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1 Introduction

The equilibrium allocation of resources does not materialize without cost in markets with fric-
tions. Bringing together buyers and sellers in such markets is value creation that may be distorted
by taxation. In a frictional labour market, income taxation impacts the unemployment rate and
the allocation of workers to firms, and gives rise to hitherto understudied deadweight losses.

We study these deadweight losses of taxation in a rich model of a frictional labour market.
Unemployed workers search to find a job, employed workers search on-the-job to locate a better
job, and firms are free to enter the market and search for employees by posting vacancies.
Workers differ in intrinsic ability (a worker’s type). Jobs differ in their productivities and in the
level of amenities they provide. These amenities are not observed by the government and we
assume that they cannot be taxed. Workers rank jobs on a job ladder with unemployment at
the bottom rung, followed by unattractive jobs at lower rungs and more attractive jobs at higher
rungs. Workers exert search effort to climb the job ladder. We consider affine labour income
tax functions, i.e., a proportional tax on labour income that finances lump-sum transfers to all
workers, unemployment benefits, and exogenous expenditures.

In competitive search equilibrium, workers of different types and at different rungs of the
job ladder search in separated submarkets and do not create search externalities for each other.
We assume employment contracts are sufficiently sophisticated to resolve any employer-employee
agency problems. The tax and benefit system, however, introduces two fiscal externalities: work-
ers and firms internalise neither their impact on the tax base, and thus on the government’s tax
revenue, nor on the government’s unemployment benefit expenditures. In a laissez-faire econ-
omy without taxes and benefits, the competitive search equilibrium coincides with the planner’s
solution. With taxes and benefits, the equilibrium maximizes the expected after-tax lifetime
utility of searching workers, but distorts the allocation of workers to jobs away from the planner
solution. Indeed, an increase in the tax rate impacts workers’ job search effort, their ranking of
jobs, and firms’ vacancy creation. These distortions generate deadweight losses.

Consider first distortions to search effort. As workers’ search costs are not deductible, a tax
increase reduces workers’ search effort on job ladder rungs where taxable incomes are expected
to increase after successful search. This is the case for unemployed workers, and a higher income
tax rate therefore leads to lower search effort among the unemployed and a deadweight loss:
the tax base shrinks and aggregate unemployment benefit expenditures increase. For workers
employed in low-productivity jobs, whose wages also tend to increase as they climb the job
ladder, search effort fall as well, further shrinking the tax base. In effect, at these job ladder
rungs, income taxation gives rise to a hold-up problem: the worker carries the entire cost of
search, while the government expropriates part of the return. Workers in high-productivity,
low-amenity jobs, however, expect wage incomes to fall as they move up the job ladder, as,
empirically, wages do for a substantial minority of job switchers. At these job ladder rungs,
income taxation effectively subsidises search effort, and higher taxes therefore spur search effort.
This nonetheless generates a deadweight loss because it increases the rate at which workers leave

high-paying, high-productive jobs for lower-paying, high-amenity jobs.



Next, consider distortions to workers’ ranking of jobs. A worker accepts employment at a
new employer if and only if the new job offers better terms of employment than the worker’s
current job (or unemployment, as the case may be). Since wages are taxed while amenities are
not, income taxation tend to make high-amenity, low-productivity jobs more attractive relative
to high-productivity, low-amenity jobs. Relative to the stipulations of a social planner, income
taxation in the decentralised equilibrium induces workers to accept too few high-productivity,
low-amenity jobs and too many low-productivity, high-amenity jobs, and an increase in the tax
rate strengthen these tendencies, which reduces the tax base and gives rise to deadweight losses.

Finally, consider distortions to vacancy creation. More vacancies imply that workers and
firms match faster, but also higher vacancy costs for firms. A zero-profit condition implies that
these costs are ultimately borne by the workers through lower wages after successful search,
creating a trade-off between the job finding rate and the expected wage after finding a job. In
competitive search equilibrium, this trade-off is balanced to maximise the expected after-tax
NPV utility of searching workers. In the absence of amenities, higher expected income due to a
higher job finding rate and higher expected income due to higher wages when finding a job are
taxed at the same rate. In that case, the equilibrium trade-off between high job finding rates
and high wages is unaffected by taxation, and vacancy creation is left undistorted.

However, when the economy features untaxed amenities, a tax increase reduces the gains
from higher wages proportionally, but reduces the gains from a higher job finding rates less
or more than proportionally depending on whether the amenity level is expected to increase
or decrease along the job ladder. In submarkets where workers expect amenity increases, e.g.
in high-productivity low-amenity submarkets, a higher job finding rate offers faster access to
these tax-free amenities. Hence, in such submarkets, a tax increase leads to excessive vacancy
creation and worker reallocation, which shrinks the tax base and gives rise to deadweight losses,
except at the unemployment rung; here, the excessive vacancy creation in fact counteracts the
depressing effect of unemployment benefit provision on vacancy creation, and therefore reduces
the deadweight loss. At job ladder rungs where workers expect negative amenity growth, e.g.
in low-productivity high-amenity submarkets, deadweight losses arise because a tax increase
depresses vacancy creation and labour reallocation.

For the quantitative part of our analysis, we calibrate the model parameters using matched
employer-employee data from Denmark for 1994-2003, including detailed information on indi-
vidual tax filings. We use the calibrated model to compute the implied marginal deadweight loss
from (a linearised version of) the Danish tax and transfer system, and decompose the marginal
deadweight loss into the three channels discussed above: job search effort, job ranking, and
vacancy creation. The average marginal tax rate in Denmark is 0.643. The total marginal dead-
weight loss amounts to 36 percent of the tax base, which is equivalent to an elasticity of taxable
income (ETI, the elasticity of the tax base with respect to the net-of-tax rate) of 0.13. The
deadweight loss arises because the tax and transfer system skews the allocation of workers away
from high-productivity, low-amenity jobs and towards low-productivity, high-amenity jobs. Dis-
tortions to job search effort, job ranking, and vacancy creation comprises 24 percent, 8 percent,

and 68 percent of the marginal deadweight loss, respectively.



Finally, we compute the optimal tax rates as a function of a social planner’s aversion to
inequality. The deadweight loss in the calibrated economy is substantially higher than the dead-
weight loss even very inequality averse planners are willing to incur to achieve their redistributive
goals. We show that steeply rising deadweight losses coming from distorted vacancy creation
are behind this finding. Careful account of exogenous government spending in the calibration
may help rationalize the observed tax rate, but it remains the case that government spending
entails a high deadweight loss, which primarily arises from distorted vacancy creation.

Our paper also offers an important methodological contribution. We construct an equilib-
rium on-the-job search model of worker reallocation that is sufficiently rich to admit detailed
qualitative and quantitative analysis of interesting policy questions, yet delivers an allocation
that maximizes after-tax utility, and is constrained efficient in laissez-faire. The latter feature
has several advantages. First, it offers clarity of interpretation in the sense that deadweight
losses can be traced directly to the fiscal externalities of the tax and transfer system; specifi-
cally, tax distortions are unaffected by externalities arising from arbitrary assumptions regarding
the matching technology and the employment contracts. Second, it offers analytical tractability;
specifically, partial deadweight losses can be derived independently at each job ladder rung using
the Envelope Theorem, while the model’s recursive structure implies that the total deadweight
loss obtains by integrating the rung-specific (partial) losses. Third, it implies that the (marginal)
deadweight losses come about via deflated tax bases and inflated unemployment benefit expen-
ditures, with the former component being proportional to the tax rate. This connects our paper
to the broader literature on the deadweight loss of taxation and on optimal taxation.

Much of this literature is grounded in the “sufficient statistics approach” to policy design
pioneered by Feldstein (1995, 1999) and further developed and surveyed in Chetty (2009), Saez,
Slemrod, and Giertz (2012), and Kleven (2021). In particular, there is a large empirical literature
concerned with estimating the ETI. This literature typically derives identification from tax
reforms that (in a mechanical sense) affect some workers in some income ranges, but leave other
(yet similar) workers unaffected, or from the extent of bunching at discontinuity points of the
marginal tax rate function.!

We are also concerned with the ETI, but we do not follow the sufficient statistics approach.
Instead, we calibrate the parameters in our job ladder model and calculate the ETI for the
calibrated economy. There are several reasons for why a sufficient statistics approach is ill
suited for estimating the effects of taxes on the equilibrium allocation of labour in a job ladder
economy, some of which have already been brought forward by Kreiner, Munch, and Whitta-
Jacobsen (2015). First, workers search to find better jobs, and firms may offer high wages to
attract workers. For decisions along these margins, both current and future taxes are relevant.
Hence, following a tax reform, it is difficult to identify a valid control group, and it is not
straightforward to see how any bunching in the wage setting of firms can be used to estimate

the relevant deadweight losses.

'Relying mostly on reform-based estimates, Saez, Slemrod, and Giertz (2012) report that the ETI is in the
range 0.12-0.40 for the US, and Kleven and Schultz (2014) using a number of income tax reforms in Denmark
(where our data originate) to estimate ETIs in the range 0.05-0.12.



Second, taxes in a job ladder model influence worker flows, and it takes time before changes in
the flows manifest themselves in changes in stocks, and a new steady state equilibrium allocation
is obtained. As Saez, Slemrod, and Giertz (2012) point out, estimating the long run elasticity
of taxable income, which we believe is the more relevant statistic for policy design, is extremely
difficult using the sufficient statistics approach and reform-based identification.

Third, our framework does provide a one-to-one relationship between worker type and current
wages. Both worker type, position on the job ladder, and job amenities influence a worker’s
current wage. Hence, a worker may have have a high current wage because she is a high type,
has climbed to a high job ladder rung, or has a current job that offers a low level of amenities.
The weight that the planner puts on the wellbeing of this worker, by contrast, depends only on
the expected utility of her type, and the calculation of that statistic requires knowledge of all
the parameters of the model.

We also deviate from the sufficient statistics literature in that we do not focus solely on
the total deadweight loss of taxes, but also estimate the components of the deadweight loss
separately. This is interesting in its own right, but is also important from a policy perspective, as
different policy instruments may be used to reduce them each component of the total deadweight
loss. For example, deadweight losses resulting from too little search efforts among workers call
for policies that stimulate on-the-job search, while excessive job creation call for non-neutral
profit taxation. Our approach is in line with the recommendation in (Saez, Slemrod, and Giertz,
2012, p. 43) that “future research that attempts to quantify the welfare cost of higher tax rates

should attempt to measure the components of behavioural responses as well as their sum.”

Related literature. A few papers in the early literature on search in the labour market
consider the effects of taxation on the equilibrium allocation. Pissarides (1985) and Smith
(1994), and somewhat later Pissarides (1998), analyse the effects of taxes on the unemployment
rate from a positive perspective (see Pissarides (2000) for an overview).

In a bargaining framework, search frictions may create externalities, and a series of papers
analyse how taxation may internalise these externalities. Boone and Bovenberg (2002) show how
taxes may restore efficiency in equilibrium models of random search when the Hosios condition
(Hosios, 1990) is violated.? Arseneau and Chugh (2012) studies taxation in a calibrated DSGE
model with search frictions, and argues that cyclical variations in the search-based labour wedge
call for taxes that vary over the business cycle. Wilemme (2021) studies taxation in a model of
mismatch, and shows that taxes should be regressive to correct for workers not being sufficiently
selective.

Hungerbuhler, Lehmann, Parmentier, and van der Linden (2006) analyse optimal redistribu-

2 Another set of papers analyse the role of taxes for wealth accumulation among workers in models where
unemployed workers search to find a job. Shi and Wen (1999) analyse the effect of taxes in a model of random
unemployed search, in which workers accumulate capital. Higher labour taxes discourage working, and lead to
lower investments by firms and lower wages. Capital taxation on the other hand increases labour supply, as
workers get a lower return on their capital. Hence, capital taxation may improve the allocation of resources.
Domeji (2005) analyses optimal taxation within the same modelling framework, and find that the optimal capital
tax is zero if and only if the Hosios’s condition is satisfied. Jiang (2012) uses a similar setup to analyse the
welfare effects of a UK tax reform.



tive taxation in a one-shot unemployment search model where the planner has equity concerns.
In their model, firms use resources to open vacancies and wages are determined by wage bargain-
ing. They assume (like we do) that workers are risk neutral, while the planner has preferences
over the (expected) income distribution over different worker types. A revelation mechanism can
be applied at the bargaining stage, so that the worker and the firm bargain over what “worker
type” to reveal to the planner and the optimal mechanism is derived. Under the optimal taxa-
tion scheme, the employment level is optimal for the most productive worker-firm pairs, while
there is over-employment for the lower types who search.

Golosov, Maziero, and Menzio (2013) study optimal taxation in a one-shot competitive search
equilibrium model with identical, risk averse workers and heterogeneous firms. Workers face a
fixed cost from sending an application. The equilibrium without taxation is inefficient, as optimal
risk sharing requires that workers are compensated for applying to jobs they do not get. In the
constrained efficient equilibrium, unemployment insurance makes workers indifferent between
searching for any job and not searching, as this result in maximum insurance given workers’
incentive compatibility constraint. There are no transfers between workers searching for different
firm types; firms in effect finance the unemployment benefits of the workers they attract but
do not hire. As a result, optimal taxation is regressive. Geromichalos (2015) studies optimal
taxation with risk averse workers in a one-shot urn ball model and finds that unemployment
benefits financed by lump-sum taxes lead to inefficiently high wages and low firm entry.

Kroft, Kucko, Lehmann, and Schmieder (2020) develop a model that allows for both macro
and micro responses to changes in taxes, where the former includes wage and employment re-
sponses while the latter does not. Even though labour market responses may not be efficient, the
behavioural responses can be quantified using a sufficient statistics approach. Macro-responses
are obtained by comparing policy variations between states in the US and are smaller than the
micro-effects, which indicate that workers” bargaining power is below the level prescribed by the
Hosios condition. Kroft, Kucko, Lehmann, and Schmieder (2020) does not include worker search
intensity, on-the-job search, or amenities, and their estimations use between state-comparisons,
not individual-level panel data as we do.

Kreiner, Munch, and Whitta-Jacobsen (2015) study the effects of taxes on workers’ on-the-job
search effort, and our work has some overlap with theirs. They work, however, with a one-sided
search model, with a fixed arrival rate of jobs, wages equal to productivity, and no wage posting
by firms. That is, their model does not feature equilibrium feedback from the firm side, as in a
Diamond-Mortensen-Pissarides search model like ours, and they do not consider amenities.?

A few recent papers analyse taxation and on-the-job search in two-sided search models.
Shephard (2017) evaluates a UK tax credit reform in an equilibrium on-the-job search model
with heterogeneous firms that post wage-hours packages and decide on recruitment effort, and
with workers that differ in their value of non-market time. Shephard’s focus is on the labour
supply responses along the full-/part-time margin among relatively unskilled workers, and he

takes worker search effort to be exogenous. The role of amenities is not studied per se, but the

3Mancino and Mullins (2020) study the Earned Income Tax Credit (in the US) also using a one-sided on-the-
job search model, but with hours constraints and multiple job holding.



model does feature heterogeneous hours disutility.

Sleet and Yazici (2017) study optimal taxation in a Burdett and Mortensen (1998) model
of on-the-job search. A tax on labour income (but not benefits) reduces net wages for workers,
increases their before-tax reservation wage, and shifts the entire wage distribution and workers’
production effort. This matters for the design of optimal tax policy because workers are risk
averse and unable to smooth consumption. Our analysis is complementary. First, we analyse
deadweight losses along the search effort, job ranking, and vacancy creation margins, which are
not present in Sleet and Yazici’s paper. Indeed, on-the-job search has no allocative consequences
in their model, it only influences the division of rent. In contrast, we focus on distortions that
influence the speed and direction of worker flows, and thus the worker-firm allocation. Second,
optimal tax policy in Sleet and Yazici (2017) depends crucially on wages being set by bargaining
where the firm has all the bargaining power. This is arguably arbitrary and fails to deliver
constrained efficiency in the absence of taxation. Hence, in their model, taxation may have
beneficial effects by mitigating inefficiencies introduced by the assumed wage setting mechanism.
Our analysis is based on a constrained efficient model where deadweight losses can be attributed
to market frictions as such. We think this is a considerable advantage, but it makes it challenging
to go beyond affine tax functions and to study general tax functions.

