Abstract

Classical labour supply theory is one of the most sophisticated parts of labour economics. Yet,
there is no compelling theoretical reason to believe in an outcome on a classical labour supply
curve and it is unclear whether it is a good empirical description of the way in which labour
markets actually work. This paper uses the techniques of search theory to anayse the impact of
changesin the tax system on incentives to work when individual s do not have flexibility of hours
withinjobs. It isshown how thetraditional comparative statics are of some use but arerarely the
whole story and some comparative statics results are surprising. For example, it is shown how
arevenue-neutral increase in marginal tax rates will increase incentives to work.
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L abour Supply, Search and Taxes

Alan Manning

I ntroduction

Most work on labour supply (see Blundell and MaCurdy, 1998, for arecent survey) starts from
what Pencavel, 1986, calls the canonical model in which individuals freely choose how many
hours of work they supply to the market at a constant hourly wage. Y et, in many circumstances
individuals do not seem to have such flexibility over their hours of work (see Stewart and
Swaffield, 1997, for UK evidence on the extent to which individualsfeel constrained in the hours
they can work) and the model seemsinappropriate. Supporters of thelabour supply methodol ogy
oftenthen fall back on the argument that “even if each employer specified not merely thewagerate
but also the number of hours each employee is expected to work, provided the wage offer does not
vary systematically with the stipulated hours and provided the entire range of hours of work is
covered by the employers offers then a continuous linear budget constraint arises from the
aggregation over many employers’ wage-hours packages’ (Pencavel, 1986, p.36). If there were
strong theoretical reasons to believe that individuals should be on their classical labour supply
curves then one might be tempted to give these arguments serious weight. But, thereisno reason
to believe that individualswould be on aclassical labour supply curvein aperfectly competitive
equilibrium so that thereislittle reason to privilege the canonical model in the way that isusually
done. Thereisadanger that the traditional conclusions about the impact of taxes are not robust
to reasonabl e aternative assumptions about the flexibility of hours within jobs.

Thispaper relaxestheassumptionthat individual scan freely choosetheir hourswithinjobs
and goes to the opposite extreme in considering a labour market where there is no variation in
hourswithin jobs. Thisassumption about the flexibility of hourswithin jobsisasarbitrary asthe
assumption made in the canonical model so that one should think of this paper as an investigation
into the robustness of conventional results, an exercise that isimportant once onerealizesthereis
No reason to pay specia attention to the canonical model.

If individuals are simply offered a single income-hours package the only decision is
whether to take the job or not: a paper on the impact of the tax system on this decision would be
neither long nor interesting. This paper complicates the individual’s decision by using a search
model: how the optimal search for jobs responds to taxes is an interesting question even if
individuals have little or no control over the hours they work within jobs. Thisis not just an
exercise: search theory has proved its value in many parts of labour economics e.g. it has been
widely used to analyse to analyse the impact of unemployment insurance on incentivesto find and
take jobs (e.g. Mortensen, 1977). But surprisingly little work has been done on the impact of the
tax system (honourable exceptions being Pissarides, 1983, and Ljunggvist and Sargent, 1995a,b).
Thereisacuriousdichotomy inwhich analysisof unemployment insurance generally usesasearch
framework while analysis of tax changes uses a labour supply framework; athough both sets of
papers are about the impact of changing incentives to work.

The plan of the paper isasfollows. Inthe next section we outline the argument for why the
canonical model of labour supply isnot generally afeature of acompetitive equilibrium. Wethen
introduce the search model and analyse how changes in marginal and average tax rates might be
expected to affect labour supply on both the extensive and intensive margins. Some of the results
of classical labour supply theory remain relevant but they are rarely the complete story and some
results are surprising given the conventional wisdom. For example, it is shown that a revenue-
neutral increase in marginal tax rates will increase labour supply on the extensive margin.



2. The Canonical Model of Labour Supply and Competitive Equilibrium

Inthis section we briefly outline the argument that aclassical |abour supply curveisnot generally
a feature of a competitive equilibrium, an argument that can be traced back to Lewis (1969).
Consider afirm with a production function A(N,h) where N isthe level of employment and his
the hours of work of each worker. Suppose that all workers have autility function u(y,h) where
yisincomeand h are hoursof work. Assuming that all workersareidentical keeps matterssimple
but nothing of importance depends onit.

Inacompetitive market therewill beagoing rate of utility, u,, which the firm has to offer
to attract any workers. It isefficient for the firm to offer an income-hours package and to choose
alevel of employment to maximize profits subject to offering workers the market level of utility
i.e. N,y and hwill be chosen to solve the following problem:

max A(Nh) & yN st u(y,h) $ u, (1)

Thefirst-order conditions for the solution to this problem can be written as:

ANh) &y = 0 )
A(Nh) % pu(y,h) = 0 3
&N % pu(y.h) " 0 (4)

where L is the multiplier on the constraint. We are interested in the conditions under which the
equilibrium outcome is on a labour supply curve as conventionally defined i.e. where one can
decentralise the equilibrium by the firm smply offering afixed hourly wage and alowing workers
a free choice in their hours of work. In this case, the equilibrium outcome must satisfy the
following first-order condition:

yuyh) % hu(yh) = 0 (5)

Using (3) and (4) this can be written as.
YN & hA(Nh) * O (6)

and, then using (2), this can be written as.

