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Abstract: The standard theory of optimal income taxation under uncertainty has been devel-
oped under the assumption that individuals maximize expected utility. However, prospect
theory has now been established as an alternative model of individual behaviour, with empiri-
cal support. This paper explores the theory of optimal income taxation under uncertainty
when individuals behave according to the tenets of prospect theory. It is seen that many of the
standard results are modified in interesting ways. The first-order approach for solving the op-
timisation problem is not valid over the domain of losses, and the marginal tax schedule offers
full insurance around the reference consumption level. The paper also examines the implica-

tions of non-welfarist objectives under income uncertainty.
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1 Introduction

In principal-agent models with moral hazard, the agent’s income and utility depends ran-
domly on effort. In one of his Nobel prize winning contributions, Mirrlees (1974) character-
izes optimal income taxation where the government is the principal and ex ante identical indi-
viduals are the agents'. In this contribution, as in most principal-agent analysis, expected util-
ity theory is used as a description of agents’ behaviour under uncertainty. In his Nobel Lec-

ture, Mirrlees (1997, p. 1324) calls for closer scrutiny of this approach:

‘Problems of this kind are usually analysed with the assumption that people try to maximise
their expected utility. There are good reasons for thinking that may be a mistake. At least the
consequences of alternative theories of decisions under uncertainty for these situations should

be explored.’

One such alternative theory of decision making under uncertainty has in turn led to another
Nobel prize. Prospect theory, developed by Kahneman and Tversky (1979) and modified by
Tversky and Kahneman (1992), has garnered significant empirical support (see Kahneman’s
Nobel lecture, 2003, and Camerer and Lowenstein, 2003). In prospect theory, an individual’s
utility depends on how the outcome deviates from some reference point, rather than directly
on the absolute value of the outcome. Individuals are loss averse, in other words, a loss leads
to a larger change in welfare than a gain of a similar size. Finally, individuals may misper-
ceive probabilities underlying the decision problem. In his review of alternative theories for
expected utility theory, Starmer (2000, p.376) concludes that because of many appealing fea-

tures of rank-dependent or sign-dependent models of decision-making under uncertainty, such

" Of course the case with no uncertainty but where individuals differ in their productivities, was also introduced
and explored by Mirrlees (1971) in the more famous of his Nobel prize winning contributions. We will refer to



as prospect theory, ‘there seems good reason to push forward the task of examining what im-

plications such models have in general economic contexts’.”

The purpose of this paper is to confront the Mirrlees project of characterizing optimal income
taxation with moral hazard under uncertainty, with the Kahneman project of developing alter-
natives to standard expected utility theory. In the original Mirrlees’ (1974) formulation of the
income tax model, workers and the government maximise workers’ expected utility over in-
come and effort. Our purpose is to introduce elements of prospect theory into individual be-
haviour, in keeping with the emerging empirical consensus, to examine how optimal taxation

results change with the introduction of prospect theory preferences.’

We first assume that the government respects the individual preferences, i.e. it is a “welfarist’
government. However, there are elements in prospect theory that may or may not be desirable
from the social welfare point of view. For instance, the social planner may dislike the con-
sumers’ tendency to be risk seeking for losses. Therefore, we also consider the case where the
government is ‘non-welfarist’ (paternalistic) and its objective function may differ from that
used by the individuals. This approach is relatively common in conventional public econom-

ics, and has been used recently in the behavioural public economics literature as well.*

this “adverse selection” case from time to time, but our focus is on the “moral hazard” case where there is un-
certainty but no ex ante differentiation among individuals.

2 Munro (2004) provides an analysis of welfare economics, especially the evaluation of tax reforms, under refer-
ence-dependent utility functions in a riskless choice case. In an interesting paper, Dhami and al-Nowaihi (2006)
explore the consequences of prospect theory on tax evasion.

3 We became aware of the work by de Meza and Webb (2007) after having written earlier versions of this paper.
The de Meza and Webb paper also explores the consequence of loss aversion and diminishing sensitivity for
optimal incentive policy. Their work deals with managerial incentives, whereas our paper offers a tax policy
application.

* Examples of the former include Kanbur, Keen and Tuomala (1994) and Pirttild and Tuomala (2004), while
O’Donoghue and Rabin (2003), Bernheim and Rangel (2005) and McCaffery and Slemrod (2006) are examples
of the latter. See Seade (1980) for seminal work.



