the low productivity worker does not invest in education and does not
work, the firm maximizes non-negative profit, and the government budget balances If
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For the given ranges on i,,,, inew, and i,,,” these conditions on tax rates and transfers for the government
ensures that the firm chooses wages that sustain equilibrium 1 and that workers choose the appropriate
wage and corresponding education and work choice that maximizes social welfare while balancing the
government budget. The most relevant information to glean from proposition 3.2.13 is that there are

specific ranges on i,,, and i,,,,, that sustains equilibrium 1 over the other 9. The range on i, is a

function of the number of each individual types, their individual revenues, costs, and i,,,. The range

7 The reasons for the ranges chosen for the transfers are two-fold. First to simplify the statement of the proposition
and second to exclude ranges where the minimums and maximums are not well defined.



unambiguously shifts higher with increases in the number of high types, the income tax rate, and the
transfer i,,,,. The range on i, is a function of the number of each individual types, their individual
revenues, Costs, iy, and iyey -

To illustrate how this works four numerical solutions are given with discussion.

4. Numerical Solutions and Discussion
We will now choose values for the number of each worker type and their associated costs and
revenues produced for different education levels. They are chosen such that all assumptions on relative
sizes from chapter 2 hold. Thus, they are the following,
n,=n,=n=1
Tre=2>Te =15>r,=1
r.=26>7%=2>r,=15
Crew = 0.5 < Epy = 1.1 < Cpgyy = 1.25
Coow = 1 < Copy = 1.8 < Cppyy = 2.05
and therefore
Ceew — Cnew = 0.5 < ooy — Cnew = 0.7 < Cpery — Crew = 0.8.

Further the conditions in this chapter that determine relative sizes on social welfare and profit for each
equilibrium also hold, which is expressed in the following lemma and is proven in the appendix.

Lemma 4.a: The conditions for Propositions 3.1.1, 3.2.1, 3.2.2, and 3.2.3 that

Te = Ceew = Tne — Cnew = 0,

Nm (fne - é‘new) < nh(énew - Enew): and
nh(Fe - Qeew) - nh(Fne - Enew) + nm(fne - é:new) < nh(Enew - Enew)

hold if



np,=np=n=1
Cnew = 0.5,Crew = 1.1, Cpey, = 1.25

Ceew = 1,Ceew = 1.8, Coery = 2.05

Te =2.6,%, =2,7,=15.

Given these values the calculation of social welfare and profit in the absence of tax policy and
their relative size are given in the appendix. With the following four examples we will demonstrate how
taxes and transfers incentivize the firm to go from choosing wages that sustain an inefficient partial
pooling equilibrium in the absence of tax policy to choosing wages that sustain the efficient separating
equilibrium. We then show when transfers redistribute profits from the firm to workers and when they do

not. We start with the following proposition in the absence of tax policy.

Proposition 4.1: In the absence of tax policy when the values of tax rates t = 0, T = 0, transfers i,,, =
0, iew = 0, and iy, = 0 the firm chooses wages w,,, = 0 and w, = 1 that maximizes profit given tax
policy which sustain the partial pooling equilibrium where the high productivity worker invests in
education and works and the medium and low productivity worker does not invest in education and does
not work. Firm profit is equal to 1.6 and total worker utility is equal to 0. The government’s budget
balances trivially.

Per propositions 3.2.2 and 3.2.3 and lemmas 3.2.a and 4.a in the absence of tax policy the firm
prefers to choose wages that sustain this inefficient partial pooling equilibrium. The loss in production
from not hiring the medium-type worker is not sufficiently large to overcome the savings from not paying
the high-type worker information rent. The high-type worker receives no surplus since the educated wage
is set equal to their marginal cost by the firm. Both the medium and low-type workers receive no surplus
since they do not work and i,,, = 0. The firm captures all the surplus from the high-type worker’s labor.

From the government’s perspective this is not desirable per proposition 3.1.1 since this outcome creates a



deadweight loss. Per proposition 3.2.13 the government can choose tax rates t and T and the
corresponding minimum values of transfers i,,, and i,.,, to correct for the firm’s market power while

balancing their budget yielding the following proposition.

Proposition 4.2: The values of tax rates t = 0.30, T = 0.345, transfersi,,, = 0.73, i,.,, = 0.59, and
inw = 0 is a solution to the government’s program where the government’s budget balances and the firm
chooses wages w,,, = 0.729 and w, = 1.245 that maximizes profit given tax policy which sustain the
separating equilibrium where the high productivity worker invests in education and works, the medium
productivity worker does not invest in education and works, and the low productivity worker does not
invest in education and does not work. Firm profit is equal to 1.39253 and total worker utility is equal to
0.6018.

This outcome achieves the government’s objective of incentivizing the firm to choose wages that
sustain the separating equilibrium by subsidizing the labor of the medium-type worker and in turn
subsidizing the labor of the high-type worker to for example not create a perverse incentive for the firm to
hire both at the uneducated wage. Profit for the firm is lower than it receives in the absence of tax policy.
Given wages, the income tax rate, and transfers, both the high and medium-type workers face an effective
negative income tax rate. The profit tax T = 0.345 compensates for this to balance the government
budget. The high-type worker goes from receiving no surplus in the absence of tax policy to receiving
information rent from their labor. The medium-type worker still receives no surplus since the uneducated
wage is set equal to their marginal cost by the firm. The outcome is no different for the low-type worker.
Suppose the government seeks to correct for this by increasing i,,, and i, to their maximum values per

proposition 3.2.13 while maintaining i,,, = 0. This is shown in the following proposition.

Proposition 4.3: The values of tax rates t = 0.30, T = 0.6, transfers i,,, = 1.38, i,.,, = 0.84, and

inw = 0 is a solution to the government’s program where the government’s budget balances and the firm



chooses wages w,,, = 0.372 and w, = 0.315 that maximizes profit given tax policy which sustain the
separating equilibrium where the high productivity worker invests in education and works, the medium
productivity worker does not invest in education and works, and the low productivity worker does not
invest in education and does not work. Firm profit is equal to 1.3652 and total worker utility is equal to
0.60109.

This outcome still achieves the government’s objective of incentivizing the firm to choose wages
that sustain the separating equilibrium but does nothing to affect the distribution of surplus between the
firm and workers. The only effect increasing i,,, and i,.,, relative to the previous outcome is that the firm
can lower wages while still attracting both the high and medium-type workers to work at the educated and
uneducated wages, respectively. There is no impact on firm profit save for the government capturing
slightly more surplus due to the specific value chosen for the profit tax T for rounding concerns. The
high-type worker receives the same surplus from information rent as before and both the medium and
low-types still receive no surplus. Suppose now the government seeks to correct for this by increasing i,

and thus i,,, and i, simultaneously. This is described in the following proposition.

Proposition 4.4: The values of tax rates t = 0.30, T = 0.98, transfers i,,, = 1.18, i, = 1.04, and
inw = 0.45 is a solution to the government’s program that maximizes worker utility where the
government’s budget balances and the firm chooses wages wy, = 0.729 and w, = 1.245 that maximizes
profit given tax policy which sustain the separating equilibrium where the high productivity worker
invests in education and works, the medium productivity worker does not invest in education and works,
and the low productivity worker does not invest in education and does not work. Firm profit is equal to
0.04252 and total worker utility is equal to 1.9518.

This outcome still achieves the government’s objective of incentivizing the firm to choose wages that
sustain the separating equilibrium and now it maximizes worker utility while leaving some positive profit

for the firm. Profit is lower for the firm than the previous three outcomes. Surplus for all three workers is



increased by the amount i,,,, = 0.45. The high-type worker now receives this surplus in addition to the
information rent from their labor while the medium and low-types receive i,,,, in surplus rather than zero.
All worker outcomes are improved while maintaining all incentives for the firm to choose wages that
sustain the separating equilibrium while balancing the government budget. Since the amount i,,,, = 0.45
is received by all three workers relative to the equilibrium in proposition 4.3 i,,,, could be characterized as

a “basic income”.

5. Conclusion

This paper extends the Spence (1973) job market signaling game from chapter 2 where there are three
worker types, high productivity, medium productivity, and low productivity, who choose to reveal
information in their choice of investing in productivity enhancing education and whether to work or not
and a wage tax and lump sum transfer are imposed by the government. A profit tax is introduced, and two
additional stages are added to the game before workers make their education and labor supply choices. In
the first stage the government chooses a wage and profit tax and transfers to maximize utilitarian total
social welfare of workers knowing the firm acts as a monopsonist and will choose wages to maximize
profit. In the second stage the firm takes taxes and transfers as given and choose wages to maximize profit
knowing workers will choose to get an education or not and work or not to maximize their own individual
utility. We assume in the absence of tax policy the firm has an incentive to choose wages that results in an
inefficient equilibrium where they receive monopsonist rent. The government chooses transfers to
subsidize both educated and uneducated labor to incentivize the firm to choose wages that result in the
efficient equilibrium. The government then transfers a “basic income” to all workers that still maintains
all the same incentives and redistributes profit to workers.