NA(N.) & hANS) = 0 (7)

This condition is only satisfied if the production function can be written as A(Nh). Inthis case
the firm is happy to leave the choice of hoursto the worker as the employer can always respond
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by altering the number of workers leaving total hours worked and the total wage bill unchanged.

Theintuition for thisresult isvery smple. Suppose that A(N,h)=Na(h) so that there are
constant returns in employment. In a competitive equilibrium the income earned by working h
hours will be a(h). Given a utility function u(y,h), individuas will choose hours h which
maximise u(a(h),h). Thiscan berepresented graphically in Figure lawhere we have drawn a(h)
asinitially aconvex function of hours worked because of set-up costs but eventually concave as
exhaustion setsin (asin Card, 1990).

As can be seen from Figure 13, thereis no reason for the line of tangency at the optimal
income-hours combination to go through the origin which would be required to decentralise the
competitive equilibrium by setting a constant hourly wage asis assumed in the canonical |abour
supply model. One can only guaranteethisif a(h) islinear inh asrepresented in Figure 1b. This
issimply aspecial case of the result described above as the production function can be written
as A(N,h)=aNhin this case.

Where the equilibrium outcome is not on atraditional labour supply curve, there are a
number of ways in which the optimal contract could be implemented. The employer could usea
more sophisticated labour contract and leave the worker to make the final decision on hours. In
this case detailed knowledge of the employment contract would allow the researcher to work out
the marginal hourly wage faced by aworker and, hence, estimate the marginal rate of substitution
between consumption and leisure. But, if the employer chose to attain the optimal outcome by
simply fixing the hours required of the worker, no amount of detailed knowledge of the labour
contract would enable one to estimate the marginal rate of substitution. In the classical case of
Figure 1b, there would seem to be some practical advantage in the employer setting a linear
contract as the optimal contract is independent of the preferences of workers so the employer
does not need that information. But, thisargument isnot valid if we move away from the classical
case as knowledge of preferencesis needed to design the optimal employment contract.

As described in the introduction, this paper is based on the assumption that there is no
flexibility of hours within jobs. This can be thought of as assuming that a(h) has the form
represented in Figure 1c so that the hours worked within jobs are not sensitive to the tax system.
One should think of this as being the opposite extreme to the assumption embodied in Figure 1b:
by looking at the extremes, one would hope to get some idea of how robust standard results are.
|deally, onewould like to work with the general case represented in Figure 1a(asthat is probably
the most redlistic case) but that is rather too complicated.

3. A Simple Search M odel

In this section we shall present a smple search model that we will use for our analysis of the
impact of the tax system on incentives to work. To keep matters ssmple we will assume that the
individual isin astatic environment with autility function u(y,h) wherey isincome and hishours
of work. We will make the assumption (common in search theory) that al income is consumed
when earned.!

The existing papers that have tried to marry search and labour supply (e.g. Burdett and
Mortensen, 1978; Blundell at al, 1998) have made the assumption that jobs differ in the hourly

L' A large part of research into labour supply has been concerned with relaxing this
assumption but we will not pursue this further here (see Blundell et al, 1998, for a search model
that does not make this assumption though does assume perfect flexibility of hours within jobs).
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wages they offer but that hours can be freely chosen within jobsi.e. they assumethat individuas
find it difficult to find agood job in terms of the hourly wage but that, once they have found ajob,
they have no difficulty in working their desired hours in that job. For the reasons given in the
introduction we want to dispense with this assumption of perfect flexibility in hourswithin jobs.
Our approach will beto go to the opposite extreme and to assumethat job offers are characterised
by an income-hours package with no flexibility in hours worked. 1f workers want to find a job
with their desired level of hours, they need to look for it. Wewill write the distribution function
of income conditional onhoursasF(y*h) and the margina distribution function of hours as J(h).
We will use lower case |etters to denote density functions. We also assume that the distribution
of earnings offersis unaffected by the tax system: thisis consistent with the assumption usually
made in the canonical labour supply model of the exogeneity of the pre-tax wage but it isimportant
to realise that most general equilibrium models (e.g. Burdett and M ortensen, 1998; L ockwood and
Manning, 1993; Pissarides, 1998) would suggest that thereis likely to be someimpact of the tax
system on the distribution of pre-tax earnings®. It is an important task to get some idea of the
general equilibrium incidence of changesin the tax system but one which needs much more work
than is going to be provided in this paper.

Asthe purpose of this paper isto show how conventional results on the impact of the tax
system on work incentives do not necessarily carry over to a search model, we are not going to
anaysethegenerd case. In particular, we consider the following two extreme assumptions about
the job offer distribution:

- dl variationinjob offersisin the hourly wage at fixed hours
- dlvariationinjob offersisin hours at afixed hourly wage
Let us consider these two cases in turn.