Bagger, Hejlesen, Sumiya, and Vejlin (2017) estimate an equilibrium on-the-job search model
with Burdett and Mortensen (1998) wage setting and two-sided endogenous search effort to
measure the (long run) elasticity of taxable labour income (ETLI), and to evaluate Danish
income tax reforms. The analysis in Bagger, Hejlesen, Sumiya, and Vejlin (2017) is entirely
positive: it aims to accurately quantify the effect of non-linear income taxation and actual
income tax reforms in an economy with search frictions and inefficiencies unrelated to taxes and
transfers arising from the assumed matching technology and equilibrium wage setting game. We
maintain an interest in quantitative predictions, but our focus is normative: we characterize
deadweight losses (and the optimal redistributive tax) in a constrained efficient economy with

search frictions.*

Moreover, Bagger, Hejlesen, Sumiya, and Vejlin (2017) do not consider the
role of amenities in guiding worker reallocation

Our paper also relate to papers outside the search literature. For example, Saez (2002)
analyses a model of taxation in which taxes influence participation (the extensive margin) as
well as which firm type (level) to work for (the intensive margin). Working for a firm at a
higher level gives higher income, but this may come at a cost. This is studied in more detail
in Christiansen (2015). Makris and Pavan (2021) and Best and Kleven (2013) study optimal
taxation under learning-by doing. These models of participation and of learning by doing are
very different from ours, there are interesting similarities in that the workers’ current choices are
influenced by the tax rates in income brackets that they may face in the future.

Finally, our work contributes to understanding how amenities shape outcomes in labor mar-

kets with frictions. The literature on search and amenities goes back to Hwang, Mortensen, and

4Breda, Haywood, and Wang (2019) studies the effects of payroll taxation and minimum wage policies (in
France) using an equilibrium on-the-job search model with sequential auction wage setting. The equilibrium is
inefficient, and their focus is (largely) on the positive analysis of payroll tax reductions.



Reed (1998). More recently, Sorkin (2018) finds that amenities comprise over 50 percent of the
firm component in the variance of earnings. Hall and Mueller (2018) finds that the standard
deviation of offered wages is smaller (0.24 US Dollars) than that of the offered non-wage com-
ponent (0.34 US Dollars), and Taber and Vejlin (2020) finds that the variance of flow utility is

around 2.5 times higher than the variance of wages.

2 The Job Ladder Model

There is a unit mass of infinitely lived risk neutral workers who discount the future at rate r, and
who can be one of I worker types. The fraction of type-i workers is x; such that Zfil ki = 1.

A worker is either unemployed or employed. Both unemployed and employed workers search
for jobs. Search effort is denoted e and is chosen by workers subject to a utility cost, c(e), with
d(e) > 0 and ¢’(e) > 0. That is, job search is associated with disutility, not reduced income,
and the cost of search is independent of the worker’s type and income. The latter assumption
implies that search effort depends on utility differentials in the available jobs, but not the level
of utility in these jobs. This is a standard assumption in the labour search literature and is
also in line with e.g. Saez (2002) who assumes that the choice of sectors do not depend on the
income levels in the different sectors, only the differences in income between them.

Identical firms enter the economy at cost K, and are subject to profit taxation at flat rate
7. A fraction v of the entry costs is deductible from profit taxation, so the net entry cost is
K (1 — ~vg7). After entry, the firm is in possession of one vacancy. The flow cost of operating
the vacancy is ¢’ with a fraction ~. being deductible. When the firm finds a worker, the vacancy
is immediately re-posted. Thus, firms have multiple jobs and there is no opportunity cost of
hiring. Firms never exit the market and discount the future at the same rate, r, as workers.’

Upon meeting, a firm and a type-: worker draws a two-dimensional vector of job attributes
y = (Yp,y.) € % C R? in the worker-type specific sampling distribution F*. The first job
attribute, y,, is the productivity of the match. The second attribute, y., is the amenity of the
job, observable to both parties and consumed by the worker. We refer to a job with attributes y
as a type-y job. After the job attributes are realized, which also specifies the before-tax flow wage
w to be paid to the worker, the parties decide whether or not to form a match. We assume that
the productivity and amenity attributes are continuously distributed, that the sampled amenity
attributes are independent of worker-type, and that the productivity and amenity attributes
are sampled independently. That is, if f* is the joint sampling density of y for type-i workers,
then f'(y) = fi(yp)f:-(y:), where fi and f. are the marginal sampling densities of y, and y.,
respectively. Higher type-i workers face better sampling distributions of productivity attributes
(in a stochastic dominance sense).

The planner observes profits and wages, which is equivalent to observing the productivity

attribute, y,, but does not observe y,. Hence, taxes can not be made contingent on y.; indeed,

5The assumption that workers and firms live forever simplifies the analysis slightly. Alternatively we may
assume that r consists of a pure discount rate r and an attrition rate of workers, s,,, and that firms exit the
market at rate, \.



the planner levies income taxes using the affine tax function t(w) = tw — tor, where ¢ is the
proportional tax rate and ¢q is the net present value (NPV) lump-sum tax/transfer. Hence, the
after-tax utility flow to an employed worker earning a before-tax wage w is w — t(w) + y,, while
the employing firm’s after-tax profit flow is (y, — w)(1 — 7).

Jobs are destroyed at exogenous rate s at which point the worker initiates an unemployment
spell. During unemployment, the worker receives a flow income transfer b irrespective of type,
and enjoys amenity attribute y, ¢, which includes non-taxed home production. For convenience,
we let yo = (b,y.0) indicate the unemployment attributes. Unemployment benefits are subject
to income taxation, so the utility flow of an unemployed worker is b — t(b) + y..o.

In competitive search equilibrium, firms post employment contracts. A contract specifies the
remuneration of the worker that is hired, and this worker’s search behaviour and job acceptance
decision as an employee in the new job. The labour market endogenously separates into submar-
kets. In each of these submarkets, firms offer identical contracts, and workers are of the same
type and work in jobs with the same job attributes (or are all unemployed); that is, submarkets
are indexed by (i,y). In each submarket, the flow of new matches is given by a Cobb-Douglas
matching function m(E,V) = AEPV1=# where E and and V are aggregate search effort by
workers and the number of vacancies posted in the submarket. Let = % denote labour market
tightness in a submarket, p(#) the arrival rate of job offers to workers per unit of search effort,
and ¢(0) the arrival rate of workers to a vacancy. The elasticity of the job offer arrival and the
vacancy filling rate with respect to tightness are 1 — 3 and — /3, respectively. The model structure

is illustrated in Figure 1.

2.1 Asset Value Equations

Consider an employed type-i worker currently matched with a type-y job. The key endogenous
objects, search effort e, the set of job attributes that the worker accepts upon meeting a new
vacancy, a set we denote %, C %/, the labour market tightness 6 faced by the worker, and the
wage w will be functions of the worker-type ¢ and the attributes of the current job, y, and, in
the case of w, the attributes of the previous job (or unemployment, as the case may be), which
we denote y*. However, for notational simplicity, we state asset values as functions only of i, y,
and when relevant, y*, and suppress the dependence of e, %, § and w on i, y and y*.

Let Vi(y,y*) denote the NPV utility of a type-i worker in a type-y job, who previously
worked in a type-y* job (y* = yy if the worker was hired into the type-y job from unemployment).
Furthermore, let V' be the NPV utility of unemployment to a type-i worker, which is history
independent. Since Vi(y,y%) and V{ are utilities, they describe the worker’s after-tax situation.

Omitting the lump-sum transfer ¢, the Bellman equation for Vi(y,y*) is:®
(r+8)Vi(y,y") = w —tw+y. = cle) + Vi + ep(OE <" [VI(y',y) = Vi, )], (1)

where EY' €% Vily',y) = Vi(y,y")] = f% [Vily',y) = Vi(y,y")] dF(y’) is the expected gain

6The omission of ¢y from (1) has no bearing on the behaviour of agents in the model, but does of course affect
their welfare. We re-introduce ¢y when we conduct our welfare analysis.



Figure 1: Model overview
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Notes: The shaded green, red, and blue areas illustrate that workers reallocate to higher rungs when
the opportunity arises. Rung-y contracts stipulate identical search strategies for all rung-y workers,
but these workers are paid differently because they came to rung-y from different (lower-ranked) rungs.

from meeting a vacancy, which also introduces the notation dy’ = dy; dy.. The permanent
utility flow to an employed worker is the utility flow in the current job, plus the expected capital
loss from job destruction, plus the expected capital gain from meeting a new vacancy.

Let Ji(y,y") denote the after-tax net present discounted income to the firm from a type-y

job occupied by a type-i worker who was poached from a type-y* job. Then

(r+s)J'(y,¥") = (yp — w)(1 — 7) — ep(O)EY <" J'(y, ") (2)

which states that the permanent profit flow to the firm from a filled job equals the current profit
flow, plus the expected (negative) capital gain incurred when the worker quits the job.
The joint after-tax value of a matched worker and firm plays a key role in our analysis. The

match value, which is measured in worker utils, is denoted L'(y), and is given by

Li(y) = Vi(y,y") + i_;jJ(y,yé), (3)

for y # yo. We further define L = V{ for unemployment. The worker-utility denoted after-

tax match value reflects that firm after-tax profit can be exchanged for worker utility at rate



(1—1t)/(1 — 7). Equations (1), (2), and (3) imply that
(r+$)L'(y) = yp(1 = 1) + 5 — e(e) + sLg + ep(O)BY % [VI(y'y) — L'(y)] - (4)

Our notation indicates that Li(y) is independent of the worker’s labour market history y*.
Hence, (r+s)Li(y), comprises the flow utility, including the utility cost of worker search, as well
as expected capital loses and gains associated with job destruction and meeting a vacancy.

Let 7'(y) denote the expected income flow (including firms search cost) generated by a

vacancy posted in the (i,y)-submarket. Then,

T (y) = ()" T (yy). (5)

Since search is competitive, each submarket yields the same profit, so 7'(y) = 7 for all (i,y).

Thus, the NPV profit accruing to a firm of entering any markets is given by

—(1 =)’ + 7
. )

=

There is a cost K to enter, a fraction yx of which is deductible, meaning that the net-of-tax
entry cost is K (1 — yx7). Free entry ensures that firms enter up until the point where future
expected net-of-tax profits exactly offsets the net-of-tax entry cost; that is, entry occurs up until

IT = K(1 — k7). This pins down the profit flow requirement, 7 = 7, where 7 is defined as

T=rK(l—7yk7)+ (1 —,7)c". (6)

For a given tax system, 7 is exogenous.

A few additional useful variables and relationships. Equations (1), (2), (5), and (6)
suffices for establishing the competitive search equilibrium in our job ladder economy. However,
to analyse the effects of income taxation, we need a few additional variables, relationships and
representations that are naturally introduced here. In doing so, to further simplify our notation.

We suppress the index ¢ for worker type, and define the operator A as
AX(y) = B [X(y') - X(y)],

for any X. That is, AX(y) is shorthand for the expected gain in X (y) from meeting a vacancy.
First, it proves convenient to substitute the zero-profit condition into the expression for L(y)
given by (4) to obtain an alternative representation of the joint match NPV utility:

( + S)L(Y) = 11— 1) s — ele) + sLo + ep(O)AL(y) — 1 —

edT. (7)

-7

The before-tax NPV wage of a worker employed in a job with attributes y, who entered the
type-y submarket from the type-y* submarket, is given by

(r+s)W(y,y") =w+ sWy + ep(0) AW (y,y") (8)
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where Wy = Wi(yo,yo) and w is replaced by b if y = yo. A worker’'s NPV tax liability is
tW(y,y") and in the analysis to come, we refer to W (y,y*) and W} as the tax bases.
Let By be the NPV unemployment benefits of an unemployed worker. It follows that

(r+s)b

rlr+ s+ ep(6)]’ 9)

0:

where e and 0 in (9) refers to search effort and tightness in the unemployment submarket. Let
By be the NPV unemployment benefits of an employed worker. We have By = - By.

We will also need to keep track of the joint NPV utility of a worker-firm pair before taxes
and unemployment benefits. Define M(y) = V(y,y%) + J(y,y") + tW(y,y") + T"(y,y") — By,
where T7 (y,y*) is NPV of profit taxes. It follows that

(r+s)M(y) =y, +y. —cle) + sMy+ ep(0) AM(y) — ef(rK + c*). (10)

The last term in (10) reflects the real cost of operating a vacancy, which is either borne by the
firm or the government depending on deductibility. Since benefits are not included in M, M (yy)
is defined slightly different, specifically with y, = 0. With this in mind, define My = M (yy).

Finally, we want to separate L into taxable and non-taxable components. To that end, define

T

(r+8)Yu(y) = yp + ep(0)AY,(y) — eb + 5Y,0, (11)

1—17
(r+s)Y.(y) = y. — c(e) + ep(0)AY.(y) + sY., (12)

where Y, 0 = Y, (yo) and Y, o = Y, (yo). Inserting these into (7) reveals that

(r+s)L(y) = (1 = t)yp +y= — c(e) + s [(1 = 1)¥p0 + Yz

+ep(0) (1 = DAY, (y) + AV.(y)] - 1—

— 7_6971 (13)
Note that L(y) = (1 — t)Y,(y) + Y.(y). Hence, we can decompose the joint utility created by
a match into a taxable component, (1 — ¢)Y,(y), and a non-taxable component, Y,(y). The
taxable component, (1 —t)Y,(y), is the before-tax NPV of climbing the productivity-attribute
ladder, net of the cost of creating the job ladder. The non-taxable component, Y,(y), is the
NPV of climbing the amenity-ladder, net of the disutility from search.

3 Competitive Search Equilibrium

In competitive search equilibrium, the labour market endogenously separates into submarkets
with identical agents on either side of the market.” Still, workers’ on-the-job search may nonethe-

less impose externalities on the employer. In models with competitive on-the-job search, it is

"Moen (1997) shows that the labour market endogenously separates into submarkets if the workers have
different incomes while searching. Searching workers with low current income join submarkets with a high job
finding rate and relatively low wages, while the opposite holds for workers with high current income.
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therefore common to let the contract space be sufficiently rich to align the worker’s and firm’s
incentives. In this case, workers’ on-the-job search behaviour is efficient in the sense that it
maximizes the joint income of the worker-firm pair, see e.g. Moen and Rosén (2004) and Menzio
and Shi (2010). However, as worker income and firm profit is taxed at different rates, it is not
obvious how the joint income should be defined. We show that the optimal contract ensures that
the worker’s on-the-job search maximizes L, the weighted sum of the worker’s after-tax utility
and the firm’s after-tax profit as defined by (3). This require some technical machinery, which
we lay out in the paragraph below. Readers without interest in such details may jump directly

to the characterization of the competitive search equilibrium in Proposition 1.

Employment contract details. For any y* € %/, a submarket opens up. We will later show
that submarkets depends only on y*. A submarket is characterized by a contract offered by the
firms, C(y*), and a labour market tightness, 8(y*). For workers in the most attractive job, § = 0.
The contract C(y*) consists of two parts. The first part is a wage contract, C*(y*). This is a
standard component of a competitive search equilibrium. The wage contract specifies a wage
function w(y, y%), and also specifies which y-draws lead to a job offer; that is, the wage contract
includes an attribute acceptance set % (y*) € #. An applicant is hired if and only y € %, (y*).®
The second part of the contract is a search contract, C*, and this component is usually not
formalised in models of competitive on-the-job search, but governs job search in the new type-y
job. First, it specifies the worker’s search effort in the new job, i.e. e(y). Second, it specifies the
worker’s job acceptance decision when getting a job offer in the new job. The worker accepts
an offer in the new job if and only if the offered NPV utility exceeds a threshold function Z(y)
Third, it includes a submarket selection function ~ (y), dictating which submarket the worker
should search in. The selection function ranks any two submarkets (C,6) and (C’,6’), in and
out of equilibrium, and prescribe that the worker searches in the highest ranked submarket. If
two markets have equal rank, i.e. if (C,0) ~ (C’, '), the worker choose freely between them.’
The selection function is important in that it pins down out-of-equilibrium beliefs. Suppose
that, in equilibrium, all firms that attract workers employed in type-y* jobs post the contract C'
and face tightness 0. If a measure-0 set of firms deviate and post C’, a new submarket forms.
Suppose that the deviating firms still attract workers in type-y* jobs; then, the selection function
ensures that labour market tightness in the new submarket, ¢', satisfy (C,0) ~ (C’,6").1°
Hence, the search contract is C* = (e(y), Z(y), ~ (y)) and specifies search behaviour as a
function of realized job attributes, y. As will be clear below, the firms do not want to make any
aspect of the search contract contingent on the job attributes in the market in which the contract
(or vacancy) is posted. Hence, C* is the same for all firms. It follows that C(y*) = (C¥(y*), C*).

The wage and search contracts for given realisation of y are C*(y,y*) and C*(y), respectively.

8We also require that the contract prescribed to workers is sufficiently attractive to be accepted when the
attribute draw is within the acceptance set. This requirement is trivial to satisfy, and is not spelled out.

9We assume that the contract prescribes search behaviour directly. Alternatively, the firm can govern a
worker’s search by a quit fee. The worker will search to maximise the gain from search, subject to the quit fee.
Such a fee is sufficient to ensure both efficient on-the-job search and job acceptances by the worker.

0For details on out-of-equilibrium beliefs in competitive search equilibrium, see Moen (1997) and Guerrieri,
Shimer, and Wright (2010), and Garibaldi, Moen, and Sommervoll (2016) which deals with on-the-job search.
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Finally, unemployed workers search so as to maximise their NPV utility Vj.