This analysis can be extended and generalized to include an arbitrary number of types or a

continuum of types. In addition, following Stancheva (2014) work effort can be included as a choice

variable for workers. Firms could observe output at a cost and not effort and contract workers to work at a



given wage for a given output. This will create the possibility for interactions between productivity
enhancing education and effort which may result in a “rat race” for workers at the top of the income

distribution when firms have market power.
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APPENDIX

Definitions of payoffs for the firm and workers, total social welfare, and government budget
constraint:

The total payoff for the firm in each equilibrium is:

L (=T (e = we) + iy (Foe — We))

2. (1= (o —w,)

3. (- —we) + np (e — we))

4 (=T (0 Fe = we) + 1 = we) +my(r e = we) )

5. (1= 1) (na(Fe = we) + 1 (% = we) + (T e = Wie))

6. (1=T) (n(Fe = We) + M (e — W) + (T ne — W)
7o (A=) (10 Gre = Wne) + (e = W) + (T e = Wie))
8. (1= T)(h(Fne = Wne) + un(Frne — Wne))

9. (1 - T)(nh(Fne - Wne))

10. (1-T)0
The sum of payoffs for the workers in each equilibrium is:

L y(iew + (1 = OWe = Ceew) + Mun(inew + (1 = OOWne — Enew) + Nyiny

2. nh(iew +(1-tw, — geew) + Nyl + Minw

3. Mp(iew + (1 = OWe — Ceew) + M (iew + (1 = OWe — Cee) + My

4. np(iew + (1 = OWe = Coow) + M liew + (1 = W, — Ceew) + Ml + (1 — D)W, — Ceeny)

5. Npiew + (1 = OOWe = Ceew) + Mun(iew + (1 = OWe = Ceery) + My (inew + (1 = OWye = Cpew) +
6. p(iew + (1 = OOWe = Ceew) + Mun(inew + (1 = OWne = Crew) + My (inew + (1 = O)Wye = Crew)
7. Np(inew + (1 = OWne = Cnew) + Tun(inew + (1 = OWne — Erew) + My (inew + (1 — OWye — Cpew)

8. nh(inew + (1 - t)Wne - Enew) + nm(inew + (1 - t)Wne - é:new) + nlinw



9. nh(inew + (1 - t)Wne - gnew) + nminw + nlinw

10. npipw + Npinw + iy

Putting these together we get that total social welfare in each equilibrium is the sum of realized payoffs

for each type of worker and the firm which are the following:

L np(iow + (1 = OWe = Ceew) + Mun(inew + (1 = OWne — Crew) + Myl + (1 = T (0 (Fe — we) +
T (Fne = Wne))

2. nh(iew + (1 -tw, — geew) + Nypipgw + Nyl + (1 — T)(nh(Fe - we))

3. nh(iew +(1-tw, — geew) + 1y (g + (1 — OW, — Coow) + Nyipy, + (1 — T)(nh(Fe -w,) +
N (7 — W)

4. p(iow + (1 = OWe — Coow) + Nnliow + (1 = OWe — Coen) + (e + (1 — )W, — Cpo) +
(1 =T) (na e = We) + Moo = we) + 1y e = we) )

5. Mp(iew + (1 = OWe = Ceew) + Tun(iew + (1 = OWe = Cee) + My(inew + (1 = £)Wpe — Cpew) +
(1 =T) (naGe = We) + Moo = We) + (T e = Wae))

6. p(iew + (1 = OWe = Ceew) + un(inew + (1 = OWne = Enew) + Mylinew + (1 = E)Wpe — Cpew) +
(1= 1) (na e = We) + Mo (ne = Wie) + (T ne = Wie)

7. p(inew + (1 = )Wne = Cnew) + Mun(inew + (1 = OWne = Cnew) + My (inew + (1 = OWye — Crew) +
(1= 1) (11 Fre = Wie) + 1 (ne = W) + (2 e — Wie)

8. Np(inew + (1 = OWne = Crew) + Mun(inew + (1 = OWne — Erew) + Myiny + (1 —
T)(np(Fre = Wne) + Tun (Foe = Wie))

9. 1y (inew + (1 = OIWne = Cnew) + minw + Wiy + (1= T) (14 Fre — Wne))

10. npiny + Npinw + Nyipw + (1 —T)0

Given the non-linear government budget constraint is:

1 nhiew + nminew + nlinw = nhtWe + nthne + T(nh(Fe - We) + nm(fne - Wne))



2. Nplgy + (M + N iy = Nptw, + T(nh(?e - we))
3. (nh + nm)iew + nlinw = (nh + nm)tWe + T(nh(?e - We) + nm(fe - We))
4. (nh t+n, + nl)iew = (nh + i, + nl)twe +T (nh(Fe - We) + nm(fe - We) + nl(f e We))

5 (np+ny)iew + Niipew = (ny, + npdtw, + nytw,,, + T (nh(?e —w,) + n, (%, —w,) +

M(T e = W)

6. nhiew + (nm + nl)inew = nptw, + (nm + nl)twne +T (nh(Fe - We) + nm(fne - Wne) +

n (f ne — Wne))

7. (nh + Ny + nl)inew = (nh + Ny + nl)twne +T (nh(Fne - Wne) + nm(fne - Wne) +

nl(f ne — Wne))
8. (nh + nm)inew + nlinw = (nh + nm)the + T(nh(?ne - Wne) + nm(fne - Wne))
9. nhinew + (nm + nl)inw = nhthe + T(nh(Fne - Wne))

10. (ny + ny, +nyiy, =TO,
then after canceling terms given the previous definitions, we get total social welfare in each equilibrium is

L ny(Fe = Coow) + Mn(Fre = Cnew)

2. np(Te = Ceew)

3. np(Te — Coew) + M (e — Coew)

4. ny(Te = Coow) + N (Fe = Ceew) + (T ¢ — Ceew)

5. mu(Te = Ceew) + i (o — Ceew) + (T ne — Cew)

6. nu(Te — Ceew) + Mn(Fre = Enew) + (T ne — Cnew)
7. 1 (Tre = Cnew) + T (e = Enew) + M1(7 ne = Cnew)
8. 1 (Fne = Crew) + Tm (e — Crew)

9. ny(Tne = Cnew)

10. 0.



Given that
n,=n,=n=1
Crnew = 0.5, Cpew = 1.1, Crey, = 1.25

geew = 1; 5eew = 1.8,Eeew = 205

7, =2.6,7, = 2,7, = 15.

Total social welfare in each equilibrium is

1. nu(Te = Coew) + N (Fre — Cnew) = 1.6 + 0.4 =2

2. nh(Fe —geew) =1.6

3. u(Te — Coow) + (P — Goery) = 1.6 + 0.2 = 1.8

4. np(Te = Coow) + M (o — Ceew) + My(T ¢ — Coew) = 1.6 + 0.2 — 0.55 = 1.25

5. np(Te = Coow) + Mo = Coery) + M(T ne = Cnew) = 1.6 + 0.2 — 0.25 = 1.55

6. 1u(Te = Coow) + M (Fae — Cnew) + (T ne = Cnew) = 1.6 + 0.4 — 0.25 = 1.75
7. (TFre = Coew) + M (Fae — Cnew) + (T ne = Cnew) = 1.5+ 0.4 — 0.25 = 1.65
8. nn(Tne — Cnew) + (e — Enew) = 1.5+ 0.4 =19

9. np(Tne — Cnew) = 1.5

10. 0
The ranking of each equilibrium in terms of social welfareis1 >8>3>6>7>2>5>9>4>

10.

In the absence of tax policy, i.e. T =t = igy = inew = inw = 0, total profit in each equilibrium is

1. nh[Fe - (Eeew —Cnew T+ é‘new)] + nm(fne - é‘new) =1+04=14
2. nh[r_‘e - geew] =1.6
3. nh[?e - 6eew] + nm[fe - Eeew] =08+02=1

4. plFe = Coowl + MnlFs — Ceewl + W7 ¢ — Ceew] = 0.55 — 0.05 — 0.55 = —0.05



5. nulTe — (Coew — Cnew + Cnew)] + Mn[Fe = (Coew — Cnew + Cnew)] + W[T ne — Crew] = 0.65 +
0.05 — 0.25 = 0.45
6. nu[Te — (Ceow = Cnew + Cnew)] + MnlFre = Cnew] + [T ne = Cnew] = 0.85 4 0.25 - 0.25 = 0.85
7. MulTne = Cnew] + MnlFae — Cnewl + W7 ne = Crew] = 0.75 + 0.25 — 0.25 = 0.75
8. MulFne — Enewl + Munlfne — Crewl] = 0.9 +0.4 = 1.3
9. ny[Tne — Cnew] = 1.5

10. 0

The ranking of each equilibrium in terms of profit for the firm in the absence of tax policyis2 >9 > 1 >
8>3>6>7>5>4>10.
Derivation of solved firm profit for all equilibria:
Profit in equilibrium 1 is
(1= D) (na(Te = We) + (e = Wie))-
Profit in equilibrium 1 is maximized when wages are at their minimum values that still sustain the

equilibrium. Given from Proposition 3.1

Ceew — Cnew T (lnew — lew)
w, €

. Eeew + (inw - iew) Eeew - Enew + (inew - iew)
1—¢ + Wpe, min + Whe

1—t ’ 1—t

¢ + (pw — 1 C, + (lpw — 1
and w,, € < new g nwt new) ’ new § nwt new)) then

_ Crew + (inw B inew)

_ Ceew ~ Cnew + (inew B iew) Crew + (inw B inew)
Wne = 1—¢

dw. =
and We 1—t 1—t

_Ceew T Cnew + Crew + (inw - iew)
B 1-¢t

maximizes profits and respectively profits are

(1 _ T) (nh [Fe _ (Eeew — Cnew +1C~n_ev; + (inw - iew))] +n, [fne _ <5new + iin_wt_ inew))]).

WhenT =t = iz, = inew = inw = 0 then profit in equilibrium 1 is

np [77e - (Eeew ~ Cnew + é:new)] + nm(fne - é:new)-



Profit in equilibrium 2 is
(1 - T)nh(Fe - We)-
Profit in equilibrium 2 is maximized when wages are at their minimum values that still sustain the

equilibrium. Given from Proposition 3.2

w. € [ ma Ceew + (inw - iew) Ceew ~ Cnew + (inew - iew) + 5eew + (inw - iew)
€ 1-1t) ’ 1—t ne J (1-1t)

Cnew + (inw — lnew)
and w,,, < —~ T then

1-1t)

Ceew + (inw - iew)

1-10

Wpe = 0and if i,y = ipew — Cnew thenw, =

Ceew — Cnew + (inew - iew)

1—-t

if inw < lnew — Cnew thenw, =

maximizes profits and respectively profits are

(1 -T)n, [Fe - (Eeew -El(lj‘/;)_ leW))] or (1 —T)n, [Fe — <£eew — gne‘; t Elnew - lew)>].