4, Variation in Hourly Wages

In this section we adopt the simplifying assumption that al jobs offer the same hours so that the
variation in jobsis only in the hourly wage offered. For notational smplicity, we will drop the
‘h argument from the distribution of job offers and smply write it as F(y). Denote the value
function for an unemployed worker by W, and the value function for a worker employed at
earningsy by V(y). VU will be given by:

dVvy = u(b&t,0) % ’?Umma>{V(x)&V“,O]dF(x)

(8)
" u(b&t ,0) % ?Um[V(x)&V aF()

where b isthe flow of income when unemployed, d,istheinterest rate, ?, isthe arrival rate of job
offerswhen unemployed, F(y) isthe earnings offer distribution, t(y) isthe net tax paid if employed
atincomey andt, isthe net tax paid if unemployed. In deriving the second line, we have used the
fact that the reservation wage, r, must satisfy VU=V(r). For workersin employment we have:

2Given thisit might be best to think of the analysis that follows as giving the impact of a
‘scheme’ that affects only asmall fraction of the population and hence does not have large generd
equilibrium effects.



dVvly) ° uy&t(y)h) & d[V()&V*] % 2, TV(X)&V(y)ldF(x)

9)
y
where d,is the rate of job loss and ?. isthe arrival rate of job offers when employed.
Evaluating (9) at y=r, and subtracting this from (8) leads to:
u(r&t(r),h) % (?e&?u)nJV(x)&V(r)]dF(x) " u(b&t,,0) (10)
r
Now differentiating (9) leads to:
My d%? (1&F(y)) (11)
where d=d,+d,. Now integrate the term under the integral signin (10) by parts to obtain:
«  MV(X)
V(X)&V(r)|dF —Z [1&F
rp[ (EVNJAF() ™ = [1&F(9]dx (12)

Substituting (11) into (12) and then putting it back into (10) yields the following expression for

the reservation wage:

u,.[1&t (X)][1&F(X)]
d%? [1&F(X)]

u(r&t(r),h) % (?e&?”)'m " u(b&t,,0) (13)

(13) isessentidly the standard expression for the reservation wage, modified for the presence of
the tax system. For example, the marginal tax rate appears intheintegral term asthisrepresents
the utility return from obtaining ajob with ahigher pre-tax wage. Onefeature of (13) which will
be useful later is that the level of utility at the reservation wage is above (below) the level of
utility when unemployed as on-the-job search isless (more) effective than off-the-job search.

The case analysed here can only be used to study the extensive margin of labour supply
(i.e. whether the individual isin work or not): thereis obviously no interest in the intensive
margin asall job offersare assumed to have the same hours. As*the strongest empirical effects
of wages and non-labour income on labour supply are to be found on the extensive margin’
(Heckman, 1993, p.118), this margin is probably the more interesting one empiricaly. The
probability of being in work, p, isgiven by:

?[1&F(r)]
d,%? [1&F(1)]

(14)

(14) impliesthat astudy of how the reservation wage respondsto changesin the tax system
contains (in our model) all the information required to determine how the employment rate will
respond. Intraditional labour supply analysis, it is conventional to decompose changesin thetax
systeminto changes in average and marginal tax rates holding the other part of the tax system



constant: let us apply this methodology in the search framework.
41  Changesin averagetax rates

First, consider arisein the average tax rate holding the marginal tax rate constant. Let usdo this
in the purest way possible by assuming that an amount of income t is deducted from each
individua whether they are employed or unemployed and whatever their income. If we assume
that leisure is a normal good, the classical result isthat a reduction in post-tax income can only
induce an individual who previously was not working to start working: nobody who is aready
working will become inactive. Aswe shall see, thisresult does have some useful content in the
search model but it isnot the whole story. Thefollowing proposition gives usthe general result:

Proposition 1:Anincrease in the average tax rate t at al income levelshasthefollowing impact
on the reservation wage:

d%?,(1&F(r)) ( Mr) ]

d%? (1&F(r)) | Mt

(15)

u,.[1&t, (X)][1&F(X)]
uy(r&t(r),h)&uy(b&tu,O) & (?U&’?e).m 02 [18F ()] dx

Proof: Simple differentiation of (13).

The sign of (Mr/Mt) depends on the sign of the right-hand side of (15). The general caseisrather
hard to analyse as there are circumstances in which we can put an unambiguous sign on this and
othersin which we cannot. So, we will proceed by analysing some specia casesto build up a
picture of the different effects at work. First, let us start by assuming that on- and off-the-job
search are equally effective so that ?, =?..

Proposition 2a: If ?, =7, then:

()
Mr) .
sgn( M_:) son{u,(r&x(r).h)&u, (bét, ,0)) (16)
i) If:
&
_“Jv“h %, >(<) 0 (17)

y

and u,>0, u.<0 for dl (y,h) then (Mr/Mt)>(<)0.

Proof: See Appendix.