Definition 1 (Competitive search equilibrium) Competitive search equilibrium specifies wage
contracts C*(y*), a search contract C*, a labour market tightness 0(y*), vacancy returns w(y*),

and asset value functions J(y,y") and V(y,y') such that

1. (C*(y*),C*) mazimizes w(y*) given that the workers’ search behaviour in the y* market
is governed by C*(y*®), for ally' € ¥ .

2. w(y*) =7 for all y* € %, where T is defined by (6).
3. Viy,y"), J(y,y"), and w(y*) are given (1), (2), and (5), respectively.

Before characterising the equilibrium we show how the optimal search contract is set by the
firm as this contract component is non-standard in models of competitive search. For a given
wage contract, let V(y*) = EY¥<%V (y,y*) be the expected NPV income to a worker if hired by
a firm. We refer to this as the promised value to the worker. As in Moen and Rosen (2011), a
firm’s maximization problem can be divided into two stages.!! First, for a given promised value
V, and hiring decision %, choose the contract that maximise expected profits EY¥Y€% J(y, y*).
Second, choose V and %, so as to maximise m(y*). The first stage ensures that the search
contract is Pareto efficient. The second stage determines the division of the surplus between
the worker and the firm that maximizes the return to the vacancy, as firms optimally trade off
a high wage bill and a high arrival rate of job applicants. This trade-off is core in competitive
search. The second stage also ensures an efficient hiring decision.

From (3) it follows that

1—71
1—¢

1—71
BRIy, y) = T B L) - VYY) =

[EYW%L(y) = V] (14)

Hence, the search contract is set so as to mazximise the joint taz-adjusted value of a match, L(y),
as defined by (3). This maximization problem is independent of the worker’s employment history
y’. Thus, E(y) = L(y), e(y) = argmax, L(y), and ~ (y) dictates that a worker chooses the
submarket that maximizes L(y).

Proposition 1 characterises the competitive search equilibrium.

Proposition 1 Lety be the attributes of a worker’s current job, y* the attributes of her previous
job, and y' the attributes of her new (i.e. next) job. With linear taxes, competitive search

equilibrium is determined by the following conditions:
1. %(y) =y € Zy,(1 —t) +y. <y, (1 —t) +y.}. Hence, if y is the type of the current

job, and 'y’ the type of the new job, the worker switches job if and only if

Yp(1 =) +y. <y,(1—1t) +y. (15)
Here, and below, the expectation EY<Z Z(y) = E¥1(y € Z)Z(y) for any function Z(y) and any set 2.
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2. Expected match surplus is split such that V(y') = (1 — B)L(y") + BEYWE% L(y); hence,
(r+8)L(y) = yp(1 = ) + y. — cle) + sL + e(y)p(B(y)) BEY *O) (L(y') — L(y))  (16)
3. Search effort e(y) mazimizes L(y), with first order conditions given by

d(e(y)) = p(0(y)BEY <O (L(y") - L(y)) (17)

4. Labour market tightness 0(y) solves

11t
1 —

(1 - B)q(0(y))EY <" W[L(y) — L(y)] =7

\]

where T is given by (6)

Proof. See Appendix A. m

The equilibrium is characterized by the five equations (6) and (15)-(18), and has a familiar
structure: the tax adjusted joint income plays the same role as the joint income in standard
competitive models of on-the-job search, see Garibaldi, Moen, and Sommervoll (2016).

Competitive search equilibrium pins down V' (and %), but not wages as a function of the
realized y’. That is, the wage paid once a worker is hired has no allocative role, a reflection of
the fact that risk neutral workers have preferences only over expected wages. In the empirical
part of the paper we assume that the wage sharing rule in the first part of Proposition 1 holds

for all y, and hence that
V(y,y") = BL(y) + (1 - B)L(Y") (19)

for all y. This is clearly consistent with competitive search equilibrium, and is also consistent
with a wage contract that specifies a bargaining protocol rather than a wage. Indeed, we show
in Appendix B that the competitive search allocation also obtains when wages and search effort
are determined by bargaining under the Hosios (1990) efficiency condition.

Lemma 1 highlights some interesting features of the model.

Lemma 1 The following is true:

1. Competitive search equilibrium with labour income tax t is isomorphic to competitive search
equilibrium with t = 0, with all productivity outcomes vy, scaled down to (1 —t)y,, and with

T scaled down to (1 —t)T.

2. If the vacancy posting costs ¢’ and the entry costs K are fully deductible (v, = vx = 1),

the profit tax T does not influence the equilibrium allocation.

3. If v. and/or vk are different from 1, an increase in T only influences equilibrium through

its impact on the vacancy return requirement 711%.
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The first point follows directly from (16) and (18), as neither L nor the vacancy return require-
ment will be influenced by the transformation. The second point follows from the fact that with
Ye = v = 1, (6) gives that T = (rK 4 ¢”) (1 — 7), hence the right-hand side of (18) is equal to
rK + ¢¥ and hence independent of 7. The third point follows from the fact that 7 only enters
the right-hand side of the equilibrium equation (18) in the equilibrium characterization.

The intuition behind the first result is as follows: The zero profit condition implies that
income is either allocated to workers in the form of wages, or to the firms to cover their search
costs (including the flow equivalent of the entry cost). Labour income tax is levied on the former,
but not the latter, making job creation relatively cheaper. Note further that the set of feasible
solutions that satisfy the zero profit criterion (18) in the presence of taxes is the same as in the
transformed economy with no taxes, but with y, and 7 scaled down with a factor 1 —¢. We
know that the competitive search allocation without taxes maximizes the NPV joint worker-firm
income in all submarkets given the zero profit constraint of firms. From the first result in Lemma

1 it then follows that the equilibrium allocation in the scaled economy maximizes L(y*):

Corollary 1 For all y* € %, the equilibrium allocation mazimizes L(y*) given the zero profit

constraint of firms.

In particular, the equilibrium allocation maximizes after-tax utility of unemployed workers, V.

As is common in search models with identical firms, equilibrium is defined solely in terms
of asset values and labour market tightnesses. Given %,(y), 0(y*) and e(y), the steady state
stocks of workers in different submarkets are pinned down. See Appendix C for details.

The acceptance set %,(y) in Proposition 1 implies a reservation amenity function:

Definition 2 (The reservation amenity function) The reservation amenity function

oWy, y) =y — (1 =)y, — vp)

returns the minimum level of amenity required for a worker currently employed in a job with

attributes y to accept employment at job with productivity attribute y,,.

Clearly, y’ € %,(y) if and only if y, > ¢(y,,y).

4 Optimal Redistributive Taxation

We now introduce a social planner who puts welfare weights on different types of workers de-
pending on their expected NPV utility (in unemployment), Vi + to, where ; is a lump sum
transfer. In doing so we follow Golosov, Maziero, and Menzio (2013), Best and Kleven (2013)

and others.'? The welfare function is

I

i=1

12The introduction of a risk averse planner into an economy populated by risk neutral workers may be justified
if, in the background, large families of identical risk-averse workers pool idiosyncratic income risk.
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where ® is a strictly increasing and concave function.

Suppose the planner in steady state needs to raise an amount G in NPV income. The planner
takes job attributes y and the equilibrium responses of workers and firms as given, including
their ranking of jobs. The planner’s objective concerns the NPV’s of the unemployed workers.
As argued in Pissarides (2000, p. 187), the NPV utility of an unemployed worker is maximized in
the efficient solution that maximizes total output in the economy. We assume that the planner
takes a long-term view and is concerned only about the ergodic state of the economy when
designing the tax system.!® For now we assume that the investment cost K and the search cost
of firms ¢” are fully deductible, which is equivalent to setting 7 = 0, see (6). The planner’s

problem can therefore be expressed as

I I
ntloix 3 ki®(Vy +to) subject to Zl k(W — B — G —tg) > 0, (21)
where the inequality is the planner’s budget constraint, and B; is the NPV of the gross income
flow from unemployed type-i workers, see (9).

Let A denote the Lagrange multiplier associated with the constraint, interpretable as the
planner’s valuation of a marginally increased budget. From (1) and (12) we have that Vj =
Yo+ (1 —t)W§. The Envelope Theorem implies that 0V /0t = —Wj. It follows that the first

order conditions for the planner’s problem read

Z ki ® (V4 10) = A, (22)
. . oW; OB:
/ 7 i % 0 0
izlnz@ (V; +t0)WO_AZZlm (W0+t T > (23)
1
> kit(Wy = By) — G —tg = 0. (24)

Equation (22) shows that the planner values additional tax revenue by the welfare gains it
yield, averaged across worker types. Let Wy = 25:1 k;W¢ be the tax base in the economy, and
let By = Zle rk; B} be the NPV of the gross income flow from the unemployed workers. Then,
(22) and (23) implies

, . oW, 0B
_COV((I),(‘/OZ + t()), Wé) = )\ (—t 6t0 —+ 8_t0> (25)
or alternatively,
Cov (D' (VE + to), W¢ B
_ Cov(@0V +10), Wo) _ ) o7, 0Bo/0t (26)
AW W

13Suppose at time 0, all workers enter the economy as unemployed. At that point the planner sets the tax
rates. Since the asset value equations will be constant through time, the planner will never want to change the
tax rates.
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W, ot
The left-hand side of (26) represents the equity gain to the planner of increasing ¢ and

where E,W, = ‘ ! BWO‘ denotes the (positive) elasticity of the tax base W, with respect to

redistributing the tax revenue to all the agents through higher transfers, t,. The equity gain
is normalized by the total tax base measured in terms of the planner’s utility of public funds.
Note that the left-hand side of (26) is close to zero when ¢ is close to one and otherwise strictly
positive. The right-hand side of (26) is the sum of the elasticity of the tax base Wy, and
the increase in the aggregate unemployment benefit expenditures relative to the tax base, and
reflects the deadweight loss of income taxation. The deadweight loss of taxation thus operates
both through a revenue channel, captured by ELIW,, and an expenditure channel, captured by
%{)at. The deadweight loss is zero when ¢ and B, are both zero.

Equity gains are larger when the planner has strong equity concerns, such that ®”(-) is
strongly negative, and when ®'(V{ + to) and W have high negative covariance. Because ®(-) is
strictly concave, ®'(V + to) and W{ have high negative covariance when V7 and W} have high
positive covariance, i.e. when the utility enjoyed by a particular worker-type is highly correlated
with that worker-type’s tax base. Redistributive taxation is particularly attractive to the planner
in this case because income taxation targets the high-utility worker-types.'> According to (26),
the optimal tax rate t exactly balances the equity gain and the deadweight loss associated with

a marginal tax increase.

5 Deadweight Losses

The tax and transfer system gives rise to deadweight losses along three margins: job search effort
e(y), job ranking, represented by the reservation amenity function ¢(-,y), and vacancy creation,
O(y). We analyse spell-specific partial marginal deadweight losses: the deadweight losses that
arise from marginal distortions to one of the three endogenous variables, e(y), ¢(-,y), and 6(y),
in a particular spell at a particular job ladder rung-y, holding the values of the other endogenous
variables (and thus the taz bases) at all future job or unemployment spells constant. The spell-
specific partial deadweight losses are analytically tractable (details in Appendix D), fully encode

the economic mechanisms in play, and integrates to the total marginal deadweight loss.

5.1 Preliminaries

It is convenient to derive the effect of taxation on M, and subsequently back out the desired

effects on W(.'6 Since M¢ = Vi + tW{ — B{ under the maintained assumption that investment

MEquation (26) obtains by rewriting (23) as 25:1 ki ® (Vi + to)WE — AWo = A (tag:‘j + Bj — (1 —1t) 858).
Equation (22) now implies the left-hand side is Cov (®'(V{ + to), W¢), and (26) follows by application of the
El;-operator, noting that OW /0t < 0.

5Worker-type utility Vi and worker-type tax bases W{ are not necessarily aligned in our model due to the
presence of amenities; indeed, Vi =Y/ + (1 —t)Wj.

16The income tax distortions to the tax base W, depends on the distortions to all the submarkets an unemployed
worker may subsequently find herself in, i.e. on distortions at every rung of the job ladder. Since the wage of
particular worker at a particularly job ladder rung depends on both the type-y of the current job and the type-y*
of the the previous job, it is cumbersome to work directly with Wj.
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and firm search costs K and v are fully deductible, and because search effort, job rankings, and
vacancy posting in the unemployment-submarket maximizes Lj = V{j = Y{, + (1 — t)WW{, the
Envelope Theorem implies 9V /0t = —W{, and

_aMg__tawg 0B}
ot ot ot~

(27)

This is the deadweight loss for type-¢ workers. The left-hand side shows the marginal reduction
in total NPV utility created by unemployed type-¢ workers when t increases marginally. The
right-hand side shows that the deadweight loss arises from two fiscal externalities: a reduction
in the government’s tax revenue from worker type-¢ and a change in the unemployment benefit
expenditures on worker type-i. The total deadweight loss on right-hand side of (26) obtains by
aggregating (27) across worker types.

Remark 1 M (y) can be represented as M(y) = M(e(y), #(-,y),0(y), M(-)), where e(y), (-, y)
and 0(y) are search effort, reservation amenity function, and labour market tightness in the

current rung-y spell, and M is the functional implicitly defined by (10).

Ordinarily, we are interested in the properties, i.e. existence and uniqueness, of a fixed
point of M(y) = M(e(y), ¢(-,y),0(y), M(-)). Here, however, we exploit that the functional M
allows us to define single-spell partial derivatives of M (y) with respect to job search, reservation

amenities and tightness at rung-y.

Definition 3 (Single-spell partial derivative) The single-spell partial derivative of M(y)
with respect to x(y) € {e(y), #(y,,y),0(y)} is the partial derivative of M with respect to z(y),

holding the continuation value function M(-) constant. We use the shorthand

OM(y) 0 - . |

for the single-spell partial derivative of M (y) with respect to z(y).

OM(y)
0z(y)

2(y) € {e(y), ¢(y,,¥),0(y)} in the current rung-y spell only, i.e. holding NPV values M(-) in

has a straightforward interpretation as the marginal effect on M (y) of a distortion to

all future job or unemployment spells constant.

With a continuous set of job attributes # \ {yo}, a worker returning to the same job ladder
rung is a zero probability event, and the stipulation that %Af—((;')) holds the M (y)-value in future

rung-y job spells constant is immaterial. However, because workers always return to unemploy-
ment following a job destruction shock, the stipulation does have bite for the measurement of

partial effects of distortions in the unemployment submarkets. We emphasise therefore that, for
M (yo)
9z(yo)
the current unemployment spell only. This ensures consistency of single-spell partial derivatives

Yy = Yo, Definition 3 means that is the partial effect on M (y) of a distortion to z(yy) in

in employment and unemployment submarkets.
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5.2 Single-Spell Partial Deadweight Losses in Employment

Consider any employment rung y € # \ {yo} on the job ladder. Define

R(y) = [r+ s+ e(y)p0(y) Pr(y’ € Z(y))] ",

where Pr(y’ € %,(y)) is the probability that the worker quits after meeting a vacancy.'”

Job search effort. We show in Appendix D that the incremental distortion to job search
effort in a rung-y job spell following a marginal increase in the tax rate t is given by
dely) _ _p(0(y)) [B(1-1)AY,(y) — (1 - HAY:(y)

ot (ely)) 1—t ' (28)

The direction of the distortion depends on whether on-the-job search effort, on the margin, gives
rise to higher or lower expected wage income. Search effort is associated with higher expected
wages when AY,(y) is large relative to AY,(y), i.e. when a submarket-y job promises lots of
scope for productivity growth relative to amenity growth. In that case, higher income taxation

disincentivises search effort, and %) < 0. When AY,(y) is small relative to AY.(y), higher

ot
. . . . .. 9
income taxation in fact incentivises search effort, and %y) > 0.

Distortions to workers’ on-the-job search effort in a submarket-y job spell has allocative

effects and generates a single-spell partial deadweight loss Of(y) = —%‘%@—&y) in the form of a

reduced rung-y tax base. We show in Appendix D that

Of(y) _ tR(Z,)é(gf)};» 6(1 B t)A}/P(yl) :t<1 B /B)AYZ(Y> ’ (29)

which is strictly positive for almost all y € %'\ {yo}: In response to a marginal increase in t, on-
the-job search effort in a rung-y spell falls when the rung-y tax base is increasing in search effort,
and increases when the rung-y tax base is decreasing in search effort. In effect, distortions to
search effort give deadweight losses because they shift employment away from high-productive,

low-amenity (high-tax base) jobs, towards low-productive, high-amenity (low-tax base) jobs.

Job ranking. A marginal change in the tax rate impacts the submarket-y reservation amenity

®(y,,y) associated with a productivity attribute draw y,. From Definition 2:

0b(y,,y)
ot

that is, a higher income tax increases (decreases) the reservation amenity for alternative type-y’

=Y, — Yp; (30)

job with higher (lower) productivity attribute than the current type-y job. A higher income tax
makes high-productivity jobs less attractive and low-productivity jobs more attractive.