WhenT =t = iy = ipnew = inw = 0 then profit in equilibrium 2 is
np [Fe - Eeew]-
Profit in equilibrium 3 is
(1 =T (e — we) + 1 (7 — we)).
Profit in equilibrium 3 is maximized when wages are at their minimum values that still sustain the

equilibrium. Given from Proposition 3.3

w. € [ max Eeew + (inw - iew) aeew - anew + (inew - iew) Eeew + (inw - iew)
€ 1-1) ’ 1-t ne )’ 1-19

Cnew + (nw — Tnew)
and w,, < =~ MW then

1-1t)

5eew + (inw - iew)

1-10

Wpe = 0and if iy, = ipew — Cnew thenw, =

é:eew - 5new + (inew - iew)

1—-t

ifiny < inew — Cnew thenw, =

maximizes profits and respectively profits are



@D (e (et i,

(1 _ T) (nh [Fe _ (Eeew - 5new + (inew - iew))] +n, [fe _ (5eew - 5new + (inew - iew))]).

1—t 1-t
WhenT =t = i,y = lpew = inw = 0 then profit in equilibrium 3 is
np[7e = Coew] + Min e — Ceewl.
Profit in equilibrium 4 is
(1 = T) (e = We) + i = we) + 1y — we)).
Profit in equilibrium 4 is maximized when wages are at their minimum values that still sustain the
equilibrium. Given from Proposition 3.4

Eeew + (inw - iew) Eeew - Enew + (inew - iew)

1-0 ' 1-0

W, > max< + Wne) ,then

Eeew + (inw - iew)

1-0

Wype = 0and if iy, = inew — Cnew thenw, =

Eeew - Enew + (inew - iew)

ifipw < lnew — Crew thenw, = 1—¢

maximizes profits and respectively profits are

— Eeew + (inw - iew) ~ Eeew + (inw - iew)
@=m (o= (g2 | - (P2

T e IE

(1 _ T) (nh [?e _ (Eeew - Enewlt(tinew - iew))] + n, [fe _ <Eeew - Ene‘,;-l;(tinew - iew))]

Eeew - Enew + (inew - iew)
o [fe‘< -0 )D

WhenT =t = iz, = inew = inw = 0 then profit in equilibrium 4 is

ny [?e - Eeew] + nm[fe - Eeew] + nl[f e Eeew]-

Profit in equilibrium 5 is

a1-m7 (nh(Fe - We) + nm(fe - We) + nl(f ne — Wne))-



Profit in equilibrium 5 is maximized when wages are at their minimum values that still sustain the

equilibrium. Given from Proposition 3.5

+w

W, € C~eew - 6new + (inew - iew) Eeew - Enew + (inew - iew) +
e 1—¢ ne» (1 — t) ne

Enew + (inw - inew)

and w,,, > ,then
ne 1-0
- Enew + (inw B inew) and w. = Coew — Cnew T (inew B iew) Enew + (inw B inew)
ne (1-1t ¢ 1—t (1-1t)

_ Ceew ~ Cnew t Cpew T (lnw - lew)

B 1—¢

maximizes profits and profits are

1-7) (nh

— 6eew - 6new + Enew + (inw - iew)
Te— -t + Ny

Enew + (inw - inew)
e - (B e))

WhenT =t = i,y = lpew = inw = 0 then profit in equilibrium 5 is

~ 5eew - 5new + Enew + (inw - iew)
Te ™ 1—t

ny [?e - (Eeew - Enew + Enew)] + nm[fe - (Eeew - 5new + Enew)] + ny [f ne Enew]-
Profit in equilibrium 6 is
1-7) (nh(Fe = We) + Ny (Frre — Wpe) + nl(f ne — Wne))-
Profit in equilibrium 6 is maximized when wages are at their minimum values that still sustain the

equilibrium. Given from Proposition 3.6

Ceew “Cnew T (inew B iew) Ceew — Crew + (inew B iew)
w, € 1—1t + Whe, 1—¢t + Wpe
Crew T (nw — Inew)
and wy, > —= TP then
1-1
W = Enew + (inw B inew) and w. = Ceew —Cnew T (inew - iew) Enew + (inw B inew)
ne (1-1) € 1-—t (1-1¢)

_ Leew ~ Cnew t Crew + (lnw B lew)

B 1—¢

maximizes profits and profits are



eew — Cnew T _new + 'nw - 'ew ~ _new + .nw - 'new
a-1 (nh [Fe 3 (Q < 10_ t (i i ))] o [Tne _ (c (il_ . i ))]

Enew + (inw - inew)
T [f"‘f‘< -0 )D

WhenT =t = i,y = lpew = Inw = 0 then profit in equilibrium 6 is

nh[Fe - (geew — Cnew + Enew)] + nm[fne - Enew] + nl[f ne — Enew]-

Profit in equilibrium 7 is

(1 - T) (nh(?ne - Wne) + nm(fne - Wne) + nl(ﬁ ne — Wne))-

Profit in equilibrium 7 is maximized when wages are at their minimum values that still sustain the

equilibrium. Given from Proposition 3.7

Enew + (inw - inew) (Enew - geew) + (iew - inew)

1-0 ' 1-0

Whe > max( + we) ,then

Enew + (inw - inew)

1-0

We = 0 and if ¢y + lnw = Cnew ~ Ceew T lew then wy,, =

— . s (Enew - Eeew) + (iew - inew)
Crnew T lnw < Cnew — Ceew T lew then Whe = (1 — t)

maximizes profits and respectively profits are

— Enew + (inw - inew) ~ Enew + (inw - inew)
=) (oo (P [ - (P )

_new + 'nw - 'new
+n [l ne — <C (gl_ 0 : ))]) or

- (Enew - Eeew) + (iew - inew) ~ (Enew - Eeew) + (iew - inew)
=1 (e~ -0 = ( a-o )

+ n [Z e — <(£new - Eeew) + (iew - inew))]).

1-0
WhenT =t = iz, = inew = inw = 0 then profit in equilibrium 7 is
ny [7_”718 - Enew] + Nm [fne - Enew] + n [E ne — Enew]-

Profit in equilibrium 8 is



(1 - T)(nh(?ne - Wne) + nm(?ne - Wne))-
Profit in equilibrium 8 is maximized when wages are at their minimum values that still sustain the

equilibrium. Given from Proposition 3.8

[ <C~new + (inw - inew) (gnew - geew) + (iew - inew) ) Enew + (inw - inew)
Wye € |ma e |, and w,

1-9v ’ (1-19) 1-19

Eeew + (inw - iew)

1-1t)

,then

5new + (inw - inew)

1-1

w, = 0 and if Gepy + inw = Crnew — Ceew + lew then wy, =

c o~ . . (Enew - Qeew) + (iew - inew)
lf Crnew T lnw < Cnew — Ceew T lew then Wne = (1 — t)

maximizes profits and respectively profits are

— (Enew - Eeew) + (iew - inew) ~ (Qnew - Qeew) + (iew - inew)
=) (e~ -0 |l -0 )

WhenT =t = iz, = inew = inw = 0 then profit in equilibrium 8 is
M [Tne = Cnew] + Min[Fre = Cnew]-
Profit in equilibrium 9 is
(1 =Dy (Tne — Wne)-
Profit in equilibrium 9 is maximized when wages are at their minimum values that still sustain the

equilibrium. Given from Proposition 3.9

Cnew + (inw - inew) (Enew - Eeew) + (iew - inew) 5new + (inw - inew)
Wpe € |ma e |, and

(1-1¢) ’ (1-1¢) (1-19
éeew + (inw - iew)

w, < ,then

1-10

i i Cnew T (inw - inew)
w, = 0and if iy, = i,y — Ceew then wy, = or

1-1)

i pos . (Enew - Eeew) + (iew - inew)
if lnw < lew — Ceew thenwy, = 1-0




maximizes profits and profits are

(1 _ T)Tlh [Fne _ <£new + (inw - inew) )] or

1-0

(gnew - Eeew) + (iew - inew)
1-1 )]

1 —-T)ny, [Fne - <
WhenT =t = i,y = lpew = Inw = 0 then profit in equilibrium 9 is
Np [?ne - Enew]-
Profit in equilibrium 3.10 is
(1-"T)o0.
Therefore, profit in equilibrium 10 is 0.
Proof of Proposition 3.1.1:
For total social welfare in equilibrium 1, TSW, to be greater than total social welfare in
equilibrium 2, TSW, it must be the case that
14 (Te = Coew) + Mun(Foae = Enew) > Mn(Te — Coow ), i-€. TSWy > TSW,.
Since
e — Cnew > 0,then TSW, > TSW,.
For total social welfare in equilibrium 1, TSW, to be greater than total social welfare in
equilibrium 3, TSW it must be the case that
nh(?e — geew) + N (T — Crew) > nh(Fe - geew) + Ny (fy — Coow ), i.€. TSW; > TSW;.
Since
Fre = Cnew > To — Coew, then TSW; > TSW;.
For total social welfare in equilibrium 1, TSW, to be greater than total social welfare in
equilibrium 4, TSW, it must be the case that
M4(Te = Coew) + Mn(Fre = Enew) > Mr(Te = Coow) + Mn(Fo = Eoew) + M(T e — Trew ), i- €. TSWy > TSW,.
Since

Trne — Cnew > To — Cowy and 1 , — Cy, < 0,then TSW; > TSW,.