The final expression in (17) is familiar from classical labour supply theory as the sign of this
determines whether leisure is anormal good. If it isthen an increase in the average tax rate
lowersthe reservation wage and increaseswork just asit doesin classical labour supply theory.

Thereisasmple diagrammatic representation of thisresult. Figure 2ashowsatraditiona
indifference curve between post-tax income and hours of work. We have drawn theindifference
curve corresponding to the level of utility obtainable when unemployed. The reservation wage
will be given by the level of pre-tax income which yields a level of post-tax income to put the
individual on thisindifference curve (represented by UU) at hours of work h. If the average tax
rate is raised by taking away t at al income levels then the individual will be on a lower
indifference curve when unemployed, represented by VV. Oneway of expressing the statement
that leisureisanormal good isto say that the marginal utility of incomefallsasweincrease hours
of work while moving aong an indifference curve. In diagrammatic terms this means that
indifference curves become further apart as one increases hours of work: we have drawn the
indifference curvesin Figure 2ainthisway. Thismeansthat, after therisein the averagetax rate,
the individual will be strictly better-off at theinitial reservation incomelevel than they would be
if unemployed. Asthereservationincome level ischosentoyield utility equal to that obtainable
when unemployed this means the individua will reduce the reservation income and this means
they are more likely to be in work.

However, one should hesitate before concluding that the predictions of classical labour
supply theory and the search model areidentical in thiscase. For the classical result, one only
needsthe normality of leisureto hold at the point chosen by theindividual: to beableto sign (16)
unambiguoudy one needsit to hold for al hours below the level worked. In diagrammatic terms,
normality of leisure at the point chosen means that, at a given level of income, the gap between
indifference curvesis increasing in hours. But, (16) requires the comparison of the marginal
utility of income at two distinct points so requires acomparison of the gap between indifference
curves at these points.

To see the potential difference, consider a smple case where the utility function can be
written in the form u(y,h)=f (y)-? (h) where f (y) isastrictly concave function. Leisureisthen
normal at all income-hours combinations that might be chosen by a utility-maximising individua
in aclassica labour supply model. But, in a search model whether raising average tax rates
raises the incentives to work depends on whether r is greater than b which depends on whether
?(h) isgreater than ?(0). The conventiona assumption is that utility is everywhere decreasing
in hours so that ? (h)>? (0) and [r-t(r)]>[b-t,] which impliesarisein averagetax ratesincreases
the incentiveto work. However thereis some, albeit not overwhelming, evidencethat, over some
range, utility might be increasing in hours. For example, some structural search models (e.g
Narendranathan and Nickell, 1985; Narendranathan, 1993) try to estimate the disutility of labour
and find that, controlling for income, work is preferred to unemployment. Also, evidence from
self-reported sati sfaction suggeststhat, controlling for income, the unempl oyed arelesshappy than
thoseinemployment (see, for example, Clark and Oswald, 1994, or Winkelmannand Winkelmann,
1998): the greater suicide rates among the unemployed might also be construed in asimilar way.
All of thisisirrelevant in the classical model as, at points that might be chosen by an individual,
leisure is dways normal®. But, in the search model, it isnot irrelevant: if theindividua isat a
point where the marginal utility of income is decreasing in hours but where ? (h)<?(0) then an

3 Although anon-convexity in the budget set (e.g. because of time and money costs of going
to work) requires, even inthe classical case, attention to more than the local normality of leisure
and can produce comparative statics similar to those of the search model described here.
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increase in the average tax rate will increase the incentive to work. This exampleisillustrated
in Figure 2b where an increase in the average tax rate will reduce the incentives to work.
Next let us consider the case ?, >?..

Proposition 2b: If ?, >?, then:
()
d%?,(1&F()) ( Mr

m. m) < uy(r&t(r),h)&uy(b&tu,O) (18)

(i) If leisure is everywhere a normal good and w<0, u,>0 everywhere then an increase in the
average tax rate lowers the reservation wage and increases labour supply.

Proof: See Appendix.

Theintuition for theresult in part (ii) isvery straightforward. From Proposition 2awe know that
if hours always decrease utility and leisureis anormal good then the margina utility of income
islower at the reservation wage than when unemployed evenif theleve of utility isthe same. But
with ?, >?, the leve of utility at the reservation wage is higher than that when unemployed (see
(13)) which further lowers the marginal utility of income at the reservation wage.

Finally, let us consider the case ?, < ?..

Proposition 2c: If ?,>7?, then:

%2, (18F(r)) ( i

m. M—t) > Uy(r&t(r),h)&uy(b&t(b),O) (19)

Proof: See Appendix.