A distorted ranking of jobs impact the direction of worker flows. These distortions have

17R(y) is the present discounted value of a stream of unit payments terminated at rate s+ p(0(y))e(y) Pr(y’ €
%, (y))- Indeed, if n = s + p(0(y))e(y) Pr(y’ € Z,(y)), then fooo [fot e"”sds} ne "tdt = [r +n] L.
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no first order effects on worker utility, but their effects on the employment allocation does
give rise to deadweight losses. Indeed, the single-spell partial deadweight loss from distorted
amenity reservation for productivity draw y;, in a rung-y job spell is —%&%%}w. We show
in Appendix D that, when integrated across productivity attribute draws y,, the single-spell

partial deadweight loss from distorted amenity reservation function is

02(y) = tR(y ey )p(60(y)) / (W, — 1) o) - (65 ) (31)

which is strictly positive. On the margin, a higher tax rate steers workers away from high-
productive, low-amenity jobs with larger tax bases and towards low-productive, high-amenity

jobs with smaller tax bases.

Figure 2: Tax Distortion to Job Rankings

—— Reservation amenity w/ ¢t =0

—— Reservation amenity w/ t > 0
————— Reservation amenity w/ t + dt

x Reduction in tax base

vl o Partial deadweight loss

o(yp,y) + do
(YpY)

Notes: The figure illustrates the implications, in a type-y submarket, of a marginal tax increase, dt > 0
for the reservation amenity associated with a job offer with productivity attribute y; > yp. As detailed
in the text, an increase in the tax rate also entails a deadweight loss in in the case where y;, < Yp-

Figure 2 graphs the reservation amenity levels gzﬁ(yz’),y) for different tax rates, t =0, t > 0,
and t + dt > t, for a worker who is employed in a job with attributes y; of course, the worker
accepts attribute combinations above the reservation amenity graph. Following an increase in
the tax rate from ¢ to ¢ + dt, the reservation amenity ¢(y,,y) increases to ¢(y,,y) + dp =
d(y,,y) + (4, — yp)dt. This reduces the tax base by (y, — yp)*dt, represented by the red-shaded
rectangle in Figure 2, and gives rise to a deadweight loss #(y;, — yp)2dt, represented by the

blue-shaded rectangle with area (assuming a tax rate of 50 percent for illustration).'®

18The expression for Of(y”’w(y) in (31) obtains by multiplying by R(y)?e(y)p(f(y)) and integrating over Y-
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Vacancy creation. Firms can provide value to workers through high wages upon meeting a
vacancy or through high job finding rates (i.e. higher labour market tightness). In competitive
search equilibrium, promised remuneration and labour market tightness is balanced to maximise
workers’ after-tax utility subject to firms’ profit requirement under free entry. Income taxation

may distort this balance away from the efficient benchmark. We show in Appendix D that

90(y) _ O(y)AY:.(y) _ 0(y)AY.(y)
ot BI—t)AL(y) B(1—1t)[(1—-1t)AY,(y)+AY.(y)]

(32)

If AY,(y) > 0, submarket-y workers expect to improve their position on the amenity ladder. As
amenities are untaxed, an increase in the tax rate tilts workers’ preference in favour of a higher
job finding rate, whereas firms’ trade-offs are unaffected, and competitive search equilibrium
therefore prescribes an increase in labour market tightness, ae(y) > 0. If AY,(y) < 0, workers
require higher promised remuneration to search from submarket—y, hence, 89(y <0

Interestingly, if AY,(y) = 0, a tax increase has no distortionary effect on vacancy creation.
Without an amenity ladder, higher expected wages and a higher job finding rate are both purely
pecuniary gains that are taxed at the same proportional rate. This leaves workers’ preferences
for the two forms of value creation, and hence their equilibrium provision, unaffected.

The rung-y single-spell partial deadweight loss from distorted rung-y vacancy creation is

O y) = — ag(;)) %) We show in Appendix D that
00y (1—Ple(y)p(6(y)) AY.(y)]?
O = R 1 o+ AV 17 9

which is strictly positive if AY,(y) # 0, but zero if AY,(y) = 0 for the reasons given above. When
AY,(y) # 0, distorted vacancy creation gives deadweight losses because it induces workers to
leave high-productivity, low-amenity jobs too fast and to remain for too long in low-productivity,
high-amenity jobs. As workers are indifferent between these jobs, the shift in the employment
allocation has no first-order effects on worker utility, but it does reduce the tax bases.

Figure 3, with submarket-y tightness 6(y) on the horizontal axis and the expected before-tax
NPV wage after successful on-the-job search, W(y) = EY <@/ (y’,y) on the vertical axis,
illustrates the economic forces that shape the deadweight loss from distorted vacancy creation
when rung-y workers expect positive amenity growth, i.e. AY,(y) > 0. The zero profit condition
(in blue) is represented by a concave iso-profit curve, and workers’ indifference curves (in red)
are convex to the origin.! In Figure 3, firms enjoy higher profits closer to the origin, while
workers are better off farther from the origin. For a given tax rate t, equilibrium-(6, W*?) is the
point of tangency between the zero profit condition and the worker indifference curve.? A small

dt-increase in the income tax rate leaves the zero profit curve unaffected, but shifts workers’

The zero profit curve at rung-y is implicitly defined by (1 — )7 = EY'€2°() Yo(y') —W(y',y)]. Since
EYIGQQ(Y)YP(y’ ) is independent of the promised NPV wage W%(y), the equation defines a unique, decreasing
relationship between W*(y) and 0(y).

20With a Cobb-Douglas matching function, it follows readily that the maximization problem is concave, and
the tangency point is unique, see Moen, 1997.

22



trade-off in favour of a higher job finding rate, i.e. renders the indifference curves steeper, as
indicated in Figure 3. Hence, equilibrium tightness increases marginally while expected accepted

wages falls: workers leave the high-productivity, low-amenity rung-y submarket at a faster rate.?!

Figure 3: Tax Distortion to Vacancy Creation

—— Zero profit condition
—— Indifference curve w/ ¢t > 0
————— Indifference curve w/ t + dt

WCL

We 4 dWwe

> 0(y)

Notes: The vertical axis measures W%(y) = EY' €?“W (y’,y), the average wage paid to workers meeting
a vacancy and accepting a job offer in submarket-y. The figure illustrates the implications of a marginal
tax increase, dt > 0, in a type-y submarket where AY,(y) > 0.

5.3 Single-Spell Partial Deadweight Losses in Unemployment
Consider now the unemployment rung yg of the job ladder. Define

-1

Ry = [r + e(yo)p(6(yo))]

Ry reflects that unemployed workers are not subjected job destruction shocks and accept all job
offers irrespective of the tax rate. There are therefore no deadweight losses from job ranking in

the unemployment submarkets, i.e. Of(yo) = 0.

Job search effort. The tax-induced distortion of unemployed job search effort, i.e. aego)7

obtains by evaluating (28) in y = yo. Distorted unemployed job search effort generate a single-
spell partial deadweight loss through tax base shrinkage. This deadweight loss component,
originating on the revenue side of the government budget, is obtained by replacing R(y) by Ry

in (29) and evaluating the resulting expression at y = yo.

21Graphically, when AY,(y) < 0, an increase in the income tax rate flattens workers’ (6(y), W4 (y))-indifference
curves, equilibrium tightness shifts to the left in Figure 3, and workers remain in the low-productivity, high-
amenity submarket-y for longer.
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Next consider deadweight losses on the expenditure-side of the government budget. The NPV
of unemployment benefit provision to an unemployed worker is By, see (9), and is B; = =By to
an employed worker. Distortions to unemployed job search effort impact By, which adds to the
single-spell partial deadweight loss from job search in the unemployment submarket. Indeed, we

show in Appendix D that

0By de(yo)
de(yo) Ot

8e(y0)
ot '’

= Rop(0(yo))(B1 — By) (34)

which is strictly positive, i.e. adding to the overall deadweight loss, when % < 0, reflecting
a positive externality of unemployed job search on government expenditures.
Altogether, the single-spell partial deadweight loss from distorted unemployed job search

effort, Of(yyo), is given by (details in Appendix D)

B(1 —t)AY,(yo) — (1 — B)AY (o)
1—1t

de(yo)

O;(yo) = —Rop(0(yo)) |t — (B1 — By) ETat

(35)

Oe(yo)

which, as long as =5 < 0, is strictly positive.

Vacancy creation. Mirroring the distortions to unemployed job search effort, the marginal

99(yo)
ot

obtains by evaluating (32) in y = yo. Similarly, the single-spell partial deadweight loss from

distortion to vacancy creation from income taxation in the unemployment submarkets,

vacancy creation in the unemployment submarket that arises because of a reduced tax base
obtains by replacing R(y) by Ry in (33) and evaluating at y = yp.
Distortions to vacancy creation in the unemployment submarket also impact the expenditure

side of the government budget, via By. In fact, we show in Appendix D that

OBy 90(yo) , 90(yo)
=R 0 B, — B 36
90(y,) Ot 0e(yo)p' (0(y))(B1 0) o (36)
which is negative because % > 0, here reflecting a positive externality of vacancy creation in

the unemployment submarket on government expenditures.
Hence, the single-spell partial deadweight loss from vacancy creation in the unemployment
submarket OY(yg) is (details in Appendix D)

AY.(y 00(y
Ofyo) = Roelyolp! 01y | 21220 4 (3, — )| 2230 (37)
Note that, in unemployment, it is necessarily the case that AY,(yy) > 0, such that % >

0. Hence, with respect to job creation, the fiscal externality on the expenditure side of the

government budget always counteracts the fiscal externality on the revenue side.
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5.4 Aggregation

Workers’ careers are sequences of employment cycles during which workers ascend the job ladder,
each employment cycle ended by a job destruction event that relocate the worker to rung-yg, from
which a new cycle is initiated when the worker finds a job. Each spell at each job ladder rung in
each employment cycle yields single-spell partial deadweight losses of job search, job ranking, and
vacancy creation, namely O¢(y), O (-, y), and O/(y) for y € %. The total marginal deadweight
loss obtains by integrating the single-spell partial deadweight losses.

The total marginal deadweight loss is —ago, where M, = 25:1 ki M¢, see (27). Clearly,

_ OM (yo)

ot M, (yo) + Mf()’o) + Mf()’o)a (38)

which decomposes the marginal deadweight loss into components stemming from distorted job

search effort, M, (yo), job rankings, Mf (¥0), and vacancy creation, M, +(¥0); indeed,

—e Y- aMZ 8 ’
Mt(yo)E—Zm/ / y° ea(t)dy,

=50 . Yp 8M YO gb(y;/)y,) " /
Mi(yo) = Zﬂ/ / / o(yl,y') ot Ay’
—9 _ V- OM(yo) 00(y") . ,
Mt(YO):_Z / / i) ot dy’,

where Y, and y, are the infimum and supremum of the support of y,, and Y, and ¥y, are the
infimum and supremum of the support of ..
We show in Appendix E that there exists weights w and w!(y) such that, for = € {e, ¢, 0},

! . Up [T .
=Zm{waoz“<yo>+ [/ w;<y'>oz”’@<y'>dy'}. (39)
v, Ju,

=1

Indeed, ) = =5 | EEHONENOL and wi(y) = [ [ € (v0, Y6 (v, ¥')dy, where €' (yo,y)
is the discounted density that an unemployment spell "ends with the worker moving to a rung-y
job,?? and &*(y,y’) is a weight function with an intuitive interpretation that we discuss further
in Appendix E; here, it suffices to note that £*(y,y’) incorporates the likelihood that a sequence
of jobs starting at rung-y and uninterrupted by unemployment involves a spell at rung-y’.
That is, each of M, (yo), M? (yo) and M? (y0), measuring the deadweight loss from distortions
to job search effort, reservation amenities, and vacancy creation, respectively, can be expressed

as integrals of the respective single-spell partial marginal deadweight loss functions, Of * Of A

e (4 e [ e 6 . .
22In fact, £(yo,y) = ﬁil)(go)%%)(yo(%) = [r+(e)E0y)oZ;§)(59)E(§)')0)))} [ (i?}),z()p((%?z,?;gy)] The second term in the right-hand

side product is the density that an unemployment spell ends with the worker making a transition to a rung-y
job. The first term is the discount factor that must be applied to a payment expected to received 1/e(yo)p(6(yo))
units of time into the future, when, as is the case in our model, the duration until the payment is made follows
an Exponential distribution.
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and O along the entire job ladder. We use equation (38) with M, (yo), M?(yo) and Mf (¥0)

given by (39) to compute and decompose the deadweight loss of taxation.

6 Data

Our empirical analysis uses administrative matched employer-employee data covering the entire
Danish population during 1994-2003, a period in which Denmark had a stable income tax sys-
tem. On the worker side, the data contains individual labour market histories measured at a
daily frequency, job-specific annual average hourly wages, detailed information on individual tax
filings, and a host of socio-economic background characteristics. On the firm side, we observe

annual value added and some relevant background characteristics, e.g. industry.

6.1 Data Sources

Our data has three sources: (i) labour market spell data; (ii) IDA, a register-based matched
employer-employee database maintained by Statistics Denmark; (iii) administrative firm-level
VAT accounts from the Danish tax authorities. Worker and firm identifiers common to the three

data sources obtains from the social security registry and the business registry, respectively.

Labour Market Spell Data. The labour market spell data contains individual job and
non-employment spells. Information on job spells is available for the period 1985-2013 for all
legal Danish residents aged 15-74, and is obtained by combining a number of administrative
registers.?> A job spell is defined as a continuous period of primary employment at a given
firm.?* Nonemployment spells are periods where no job spells are recorded, with no distinction
between unemployment and nonparticipation spells. We recode nonemployment spells shorter
than 14 days between jobs at two different firms as employment at the origin firm, and also
recode nonemployment spells shorter than 12 weeks between two consecutive job spells at the
same firm as employment. The unit of observation in the labour market spell data is a person-
spell-year. The job spell data includes worker and firm identifiers, start- and end-dates of the

job, and the average annual wage rate in each job.?®

IDA data. IDA consists of several sub-panels available from 1980 onwards. We use the sub-

panels IDA-P and IDA-S. IDA-P contains annual information on all individuals aged 15-74

23Henning Bunzel at Aarhus University has been instrumental in developing the labour market spell data.
Bunzel and Hejlesen (2016) provide a detailed description of the construction of the labour market spell data.

24Primary attachment is evaluated calendar month by calendar month. For each individual in each month, the
primary employer is defined as the firm at which the individual works the highest number of hours in the current
and next two calendar months. A firm may consist of multiple workplaces. Continuous employment at different
workplaces within a firm is considered as a single job spell.

25We observe annual earnings in each job and an estimate of the annual number of hours worked in the job
based on on mandatory pension contributions. Lund and Vejlin (2015) develop and implement a procedure for
computing annual hours in a job in the IDA data, primarily using information on mandatory pension contribu-
tions. We adapt this procedure for the spell data with some minor simplifications.
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residing legally in Denmark on the 31st of December. We retain IDA-P information on age, gen-
der, highest completed education including date of completion, and information on any ongoing
education. The unit of observation in IDA-P is a person-year.

IDA-S contains information on all physical workplaces in Denmark.?® We retain information
on industry affiliation and a public sector indicator from IDA-S. Our analysis is carried out at
the firm-level, and a firm may consist of several workplaces. We take a firm’s industry affiliation
and public sector status to be the industry and public sector status of its largest workplace. The

unit of observation in the (aggregated) IDA-S panel is a firm-year.

VAT data. Firms’ annual sales and purchases are obtained from the data set MOMS, con-
structed from firm-level VAT accounts held by the Danish tax authorities, and is available from
1990. We compute annual firm-level value added as annual sale less annual purchases. The unit

of observation in the VAT panel data is a firm-year.

Merging the data sources. We first merge IDA-P information onto the labour market spell
data by person identifier and year and retain only person-years that are found in both data
sources (99 percent of the spell data observations pertaining to persons aged 15-74 are matched
with an IDA-P observation). Next, we merge the spell data/IDA-P intersection with the IDA-
S data and the VAT data by firm identifier and year. We retain all observations in the spell
data/IDA-P intersection, whether or not they are matched to an IDA-S or a VAT observation.

6.2 The Analysis Data

We restrict attention to the ten-year period 1994-2003, a period where the Danish tax system did
not undergo major reforms. We discard observations on individuals never observed with either
age or education information, as well as individuals with implausible education information.?
We then define labour market entry to occur at the observed date of graduation from highest
completed education, or at January, 1st of the year an individual turns 19, whichever occur at
the latest date. All pre-entry observations are discarded. To stay clear of behaviour driven by
retirement considerations, we truncate labour market histories at the last year an individual is
observed residing in Denmark or at December, 31st of the year an individual turns 55, whichever
occur first. Our analysis abstracts from (extensive as well as intensive margin) labour supply
responses to income taxation, with the structural model intended to represent behaviour of
core labour market participants who are either in (or searching for) full time employment. We
therefore discard workers who, in any year during 1994-2003, worked less than 25 hours a week
on average. Finally, we delete all observations on workers who, in any year during 1994-2003,

reside outside Denmark. Wage and value added are trended to 2003 prices using the internal

deflator computed from repeated annual cross sections (November 28) in the analysis panel.