For total social welfare in equilibrium 1, TSW, to be greater than total social welfare in
equilibrium 5, TSW¢ it must be the case that
1 (Te = Ceew) + Mo (Fae = Cnew) > M (Te = Coew) + N (Fe = Cow) + 1y(T ne — Cew), i-€. TSWy > TSW.
Since
Trne = Cnew > To — Cow aNA T e — Creow < 0,then TSW; > TSW;.
For total social welfare in equilibrium 1, TSW, to be greater than total social welfare in
equilibrium 6, TSW, it must be the case that
3 (Te = Ceew) + Nn (Fae = Enew) > M (Te = Ceew) + N (Fre = Enew) + M(T ne — Cew ), i-€. TSW; > TSW.
Since
T ne — Cnew < 0,then TSW; > TSW.
For total social welfare in equilibrium 1, TSW, to be greater than total social welfare in
equilibrium 7, TSW, it must be the case that
(e = Coew) + Mn(Fne = Cnew) > (e = Cnew) + Mom (Fae = Enew) + (T ne = Cnew), i €. TSWy > TSW;.
Since
Te = Cew > Tne — Cnew aNA T o — Cpew < 0,then TSW; > TSW,.
For total social welfare in equilibrium 1, TSW, to be greater than total social welfare in
equilibrium 8, TSWg it must be the case that
nh(Fe - geew) + Ny (T — Crew) > nh(Fne - gnew) + Ny (T — Cpew), i.€. TSW, > TSW;.
Since
Te = Cow > Tne — Crew, then TSW; > TSWg.
For total social welfare in equilibrium 1, TSW, to be greater than total social welfare in
equilibrium 9, TSW it must be the case that
My (Te = Ceew) + Mn(Fae — CEnew) > M (Tre — Cnew), i-€. TSWy > TSW,
Since

Te = Cew > Tne — Cnew and Fye — Cpew > 0, then TSW, > TSW,,.



For total social welfare in equilibrium 1, TSW, to be greater than total social welfare in
equilibrium 10, TSW,, it must be the case that

14 (Te = Coow) + Mn(Fre — Enew) > 0,i.e. TSWy > TSWyy,.
Since

Te — Cew > 0and i, — Cpew > 0,then TSW; > TSW,,,.

Proof of Proposition 3.2.1:
WhenT =t = i,, = ipew = inyw = 0 for profit in equilibrium 1 to be less than profit in
equilibrium 3 it must be the case that

M (Te = Ceew) + Tun(ae = Crew) = M (Cnew = Cnew) < Ma(Te = Ceew) + N (e — Ceew) or

Mo (e = Crew) = o (e = Coew) < M (Ceew — Cnew) — M (Ceew — Crew).
The term on the left is positive since 7, — Cpew > T — Coey, and the term on the right is negative since
Ceew — Cnew < Ceew — Cnew- Therefore, this expression is a contradiction and profit in equilibrium 1 is
never less than profit in equilibrium 3when T =t = i, = izew = lnw = 0.
WhenT =t = i,, = ipew = inw = 0 for profit in equilibrium 1 to be less than profit in
equilibrium 4 it must be the case that
M (Te = Coew) + Mn (e = Crew) = M (Crew — Cnew) < (e = Coew) + M (Fo = Ceers) + (T ¢ = Ceew) OF

Tun (e = Cnew) = M (Fe = Ceew) < M (Coow = Cnew) = Mh(Coew = Enew) + (T ¢ = Coow)
The term on the left is positive since 7, — Cpew > T — Coew. The term on the right is negative because
by definition ¢ gewy — Cnew < Ceew — Cnew < Ceew — Cnew SINCE Crew < Crew @NA T o — Ceeyy < 0 by
assumption. Therefore, this expression is a contradiction and profit in equilibrium 1 is never less than
profit in equilibrium4when T =t = i,y = inew = inw = 0.
WhenT =t = i,, = iyew = inw = 0 for profit in equilibrium 1 to be less than profit in

equilibrium 5 it must be the case that



N (Te = Ceew) + Mn (Fae = Enew) — M (Enew — Cnew)

< (Fe = Coew) + N (Fo = Coow) + (T ne = Cnew) = 1 Crew — Cnew) = n Crcw — Enew) OF

N (Fre = Cnew) — Mun(Fe — Ceew) + Min (Crew — Cnew)
< nh(Eeew - Enew) — Ny (Ceew = Cnew) — M (Crew — Cnew) + nz(ﬁ ne — Enew)-
The term on the left is positive since e — Cpew > To — Ceew aNd Crew > Cpew- The term on the right is
negative because by definition ¢ oy, — Cnew < Ceew — Cnew aNA Crew > Crew and by assumption r ,,, —
Cnew- Therefore, this expression is a contradiction and profit in equilibrium 1 is never less than profit in
equilibrium5whenT =t = i,y = ipew = inw = 0.
WhenT =t = ipy = lpew = inw = 0 for profit in equilibrium 1 to be less than profit in
equilibrium 6 it must be the case that
M (Te = Ceew) + N (Fae = Cnew) = M (Crew = Cnew)
< nh(?e - Eeew) + N (Fre — Cnew) + nl(f ne — Enew) - nh(Enew - Enew) or
Mo (Crew — Enew) < M (Enew — Cnew) + (T ne — Cew)-
The term on the left is positive since ¢,y > Crew- The term on the right is negative because by definition
Crnew < Cnew aNd 1 . — Cnew by assumption. Therefore, this expression is a contradiction and profit in
equilibrium 1 is never less than profit in equilibrium 6 when T =t = i,, = ipew = inw = 0.
WhenT =t = ipy = lpew = inw = 0 for profit in equilibrium 1 to be less than profit in
equilibrium 7 it must be the case that
(e = Coow) + Mo Cae = Enew) — M (Enew — Cnew) < e = Cnew) + Mo re = Enew) + (T ne — Cnew) OF
Ny (Crew = Enew) < Mn(Tre = Cnew) = (T = Ceew) + Mh(Enew — Crew) + (T ne = Crew)

The term on the left is positive since ¢,,.y, > Crew- The term on the right is negative because by
assumption 7, — Cpew < 7Te — Ceew ANA T 1o — Crew < 0aNd oy < Cpew DY definition. Therefore,
this expression is a contradiction and profit in equilibrium 1 is never less than profit in equilibrium 7

whenT =t = i,y = inew = inw = 0.



WhenT =t = i,, = izew = inw = 0 for profit in equilibrium 1 to be less than profit in
equilibrium 8 it must be the case that
M (Te = Ceew) + M (Fne = Cnew) = 1 (Cnew = Cnew) < M (Fne = Cnew) + un (Fre — Cnew) OF
(e = Ceew) < Mp(Tre = Crew)
The term on the left is greater than the term on the right by assumption. Therefore, this expression is a
contradiction and profit in equilibrium 1 is never less than profit in equilibrium 8 when T =t = i,,, =
inew = inw = 0.
WhenT =t = ipy = ipew = inw = 0 for profit in equilibrium 1 to be less than profit in
equilibrium 10 it must be the case that
M (Te = Coow) + Mm(Frne = Cnew) < M (Cnew = Cnew) OF
NpTe = Mpfne + M (Te = Ceew) + Mun(Fae = Cnew) < MpTre — Mpfne + M (Enew — Crnew), which is
N Tre = Mpfne + M (Te = Ceew) = M (Tre = Cnew) + N (Fae = Gnew) < =1 (Fae — Crew)-
The term on the left is positive since 7, > ey Te — Ceew > Tne — Cnew» aNd e — Cpew > 0. The term
on the right is negative since ,, — Cnew > 0. Therefore, this expression is a contradiction and profit in
equilibrium 1 is never less than profit in equilibrium 10 when T =t = i,y = inew = inw = 0.
Proof of Proposition 3.2.2:
WhenT =t = ipy = ipew = inw = 0 for profit in equilibrium 1 to be less than profit in
equilibrium 2 it must be the case that
(e = Ceew) + Tun(Fre = Enew) — M (Crew — Cnew) < Mn(Te — Ceew) OF
M (Fae = Enew) < M (Cnew — Cew)
That is, the benefit from hiring the medium worker at the uneducated wage is less than the information

rent paid to the high-type worker for profit in equilibrium 1 to be less than profit in equilibrium 2 when

T=t=loy = lpew =lnw =0.

Proof of Proposition 3.2.3:



WhenT =t = i,, = izew = inw = 0 for profit in equilibrium 1 to be less than profit in
equilibrium 9 it must be the case that
(e = Ceew) + Tun(Fre = Cnew) = M (Cnew = Enew) < Ma(Tne = Cnew) OF
3 (Te = Ceew) = M (Tre = Cnew) + N (Fre = Enew) < Mh(Cnew — Crew)-
That is, if the loss in net productivity from the high-type and medium-type workers is less than the
savings from no information rentsthenwhen T =t = i, = inew = inw = 0 profitin equilibrium 1 is
less than profit in equilibrium 9.
Proof of Lemma 3.2.a:
WhenT =t = i,, = ipew = inyw = 0 for profit in equilibrium 2 to be less than profit in
equilibrium 9 it must be the case that
M (Te = Ceew) < Mh(Tre = Cnew)-
Since (Te — Ceew) > (Tne — Cnew) by assumption then the above statement is a contradiction and profit
in equilibrium 2 is never less than profit in equilibrium 9 when T =t = i, = inew = inw = 0.
Proof of Proposition 3.2.4:
WhenT > 0,t > 0,ip, > 0,i4ey >0, and iy, = 0and ifi,, = iyew — Cnewfor profit in equilibrium 1

to be higher than profit in equilibrium 2 assuming wages are at their minimum it must be the case that

— Ceew — Cnew + (inw - iew) Canew ~ 5new + (inw - inew)
= (- (P ) - () [ - (Pt

Ceew + (inw - iew)
1-10 )]

> (1 -T)n, [78 —<

which is

e — 5new + (inw - inew) >n (Enew - Enew)
m |The 1—¢ h 1—¢t )

WhenT > 0,t > 0,1,y > 0,izew > 0, and iy, = 0and ifi,, < iew — Cnew fOr profit in equilibrium 1

to be greater than profit in equilibrium 2 assuming wages are at their minimum it must be the case that



— Ceew — Cnew + (inw - iew) Ch:new ~ 5new + (inw - inew)
= (- (P ) - () - (Pt

> (1 _ T)nh [Fe _ <£eew - gnev; t iinew - iew))]’

which is

~ 5new + (inw - inew) 5new + (inw - inew)
Ny | Tne — T—¢ >ny 1—¢ .

That is, the net benefit from the medium worker switching from not working to working at the uneducated
wage must exceed the increase in cost for the firm for high-type worker. Thus, the above condition is
necessary for profit in equilibrium 1 to exceed profit in equilibrium 2 in this case.