There is no second part to this Proposition as it is not so easy to provide plausible sufficient
conditions for when the reservation wage rises or falls with an increase in the average tax rate,
for the following reason. We know that when ?, < ?, we have u(r-t(r),h)<u(b-t,,0). If we are
prepared to make the assumption that leisureis everywhere anormal good and u,<Othenthereare
two effects working in opposite directions. First there is the effect that if the reservation utility
was equal to the level of utility when unemployed the sign of the right-hand side of (19) will be
negative. But the fact that the reservation utility islower raisesthe marginal utility of income at
the reservation utility level. The net effect depends on which effect isstronger. For example, if
the utility function is of the form u(y,h)=f (y)-? (h) then the sign of (Mr/Mt) depends entirely on
whether [r-t(r)] is larger or smaller than [b-t]. The greater effectiveness of on-the-job search
tends to make [r-t(r)] smaller than[b-t,], while any disutility of work tendsto makeit higher, the
net effect depending on which effect is the stronger.

One does not need to worry about whether on- or off-the-job search is more effective if



the agent is risk-neutral so that we can write u(y,h)=y?,(h)+?,(h). In thiscase, changesin the
average tax rate ater neither the marginal tax rate nor the margina utility of income, so leave
unchanged the part of the expression for the reservation wage which involvesthejob offer arrival
rates.

Proposition 2d: If u,,=0 then:

sgn(%) " sorfu,(r&t(r). h&u (b&t,0)] T sgr? (&2, (0)] (20)

Proof: Simple substitution in (15)

If ?/'(h) has the same sign everywhere then (Mr/Mt) has the same sign so that if leisure is
everywherenormal (which, for thisutility function, amountsto the assumption that ?;'(h)<Ofor all
h) then an increase in the average tax rate will reduce the reservation wage and increase the
probability that an individual isinwork. However the caution from the discussion of Proposition
2aalso applieshere: if utility isincreasing in hours over some range then it may be the case that
anincrease in average tax rates raises the incentives to work even though leisure may be normal
at the level of hours chosen.

One way of summarizing the above discussion isthat the traditional labour supply effect
which depends on the normality of leisureis still at work when we alter the average tax rate.
Although one has to worry about whether normality holds at hours other than the ones actually
worked. But there is an additional effect if workers are risk-averse: the direction of which
depends on thesign of (7, -?,) which can beinterpreted asthe rel ative effectiveness of on-the-job
and off-the-job search.

4.2  Changesin marginal tax rates

In traditional labour supply analysis one normally considers changes in the marginal tax rate,
holding the average tax rate constant at the chosen income-hours combination so that the individual
is assumed to be able to be as well-off as before if they maintain their behaviour. It is not
possible to do exactly this exercisein a search model because there is no single incomelevel to
which the individual can be assigned. Raising the marginal tax rate on wages above the
reservation wage inevitably increases the average tax rate for al higher wages making the
individual worse off even if they behave in the same way as before.

But thereisanotion of a“‘pure change in marginal tax rates holding the average tax rate
constant that can be analysed in the search model. Suppose we consider achangein thetax system
that raises marginal tax rates for al wages above the reservation wage but changes the average
tax rate in such a way that total expected taxes from employment are left unchanged if the
behaviour of the worker is unchanged.

Let usdefine T to be the expected va ue of taxes from a currently unemployed worker and
T(y) the expected value from aworker currently employed at incomey. By anaogy to (8) and (9),
we must have:

dTe * ot % ’?Um[T(x)&T YdF(x) 1)



dTly) ° ) & d[TY&T T % 7. [T)&T(Y)dF(X) 22)
y
Differentiating (22) we have that:
] ()

) d%? (1&F(Y)) (23)

Integrating (21) and (22) by parts, using (23) and evaluating (22) at r we then have:

i t,(X(1&F(x)
drT u tu % '7u[l&F(r)][T(I‘)&T U] % ?ummdx (24)
. w o o LOIAEF())

(24) and (25) show that the impact of a change in the tax system on the expected tax take will
inevitably be different for unemployed workers and workers employed at different wages. It is
natural to alter the margina tax rate holding constant the expected tax take from an unemployed
worker, TV, asthisensuresthat thetotal expected tax take from aworker entering the labour market
IS unchanged.

A risein marginal tax rateswill raise the final term in (24) which, other things equal, will
raise T thisis because such arise in margina tax rates raises the average tax take on workers
paid above the reservation wage. To keep T constant there need to be some off-setting changes
in other parts of the tax system. By inspection of (24) and (25) thiscould beafall int, or afal in
t(r). Afal int, will transfer resources from employed to unemployed workers. unsurprisingly one
can show that such a change will always raise the reservation wage and hence reduce |abour
supply. However it does not seem appropriate to describe such achange asarisein marginal tax
rates holding the average tax rate constant. So we will consider the other change: afall in t(r)
sufficient to keep TY constant if behaviour isunchanged. This change keepsthe level of payments
to the unemployed constant so issimply aredistribution of the tax burden among workers employed
at different wages. The consegquence of such achangeissummarized in thefollowing Proposition.

Proposition 3: If u,,=0, anincreasein the marginal tax rate on wages above the reservation wage
with overal tax revenue from employment unchanged must reduce the reservation wage and
increase incentives to work.