26Some jobs involve work that is carried out at different and changing locations. Statistic Denmark designate
such jobs as taking place at fictitious workplaces. Fictitious workplaces are excluded from IDA-S.

2"The primary cause of missing education data is foreign educational credentials. We map information on
educational attainment into years of schooling and consider observations where age minus years of schooling is
less than 5 as implausible.
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The selected analysis data contains 3,852,637 job spells and 1,223,989 nonemployment spells
on 1,559,599 individuals involving 191,726 firms during 1994-2003. On average, an individual is
present for 7.5 years and employed in 2.2 different firms during the 10-year observation period.
Looking at pooled annual cross sections, the average age in the analysis data is 40 years, 40
percent are women, the employment rate is 89.3, and the public sector employment rate (as a
percentage of the total labour force) is 29 percent. A later section provides detailed descriptive

analysis of the analysis data in the form of the statistics used in our calibration.

6.3 The Effective Marginal Tax Rate

The actual Danish 1994-2003 tax system is progressive with an increasing marginal tax rate,
and is immensely more complicated than the affine tax functions we study in this paper. Our
empirical analysis therefore relies on an affine approximation to the actual tax function. We base
our approximation on a simulator of the Danish tax system developed by Kleven and Schultz
(2014), which relies on rich individual-level information on types of taxable incomes, region of
residence, marital status, and, if married, spousal income, information that is available from the
IDA data.?® Our approximate tax function also accounts for a Danish VAT rate of 0.25.

Given our focus on labour income taxation, it is useful to represent individual ¢’s tax liability
in year t as Ty(LI;, Z;;), where Ty is the actual tax function in year ¢ that we want to approximate,
L1I;; is individual labour income, and Z;; is a vector of relevant characteristics and other income
concepts relevant for the tax liabilities of the individual 7 in year ¢ (the main components of
which are capital income, itemized deductions, and other personal income such as benefits). We
first simulate the total tax liability for each individual, for each year in the 1994-2003 observation

window, and compute individual marginal tax rates as

Ti(L1;; + 100, Zy) — Ty(L1yt, Zyr)
100 ’

T{(L1y,Zy) =

where the marginal change of 100 Danish Kroner is approximately 15 US Dollars in 2003 prices.
Using the individual marginal tax rates we compute an average marginal tax rate of 0.554
across ten annual (November 28th) cross sections in our analysis data. Accounting for a 25

percent VAT rate we obtain the following estimate of the effective constant marginal tax rate ¢:

~0.554 +0.25

= 0.643.
140.25

In an international context, the estimated tax rate is high, but it is consistent with other attempts
to measure the effective marginal income tax in Denmark, see e.g. Kleven and Schultz (2014),
and Kreiner, Munch, and Whitta-Jacobsen (2015).

28We are grateful to Henrik Kleven and Esben Schultz for making their tax simulator available. The tax
simulator consists of a set of SAS-programs which we downloaded from the website of the American Economic
Journal: Applied Economics. We collected data on regional taxes in Denmark for the period to use as an input
in the tax simulations.
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7 Model Calibration

7.1 Parameterisation

Functional forms and distributional assumptions. There are I worker-types indexed
by ¢ differentiated by a “skill-level” a; hence, a; is the skill-level of worker type-i. We take
{a;;1 =1,2,...,1} to be I linearly equally spaced points between 1/(I + 1) and 1 — 1/( + 1)
with a discrete uniform distribution, i.e. x; = Pr(a = a;) = I"'. We conduct the empirical
analysis with I = 10 worker-types.

Job attributes y = (y,,y.) are continuously distributed in our theoretical analysis to ensure
that marginal tax rate changes involved distortions to workers’ ranking of jobs. Our simulation-
based empirical analysis, however, requires a discrete sampling distribution of job attributes.
With respect to the productivity attribute y,,, we assume that there are J,, productivity attribute-
levels. Let p be a job’s productivity rank which take one of .J, linearly equally spaced values
{p;;7 = 1,2,...,J,} between 1/(J, + 1) and 1 — 1/(J, + 1) according to a discrete uniform
distribution. We then model the productivity attribute y, pertaining to a job involving a type-i

worker and a productivity rank-j job by the production function

Iy = o0+ 010; + 02p; + 030:p;, (40)

where 0g, 01, 02, and p3 are parameters which we restrict to endow the notion of “high” and “low”
worker-types with a meaningful interpretation: higher-type workers sample better productivity-
attributes than lower-type workers. We set .J, = 10 in the empirical analysis.

With respect to the amenity attribute y,, we assume that there are J, amenity attribute-
levels. Let z be a job’s amenity rank, taking one of J, linearly equally spaced values {z;k =
1,2,...,J.} between 1/(J, +1) and 1 — 1/(J. + 1) according to a discrete uniform distribution.

We model the amenity attribute y, in an amenity rank-%£ job as
Iny? =7z, (41)

where Z is a loading parameter. This implies that different worker-types sample amenity at-
tributes from a common distribution. We set J, = 10 in the empirical analysis. Taking
Jp = J, = 10 implies 100 submarkets per worker-type. With I = 10, our empirical imple-
mentation entails segregating the labour market into a total of 1,000 submarkets.?’

Our current empirical implementation imposes that workers sample productivity and amenity
attributes independently.

Following Christensen, Lentz, Mortensen, Neumann, and Werwatz (2005) we assume that

the search cost function c¢(e) is a power function given by

_ Co 14+1/c; 42

29Tn the empirical analysis, we compute the deadweight losses by applying the formulas obtained for continuous
sampling distributions, thus treating the discrete sampling distributions with 100 submarkets per worker-type as
an approximation to a true continuous distributions.
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where ¢y and ¢, are parameters.

We assume that wages are observed with measurement error, which is normally distributed
with mean zero and variance o2.

Finally, recall that the matching of workers and vacancies in each of the submarkets is
governed by a Cobb-Douglas matching function, m(E,V) = AEPV1=# where E and V are

aggregate worker search effort and number of vacancies in the submarket, respectively.

Fixed parameters. Table 1 lists the parameter values that we fix prior to the calibration.
The effective annual discount rate, r, is set to 0.05. The elasticity of the matching function, £,
is set to 0.5, a common choice in empirical work, see e.g. Petrongolo and Pissarides (2001).

The scale of the search cost function ¢y is not separately identified from matching efficiency A.
We leave A free and normalize ¢ to unity. Based on Christensen, Lentz, Mortensen, Neumann,
and Werwatz (2005), we set ¢; = 1 such that the search cost function is quadratic.

We set unemployment (flow) benefits, b, to 100 (Danish Kroner), which is consistent with the
actual (hourly) benefit level in Denmark over our data period, and set gy = Inb, which together
with the maintained assumption that y. o = 0, ensures that unemployed workers accept all job
offers. Our current calibration furthermore imposes g3 = 0. This implies that the the degree of
complementarity between worker-type a; and productivity-rank p; in generating match output
is entirely driven by the log-linear formulation of the match production function (40).

The cost of entry, K, is set to 1 and we fix the flow cost of operating a vacancy, ¢”, to 0.05.
Finally, we set the profit tax rate to 0.2, which is consistent the actual Danish profit tax rate
during our sample period and maintain the assumption that entry and vacancy operating costs
are fully deductible to ensure that profit taxation is non-distortionary, see Lemma 1.

Finally, the tax rate is set to the average marginal tax rate in the data.

Table 1: Fixed Parameters

Parameter Description Value
r Effective annual discount rate 0.05
15} Matching function elasticity 0.5
K Entry cost 1
c’ Vacancy operating cost 0.05
Co Scale parameter in search cost function 1
c1 Elasticity of search cost function 1
b Unemployment benefits 100
00 Production function parameter (intercept) 4.605
03 Production function parameter (complementarity) 0
T Profit tax rate 0.2
Vi Fraction deductible of K 1
Ve Fraction deductible of ¢” 1
t Labour income tax rate 0.643

Calibrated parameters. There are seven free parameters which we calibrate to match seven

data moments. While the parameters are calibrated jointly, each moment is included to identify

30



one of the free parameters.

The scale of the matching function, A, targets the probability of finding a job within 6 months
of becoming unemployed.?® The job destruction rate, s, targets the annual job destruction rate.

The calibration of the loading parameters g; and g, in the match production function (40),
and the wage measurement error variance, o2 is based on a statistical decomposition of the vari-
ance of individual log wages into a between-worker component, a within-worker, between-job
component, and a within-job component.®'. The between-worker component captures hetero-
geneity in worker-types, and aids identification of p;. The within-worker, between-job compo-
nent captures heterogeneity in productivity-attributes for wages and aids identification of gs.
Finally, within our model, wages vary within-job only due to i.i.d. measurement errors, and the
within-job wage variance component thus pins down o..

Absent amenities, or when amenities are constant, job-to-job transitions with observed wage
cuts are driven entirely by i.i.d. measurement errors in wages, which must also account for
within-job wage variation. Dispersion in amenity attributes, however, provide a second source
of job-to-job transitions associated with wage cuts. Thus, we fit the proportion of job-to-job

transitions involving a wage cut to identify the scale of the amenity attributes, z.

7.2 Calibrated Parameter Values and Fit

Table 2 lists the free parameters, the calibrated parameter values, and the calibrated and em-
pirical values of the seven fitted moments.

The calibrated model provides a perfect fit to the data moments (of course, we currently
calibrate only a small number parameters in an exactly identified calibration procedure). The
coefficient value p; = 0.642 implies that the average sampled productivity-attribute of the highest
worker-type, with a = 0.909, is about 50 percent higher than the average sampled productivity-
attribute of the lowest worker-type, with @ = 0.091. Similarly, 0o = 0.662 implies that the
most productive job-type, with p = 0.909, is about 55 percent more productive than the least
productive job-type, with p = 0.091. To interpret z, recall that unemployment is associated

with zero amenities, i.e. y,0 = 0; hence, 7 = 4.748 implies that there is a very small 2 Kroner

30We could alternatively target the nonemployment rate, but prefer to base our calibration on worker-flows to
avoid contaminating the calibrated A by the presence of nonparticipants among the stock of nonemployed individ-
uals in our data. Indeed, as we only impose very mild sample selection restrictions, the empirical nonemployment
rate fairly high, likely for reasons unrelated to search frictions.

31Formally, the calibration of g1, 02, and o2 is based on the following log wage variance decomposition:

N J; T N J; T N J; Tij N J; Ty
—\2 — \2 — —\2 — —\2
D00 (wgp—w) Y Y Y (wie—wy)” Y)Y (@y-w) Y > ) (@)
i=1 j=1t=1 i=1 j=1t=1 i=1 j=1 t=1 i=1 j=1 t=1
= + + )
N N J; N N J;
> D T > D T > D T > D T
i=1 j=1 i=1 j=1 i=1 j=1 i=1 j=1
Total variance Within-job Within-worker, between-job Between-worker

where w is the log wage, W indicate average log wage, N is the number of individuals in the data (indexed by i),
J; is the number of jobs that individual 7 holds (indexed by j), and T;; is the number of wage observations in
job j for individual i (indexed by t).
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difference in amenities between a job with the lowest amenity-level and unemployment, while

that difference is 75 Kroner between a job with the highest amenity-level and unemployment.

Table 2: Data Driven Parameters

Par. Description Value Data Moment Model Data
01 Worker-type loading 0.642 B/w-worker log wage var. 0.106 0.106
02 Prod.-type loading 0.662 W /n-wrk, b/w-job log wage var. 0.020 0.020
z Amenity-type loading 4.748 Prop. J2J transitions w/ wage cut ~ 0.390 0.391
Oc Measurement error var. 0.100 W /n-job log wage var. 0.009 0.010
A Matching efficiency 0.066 Pr(unemployment spell < 6 mth.)  0.538 0.537
s Job destruction rate 0.092 Average job destruction rate 0.092 0.092

Appendix F show features of the calibrated equilibrium. As expected, high-type workers
exert more search effort in unemployment vis-a-vis low-type workers, and also enjoy lower tight-
nesses, which results in lower unemployment rates. The worker-type, job productivity rank
complementarity in the match production function yields relatively small quantitative differ-
ences in the behavior of different worker-types, but does imply that high-type workers seek out
high-productive jobs to a higher extent than low-type workers. Overall, workers exert about
ten times more search effort in the worst job compared to median job, and the equilibrium

employment distribution has a lot of mass on high-amenity /low-productive jobs.

8 Quantitative Analysis

We use the calibrated model for three pieces of analysis of the distortionary effects of redis-
tributive income taxation. We first compare the calibrated model economy to a “laissez-faire”
economy without a tax and transfer system. Next, we compute and decompose the (marginal)
deadweight losses associated with the tax and transfer system in the calibrated economy. Finally,
we compute the optimal income tax rates implemented by a social planner with varying degrees

of redistributive preferences, and analyse the deadweight losses in these optimal tax economies.

8.1 Comparison to Laissez-faire Economy

The laissez-faire economy is without a tax and transfer system (b = ¢t = 0), but is otherwise
identical to the calibrated model economy.

Figure 4 plots, by worker-type, unemployed search effort, tightness in the unemployment-
submarkets, and the unemployment rate for the calibrated model and the laissez-faire economy.
Panel (a) shows that the tax and transfer system stifles unemployment search effort (for all
worker-types). Indeed, both income taxation and unemployment benefit provision reduces un-
employed workers’ incentives to search for a job.

Panel (b) illustrates the effect of the tax and transfer system on vacancy creation. Un-
employment benefit provision reduces firms’ incentive to post vacancies to the unemployment

submarkets, which tend to lower labor market tightness in the calibrated economy vis-a-vis the
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Figure 4: Calibrated
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faire model, which is the calibrated model without taxes and transfer.

laissez-faire economy. However, taxation in the calibrated economy incentivises vacancy creation

since future jobs hold promises of untaxed amenities. The lower tightness in the laissez-faire

economy evident in panel (b) shows that, in the calibrated model economy, the upward pressure

on the tightness coming from taxation in fact dominates the downward pressure coming from

unemployment benefit provision.

Panel (c) plots the worker-type specific unemployment rates in the calibrated and in the

laissez-faire economy, and shows that the effect of the lower search effort in the calibrated

economy dominates the effect of inflated vacancy creation, such that the calibrated economy

features higher unemployment rates than the laissez-faire economy for all worker-types.
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Figure 5 consider the submarkets populated by employed workers. Panels (a), (b) and (c)
pertains to the least productive worker-type 1 and the panels (d), (e) and (f) pertains to the most
productive worker-type 10. The panels show heatmaps to illustrate the difference in workers’
ranking of jobs, search effort, and the tightnesses they face between the calibrated model economy
and the laissez-faire economy. Positive (negative) entries implies that a particular submarket
has a higher (lower) ranking, search effort, or labour market tightness in the calibrated model
economy than in the laissez-faire economy. In the heatmaps, larger positive entries are indicated
by warmer colours while larger negative entries are indicated by colder colours.

Panels (a) and (d) in Figure 5 shows that, irrespective of their type, workers in the laissez-
faire economy tend to rank high-productive, low-amenity (low-productive, high-amenity) jobs
higher (lower) than workers in the calibrated model economy.*> Comparing panels (a) and (d)
shows that worker-type, job productivity rank complementarity in the match production function
implies that high-type workers rank high-productivity, low-amenity jobs (low-productivity, high-
amenity jobs) higher (lower) than low-type workers.

A similar line of logic applies to panels (b) and (e), which shows that, irrespective of their
type, workers in high-productivity, low-amenity jobs (the north-west corner) exert more search
effort in the calibrated model economy than in the laissez-faire counterfactual. The opposite
holds true for workers in low-productivity, high-amenity jobs (the south-east corner). For low-
type workers, the differences to the laissez-faire economy are particularly pronounced for high-
productivity, low amenity jobs. For high-type workers, the differences are more pronounced for
low-productive, high amenity jobs.

Finally, panels (c¢) and (f) in Figure 5 show the difference in tightness faced by employed
workers in the estimated and the laissez-faire economy. Most of the entries are positive, and they
are particularly large in submarkets with low amenities. This suggest that the tax and transfer
system boosts vacancy creation, and particularly so in low-amenity submarkets. Indeed, workers
in low amenity jobs expect higher future amenity values (AY,(y) > 0), and the tax system in
the calibrated model economy incentivises vacancy creation in these submarkets. In submarkets
where the productivity-attribute is low relative to the amenity-attribute (i.e. in the south-east
corner), workers expect to ascend the productivity-attribute ladder and descend the amenity-
attribute ladder, and the tax system disincentivises vacancy creation. When it comes to the
distortions to labor market tightness, there is only small quantitative differences between low-
and high-type workers.