Proof of Proposition 3.2.5:

WhenT > 0,t > 0,ipy > 0,ipey >0, and iy, = 0 andifi,, = iyew — Cnew for profit in equilibrium 1

to be higher than profit in equilibrium 3 assuming wages are at their minimum it must be the case that

For profit in equilibrium 1 to be higher than profit in equilibrium 3 it must be the case that

- Ceew — Cnew + (inw - iew) 5new ~ C~new + (inw - inew)
= (o - (Fme ) - () - (P

— 5eew + (inw - iew) ~ 6eew + (inw - iew)
L O G e R L e o)

which is

n (f _ Enew) _ (‘f' _ 6eew ) (inew - iew) >n (Eeew - Enew) _ (Eeew - Enew)
m\'me 1 ¢ ¢ (1-1t) 1—t h 1—t 1-1t)
WhenT > 0,t > 0,i,, > 0,ipey >0, and iy, = 0 and ifi,, < iyew — Cnew for profit in equilibrium 1

to be higher than profit in equilibrium 3 assuming wages are at their minimum it must be the case that

_ Coow ~ Crnew T nw — Tew) Crew . Cnew + Unw — Inew)
=1 ([ = (Fe Py ) = () e — (P ) )

— ~eew - ~new + 'new - .ew
{0

~ Eeew - 5new + (inew - iew)
+ Ny [Te — 1—¢




which is

n [( 5new>_ (. - Coew )+ (inew = fuw) + (new = lew) —5new]
m 7

e "1 ¢ 1—1t) 1—¢t

> ny,

(Eeew - Enew) (C~eew + (inew - lnw))
1-¢t (1-1) ]

That is, the net benefit of the medium worker switching from working at the educated wage to working at

the uneducated wage must exceed the change in cost for the high-type worker. It is always true that

(=52 -]

(Eeew - Enew) (5eew - 5new)
1-t (-0 ]

since

(Eeew - Enew) (6eew - 5new) (~ 5new) (~ 5eew )
1—: a=0 < 0and (7 11 A a-0 > 0.

Therefore, as long as i,,, is not sufficiently greater than i, such that the above condition holds then
profit in equilibrium 1 exceeds the profit in equilibrium 3.

Proof of Proposition 3.2.6:

WhenT > 0,t > 0,ig, > 0,ipen > 0, and iy, = 0and if iy, = iyew — Cpewfor profit in equilibrium 1

to be higher than profit in equilibrium 4 assuming wages are at their minimum it must be the case that

1-T) (nh [Fe _ (Eeew = Cnew T Cnew + (nw — ieW))] +n, [‘f’ne _ <5new + (ipw — inew))])

1-t 1—t

> (1 - T) <nh |:Fe - <E€9W - (inW _ l€W)>:| + N, |:fe - <Eeew + (an B lew))]

(1-1t) 1-10)

Eeew + (inw - iew)
o [“‘( -0 )D

~ 6new o Eeew (inew - iew) Eeew + (inw - iew)
nm[(r"e_l—t)_<re_(1—t)>+ 1—¢ ]_nl[53_< 1-0 )]

Ceew — Cnew — (Eeew - 6new)
1-t ’

which is

> ny,



That is, the net benefit of the medium working switching from working at the educated wage to working
at the uneducated wage and the low-type worker switching from not working to working at the educated

wage must exceed the change in cost for the high-type worker. Per earlier when t = i,,, = izen =

inw = 0 the left side is greater than the right side so as long as Unew=lew) js ot sufficiently less than
1-t

@ then profit in equilibrium 1 exceeds the profit in equilibrium 4.

WhenT > 0,t > 0,1,y > 0,i4ew > 0, and iy, = 0and ifi,, < iew — Cnewfor profit in equilibrium 1

to be higher than profit in equilibrium 4 assuming wages are at their minimum it must be the case that

1-T) (nh [Fe _ (geew ~ Cnew +1c~,fvz + (i — iew)>] n [fne ~ <5new + iin—wt_ inew))D

— Eeew - Enew + (inew - iew) ~ Eeew - Enew + (inew - iew)
> @-n (o -0 |l -0 )

Eeew - Enew + (inew - iew)
+”P@‘< -0 ﬂ)

which is

~ 6new ~ Eeew (inew - inw) + (inew - iew) - Enew
N \The =7 — | Te — +

1—¢ 1-0 1—t
Eeew - Enew + (inew - iew)
- nl t e (1 _ t)
Ceew — Cnew — (Eeew - Enew) - (inew - inw)
>ny 1—¢

Proof of Proposition 3.2.7:
WhenT > 0,t > 0,i,, > 0,i,., > 0, and i, = 0 for profit in equilibrium 1 to be higher than profit in

equilibrium 5 assuming wages are at their minimum it must be the case that



— Ceew — Cnew T (inw - iew) é"new o 6new + (inw - inew)
R e N = e L G )
— 5eew - 5new + (inw - iew) Enew
> = - () - ()

~ é:ec»:'w - 6new + (inw - iew) Enew Enew + (inw - inew)

which is

s — Enew —(f _ Eeew>+ Enew_(::new —nlr _Enew _(inew_inw)
mlme 1t \¢ 1-—¢ 1—t H=me 1t 1-10

(Eeew B Enew) _ <5eew B 5new) _ Enew — Crew
1-t 1-t a-v J)f

That is, the net benefit of the medium-type worker switching from working at the educated wage to

>ny

working at the uneducated wage and the low type switching from working at the uneducated wage to not
working must exceed the change in cost for the high-type worker. This again always holds as long as i,
is not sufficiently greater than i,,,, such that the above condition holds then profit in equilibrium 1
exceeds the profit in equilibrium 5.

Proof of Proposition 3.2.8:

WhenT > 0,t > 0,igy > 0,inen > 0, and iy, = 0 for profit in equilibrium 1 to be higher than profit in

equilibrium 6 assuming wages are at their minimum it must be the case that

- Ceew — Cnew + (inw - iew) 5new ~ Enew + (inw - inew)
= (m - (Fme ) - () - (P

- Ceew — Cnew + (inw - iew) Enew
e G S Ml ()|

R P Enew + (inw - inew) nlr _ Enew + (inw - inew)
m |'ne (1 _ t) L |1 ne (1 _ t) )
which is
Enew —r _ (inew - inw) >n (Enew> _ Enew +n <C~new) _ Enew
H1—¢ —me 1—t hI\1—¢ (1—1) m\1—-¢t/) Q-0




That is, the net benefit of the low-type worker switching from working at the uneducated wage to not
working must exceed the change in cost for the high and medium type workers. This again always holds
as long as i,.,, is not sufficiently greater than i,,, such that the above condition holds then profit in
equilibrium 1 exceeds the profit in equilibrium 6.

Proof of Proposition 3.2.9:

WhenT > 0,t > 0,i,,, > 0,izew > 0, and iy, = 0 and ifi,,, = i, — Ceey Tor profit in equilibrium 1

to be higher than profit in equilibrium 7 assuming wages are at their minimum it must be the case that

- Ceew ~ Cnew + (inw - iew) 5new - C~new + (inw - inew)
= (- (o) - () e - (Pl

— Enew + (inw - inew) o Enew + (inw - inew)
> =) ([ = (P2 g2 - ()

Enew + (inw - inew)
+”P“‘< -0 )D

which is

—_ Zeew —_ L new _new — Cnew (.ew - .new)
S G- 2+ () ()|

6new - Enew Enew + (inw - inew)
e R G |

That is, the net benefit of the high-type worker switching from working at the uneducated wage to

> n,,

working at the educated wage must exceed the change in cost for the medium-type worker and the net

change from the low-type worker switching from working at the uneducated wage to not working. Per

earlierwhenT =t = i,y = ipey = iny = 0 the left side is greater than the right side so if —(iev(vl__i:)”) is

not sufficiently small then profit in equilibrium 1 exceeds the profit in equilibrium 7.
WhenT > 0,t > 0,iz, > 0,i4e > 0, and iy, = 0 and if i, < i, — Ceew fOr profit in equilibrium 1

to be higher than profit in equilibrium 7 assuming wages are at their minimum it must be the case that



— Ceew — Cnew + (inw - iew) Ch:new ~ 5new + (inw - inew)
= (- (P ) - () - (Pt

— (gnew - geew) + (iew - inew)
>1-T) (nh [rne — < a-0 )]

~ (gnew - geew) + (iew - inew)
e~ -0 )

(gnew - geew) + (iew - inew)
+nl[lne_< (l—t) )] ,

— Ceew — C new Ceew — Cnew + Enew (iew - inw) (iew - inew)
nh[( _1—t)_(ne_1—t)_( 1—t >+ -t ' 1-t

> n,,

(Eeew - Enew) + Enew - (iew - inw) (Enew - Qeew) + (iew - inew)
( -0 )]*’”[“‘*( -0 )]

Proof of Proposition 3.2.10:
WhenT > 0,t > 0,ipy > 0,i4e0 >0, and iy, = 0and if iy, = iz, — Ceey for profit in equilibrium 1

to be higher than profit in equilibrium 8 assuming wages are at their minimum it must be the case that

— Ceew — Cnew + (inw - iew) énew ~ 5new + (inw - inew)
= (- (P ) () - (Pt

— 5new + (inw - inew) o Enew + (inw - inew)
> =) (o o (2 [ (R e )

which is

> 0.

— Zeew — L new ('ew - 'new)
n"[(re_ i_t)_(rne_ Cl—t)+< 1(1—lt) )

That is, the net benefit of the high-type worker switching from working at the uneducated wage to

working at the educated wage must exceed the change in cost for the medium-type worker, which is zero.
This again always holds if i,,,,, is not sufficiently greater than i,,, such that the above condition holds

then profit in equilibrium 1 exceeds the profit in equilibrium 8.