Proof: See Appendix.
Although this result appears to be dramatically at odds with the prediction of classical |abour
supply theory, theintuition for the result isvery simple. The changein thetax system increasesthe

attractiveness of employment at low wages relative to unemployment but reduces the relative
attractiveness of employment at high wages. But, in deciding on the reservation wage it is the
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attractiveness of employment at low wagesthat isimportant and the change meansthat thereisan
incentiveto lower reservation wages. Thisresult, in adifferent model and expressed in adifferent
way can be found in Pissarides (1983) and Ljunqvist and Sargent (1995a,b).

Although at first sight thisresult may look very different to the classical one, somereflection
revealsthat itisnot so different. Suppose that we have acanonical model inwhich all individuals
have the same hourly wage but, because of individual heterogeneity, they choose different income-
hours combinations. This situation is represented in Figure 3 where, for smplicity, we have
assumed that there are some time and money costs of going to work (as in Cogan, 1981) so that
thereisadiscontinuity in the budget constraint. In Figure 3 the budget constraint isthe vertical line
at zero hours of work and then AA. Someone with preferences UU will be on the margin of
participation, while someone with preferences VV will not. Suppose that there is the (realistic)
requirement that all individual sface the sametax schedule. If themargina tax ratesfaced by those
inwork israised but no attempt made for the changeto be revenue-neutra then the budget line might
twist from AA to AB. One can see that the average tax rate will rise for al individuals in
employment. If the change to the tax system isto be revenue-neutral at unchanged behaviour then
AB must be shifted up, perhapsto CC. Thisinevitably induces anegative correlation between the
change in the average tax rate and income; with the average tax rate falling for those with the lowest
incomes. Theindividua with preferences UU who was previoudly at the margin of labour market
participation now strictly prefersto work and some individua s who previously chose not to work
will now want to do so. Hence, such achangein thetax system can only induce extra participation.

Finally we should briefly consider what happens if workers are risk-averse. Then an
increase in marginal tax rates also has the benefit, from the point of view of the worker, of
improving the provision of income insurance when employed. This makes work even more
attractive relative to non-work and strengthens the result of Proposition 3.

The result in Proposition 3 might appear to make an increasein marginal tax rates costless.
But while this might be the case in the smple model considered here, one needs to be aware of
potentially important adverse effectsin richer models. First high marginal tax rateswill act asa
disincentive to higher effort in jobs. Also, a high marginal tax rate is likely to have an adverse
impact on search intensity as it reduces the reward from higher-wage jobs.

5. The Impact of the Tax System on Hours of Work

The previous section examined the extreme case where the only variationin job offerswasin the
hourly wage and therewas no variation in hours. In this section we analyse the other extreme case
where the only variationinjobsisin the hours offered and al jobs offer the same hourly wagei.e.
the distribution of income conditional on hoursis given by:

F(y*h) = 0 for y<wh
(26)
F(y*h) = 1 for y$wh

where w is the hourly wage. We can now discuss the impact of taxes on both the intensive and
extensive margins of labour supply. One potentially appealing feature of this model isthat it can
nest the classical model of labour supply which assumes (26) and, in addition, that the level of
hoursdesired by theindividua has positive support in j(h) and that the labour market isfrictionless
(i.e. ?,=4) sothat theindividual canimmediately get ajob at their desired hourslevel. All of these
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are strong assumptions e.g. there is a lot of evidence to suggest that part-time jobs have lower
hourly wages associated with them.

Now jobs have two dimensions, we need to modify theworkers' decision rule so that they
haveareservation utility level*. With the assumption in (26) one can represent this asamaximum
hours level they will be prepared to work and a minimum hours level so that only jobs offered
between these two levelswill be accepted by theworker. The desired level of hours given by the
classical labour supply curve must lie within the acceptable range.

Asit will turn out that the theoretical predictions are ambiguous we keep matters simple
and assume that ?,=?, so that on-the-job and off-the-job search are equally effective. In thiscase
the reservation utility level is simply the level of utility obtainable when unemployed. Let us
consider the impact of apure change in average tax rates on hours of work. Let usassumethat the
existing tax systemist(y) and that an amount t isgoing to be deducted whatever the level of income.
Let us denote by h the lowest level of hours the worker will accept and h, the highest level of
hours. These two levels must satisfy:

uwh&t(wh)&t.h) = uwh&twh)&t,h) " u(b&t&t0) 27)

If the tax system is continuous and there are no fixed costs of going to work then wewill have h=0
but those are both strong assumptions (one can think of them corresponding to the assumption that
b=0). We can prove the following result:

Proposition 4:1f leisureis everywhere anormal good then hy must be non-increasing inthe average
tax rate and h, must be non-decreasing.

Proof: See Appendix.

The intuition for this result is straightforward. The increase in the average tax rate makes the
individual worse off. When leisure is a normal good this makes them more likely to take jobs
further away from their desired level which meansincreasing the maximum hoursthey are prepared
to work and decreasing the minimum hours.

The impact of the change in the average tax rate on the extensive margin of labour supply
isstraightforward. Astheriseint raisesthe maximum acceptable hours and reduces the minimum
acceptable, the fraction of jobs that are acceptable to the worker must rise and, hence, the
probability of being in employment will also rise.