Figure 6 illustrates how differences in job ranking, search effort, and vacancy creation between
the calibrated model and the laissez-faire economy manifest themselves in distorted employment
distributions. Panel (a) shows differences in the employment distribution between the cali-
brated model economy than in the laissez-faire economy for the least productive worker-type 1,
and panel (b) considers the most productive worker-type 10. There are only relatively minor

quantitative differences between panels (a) and (b) reflecting the relatively weak worker-type,

32Recall that there are 100 markets for each worker type, so the ranking takes values from 1 to 100, with
the rank-1 submarket being the least attractive and the rank-100 submarket being the most attractive. In the
heatmap in Figure 5, panels (a) and (d), an entry of, say, 27, indicates that workers in the calibrated model
economy rank the specific submarket 27 positions higher than workers in the laissez-faire economy.
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Figure 6: Calibrated versus Laissez-faire Economy: Employment allocation
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in the laissez-faire economy.

job productivity rank complementarity implied by the log-linear match production function. It
is, however, evident that the tax and transfer system reallocates employment away from high-

productive, low-amenity jobs towards low-productive, high-amenity jobs.

8.2 The Deadweight Losses in the Calibrated Economy

We compute and decompose the marginal deadweight loss in the calibrated economy according
to (38) and (39).

deadweight loss components as a proportion of the total marginal deadweight loss, and column

The results are presented in Table 3, where column (1) reports marginal

(2) reports marginal deadweight loss components as a proportion of the tax base Wj.

Table 3 shows that the marginal deadweight loss represents 36 percent of the tax base, and
that distortions to job search effort, job ranking, and vacancy creation comprises 24 percent, 8
percent, and 68 percent of the marginal deadweight loss, respectively.

The total deadweight loss is also split into components coming from the revenue- and the
expenditure-side of the government budget. Table 3 shows that the deadweight loss arises entirely
through the revenue-side, where distortions to job search effort, job ranking, and vacancy creation
on the job ladder reduce the tax base and therefore government income. The expenditure-
side, i.e. unemployment benefit provision, contributes almost nothing to the total marginal
deadweight loss. The negligible contribution from the the expenditure side is, however, negative,
namely —0.3 percent stemming from distorted search and vacancy creation in the unemployment

submarkets.??

33With a tax and transfer system, unemployed search effort is lower than the planner’s stipulation. A higher
tax rate reduces unemployed search even further, which increases aggregate unemployment expenditures and the
total marginal deadweight loss (by 0.4 percent). Unemployment benefit provision decreases vacancy creation in
the unemployment submarket below the planner’s stipulation, but higher taxation (in the presence of amenities
and provided unemployment is at the bottom of the amenity rung) in fact increases vacancy creation and restores
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The elasticity of the tax base W, with respect to the tax rate ¢ is a key component in the
optimal tax design, see (26). The calibrated economy has ¢t = 0.643, which implies an elasticity
of the tax base with respect to the income tax rate of 0.357 x 0.643 = 0.234, where 0.357 is the
revenue-side deadweight loss as a proportion of the tax base Wy, see Table 3, column (2). A
more conventional measure of the deadweight loss is the elasticity of taxable income W, with

respect to the net-of-tax rate 1 — ¢, which in our case comes out to 0.357 x (1 —0.643) = 0.130.

Table 3: The Marginal Deadweight Losses from Taxation in the Calibrated Economy

(1) (2)
Proportion of

marginal dead- Proportion of
weight loss  tax base, Wy

Total 1.000 0.356
Job search effort distortions 0.236 0.084
Job ranking distortions 0.081 0.029
Vacancy creation distortions 0.683 0.243
Revenue side tdW, total 1.003 0.357
Job search effort distortions 0.232 0.083
Job ranking distortions 0.081 0.029
Vacancy creation distortions 0.690 0.246
Expenditure side, dB, total —0.003 —0.001
Job search effort distortions 0.004 0.001
Vacancy creation distortions —0.007 —0.003

The model framework allow us to further expose the structure and sources of the deadweight
losses. First, Figure 7 reports the marginal deadweight losses and their composition by worker-
type. Panel (a) shows that the deadweight loss is slightly increasing in worker-type. Panel (b),
which plots the proportional contribution of job search effort, job ranking and vacancy creation
for each worker-type, shows that distortions to job search effort and job ranking is relatively
more important for high-type workers, while distortions to vacancy creation is relatively more
important for low-type workers.

In Appendix F we show job ladder rung-specific single-spell partial deadweight losses Of(y),
oY (y) and O!(y) from distorted job search, job ranking, and vacancy creation in unemployment,
all 100 employment states, and (where relevant) for different worker-types, cf. Section 5. Roughly
speaking, the marginal deadweight loss contributions are large in the submarkets where the
difference in the variable in question between the calibrated and the Laissez-faire economy is

large, see Figure 5, panels (a)-(c).3

some of the efficiency loss from unemployment benefits provision (namely —0.7 percent).
34 Appendix F also shows the weights wj and w(y) that are used in the aggregation of the single-spell partial
deadweight losses, see (39).
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Figure 7: The Marginal Deadweight Loss by Worker-Type
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8.3 Optimal Redistributive Taxation

The planner levies taxes on labour income to maximise aggregate welfare defined by (20). We
parameterise the planner’s redistributive preferences by the CRRA function,
1=y _

O(z) = % (43)
and refer to v as the planner’s degree of inequality aversion. We compute the optimal tax
t associated with different values of . In these computations, we hold the level of benefits
constant at the calibrated level, b = 100 and take G = 0.%

Panel (a) in Figure 8 plots (in green) the optimal income tax rate, ¢, as a function of the
planner’s inequality aversion, 7. The tax rate in the calibrated economy, ¢ = 0.643, is also
indicated. The optimal income tax rate ¢ is naturally increasing in v and an even moderately
inequality averse planner taxes labour income at nontrivial rates; for example, for v = 1, where
®(x) = log(x), the optimal income tax rate is around 25 percent.*® The optimal income tax
rate, however, does not come close to the actual income tax rate of 64 percent for any reasonable
value of 7. Allowing for exogenous government spending, i.e. taking G > 0, will yield a closer
alignment of optimal and actual tax rates.

Panel (b) in Figure 8 plots the coefficient of variation of Vj across worker-types as a function
of 7, and also indicate the coefficient or variation of V{ for the calibrated economy. Of course,
Vo-dispersion declines with v as a result of the redistribution implemented by the increasingly
inequality averse planner (the average Vj remains effectively constant). The calibrated economy

has a coefficient of variation of 0.061, which is substantially lower than 0.097, the coefficient of

35Note that G = 0 is equivalent to assuming that government exogenous spending is evenly distributed across
workers and a perfect substitute to private income. In that case, exogenous government spending can be subsumed
in the lump sum transfer tg.

36 An inequality-indifferent planner with v = 0 set ¢ = 0, as in the laissez-faire economy, and finance the (fixed)
unemployment benefits by lump sum taxation.
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Figure 8: Taxation in Planner Economies and the Calibrated Economy
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Notes: The parameter v index the planner’s “inequality aversion” in the CRRA utility weight, (43). The
average V) remains effectively constant for different values of .

variation in the economy designed by the very inequality-averse planner with v = 4.

Panels (c) and (d) in Figure 8 plot the after-tax NPV utility Vj and tax base W as a
function of worker-type for different values of v, and for the calibrated economy. In panel (c),
Moving from the inequality-indifferent planner economy (v = 0) to economies with redistributive
policies in place (7 > 0), benefits lower-type workers at the expense of higher-type workers.
Indeed, depending the value of v, the two or three least productive worker-types emerge as net-
benefactors. Panel (d) confirms that the tax base decreases with +, i.e. that the deadweight loss
increases with v. Evidently, the deadweight loss in the calibrated economy is substantially higher
than the deadweight loss incurred even by an extremely inequality averse planner, consistent
with lower levels of redistribution in the planner economy than in the calibrated economy. We

return to this issue further below.
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8.3.1 Deadweight Losses in the Optimal Tax Economies

The tax rate in the calibrated economy is ¢ = 0.643, a substantially heaver tax burden than
implemented by a very inequality averse planner. Figure 9 plots the marginal deadweight losses,
and its decomposition into components stemming from distorted search effort, job ranking and
vacancy creation, for the calibrated economy and for the optimal tax economies discussed above.

Panel (a) in Figure 9 shows the marginal deadweight losses for income tax rates optimally set
by planners with varying degrees of inequality aversion as indexed by the parameter + in (43).
We hold the level of unemployment benefits fixed in the calibrated and optimal tax economies.
The inequality-indifferent planner with v = 0 sets ¢ = 0 and finance unemployment transfers
by lump sum taxes. The provision of unemployment benefits generates deadweight losses in the
model. As a consequence the marginal deadweight loss from increasing taxation from a level of
zero has first order effects. In particular, it gives rise to a small deadweight loss of 7 Kroner,
which is the net effect of a positive deadweight loss coming from distorted job search effort, and
a negative deadweight loss coming from excessive vacancy creation for reasons discussed above.
For planners with higher degree of inequality aversion, the optimal tax rate increases, as does the
marginal deadweight loss. All constituent components of the marginal deadweight loss increases
with 7 (and t); in particular, the deadweight loss coming from distorted vacancy creation turns
positive once we consider the 7 = 3 planner who implements ¢ = 0.39. We see, however, that the
deadweight losses in the calibrated economy with ¢ = 0.64, which is 1,063 Kroner, is substantially
higher than the deadweight losses even a very inequality averse planner with v = 5 is willing
to incur, namely 311 Kroner. Panel (b) in Figure 9 shows that the rising deadweight loss from
additional redistribution in the job ladder economy is associated with an increase in the relative
importance of deadweight losses stemming from distorted vacancy creation.

Overall, the plots in Figure 9 suggests that it is the (steeply) rising cost of distorted vacancy
creation that makes even very inequality-averse planners abstain from implementing the high

tax rates and the low level of after-tax inequality from the calibrated economy.

9 Conclusion

We have analysed as yet overlooked deadweight losses of taxation in labor markets with frictions
arising through labor misallocation. To this end, we constructed a rich job ladder model of
competitive on-the-job search, which includes heterogeneous workers and heterogeneous jobs. A
job comprises both a productivity component and a non-taxed amenity component. The com-
petitive search equilibrium allocation maximizes the workers’ after-tax NPV utilities given the
resource constraints in the economy and the policy environment; nonetheless, fiscal externalities
associated with income taxation and unemployment benefit provision gives rise to deadweight
losses. The deadweight losses arise from distortions to three margins: workers’ job search effort,
workers’ ranking of jobs, and firms’ vacancy creation. We derive analytical expressions for the
marginal deadweight losses from each of these distortions at each rung of the job ladder.

We calibrate the model using Danish matched employer-employee data, and find that the
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Figure 9: The Marginal Deadweight Losses from Taxation by Tax Regime
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marginal deadweight losses from taxation evaluated at the actual average marginal tax rate of
0.643 comprises 33 percent of the average NPV income of unemployed workers (the tax base);
28 percent of the marginal deadweight loss can be attributed to distorted search effort, 7 percent
to distorted job ranking, and 65 percent to distorted vacancy creation.

Finally, we derive the optimal tax rate, i.e. the tax rate set by benevolent planner, as a
function of that planner’s inequality aversion. We find that the actual tax rate is substantially
higher than the optimal tax rate, even if the planner has a very high level of inequality aversion.
Our analysis suggest that the planners’ redistribution policies are constrained by steeply rising
deadweight losses from distorted vacancy creation.

Our paper contains some loose ends that we would like to address in the future. First,
our calibration can be improved, particularly when it comes to the calibration of the production
function and of government expenditures. Second, it would be interesting to extend our model to
allow for non-linear taxes on labour income, profit taxation, and to include ex ante heterogeneous
firms. Finally, we would like to derive the optimal level of unemployment benefits as a function

of the tax rate and the planner’s inequality aversion.
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Appendix
A Proof of Proposition 1

We have already shown that the search contract maximizes L(y), see (14). In particular, a worker
searches to maximise L(y), and the first order condition for this maximization problem is (17). As in the
main text, we represent the acceptance set %(yé) by the amenity reservation function y, = ¢(yp; y‘).
The firm solves the problem

1—71
1—1¢

max ¢(6) Pr (yz > O(yp; yg)) [Ey|yzz¢>(yp;ye)L(y) _ V]

97V7¢

subject to
(r+$)L(y") = (1= gy + y= + en(0) Pr (2 = 6 y")) [V(") - Ly

Setting up the Lagrangian and taking derivatives with respect to V(y*), 6, and ¢(y,;y*) give the
following first order conditions

(O = Aen(o) (A1)
(07— (B2 L) - V() = A (0) (Vi) - L) (A2)
~O) 7 (Lemu2) - V) = 2enld) (Vi) — L) (A3)

From (A1) it follows that A = 3=% e‘ﬁ(%. Substituted into (A2), and using that the elasticity of ¢(#) and

p(0) are —f and 3, respectively, we obtain

Viy') = (1 - B)L(y") + BEY=20wny ) [(y). (A4)

This shows the second part of Proposition 1. Inserting for A into (A3) gives that L(y.,y,(y:)) = L(y*).
Since future productivity draws are independent of the current productivity draw, this equation implies
that y. + (1 — £)yp(yz) = y- + (1 — t)y5. This shows the first point in Proposition 1 and (15). Inserting
(A4) into (14) gives that

1—-7
1-1¢
Together with (5) and (6) this gives (18), which completes the proof.

Eylyz2¢>(yp7yz)J(y?y€) —(1-8) (Ey\yz2¢(yp,y’“’)L(y) _ L(yi’)>

B Bargaining

This appendix shows that the competitive search equilibrium allocation (Proposition 1) also materializes
when wages and search effort are determined by bargaining under the Hosios condition. The Hosios
condition stipulates that the worker’s share of the match surplus is equated to 3, i.e. to the absolute
value of the elasticity of the vacancy filling rate with respect to labour market tightness, in every
submarket, as in Hosios (1990).

If the worker receives the entire income in a type-y* job, the NPV income to this worker is L(ye).
We assume that a worker leaves a type-y’ job for a type-y job if and only if L(y) > L(y*). This makes
the job acceptance set %(yé ) the same under wage bargaining as in the competitive search equilibrium.
This assumption is consistent with the bargaining procedure in Cahuc, Postel-Vinay, and Robin (2006),
in which, after successful on-the-job search, the poaching firm and the incumbent employer compete
for the worker in a Bertrand game. It follows that the worker transits to the poaching firm if and only



if (1—t)yp +y. > (L—t)y, +yt, ie if L(y) > L(y").*

Furthermore, and again following Cahuc, Postel-Vinay, and Robin (2006), L (y*) is the worker’s
outside option in the bargaining game. The agents bargain over gross wages, w, and search effort, e,
and the solution maximizes the Nash product

Vily,y") = L'(y))P T (y, ¥y 7,

where the notation hides that both Vi(y,y’) and J*(y,y’) depend on the wage w and the worker’s
search effort e. The outside option L*(y‘) is, of course, independent of w and e in the prospective
match with the type-y job.

The first order condition for the gross wage w reads

Viy.y)-Ly") B 1-t
J(y’yé) _175177—’

which defines the wage w as a function of employer-attributes y and the attributes of the worker’s most
recent previous job (or unemployment, as might be the case), i.e. y.
We can use the definition of L(y) in (3) to substitute out J(y,y?) in (B1), which yields

Viy,y") — L(y") = BIL(y) — L(y")]. (B2)

(B1)

Equation (B2) shows that the bargaining results in the worker receiving their outside option plus a
share § of the match surplus, L(y) — L(y"), obtained with the type-y job. Importantly, the sharing
rule implied by the bargaining game is consistent with (19), a sharing rule that implements competitive
search allocation. Furthermore, if we substitute (B2) into (4), we obtain (16).

The first order condition for search effort e reads

Vy.y) - L) _ B 9V(y,y")/0e B3)
J(y,y") 1-B0J(y,y")/0e
Substituting the wage equation (B1) into (B3) yields
¢ _ £
WV (y,y") N 1—-taoJ(y,y") o (B4)

Oe 1—71 Oe

Using (3), it is easy to verify that (B4) coincides with the first order condition from the problem of
(directly) maximising L(y) with respect to e. Using the recursive expression for L(y) in (4), we can
obtain workers’ search effort under wage bargaining as the solution to

d(e) = p(0)BEY < (L(y') - L(y)),

which coincides with (17)

Finally, free entry of firms in each submarket ensure that the labour market tightness in each
submarket is pinned down by (6) and (18).

It follows that the equilibrium allocation with bargaining under the Hosios condition is identical to
the competitive search equilibrium allocation. The wage distribution under Nash bargaining is given
by (19), which is also consistent with wage setting under competitive search.

C Worker Stocks and Flows

Let n’(y) be the measure of workers of type i in type-y jobs, such that I n(y)dy = K;.

3TWe assume that a new firm only starts competing for the worker if it is more attractive than the incumbent
firm. Thus, there is no rent extraction reasons for job search as in e.g. Cahuc, Postel-Vinay, and Robin (2006).