WhenT > 0,t > 0,ipy > 0,i4e0 >0, and iy, = 0andif iy, < iz, — Cee for profit in equilibrium 1

to be higher than profit in equilibrium 8 assuming wages are at their minimum it must be the case that

— Ceew — Cnew + (inw - iew) 5new ~ 5new + (inw - inew)
= (- (P ) - (o) - (Pt

— (gnew - geew) + (iew - inew)
>1-T) (nh [rne — < a-0 )]

~ (Enew - Eeew) + (iew - inew)
o -0 )I)

which is

(_ Eeew) _ (_ _ Enew) _ (Eeew —Cnew t+ 5new) (iew - inw) (iew - inew)
1—¢t 11—t 1—t 1—t 1-—t

(Eeew — Cnew + 6new) _ (iew - inw) (inew - inw)]

1—t 1—-t  1-t

>N,
Proof of Proposition 3.2.11:
WhenT > 0,t > 0,ip, > 0,izen >0, and iy, = 0and ifiy,, = iz, — C ey TOr profit in equilibrium 1

to be higher than profit in equilibrium 9 assuming wages are at their minimum it must be the case that

a-n (nh [Fe — (Eeew ~ Lnew +16n_e"‘£ + (nw — iew))] +n, [fne _ (6new + gin_wt_ inew))])

Cnew + (inw - inew) )]

>(1—T)nh[7_‘ne—< a-0

which is

— Ceew — Cnew (iew - inew) ~ Enew + (inw - inew) Enew — Cnew
nh[(re_l—t)_(r"e_l—t)+ 1-t +nm[r"e_( 1-t >nh[ 1—t ]

WhenT > 0,t > 0,ipy > 0,izen >0, and iy, = 0and ifiy,, < iy — Ceew fOr profit in equilibrium 1

to be higher than profit in equilibrium 9 assuming wages are at their minimum it must be the case that



1-7 (nh [?e — (Eeew ~ Cnew +157fV; + (nw — iew))] +n, [fne _ (5new + gin_wt_ inew))])

(gnew - geew) + (iew - inew))]

>(1—T)nh[7ne—< a-0

which is

— Ceew — Cnew (iew - inw) Ceew — Cnew + 5new - (iew - inew)
" (re_l—t)_("e_l—t) 1-t | " 1—t

c + (w — 1
+n, [fne _ < new in_wt new))] > 0.

That is, the net benefit of the high-type worker switching from working at the uneducated wage to
working at the educated wage and the medium-type worker switching from not working to working at the
uneducated wage must be positive.

Proof of Proposition 3.2.12:

WhenT > 0,t > 0,i,, > 0,i,., > 0, and i, = 0 for profit in equilibrium 1 to be higher than profit in

)>0

equilibrium 10 assuming wages are at their minimum it must be the case that

— Ceew — Cnew + (inw - iew) Enew ~ 5new + (inw - inew)
(1_T)<nh[re_< 1-t _(1—t) 1 | Tne = 1—t¢

Proof of Proposition 3.2.13:

In the absence of tax policy, i.e.whenT =t = i, = inew = inw = 0, it has been shown that given the
assumptions on revenues and costs across worker types profit is greater in equilibrium 2 which is greater
than profit in equilibrium 9 which is greater than profit in equilibrium 1 which is greater than profit than

the other 7 equilibria. From proposition 3.2.4 we know that,

In the presence of tax policy, i.e. T > 0,t > 0,i,, > 0, i,y > 0, and i,,, = 0, total profit in

separating equilibrium 1 is greater than total profit in partial pooling equilibrium 2 when

lf lnew < lpw + Cnew then Nm |The —

é:new (inew - inw) (6new - Enew)
1—t 1—t n 1—t



é lnew — i Cnew + (lnw — lnew)

and if inew > lpw + Cnew then ny, | e — LA Cnew = ) >ny, adid e mew).
= 1-t 1—t 1-t

Solving these equations for i,,,,, as a function of t, i,,,,, revenues, and costs we get the following

minimums for i,,,,,

fOT inew =< inw t Chnew

. Np . . ~ ,
lnew > n_ (Cnew - gnew) - (rne(l - t) - Cnew) + law
m

"TLW + ETLQW < lnew

N

. Ny ~ - - ,
lnew > 7 (Cnew) - (Tne(1 - t) - Cnew) + Ly

Ny + ny Ny + ny
However, as we know from propositions 3.2.8, 3.2.9, 3.2.10, and 3.2.11 increasing i, can favor

equilibria 6, 7, 8, and 9, respectively, over equilibrium 1. But we also know from these propositions that,

In the presence of tax policy, i.e. T > 0,t > 0,i,, > 0,i ., > 0, and i,,, = 0, total profit in

separating equilibrium 1 is greater than total profit in partial pooling equilibrium 6 when

[ (new = tnw)
(t ne — new ) + new nw )

1-t 1—-t

n Enew - 5new Enew - 5new
Mlo1-t ™1t

In the presence of tax policy, i.e. T > 0,t > 0,i,, > 0,i,., > 0, and i,,, = 0, total profit in

separating equilibrium 1 is greater than total profit in full pooling equilibrium 7 when

Ceew ) _ (— _ Enew) (Enew - anew) (iew B inew) n (Enew B Enew)
1—t ne1—t 1—t 1-1¢) m 1—t

C i —i
>n [(r e — 1n_evt;) n ( ne\iz_ tnw)]

Eeew) _ (F _ Enew) _ (Eeew — Cnew + Enew) (iew - inw) (iew - inew)
1-¢ no1—t 1—¢ 1-t 1—t¢t

if low < lnw + Ceew thenny [(Fe -

and if ey > iny + Ceew then ny [(T’e -

(Eeew — Cnew + Enew) (inw - iew) Enew (inew - iew) + Ceew
+ F+n || T e —
1-t 1-t - 1-t 1-t

>Ny,

In the presence of tax policy, i.e. T > 0,t > 0,i,, > 0,i,., > 0, and i,,, = 0, total profit in

separating equilibrium 1 is greater than total profit in the partial pooling equilibrium 8 when



[4 [4 low — L
iF o < iy + Coon then 1y [(;e - Loy _ (7, - Snowy <( . ;)ew))] >0

Ceew ) _ (_ Enew) _ (Eeew — Cnew + 5new) (iew - inw)
ne

andifiew>inW+Eeewthennh[(?e—1_t — ¢ - -

(iew - inew) (Eeew ~ Cnew + C~new) (inw - iew) (inw - inew)
1-t mn 1-t 1-t 1-t

In the presence of tax policy, i.e. T > 0,t > 0,i,, > 0,i,., > 0, and i,,, = 0, total profit in

separating equilibrium 1 is greater than total profit in the partial pooling equilibrium 9 when

Ceew — Cnew (iew - inew)
)= (P52 + ]

ifiewSinw+£eewthennh[(7e_1_t 1—t 1—t

c i -1 Crnew — C
+ nm |:('Fne _ 1nj\4/t> + ( ne\:/lv — tnw)] > nh [( TleVVl _;new)

Ceew — Cnew (iew - inw)
)= (Fre =79

andifiew>inw+geewthennh[(?e—1_t “1-¢ -

+ n, (f'ne _ 6new) (inew - inw)] > n, |:(£eew — Chnew + 5new) (inew - iew)

1-t¢ 1-t 1-t¢ 1-t¢

For equilibrium 6 there is no way to compensate for increases in i,,,, therefore the condition in
proposition 3.2.8 establishes the maximum i,,,,, Where profit in equilibrium 1 is still greater than profit in
equilibrium 6. Solving for i, we get

for inew <ipw + Cnew

Ny, +n, _ R _ .
“ (Cnew - Cnew) - (E ne(1 - t) - Cnew) + law

i
new nl

For equilibria 7, 8, and 9 increases in i,,,, can be compensated by increases in i,,,. Therefore, the

conditions in propositions 3.2.9, 3.2.10, and 3.2.11 establish the minimums for i,,, such that profit in

equilibrium 1 is greater than profit in equilibria 7, 8, and 9. Solving each, respectively for i,,, yields
foriey < iny + Ceew

n n, _ - _ _ _ ~
iEW > n_l [(E ne(l - t) - Enew) + (inew - inw)] - n_ [cnew - Cnew] + (rne(l - t) - gnew) - (re(l - t) - Eeew) - (Cnew - Cnew)
h

h

+

inew] ’



iew > (?necl - t) - gnew) - (?e(l - t) - Qeew) + inew'

and

o > (Bnew = Ene) + (Fro (1= 1) = ) = (Foll =) = Caau) = 22 [l = ) = ) + G = )]

+ Inew-
However, as we know from propositions 3.2.5 and 3.2.6 increasing i,,, can favor equilibria 3 and 4 over
equilibrium 1 in terms of profit. But profit in equilibrium 3 is always greater than profit in equilibrium 4
therefore the conditions in proposition 3.2.5 informs the maximum on i,,, for which profit in equilibrium
1 is still greater than profit in equilibria 3 and 4. Solving for i,,, yields
forisew < inw + Crnew
o < Gre(1 = ) = ) = (o1 = 1) = Ga) =2 [(€oow — Enew) = G = Enen)] + b
Proof of Lemma 4.a:
Assume the following values for given variables:
n,=n,=n=1

Crew = 0.5, Enew = 1.1, Cpow = 1.25

7. =2.6,7, = 2,7, = 15.

Note that given these values the following is true

Fe —Ceew > Fne — Cnew = 0,
Tne — Cnew > To — Coew > 0,and
0> T ne _Enew >Te _Eeew
where,
1.6 >15>0,

0.4>0.2>0,and



0> —0.25 > —0.55.
Also, the following conditions from propositions 3.2.2 and 3.2.3 are true
Tun (Fae = Enew) < M (Cnew = Cnew) and
nh(Fe - Eeew) - nh(Fne - Enew) + N (Fre — Cnew) < nh(fnew - Enew)
where,

0.4 < 0.6 and

1.6 —1.54+0.4=0.5<0.6.
Proof of Proposition 4.1:
Choose tax ratest = 0, T = 0, and transfers i,,, = 0, iy, = 0, and i,,, = 0.
Given the tax rates t = 0, T = 0, and transfers i,,, = 0, i, = 0, and i,,,, = 0 the firm chooses the
minimum wages that sustain equilibrium 2

Ceew + (inw - iew)

Wype = 0and w, =

1-0v
which are,
1+(0-0)
Wne=OandWe=—1 =1

The individual types self-select into the appropriate education and work combinations as long the
following incentive compatibility constraints hold.