However, the effect on average hours worked is ambiguous. If oneisinterested in the
impact on average hours worked (either conditional on working or unconditional) then one needs
to weight the hours acceptable to the worker by the probability of the worker working those hours.
If the labour market isfrictionless then, with probability one, the worker will be employed at their
optimal hours (assuming thisisin the support of the offered hours distribution) so it does not make
any senseto look at any other levels of hours. But, if the labour market isnot frictionless then there
will be a distribution of hours which will depend on variables like job arrival rates and job
destructionrates so that one cannot a priori say anything about how measures of average hourswill
be affected by changes in average tax rates.

4 Thiswill obviously remainthe case evenif the distribution of income given hoursis not
of theform givenin (26).
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What about changes in marginal tax rates?

Proposition 5:Anincreasein marginal tax ratestogether with achangein average tax ratesto keep
expected tax revenue unchanged at unchanged behaviour will reduce h and increase h,.

Proof: See Appendix.

It should be obvious from this result that the probability of being in employment rises but that the
impact on measures of average hours will again be ambiguous and subject to the same discussion
as of Proposition 4.

This section has looked at the impact of changesin the tax system on hours worked when
the only source of dispersioninjob offersisdispersion in offered hours and the hourly wageisthe
sameinal offered jobs. Eveninthiscasethe classical resultsdo not carry over unlessthe market
isfrictionless.

6. Conclusions

This paper has examined theimpact of changesin the tax system on labour supply in alabour market
where individuals have no flexibility of hours within jobs but must search for ‘good’ jobs. This
way of thinking about labour supply deserves attention not only because of the proved usefulness
of a search framework in other parts of labour economics but also because the canonical model of
labour supply isbased on arbitrary assumptions about the flexibility of hourswithinjobs. Itisthen
important to have some idea of the robustness of traditional comparative statics results. Some
results from the traditional labour supply literature (e.g. the role of the assumption of the normality
of leisure) have been shown to be useful in a search model but they are rarely the whole story.
Many of the results are quite weak and ambiguous which suggests that economic theory may not be
as much use as a guide to empirical specification as is sometimes assumed. And some of the
results, notably the impact of arevenue-neutra rise in margina tax rates, go directly against the
conventional wisdom.

However, this paper is a long way from a complete analysis of the issues raised or a
demonstration of the superiority of the search approach over the classical approach. In particular,
classical labour supply analysisislargely apractical subject devoted to the empirical analysis of
the impact of tax and welfare systems. However, the approach described here should not be too
difficulttoimplement empirically. Anequation like (13) can be made estimable with assumptions
about the distribution of wage offersan individual faces and aknowledge of the tax-benefit system.
Empirical research could either study the durations of spells of non-employment (asthe literature
on the impact of welfare systems often has done) or the probability that an individual is in
employment at a particular point in time (as the literature on labour supply normally has done).

There are also anumber of theoretical areas where the analysis could be usefully extended.
First, classical labour supply theory finds it difficult to make a meaningful distinction between
inactivity and unemployment and it is hard to relate the definitions of these states used in the
construction of labour market statistics to theoretical concepts. There has been some empirical
work (Ham, 1982, 1986; Blundell, Ham and Meghir, 1987) on trying to introduce unemployment
inamore realistic fashion but search theory offersamore natural way to do this. In labour market
statistics those classed as unemployed must be without ajob, have looked for work in the recent
past (typically four weeks) and be available to start work within a certain period (normally two
weeks) i.e. it isadefinition largely based on the intensity of job search. Burdett and Mortensen
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(1978), Burdett et a (1984) and Blundell at a (1998) use thisto distinguish between inactivity and
unemployment by using a search model in which search effort is endogenous; and assuming that
those who expend more than a certain amount of time and/or money in job search are the
unemployed. Wewould then expect the tax system to have someimpact on search intensity and the
proportions of the workforce who are inactive or unemployed.

Secondly, this paper has concentrated on the impact of the tax system on the outflow rate
from unemployment. From (14) this is only half of the story about the determinants of the
probability of being in employment: we aso need amodel of the impact of the tax system on job
destruction (see Mortensen and Pissarides, 1994, for a model of job destruction in a search
framework). Such amodel would also help the framework used here to address issues about the
dynamics of employment and labour market participation, issues that have been central to much
recent work on traditional [abour supply.

o, there is much more research in this area that could and should be done before it can
legitimately pretend to be a viable alternative to more traditional analyses of labour supply.
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Figurela

The Optimal Income-Hours Contract: The General Case
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The Optimal Income-Hours Contract: The Canonical Case
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Figurelc
The Optimal Income-Hours. No Flexibility within Jobs

a(h)

income

hours of work

16



Figure2a
Thelmpact of a Changein Average Tax Rateswhen Leisureis Everywhere Normal
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Figure2b
The lmpact of a Change in Average Tax Rateswhen Leisureis Not Everywhere Normal
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Figure3