For unemployment-submarkets, aggregate consistency imposes

¢/ (yo)p(60°(y0)) = 5 / ni(y)dy, (1)

Z\{yo}

for every (i,yo)-submarket. The left-hand side of (C1) represents the measure of type-i workers leaving
unemployment. They do so when they find a job that is preferable to unemployment. The right-hand
side of (C1) represents the inflow, generated by job destructions, which occur at rate s

For employment-submarkets, aggregate consistency imposes

[s+ €' (¥)p(0'(v)) Pr (v € Za(y)) n'(y)] = [y ey O (v ) F ) Pr (v € Zaly")) n'(y)dy", (C2)

for every (i,y)-submarket with y # yo. The left-hand side of (C2) is the measure of workers leaving
the (i,y)-submarket. They do so because of job destruction, an event that occurs at rate s, or because
they find a job on a higher rung of the job ladder, which happens at rate e!(y)p(6*(y)) Pr (y € Z.(y)).
The right-hand side of (C2) represents the inflow to submarket (i,y), made up of workers at lower
rung submarkets, including unemployment, conducting successful job search. For example, the n’(y*)
workers in the (4, y*)-submarket meet vacancies and realize a job of type y at rate ¢*(y*)p(8*(y9)) fi(y).
They reallocate to the type-y job if it is preferred to their current type-y* job.

D Deriving Of(y), Of(y) and O{(y)
We use the following results and remarks extensively:

Lemma 2 The effect on L(y) of a marginal change in t is equal to the partial effect of a marginal
increase in t, keeping the endogenous variables 0(y), e(y) and ¢(y,,y) constant.

Proof. Since 6(y), e(y) and ¢(y,,y) maximise L(y), the Envelope Theorem applies. m
The NPV of unemployment benefits to a worker at rung-y of the job ladder is

By ity =yo,
B = . D1
m={m (1)
where By = T[T+S+S(";fos))§(9(yo))} and By = ;7 By as defined in the main text, see (9).

Remark 2 extends Remark 1 to Y, (y) and B(y)

Remark 2 Let X € {Y,, B}. X(y) can be represented as X(y) = X(e(y), (-, y),0(y), X(-)), where
e(y), ¢(-,y) and 0(y) are search effort, reservation amenity function, and labour market tightness in
the current rung-y spell, and X is a functional. 1~/p is implicitly defined by (11), and B is implicitly
defined by rBy = b+ e(yo)p(0(yo))[B1 — Bo] and rB, = s[By — Bj].

Lemma 3 The single-spell partial derivative of the before-tax match value M (y) with respect to z(y) €
{e(y), o(yy,y),0(y)} is

OM(y) _ ,0%(y) _0B(y)
ox(y)  Ox(y) Ox(y)’
where %i”((},y)) and %f((;')) are the single-spell partial derivatives of Y,(y) and B(y) with respect to x(y).

Proof. Application of the Envelope Theorem to the identity M(y) = L(y) + tY,(y) — B(y). =

D.1 Employment Rungs (y # yo)

Consider any employment rung y € % \ {yo} on the job ladder. A marginal increase in the income
tax rate generates a rung-y deadweight loss which springs from three sources: distorted search effort,
distorted reservation amenities, and distorted vacancy creation. We consider each the sources in turn.



Since we here consider y # yo, (D1) implies B(y) = Bj, which further implies %]j((;')) = 825;(;},’3)') =

%5((3')) = 0. Hence, for y # yg, there are no deadweight losses coming from aggregate unemploy-

ment expenditures. Indeed, from Lemma 3, the single spell partial deadwelght losses defined in the

main text are given by Of(y) = agf’(];))ai,(t) — tag;p((y)) 5%(2’), _ f gxsz ) 09( pr)d / _
Yy (y) 09(yp,y) 0 _ OMy(y) 98(y) L 0Yp(y) 08
—t [ B Zp o dyp, and Oy (y) = — aefﬁ a(tY) =t aep(;; a(ty)'

Search effort. The equilibrium contract split the total marginal gain from rung-y search effort,
p(6(y))AL(y), such that the firm takes (1 — 8)p(0(y))AL(y) = (1 — ¢)0(y)7 and the worker takes
Bp(0(y)AL(y) = p(0(y))AL(y) — (1 = )8(y)T, see (17) and (18). Using L(y) = (1 — )Y, (y) + Y(y),
(17), the first order condition for worker search effort e(y), can therefore be expressed as

(e(y)) = p(0(y)) [(1 =AY, (y) + AY:(y)] = (1 = )O(y)T. (D2)

Taking the derivative of (D2) with respect to ¢, and subsequently using 7 %q(&(y))[(l -
t)AY,(y) + AY:(y)], see (18), yields

dely) _ _p(0(y)) [B( = t)AY,(y) — (1 = H)AY:(y)
ot d"(e(y)) 1—1t

(D3)

Changes to workers’ search effort at rung-y impacts the rung-y tax base which gives rise to a single-

spell partial deadweight loss of Of(y) = —%‘Z ?’S) G%(ty) = taY”(gl)) a(tY)' Keep in mind that Y,(y) is

given by (11), that p(6) = 0(y)q(0(y)), and that 7 = %q(@(y))[ 1 —-t)AY,(y) + AY.(y)]. Then, from
(11) we have that

B - )AYp(y) — (1 = H)AY:(y)
1—t

1 0%, (y)

R(y)~ De(y)

= p(0(y))AY,(y) — (1 = 1)8(y)™ = p(6(y))

, (D4)
which, upon multiplying by R(y), ¢, and (D3), yields the expression for Of(y) in (29).
Job ranking. Consider first how a marginal change in the tax rate impact ¢(y,,y), the reservation

amenity associated with a productivity attribute draw y; for a worker currently employed in a rung-y
job. It follows from Definition 2, that

0oy,
cb(?;sf) = Yp — Up} (D5)
Using (11), and keeping in mind that AY,(y fyp f¢z ) Y, (y)ldF(y), we obtain
m = —Ry)e)pO) Yy 0 ¥)) = Yo (I Fo () f2(6 (5, ¥))

= —R(y)*e(y)p(0(y)) fp(Up) f=(& (W, ¥)) (W — Up)s (D6)

because workers are indifferent between type-y’ = (y{m ¢(y;,y)) jobs and type-y jobs, with the impli-
cation that the equilibrium contracts in the y’- and y-submarkets stipulate the same search effort, job
acceptance decisions,?® and the same labour market tightness, and because the discounted time that
the worker who accepts the type-y’ job will be in that job is R(y’) = R(y), after which the equilibrium
paths again coincide.

From Lemma 3, using (D5) and (D6), Of’ (y), the single-spell partial deadweight loss associated
with distorted ranking of jobs at rung-y, is given by

07 (y) = tR(y)%e(y)p(0(y)) / yp(y; — )2 fo(yh) F (S (yh, ¥)) (D7)

Iy

#BThat is, 7y}, (yp,y)) \ Z*(y) has measure zero.

4



where we have integrated over potential productivity attribute draws. Hence, we have derived (31).
Job creation. Inserting AL(y) = (1 —¢)AY,(y) + AY,(y) into the zero profit condition (18) gives

(1—8)q(0(y)) [(1 = t)AY,(y) + AY.(y)] - (1 —t)T = 0.

Taking the derivative with respect to ¢, utilizing that the Cobb-Douglas matching technology implies
Elpq(#) = —pB, and using the equilibrium condition 7(1 —t) = ¢(0(y))(1 — B) [(1 — t)AY, + AY;] gives

90(y) _ 0(y)AY.(y)
ot BA-1)[(1-1)AY(y) + AY:(y)]

Using (11), @ = 1=2¢(8(y))[(1 — t)AY,(y) + AY;(y)], and p/(0(y)) = (1 — B)q(6(y)) we find that

(D8)

0Y,(y) _ AY(y)
S = R - alby) T (D9)
From (D9) and (D8) we obtain the expression for Of(y) = —taa};p((yy)) 8%(2') iven in (33).

D.2 Unemployment Rungs (y = yo)

Next, consider the unemployment rungs on the job ladder, i.e. rung-yg. By assumption, unemployed
workers accept any job offer, irrespective of the tax rate ¢; hence, there are no deadweight loss coming
from distorted job rankings for unemployed workers. However, there is an additional fiscal externality
that contributes to the deadweight loss in the unemployment submarkets, operating via the expenditure
side of the government budget: changes to search effort and tightness in the unemployment submarket
affect NPV unemployment benefits, By, as well as the tax base.

Indeed, since y = yo, we have B(yog) = By, see (D1), and thus ;96(y # 0 and %]g(;'o) # 0.

Lemma 3 therefore implies that the single spell partial deadweight losses from unemployed search effort

and vacancy creation in the unemployment submarket can be computed as Of(yo) = —aé\g’(’)(f)' ) 8%(3) =

[ taYp( ) | 8B(y)] 9e(y) and 0f(y) = — OMy(y) 00(y) _ [ taYp(y) i 8B(y)} 29(y)

de(y) ~ dely) | Ot —  90y) ot (y) ~ 90(y)| ot -

Search effort. We can compute the (single-spell partial) impact of a marginal change to unemployed

search effort on the tax base in the type-yo submarket as M; p(Yo) Using exactly the same argument

as for employed workers, we find that the rung-yq specific dea Welght losses for search effort operating
through the revenue channel is given by the right-hand side of (29), with yq substituted for y, and with
R(y) replaced by Ry = [r + e(yo)p(8(yo)] ™", the discounted expected unemployment duration.

Turning now to the deadweight losses (or gains, as the case may be) associated with By, i.e.
operating through the expenditure channel, the impact of a marginal distortion to job search effort
e(yo) on By for the current unemployment spell (i.e. holding B constant) is

e = Rup(8(30))(Bs — Bo) <0 (D10)
with associated marginal deadweight loss
0By de(yo) _ NG (v))? [B(1 = )AY,(y) — (1 — B)AY:(y) B
delyo) ot U ely) 11 =Bl (1Y

Adding up the revenue-side (single-spell partial) deadweight loss —taY”((ybgo)) 86((%0) and expenditure-

side (single-spell partial) deadweight loss da(BO) 86(y0) yields the expression for Of(yo) given in (35).




Vacancy creation. We compute the single-spell partial impact of a marginal change to labour

market tightness in the unemployment submarket on the tax base as 66?;((3'0)), which is given by the

right-hand side of (33) with yo substituted for y, and with R(y) replaced by Ry.

With respect to the deadweight losses on the expenditure-side of the government budget, the impact
of a marginal distortion to labour market tightness in the type-yo submarket, 6(yg), on By for the
current unemployment spell is

0By
90(yo)

= Roe(yo)p'(0(yo))(B1 — By) < 0, (D12)

with associated marginal deadweight loss

0By 90(yo) _ (1= B)elyo)p(0(y))AY:(y)
M(yo) ot B [(1- DAY (y) + AY(y)]

(B1 — Bo). (D13)

Adding up the revenue-side (single-spell partial) deadweight loss — %@% and expenditure-

side (single-spell partial) deadweight loss 88(30) 89(y0) yields the expression for O (yo) given in (37).

E Aggregating Of(y), O/(y) and O/(y)

To avoid unecessarily complicated notation, Appendix E ignores worker-type heterogeneity.
To characterize the constituent components of the marginal deadweight loss decomposition (38),

starting with M£(yo), take the derivative of M(yo) with respect to e(y’), multiply by 8e(y ) and
integrate with respect to y’ € 2. This yields
yp gz
Milyo) = Of(yo) + [ [ 6oy ME )y, (1)
v, Jy,
where Yop(6(30) /)
€\Yo)pP\U\Yy y
E(yoy) = =" j (E2)

7+ e(yo)p(0(yo))

is the discounted density that an unemployment spell terminates with the worker moving to a rung-y

job and Mf(y f Yp ;’z %f‘éy dec(lt )dy' is the part of the impact of a marginal change to income

taxation on NPV match utility in a rung-y match that derives from distorted job search effort.

However, because a rung-y worker may transition to unemployment, Mf(y) encompasses M{(yo).
To see this, define M(y) = M(y) — 73;M(yo) to be the expected before-tax NPV match utility of an
employment cycle with starting-rung y: a sequence of jobs uninterrupted by unemployment, starting
with a rung-y job. From (10) we have that

. Yp [V R
R(y) "' NI(y) = yp + 9= — c(e(y)) + p(O(y))ely) / /¢ N(y)dF(y) - e(y)8(y)m,  (E3)

Y, (YY)

where R(y) = [r+s+e(y)p(0(y)) Pr(y € %, (y))] ! is the discounted expected duration of stay at rung-

y. By construction, M(y) is independent of M (yq); moreover, with Mt fyp fyz E;]Z[yy)) dedt )d !
M¢g(y) = Me(y) + s M{(yo). Substituting this expression for M (y) into (El) ylelds.
r+s | r+e(yo)p@(yo)) ] [ /yp Vs ’
M¢(yo) = 0% (yo) + )M (y)dy |- E4
t(y()) r 7’+8+6(y0)p(9(y'0)) t(yU) y ) g(yo Y> t(y) y ( )

Corresponding expressions of My (yo) and M (yo) in terms of Mf (y) and M?(y) have the same struc-
ture and obtains by replacing e by ¢ and 6 in (E4).
The recursive representation of M(y) in (E3) maps any y € %\ {yo} to the before-tax NPV utility

6



of an employment cycle starting at that rung-y via the policy functions e, ¢, and 6. That is, M (y)
depends on search effort, reservation amenities, and tightness at each employment rung of the job ladder
that the worker may visit during an employment cycle starting at rung-y. Therefore, the derivative of
M (y) with respect to the income tax rate ¢ is given by

dM (y)

o = MEy) + M (y) + M (y), (E5)

oM (y) d ( " N AM(y) dé(yy-y') 0 _

where ME(Y) = [ gy) Gt a8 = Jonivoy Jopoy aongyn - wpdy’ and M{(y) =
I P\{yo} D 8M((y)) doty’ )dy Equation (E5) decomposes the marginal deadweight loss from income taxa-

tion in an employment cycle with starting rung-y into deadweight losses ]\It‘f(y)7 Mf) (y), and Mte (y)
stemming from distortions to job search effort, job rankings, and vacancy creation.

The remainder of this appendix uses the job ladder structure to express M S(y), M, (y), and Mte (y)
y

as integrals of the single-spell partial deadweight losses, O (y)( )s Of) W ’y)( ), and O, ( )(y), discussed

in Section 5. This will yield equation (39) in the main text.

Consider first Mte Using (ES), take the derivative of M (y) with respect to generic rung-y” search
(y 9]

effort, e(y”), multiply by , and integrate with respect to y” € % to obtain

R Yp
NI (y) = — / /¢< E(y,y )M (y')dy', (E6)
Yp,Y)

where Of(y) = *83]\3(%) deéty ) = taa]\ég)) deagty ) = —tagve(%) deéf) is the own-rung-y deadweight loss stem-

ming from distortions to job search effort at rung-y, derived in Section 5 of the main text, and where

e(y)p(0(y)) f(y')

Y = a6y Pry’ € T 0y))

(E7)

is the discounted density of a rung-y job terminating with the worker moving to a rung-y’ job.3?

The right-hand side of equation (E6) defines a linear map I'o¢ from the set of continuous func-
tions on @ denoted ¢ (%), onto itself; that is, for any = € €(#), T'oe : z(y) = —Of(y) +
fyp f oY) y')z(y')dy’. The function My, is a fixed point of T'oe.

Repeatlng the calculations for reservation amenities and labour market tightness shows that the
functions Mf’ and Mf are implicitly defined as fixed points of mappings like (E6), only with Of replaced
by the own-rung marginal deadweight losses associated with reservation amenities Of and labour market

tightness OY, respectively.*’
In summary, for k € {e, ¢,0}, define Lok : C(¥) — €(#) such that

Up
Lop 2(y) = Of(y / / ) (y')dy’. (ES8)
ypyy)

The functions Mf, be , and Mf , are fixed points of T'o¢, I ¢, and Fofv respectively.

oy

39To see this, write

s+ e(y)p(0(y)) Pr(y’ € Z°(y)) } { e(y)p(0(y)) f(y')
r+s+p(0(y))e(y) Pr(y’ € Z(y))] [s+e(y)p(0(y)) Pr(y’ € Z(y))

The second term in the right-hand side product is the density that a rung-y spell ends with the worker making a
transition to a rung-y’ job. The first term is the discount factor that must be applied to a payment expected to
received 1/[s+e(y)p(0(y)) Pr(y’ € #*(y))] units of time into the future, when—as is the case in our model—the
duration until the payment is made follows an Exponential distribution.
40For reservation amenities, the exercise entails taking the derivative of (E3) with respect to (Y, y"), multi-
<i>(yp y'")

Ey,y') =

plying by , integrating with respect to y;, € %}, and then integrating with respect to y” € #.



Lemma 4 Let € (%) be the space of continuous functions on % with the sup norm. Then, for
kE € {e, o, 9} any OF - '\ {yo} — R, and x € €(¥), the linear map Lok + x(y) — OF(y) +

fyp f¢(y ) y)z(y')dy' is a contraction.