IC"™: igy + (1 = OOWe = Ceew = lnew + (1 = O)Wne = Crew

IC": iy + (1 = W, — Coow = lnw

IC™: iy, = gy + (1 — )W, — Coew

IC™: iy = lnew + (1 — OWne — Crew

IC™: iy = gy + (1 = )W, — Ceew

IC™: iy = inew + (1 — O)Wpe — Chew-
which are,

ICPm:0+ (1)1 —1>0+ (1)0—050r0 > —0.5



ICM:0+(1)1-1>00r0=>0
IC™:0>0+(1)1—-1.80r0=>-0.8
IC™:0>0+(1)0—1.10r0=>-1.1
IC*":0 >0+ (1)1 —2.050r 0> —1.05
IC™:0 >0+ (1)0 — 1.25 07 0 > —1.25.
Therefore, the high-type chooses to get and education and work at the educated wage and the medium and
low-type chooses to not work. Individuals enjoy utility
few + (1 = )W, — Ceew + lnw + lnw
which is,
0+(1—-1+0+0=0.
The government budget constraint is
BC: t(npwe + NpWre) + T (i (Fo — We)) = Npiew + Nninw + Myinw
which is,
BC:0(1+0)+0126—-1)=>0+0+0 0r0=0
Firm profits are
2 = (1= T)[ny(7e — we)]
which is
2 =(1)2.6—-1)=16.
All other possible profits given the tax rates t = 0, T = 0, and transfers i,,, = 0, iy = 0,and i,,,, = 0
given the firm chooses the minimum wages that sustains each equilibrium are
= ()[R26—-16)+(1.5-1.1)] =14
B =M[R6-18)+(2-18)]=1
m* = (1)[(2.6 — 2.05) + (2 — 2.05) + (1.5 — 2.05)] = —0.05
w5 = (1)[(2.6 — 1.95) + (2 — 1.95) + (1 — 1.25)] = 0.45
m® = (1)[(2.6 — 1.75) + (1.5 — 1.25) + (1 — 1.25)] = 0.85

77 = (D[(2 = 1.25) + (1.5 — 1.25) + (1 — 1.25)] = 0.75



78 = ()[(2 - 1.1) + (1.5 — 1.1)] = 1.3
7% = (D[22 = 05)] = 1.5
7r10 — 0
Therefore n2 > n* for k = 1,3, ..., 10.

Thus, in the absence of tax policy when the tax rates t = 0, T = 0, and transfers i, = 0, i,y = 0, and

inw = 0 the firm maximizes profit by choosing wages that sustain partial pooling equilibrium 2.

Proof of Proposition 4.2:
Choose tax rates t = 0.30, T = 0.345, and transfer i,,,, = 0 to determine i,,,,, per proposition 3.2.13

fOT' Inew < lnw + Cnew

. L ~ ~ ,
lnew > n_ (Cnew - C ew) - (rne(l - t) - Cnew) + L

which is,
inew > (1.1 = 0.5) — (1.5(0.7) — 1.1) + 0 = 0.65
but ipew < inw + Cnew does not hold since 0.65> 0.5 therefore

fOT lnw + Enew < lnew < lTlW + Cnew

Ny

n
lnew > — (Cnew) - = (rne(l - t) - Cnew) + lpw
n, +n, n, + n,

which is,
1 1
inew > 511 = >(15(0.7) = 1.1) + 0 = 0.575
Therefore choose iy, = 0.59. Now given i,,,, = 0.59 to determine i,,, per proposition 3.2.13
foriew < inw + Ceew
fow 2 (Cnew = Cnew) + (Fre(1 =) = Cnew) = (Fe(1 =) = o) = Z—’: [(Fe (1 = £) = Cnew) + (inew = inw)]

+ lnew

which is,



i, = (1.1 —0.5) + (2(0.7) — 0.5) — (2.6(0.7) — 1) — (1.5(0.7) — 1.1) — (1.04 — 0) + 1.04 = 0.73

and
tow = (Tre(L = 8) = Cnew) = (Fe(1 =) = Coew) + inew
which is,
iow = (2(0.7) — 0.5) — (2.6(0.7) — 1) + 0.59 = 0.67
and
o 2 1 [ = 0 = B+ e = )] =2 B = B + (Fre (1= ) = )
— (Fe( = ) = Ceew) = Crew = Enew) + inew]
which is,

lew = (1(0.7) — 1.25) + (0.59 — 0) — (1.25 — 1.1) — (2(0.7) — 0.5) — (2.6(0.7) — 1) — (1.25 — 1.1) + 0.59
=—-1.39
Therefore, choose i,,, = 0.73 which is less than i, + c .., = 1 therefore the condition on the transfers
holds.
Given the tax rates t = 0.30, T = 0.345, and transfers i,,, = 0.73, i,,.,y = 0.59, and i,,,, = 0 the firm
chooses the minimum wages that sustain equilibrium 1

_ 6new + (inw - inew) _ Ceew — Cnew T (inew - iew)

Wye = 1—¢ and w, = 1-¢ + Wpe
which are,
1.1+ (0 —0.59) 1-0.5+(0.59-0.73)
Wye = — o7 = (0.729 and w, = 07 + 0.729 = 1.245.

The individual types self-select into the appropriate education and work combinations as long the
following incentive compatibility constraints hold.

ICM™: igy + (1 = OOWe = Ceew = lnew + (1 = O)Wne = Crew

IC™: iy + (1= W, — Coow 2 inw

IC™: iy + (1 — OWye — Cnew = few + (1 — W, — oo

IC™: ey, + (1 = )Whe = Crew = inw



ICM: iy, =g, + (1 — W, — Cop
IC"™: iy = inew + (1 — )Whe — Crew-
which are,
IC"™:0.73 4+ (0.7)1.245 — 1 > 0.59 + (0.7)0.729 — 0.5 or 0.6015 > 0.44721
IC™:0.73 + (0.7)1.245 — 1 > 0 or 0.6015 = 0
IC™":0.59 + (0.7)0.729 — 1.1 > 0.73 + (0.7)1.245 — 1.8 or 0.0003 > —0.1985
IC™:0.59 + (0.7)0.729 — 1.1 > 0 or 0.003 > 0
IC™:0 > 0.73 + (0.7)1.245 — 2.05 or 0 > —0.4485
IC"™:0 > 0.59 + (0.7)0.729 — 1.25 or 0 > —0.1497.
Therefore, the high-type chooses to get and education and work at the educated wage, the medium type
chooses to not get an education and work at the uneducated wage, and the low-type chooses to not work.
Individuals enjoy utility
lew + (1 — OWe — Coew + lnew + (1 — OWne — Cnew + lnw
which is,
0.73 4+ (0.7)1.245 — 1 + 0.59 + (0.7)0.729 — 1.1 + 0 = 0.6015 + 0.0003 = 0.6018.
The government budget constraint is
BC: t(npwe + NypWye) + T (i (Fo — o) + M (Fae — Wne)) = NMplow + Mminew + Miinw
which is,
BC:0.3(1.245 + 0.729) + 0.345((2.6 — 1.245) + (1.5 — 0.729)) > 0.73 + 0.59 + 0 or 1.32567 > 1.32
Firm profits are
= (1= TNy (e — We) + Ny (Fre — Wne)l
which is
! = (0.655)[(2.6 — 1.245) + (1.5 — 0.729)] = 1.39253.
All other possible profits given the tax rates t = 0.30, T = 0.345, and transfers i, = 0.73, i,y =
0.59, and i,,,, = 0 given the firm chooses the minimum wages that sustains each equilibrium are

72 = (0.655)[2.6 — 0.515] = 1.365675



73 = (0.655)[(2.6 — 1.529) + (2 — 1.529)] = 1.01
m* = (0.655)[(2.6 — 1.886) + (2 — 1.886) + (1.5 — 1.886)] = 0.28951
75 = (0.655)[(2.6 — 1.743) + (2 — 1.743) + (1 — 0.943)] = 0.767005
6 = (0.655)[(2.6 — 1.458) + (1.5 — 0.943) + (1 — 0.943)] = 1.15018
77 = (0.655)[(2 — 0.943) + (1.5 — 0.943) + (1 — 0.943)] = 1.094505
8 = (0.655)[(2 — 0.729) + (1.5 — 0.729)] = 1.33751
7% = (0.655)[(2 — 0)] = 1.31
ml0 =0
Therefore nt > n* for k = 2,3, ..., 10.

Thus, the tax rates t = 0.30, T = 0.345, and transfers i,,, = 0.73, i,,.,v = 0.59, and i,,,, = 0 solves the

government’s maximization program.

Proof of Proposition 4.3:
Choose tax rates t = 0.30, T = 0.6, and transfer i,,, = 0 to determine i,.,, per proposition 3.2.13

fOT' Inew < lnw t Cnew

Ny, +ny

inew n (Enew - 5new) - (t ne(l - t) - Enew) + inw
l

which is,
2
inew > 7 (1.25 = 1.1) = (1(0.7) - 1.25) + 0 = 0.85

Therefore choose iy, = 0.84. Now given i,,,, = 0.84 to determine i,,, per proposition 3.2.13

fOT' Inew = Inw t Chew

n

. ~ ~ ~ ~ h ~ ~ .
Low < (Tne(l —t)— Cnew) - (Te(l —t)— Ceew) - [(Eeew - Enew) - (Ceew - Cnew)] + lpew
Nm

which is,
iy < (1.5(0.7) — 1.1) 4+ (2(0.7) — 1.8) — (1 — 0.5) — (1.8 — 1.1) 4+ 0.84 = 1.39

and



Therefore, choose i,,, = 1.38.
Given the tax rates t = 0.30, T = 0.6, and transfers i,,, = 1.38, i,;.,, = 0.84, and i,,,, = 0 the firm
chooses the minimum wages that sustain equilibrium 1

_ é'vnew + (inw - inew) _ Ceew — Cnew + (inew - iew)

Whe 1—¢ and w, = 1-¢ + Wye
which are,
1.1+ (0 —0.84) 1-0.5+(0.84 — 1.38)
Wpe = — o7 = (0.372and w, = 07 + 0.372 = 0.315.