TheImpact of a Revenue-Neutral Increasein Marginal Tax Rates
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Appendix: Proofs of Propositions

Proof of Proposition 2a
Using integration by parts, we can write (5) as.

d%?,(1&F(r)) ( Mr) ]

o2 (1&F(r)) | Mt
(28)
d%?u(l&F(r))u (r&t(r),n)&u (b&t ,0) % (? &2)). U (x&t(x),h)3A(x)dx
—d%?e(l&F(r)) y ’ y u’ 07y, e)rp y )
where:
[1&F(X)]
&) d%? [1&F(X)] (29)
First let us consider the case ?, =?.. Then we have that:
Nr) .
( M_:) u,(r&t(r),h)&u, (b&t,,0) (30)

Thisgives part (i) for Proposition 2a. Now consider how we can make progress in signing this.
We know from (13) that, if ?, =7, u(r-t(r),h)=u(b-t,,0). Consider the function ?(h) defined by:

uhh) (31)

for some fixed w. Now consider how u,(? (h),h) varies aswe change h. We have that:
Mu,(? (h),h)

] e o . & Uy .
o u,?’(h) % u, — % Uy, (32)

y

where the second equality sign follows from the implicit differentiation of (31). If the right-hand
side of (32) hasthe same sign everywhere then thiswill givethe sign of (30). Thisyields part (ii)
of Proposition 2a.

Proof of Proposition 2b:
From (28) we have that, in this case:

19



%2, (1&F(1)) ( Wir
%2 (1&F(r)) ( M_t)

o2, (1&F(r))
%2 (1&F(r))

U, (r&(r) h)&u, (DB, 0) % (2,82 u,(r&t(r).NB(x)x (33)

r

" u,(r&t(r),h)&u,(bét,,0)

which gives part (i) of the Proposition.

We know that in this case that u(r-t(r),h)>u(b-t,,0). If we are prepared to make the assumption that
leisure is everywhere a normal good and y,<0 then we can sign this using the previous result
because we know that if the reservation utility was equal to the level of utility when unemployed
the sign would be negative and the fact that the reservation utility ishigher, smply further reduces
the marginal utility of income at the reservation utility level. This proves part (ii) of the
Proposition.

Proof of Proposition 2c:
Using the same approach as in the derivation of (33) we have that:

%2, (1&F(1)) ( Wr

%2 (1&F(r)) ( W)
o2, (1&F(r)) 0 -
i (1 (ry) WO (08L,0) 5 (2,82); U (rat(n) mEK)d

r

- uy(r&t(r),h)&uy(b&tu,O)

Proof of Proposition 3

By inspection of (24) and (25) we can seethat arisein marginal tax rates must be accompanied by
afall in t(r) sufficient to make T(r) fall for T" to be unchanged. Manipulation of (24) and (25)
means that we must have;

[0%? (1&F(r)]dT(r) = di(r) % (?.82)dZ < O (35)

where dZ is the change in the term involving the marginal tax ratesin (24) and (25), dt(r) is the
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change in the tax burden at the reservation wage and dT(r) is the change in expected tax revenue
from someone employed at the reservation wage.

Now consider the effect of such a change in the tax system on individua’s behaviour. If
u,,=0 we can write the utility function as u(y,h)=y?,(h)+?,(h). Using this utility function in the
expression for the reservation wage (13) and differentiating, we have that:

(?&2)[1&F(r)]

?,(h)[dr&dt(r)]&?,(h) 7 [18F ()] dr&?,(h)(?&?)dz = 0O (36)

which can be re-arranged to give:
w "odt(r) % (?&?)dZz < 0O (37)

d%?? [1&F(r)]

where the inequality follows from (35). This proves the Proposition.

Proof of Proposition 4
By differentiating (27) we have that:

[W(l&ty)uy(whi&t(whi)&t,hi) % uh(whi&t(whi)&t,hi)]MM—T
(38)

" u(wh&t(wh)&t,h)&u (bt &t.0)

where i=l,u. From Proposition 2awe know that the sign of the right-hand side of (38) is negative
if leisure iseverywhereanormal good and h>0. Theterm in square brackets on the left-hand side
of (38) is positiveat h (ashours must be below the optimal level) and negative at h, as hours must
be above the optimal level. This proves the Proposition.

Proof of Proposition 5
If t(b) isleft unchanged then from (22) we can see that the effect on hy and h, depends on how t(wh)
and t(wh,) change. By definition:

hU
twhy) * twh) % w_t(wh)dh (39)

h,

Weknow that t, must rise. If t(wh) risesthen tax revenue will rise at all chosen hours so the change
will not be revenue neutra at unchanged behaviour. So t(wh) must fall which impliesthat hy must
fall. Now supposethat t(wh,) falls. Then, from (39) tax revenue must fall at al chosen hourslevels
so the change cannot be revenue-neutral. So t(wh,) must rise. Thismeansthat h, will rise (as utility
Isdecreasing in hours). This proves the Proposition.
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