Proof. We apply Blackwell’s sufficient conditions for a contraction (see e.g. Stokey and Lucas, 1996,
Theorem 3.3). As % is compact, elements in ¢ (%) are bounded functions. We then need to verify
that Fok satisfies monotonicity and discounting.

Clearly, Fok is monotone. To verify that Fok satisfies discounting, let 7, and ¥, denote the upper

bounds of the supports of y, and y., respectively. An upper bound on M (and M) is then M =
[(1—1%)yp+y:]/r, such that upper bounds on e and 6, denoted e and 0, respectively, are implicitly given
by ¢/(€) = p(f)M and 7 = q(f) M, respectively. Since &(y,y’) is increasing in e(y) and 6(y), it follows
that £(y,y’) <ep(0)f(y')/[r + s +ep(0) Pr(y’ € #(y))], which, provided r + s > 0, implies that

Yr , ep(0) Pr(y’ € Z°(y)) ep(f)
/ / yp,y) )y < r+s+ep(0) Pr(y’ € Zo(y)) = r+ s+ ep(h) €(0.1).
Now, take any x € €(#%). Then,
_ Yo [V ’ p(é)é
Fop(o+ ) = o) +a [ [ vty < ogelis) + a2 000

Hence, there exist some 8 € (0,1)—indeed, take any 3 € [p(0)&/[r + s + p(A)é], 1)—such that [Cor(z +
a)l(y) < [Fotk z](y) + Ba. That is, Lok satisfies discounting. m

Lemma 4 states that FQ;SC is a contraction mapping. The Contraction Mapping Theorem (see e.g.
Stokey and Lucas, 1996, Theorem 3.2) then ensures that I'oe, FO? and FO? each has a unique fixed

point. That is, the derivative functions M, Mtd) and M/ exist and are unique.

Next, we show that Mf, Mtd’ and Mf can be expressed as weighted averages of the own-rung
marginal deadweight losses, Of, Of and Of. As Mg, Mf and MY exist and are unique for any OF, (ES)
implies that

Of(y) = M{(y) = ToMf (y) = [1 = Lol M} (y), (E9)

where Ty is given by (E8) with OF = 0. We will show that the linear map [1 — I'o] is injective, and
hence invertible.*! To that end, we first define the null-space of a linear map, and show that a linear
map is injective if and only if the only element in its null-space is the null-vector.

Definition 4 (Null-space) Let ¥ and # be vector spaces, and let T : V' — W be a linear map. The
null-space of T is the set of elements in ¥ that map to the null-vector 0. That is, nulll = {v € ¥ :
T(v) = 0}.

Lemma 5 Let V' and # be vector spaces, and let T : V" — W be a linear map. Then T is injective if
and only if nullT = {0}.

Proof. By definition, 0 € ¥ and 0 € nullT. Suppose T is injective and take any v € nullT. Then
T(v) = 0= T(0). Since T is injective, this implies v = 0. Now suppose nullT’ = {0}. Take v,v' € ¥
such that T'(v) = T(v'). This implies 0 = T'(v) — T'(v') = T'(v — v') which means that v — v’/ € nullT.
Hence, v = v/, which shows that T is injective. m

Lemma 6 [1 —Ty]:4(%) = € (%) withTy: z(y) — fyp f¢ ) vz (y')dy' is injective.
p’

Proof. Given Lemma 6 it is sufficient to show that null[l — T'g] = {0}, where 0 is the null-vector.
Clearly, [1 — I'g](0) = 0; hence, 0 € null[l —I'g]. Next, take any x € null[l — I'g]; that is, take any =

41 Technically, the map [1 — I'g] has a unique inverse if and only if [1 — I'¢] is bijective, i.e. injective and
surjective. Surjectivity of I'y can be ensured by appropriately defining the image of T'y.



such that [1 — T'g](x) = 0. As [1 — I'¢](z) = = — gz, any element in null[l — I'y] satisfies z = T'gz.
However, Lemma 4 states that Fok is a contraction mapping for any OF, including OF = 0; hence,
I'p is a contraction mapping, and thus have a unique fixed point, which must be 0. It follows that
null[1 — I'y] = {0}, which proves the lemma. =

By Lemma 6, the map [1—Tg] is injective, and thus has a unique inverse, which we denote [1 —T'g]~*
It then follows from (E9) that, for k£ € {e, ¢, 0},

Mf = [1-To]~'0f, (E10)

where OF is the own-rung marginal deadweight loss as a function of y € #\{yo}
Equation (E10) shows that the derivative functions of interest Mt can be expressed as weighted av-
erages of the single-spell partial marginal deadweight losses OF(-): Mt f Yp f (& & (y,y)OF(y')dy

where £*(y,y’) is a weight function. It follows that

r+s[ r+elyo)p(d(yo))
r|r+s+e(yo)p(@(yo))

M (yo) = | ot

Up (Y2 Up (Y= k
/ fyo, y) / &y, y)Oi(y')dy'dy|, (E11)
Yy

Zp Zz

from which (39), and the definitions of wy and wq(y’) in the main text follows.

The analysis conducted thus far invokes functional analysis, which makes it difficult to gauge the
precise structure of the weight function £*(y,y’). We can, however, glean relevant insights from a
version of the model with a finite job ladder, where we can apply standard linear algebra to obtain
explicit expressions for £*(y,y’) that will aid interpretation.

E.1 A Job Ladder with Three Employment Rungs

We provide algebraic details on the job ladder transformation for the four-rung job ladder economy. In
doing so, we focus exclusive on the job search effort component ]\fo

The four rungs on the job ladder are unemployment yg, and three employment rungs: yi, yo, and
y3. Workers rank the the four rungs as follows: yo < y1 < y2 < y3. There are seven possible employ-
ment cycles, represented by the following ordered lists: {y1}, {y2}, {y3}, {y1,¥2}, {¥y1.¥3},{y2,¥3},
{y1,y2,y3}. For m,n > 0, define {(ym, yn») to be the time discounted probability that a job at rung-y,
ends with a job-to-job transition to a rung-y, job:

e(yYm)p(0(ym))f(yn)
r+ 5+ e(ym)p(0(ym)) Pr(yn € Za(ym))’ (E12)

E(Ym yn) =

Further, upon defining

. M (y1) Oi(y1) 0 &(y1,y2) &(yi,ys)
My = | Mi(y2) |, Oi=|Oi(y2) |, and To=]0 0 E(y2,y3) | (E13)
M (ys) Oi (y3) 0 0 0
we can represent (E9) as Of = M¢ — ToM¢, and thus (E10) as
M = [1-To) 0%, (E14)
where
1 —€(y1.y2) —€(y1,y3)
I-To=|0 1 —€(y2,¥3) |- (E15)

0 0 1

and where I is the identity matrix.
Clearly, the upper-triangular matrix I — 'y has determinant |[I—T'y| = 1. Hence, I — T is invertible



with inverse matrix

I &(y1,y2) §(y1,¥3) 1 &yy2) &(v1,y2)E(y2,y3) +E&(yi1,y3)
I-To] ' =] 0 1 & (y2,ys) | =0 1 £(y2.y3) . (E16)
0 0 1 0 0 1

The upper triangular entries in [I —T'g]~! constitute the £*(y,y’) weight function referenced above.
We note that the relevant entries in the first row of [I —T'g] ™! are the time-discounted probabilities that
an employment cycle with starting rung y; includes a spell at rung-y; (unit probability, no discounting),
a spell at rung-ys (discounted probability £(y1,y2)), and a spell at rung-ys (discounted probability
E(y1,y2)&(y2,y3) + &(y1,y3) because the worker may transit from rung-y; to rung-ys via a spell at
rung-yo, an event that occurs with discounted probability &(y1,y2)¢(y2,y3), or the worker may transit
directly from rung-y; to rung-ys, an event that occurs with discounted probability £(y1,y3)). Similar
interpretations can be given to the relevant entries in the second row, which pertains to employment
cycles with starting-rung ys, and the third row, pertaining employment cycles with starting rung ys.

We surmise that these insights generalise to the theoretically appealing case of a continuous job
ladder, and we therefore state in the main text that the weight function £*(y,y’) in (39) encompasses
the likelihood that an employment cycle starting at rung-y involves a spell at rung-y’.

Appendix F.3 presents the single-spell partial deadweight losses and the weights from (39) for our
calibrated economy.

F The Calibrated Economy

F.1 The Sampling Distribution

The sampling distributions of productivity-attributes y, and amenity-attributes y. implied by the cal-
ibrated loading coefficients Z, o1, and g9 from Table 2 are plotted in Figure F.1. Panel (a) plots
the sampling distributions of productivity attributes which encode the fundamental source of worker-
heterogeneity in the model: high-type workers face more favourable sampling distributions of productivity-
attributes than low-type workers. All worker-types face the same amenity-attribute sampling distribu-
tion, see panel (b).

Figure F.1: Sampling Distributions of Productivity- and Amenity-Attributes

(a) The productivity-attribute y, (b) The amenity-attribute y,
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Notes: The productivity-attribute sampling distributions differ by worker-type, while
all worker-types share the same amenity-attribute sampling distribution.

F.2 The Equilibrium

Figures F.2, F.3, F.4, and F.5 show key features of the calibrated equilibrium.
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Figure F.2, panels (a) and (b) plot search effort and labour market tightness by worker-type in
the unemployment-submarkets. High worker-types have have higher gains from unemployed job search
(see also Figure F.1). This translates into higher job search effort and tighter labour (sub)markets for
higher-type workers, and an unemployment rate that declines in worker-type, as confirmed in panel (c).

Figure F.2: Calibrated Equilibrium: Unemployment

(a) Unemployed search effort (b) Unemployed tightness (¢) Unemployment rate

L]
Tightness
L]

5 6 4 5 6
Worker type Worker type Worker type

Figure F.3 concerns employed workers, and illustrates workers’ ranking of job-types, search
effort in each job-type, and labour market tightness in each (employed) submarket. Panels
(a), (b) and (c) display ranking, search effort and tightness for the least productive worker-
type (worker-type 1), while panels (c), (d) and (e) display the corresponding outcomes for
the most productive worker-type (worker-type 10). The p3 = 0 restriction in (40) leaves the
complementarity between worker-type and productivity rank in generating output completely
determined by the log-linear match production function, see (40).

Panels (a) and (d) illustrates workers’ ranking of jobs by productivity- and amenity-attribute
in a heatmap where colder colours indicate lower ranked jobs, and warmer colours indicate
higher ranked jobs, with workers’ actual rank (rank 1 being the lowest, rank 100 the highest)
superimposed. Naturally, workers rank the job with the lowest productivity-attribute and the
lowest amenity-attribute the lowest, while the job with the highest productivity-attribute and
the highest amenity-attribute is ranked the highest. In-between, workers tend to favour jobs
with higher amenity and lower productivity over jobs with lower amenity and higher produc-
tivity; that is, warmer colours prevail towards the south-east corner of the heatmap and colder
colours prevail towards the north-west corner. As the sampling distribution of amenities is in-
dependent of worker-type, high-type workers tend to rank high-productivity, low-amenity jobs
(low-productivity, high-amenity jobs) higher (lower) than low-type workers, as is evident when
comparing panels (a) and (d).

Using similar heatmaps, panels (b) and (e) and panels (c¢) and (f) in Figure F.3 illustrate
workers’ job search effort and the labour market tightness they face by submarket, i.e. by
productivity- and amenity-attribute; again, warmer colours indicate higher values. Workers
exert less search effort, and labour market tightness is lower, in higher ranked submarkets (with
zero search effort and zero tightness in the highest ranked submarket), meaning that search
effort and tightness are higher in the north-west corner of the heatmaps in panels (b) and (e)
and panels (c¢) and (f), populated by high-productivity, low-amenity jobs, than it is in the
south-west corners, which are populated by low-productivity, high-amenity jobs. Worker-type,
job productivity rank complementarity in the match production function implies that high-type
workers exert less (more) search effort and face lower (higher) tightness than low-type workers
in high-productivity, low-amenity jobs (low-productivity, high-amenity jobs).

Figure F.4, panels (a) and (c¢) show a productivity-amenity rank heatmap of the distribution
from which searching workers sample job-types, i.e. F. The current calibration restricts this
distribution to be uniform for all worker-types. Panels (b) and (d) plot a productivity-amenity
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Figure F.3: Calibrated Equilibrium: Employment

(a) Ranking, worker-type 1 (b) Search effort, worker-type 1 (c) Tightness, worker-type 1
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rank heatmap of the cross section distribution of employment. The employment distribution
is not uniform because employed workers gravitate towards the relatively higher-ranked jobs
with high amenity-attributes as a result of their acceptance decisions, search effort choices,
and firms’ vacancy creation decisions. The differences in ranking, search effort and tightness
between worker-types described above result in small quantitative differences in the employment
distributions of different worker-types, but they share the same qualitative features.

Finally, Figure F.5 panel (a) shows the resulting overall before-tax wage distributions as
well as the wage distributions conditional on worker-types. Panel (b) shows the distribution of
worker-types within each decile of the overall cross sectional wage distribution. While worker
type and income are clearly positively correlated, it is equally clear that the earned wage is not a
perfect predictor of a workers’ type in the calibrated economy. For example, less than 50 percent
of workers of the highest type is in the highest income decile. This feature of the model limits
how much redistribution across worker-types that can be achieved by an affine labour income
tax system.

F.3 Details on the Deadweight Loss Decomposition

Table 3 presents the total marginal deadweight loss in the calibrated economy and decomposes
it into its three constituent components: distorted job search, job ranking, and vacancy creation.
Each of these components obtains by aggregation of the single-spell partial deadweight losses
0¢(y), Of(y) and OY(y), see (39). This appendix reports the O(y)-, Of(y)- and Of(y)-values
by job ladder rung, and also reports the weights w) and wi(y) used in the aggregation.

F.3.1 Calibrated O¢(y)-, Of(y)- and Of(y)-values

Figure F.6 show single-spell partial deadweight losses from distorted job search effort, job rank-
ing, and vacancy creation. Panels (a), (d), and (g) show single-spell partial deadweight losses
in the unemployment submarkets, O¢(yy), O%(yo) and OY(yo), by worker-type. Panels (b), (e)
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Figure F.4: Calibrated Equilibrium: Sampling and employment distributions
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and (h), respectively panels (c), (f) and (i), show single-spell partial deadweight losses in the
employed submarkets for the least productive worker-type 1, respectively the most productive
worker-type 10.

Panel (a) renders the deadweight loss contributions from distorted unemployed job search ef-
fort by worker-type and reveals that the higher-type workers generate higher (single-spell partial)
deadweight losses. Panel (b) and (c) show that deadweight losses contributions from distorted
on-the-job job search effort are larger in submarkets where search effort is most distorted and
where search effort has the largest impact on the tax base. These submarkets are predominantly
high productivity-, low amenity-attribute submarkets (the north-west corner, where workers
search “too much”, cf. Figure 5) and, to a lesser extent, low productivity, medium amenity-
attribute submarkets (bottom row, middle columns, where workers search “too little”, cf. Figure
5). While there are quantitative differences between worker types, with higher worker-types hav-
ing larger deadweight loss contributions from distorted job search, the qualitative pattern does
not vary with worker types.

Panel (d) reflects that, by construction, income taxation does not distort the ranking of jobs
among unemployed workers in our calibration. Among employed workers, it is evident from
panel (e) and (f) that (single-spell partial) deadweight losses arise in submarkets with relatively
high productivity and amenity-attributes (that workers rank “too low”, cf. Figure 5), and also
at low productivity-, high amenity-attributes (that workers rank “too high”, cf. Figure 5).

Panel (g) shows that distorted vacancy creation in the unemployment submarkets gener-
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Figure F.5: Calibrated Equilibrium: Wage distributions

(a) Wage distribution (b) Wage and worker-types
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ate deadweight losses that are decreasing in worker-type. Panel (h) and (i) show that, in the
employed submarkets, distorted vacancy creation gives deadweight losses that are larger in mar-
kets with low amenity-attributes (where vacancy creation is “too high”, cf. Figure 5), with
particularly large deadweight losses in submarkets that also has high productivity-attributes.

F.3.2 Calibrated aggregation weights

The extent to which the single-spell partial deadweight losses contribute to the overall marginal
deadweight loss also depends on the weights wj and wi(y) used in the aggregation, see (39).

Figure F.7 report these weights. Panel (a) shows wi, the weight put on the unemployed
submarket, by worker-type. The weight is increasing in worker-type. Panels (b) and (c¢) shows
the weights put on the employed submarkets for worker-type 1 (the least productive worker-
type) and for worker-type 10 (the most productive worker-type), respectively; that is, panels (b)
and (c) shows wi(y) and wi®(y) by y. These weights are also increasing in worker-type.
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Figure F.6: O%(y), Of(y) and O%(y) by Worker-Type and Productivity- and Amenity-Attribute
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Figure F.7: w{ and w}(y) by Worker-Type and Productivity- and Amenity-Attribute
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wi(y), see (39). Worker-type 1 is the least
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