The individual types self-select into the appropriate education and work combinations as long the
following incentive compatibility constraints hold.
ICM™: fgy + (1 = OOWe — Ceew = inew + (1 = IWne — Crew
ICM: g, + (1 — W, — Coow = inw
IC™ i + (1 — OWie — Cnew = low + (1 — W, — Ceery
IC™: 0w + (1 = OWne — Enew = inw
ICM: iy, =g, + (1 — W, — Cop
IC™: iny, = inew + (1 — O)Wne — Crew-
which are,
1€ 1.38 4 (0.7)0.315 — 1 > 0.84 + (0.7)0.372 — 0.5 or 0.6005 > 0.6004
IC™:1.38 + (0.7)0.315 -1 > 0 or 0.6005 = 0
IC™:0.84 + (0.7)0.372 — 1.1 > 1.38 + (0.7)0.315 — 1.8 or 0.0004 > —0.1995
IC™: 0.84 + (0.7)0.372 — 1.1 = 0 or 0.004 > 0
IC™":0 > 1.38 + (0.7)0.315 — 2.05 or 0 > —0.4495
IC'™;0 > 0.84 + (0.7)0.372 — 1.25 or 0 > —0.1496.
Therefore, the high-type chooses to get and education and work at the educated wage, the medium type
chooses to not get an education and work at the uneducated wage, and the low-type chooses to not work.
Individuals enjoy utility

iew + (1 - t)We — Ceew + inew + (1 - t)Wne - é‘new + inw



which is,
1.38 + (0.7)0.315 — 1 + 0.85 + (0.7)0.372 — 1.1 + 0 = 0.6005 + 0.0004 = 0.6019.
The government budget constraint is
BC:t(nyw, + nyuwy,) + T(nh(T‘e —w,) + ny, (F, — Wne)) > Nplew + Nplnew + Nilnw
which is,
BC:0.3(0.315 + 0.372) + 0.6((2.6 — 0.315) + (1.5 — 0.372)) = 1.38 + 0.85 + 0 or 2.2539 > 2.23
Firm profits are
= (1= Tny(Fe — We) + Ny (Fre = Wne)l
which is
! = (0.4)[(2.6 — 0.315) + (1.5 — 0.372)] = 1.3652.
All other possible profits given the tax rates t = 0.30, T = 0.6, and transfers i,,, = 1.38, i, = 0.85,
and i,,, = 0 given the firm chooses the minimum wages that sustain each equilibrium are
2 = (0.4)[2.6 — (—0.043)] = 1.0572
73 = (0.4)[(2.6 — 0.6) + (2 — 0.6)] = 1.36

m* = (0.4)[(2.6 — 0.957) + (2 — 0.957) + (1.5 — 0.957)] = 1.2916

m° = (0.4)[(2.6 — 0.814) + (2 — 0.814) + (1 — 0.586)] = 1.3544

76 = (0.4)[(2.6 — 0.529) + (1.5 — 0.586) + (1 — 0.586)] = 1.3596

7 = (0.4)[(2 — 0.586) + (1.5 — 0.586) + (1 — 0.586)] = 1.0968

8 = (0.4)[(2 — 0.371) + (1.5 — 0.371)] = 1.1032
% = (0.4)[(2 — 0.057)] = 0.772
rl0 =0

Therefore 7t > n* for k = 2,3, ....,10.

Thus, the tax rates t = 0.30, T = 0.59, and transfers i, = 1.38, i,,.,, = 0.84, and i,,,, = 0 solves the

government’s maximization program.



Proof of Proposition 4.4:
Choose tax rates t = 0.30, T = 0.98, and transfer i,,,, = .45 to determine i, per proposition 3.2.13

fOT Inew = lnw T Cnew

. Ny (. ~ ~ .
lnew > n_ (Cnew —C ) - (rne(l - t) - Cnew) +

- new
m

which is,
Inew > (1.1 — 0.5) — (1.5(0.7) — 1.1) + 0.45 = 1.10
but ipew < inw + Cnew does not hold since 1.10 > 0.45 + 0.5 therefore

fOT iTLW + Enew < inew < inw + Enew

ny n

(Enew) - = (Fne(l - t) - Enew) + inw
n, + ny, n, + ny,

inew >
which is,
1 1
inew > 5 1.1 = 5(1'5(0'7) —1.1) + 0.45 = 1.025

Therefore choose iy, = 1.04. Now given i,,,, = 1.04 to determine i,,, per proposition 3.2.13
foriew < inw + Ceew
fow 2 (Enow = Caow) + (el =) = €ne) = (Foll = 0 = o) =7 [Gre (1 = ) = ) + G = )]
+ lnew
which is,
igw = (1.1 —0.5) + (2(0.7) — 0.5) — (2.6(0.7) — 1) — (1.5(0.7) — 1.1) — (1.04 — 0.45) + 1.04 = 1.18
and
few = (Tre(1 =) = Cpew) = (Fe(1 =) = Ceew) + inew
which is,
iy = (2(0.7) — 0.5) — (2.6(0.7) — 1) + 1.04 = 1.12

and



w2 (e =0 = Fae) + Gy = )] = 2 o = En] + (el = ) = )
~ (Fo(1 =) = Ceew) = Cnew = Crew) + tnew]
which is,
few = (1(0.7) — 1.25) + (1.04 — 0.45) — (1.25 — 1.1) — (2(0.7) — 0.5) — (2.6(0.7) — 1) — (1.25 — 1.1) + 1.04
= —0.94.
Therefore, choose i,,, = 1.18 which is less than i,,,,, + ¢ ¢ = 1.45 therefore the condition on the
transfers holds.
Given the tax rates t = 0.30, T = 0.98, and transfers i,,, = 1.18, i,.,, = 1.04, and i,,,, = .45 the firm
chooses the minimum wages that sustains equilibrium 1

— 5new + (i”W — inew) Ceew — Cnew + (inew - iew)

Wype = 1—¢ and w, == = 1-¢ + Wye
which are,
1.1 + (0.45 — 1.04) 1—0.5+ (1.04 — 1.18)
Wy = 7 =~ 0.729 and w, = 07 +0.729 = 1.245.

The individual types self-select into the appropriate education and work combinations as long the
following incentive compatibility constraints hold.

IC™™: fgy + (1 = OWe — Ceew = inew + (1 = IWne — Cnew

IC": iy + (1 = W, — Coow = lnw

IC™: iy + (1 — OWre — Cnew = fow + (1 — W, — Coew

IC™: i, + (1 = OWye — Enew = inw

ICM: iy, =g, + (1 — )W, — Cop

ICY™: i = inew + (1 — )Wy — Crow-
which are,

IC"™:1.18 + (0.7)1.245 — 1 > 1.04 + (0.7)0.729 — 0.5 or 1.0515 > 0.89721
IC™:1.18 + (0.7)1.245 — 1 > 0.45 or 1.0515 > 0.45

IC™":1.04 + (0.7)0.729 — 1.1 > 1.18 + (0.7)1.245 — 1.8 or 0.4503 > 0.2515



IC™:1.04 + (0.7)0.729 — 1.1 > 0.45 or 0.4503 > 0.45
IC™:0.45 > 1.18 + (0.7)1.245 — 2.05 or 0.45 > 0.0015
ICY"™:0.45 > 1.04 + (0.7)0.729 — 1.25 or 0.45 > 0.3003.
Therefore, the high-type chooses to get and education and work at the educated wage, the medium type
chooses to not get an education and work at the uneducated wage, and the low-type chooses to not work.
Individuals enjoy utility
lew + (1 — OWe — Coew T lnew + (1 = OWne — Crew + lnw
which is,
1.18 + (0.7)1.245 — 1 + 1.04 + (0.7)0.729 — 1.1 4+ 0.45 = 1.9518.
The utility enjoyed by individuals is greater than any possible total surplus in any other equilibrium.
The government budget constraint is
BC: t(npwe + NypWre) + T (1 Fo — Wo) + N (e — Wie)) = Npliow + Noinew + Miinw
which is,
BC:0.3(1.245 + 0.729) + 0.98((2.6 — 1.245) + (1.5 — 0.729)) > 1.18 + 1.04 + 0.45 or 2.67568 > 2.67
Firm profits are
mt =1 =Ty, — We) + 1y (Fre — Wne)l
which is
! = (0.02)[(2.6 — 1.245) + (1.5 — 0.729)] = 0.04252.
All other possible profits given the tax rates t = 0.30, T = 0.98, and transfers i,,, = 1.18, iy, = 1.04,
and i,,, = 0.45 given the firm chooses the minimum wages that sustains each equilibrium are
m? = (0.02)[2.6 — 0.515] = 0.0417
73 = (0.02)[(2.6 — 1.529) + (2 — 1.529)] = 0.03084
* = (0.02)[(2.6 — 1.886) + (2 — 1.886) + (1.5 — 1.886)] = 0.00884
75 = (0.02)[(2.6 — 1.743) + (2 — 1.743) + (1 — 0.943)] = 0.02343
m® = (0.02)[(2.6 — 1.458) + (1.5 — 0.943) + (1 — 0.943)] = 0.03512

77 = (0.02)[(2 — 0.943) + (1.5 — 0.943) + (1 — 0.943)] = 0.03342



8 = (0.02)[(2 — 0.729) + (1.5 — 0.729)] = 0.04084
n° = (0.02)[(2 — 0)] = 0.04
ml0 =0
Therefore nt > n* for k = 2,3, ..., 10.
Thus, the tax rates t = 0.30, T = 0.98, and transfers i,,, = 1.18, i,,.,, = 1.04, and i,,,, = .45 solves the

government’s maximization program.