The paper first reviews the standard, benchmark, model of optimal taxation with moral hazard
under income uncertainty, in Section 2. As is common in models of this kind, we mostly fo-
cus on results based on the so-called “first-order approach”. This section therefore also ex-
amines the exact conditions under which this approach is valid, an issue that will seen to be
relevant when prospect theory is introduced. Section 3 examines the validity of the first-order
approach and characterises optimal tax rules when individual behaviour is described by pros-
pect theory. Section 4 introduces non-welfarist concerns and derives results for the tax rules

in this case. Section 5 concludes.

2. The standard model

Consider an economy, as in Mirrlees (1974), where the worker-consumer does not know what
income (z) he or she will receive for each possible level of effort, y. In other words, income is
determined both by effort and by some random element. We denote the distribution for z,

given that effort y is undertaken by the worker, as F(z,y), and its density as f(z,y). It is as-
sumed that f(z,y) and F(z,y) are continuous and continuously differentiable for all

ze [Zo=Z1] and y. Moreover we assume that the support of this distribution is independent of

y.

The worker-consumer chooses effort y to maximize expected utility

(1) [v(0) f(z)dz =y,



where x =z —T(z) is the after tax income / consumption. As in much of the literature, we

concentrate on an additively separable specification of the utility function. The consumer is

risk averse, hence v' > 0, v" < 0. The first-order condition for the maximisation of (1) is

) jv(x)fydz—lzo.

The government is utilitarian and maximises (1) subject to the individual optimisation con-
straint (2) and the budget constraint which, for a large identical population with independent

and identically distributed states of nature, can be written in the form

3) [[z-xlf(z)dz =0

Taking multipliers a and A for the constraints (2) and (3) respectively, the Lagrangean and the

first-order condition with respect to x (pointwise optimisation) are as follows:

@) L= [{)+ 2z -0)f @) +av(@)f, Jdz —a - y

5)l+ag=2,
\%

where g = f| / f 1s the likelihood ratio. This approach, where incentive compatibility is mod-

elled using equation (2), is the so-called first-order approach (FOA). Mirrlees (1975, 1999)
was the first to point out that FOA is not necessarily a valid procedure in a potentially large

number of cases, because it might lead to a local instead of a global optimum. Mirrlees



(1976), Rogerson (1985), Jewitt (1988) and Alvi (1997) have explored conditions for the va-
lidity of the FOA. When the utility function is separable as in our set-up, sufficient conditions
are
1. Monotone likelihood ratio condition, MLRC: 0g/0z > 0. Income is increasing sto-
chastically in effort, that is, higher output is more likely for higher effort than lower
effort.

2. Convex distribution function condition, CDFC: F| (z,y)>0. This is like a diminish-

ing returns conditions, applied to the production of information of worker’s action.

Key steps for demonstrating this include showing that the after-tax income is increasing in

income (x'(z) > 0) and that the government’s maximisation problem is concave. Appendix 1

provides details of the proof. In numerical simulations, one can also find solutions that are

valid but do not satisfy CDFC (See e.g. Low and Maldoom 2004).

We can now turn to the properties of the solution. Differentiation of (5) again with respect to

z, substitution and reorganisation yield the shape of x'(z):

. a()’g’
6) x' =2V &
(6) e

Denote the coefficient of absolute risk aversion as 6 =—(v")/(v") . Based on (6), the marginal
tax rate (MTR =T'(z)) is therefore given by

1!

av'g
A5

(7) MTR=1-x"=1-



This equation shows that without the need to consider incentives, i.e. when the incentive
compatibility constraint is slack, « =0, the optimal marginal tax rate is 100%. This is the
case of full insurance, which risk-averse individuals value. However, when incentives to un-
dertake effort matter, the optimal marginal tax rate is a compromise between risk aversion and
providing incentives. If the consumers become more risk averse (0 increases), the marginal
tax rate increases, ceteris paribus. On the other hand, if effort is more tightly connected with

income (g’ goes up), workers' effort can be more reliably tracked, and the optimal marginal

tax rate is reduced.

3. Prospect theory and moral hazard

We now turn to the new case where individual behaviour is described by prospect theory, and
this is also accepted as a basis for social welfare. In prospect theory, the utility function is re-
placed by a value function. The key assumptions about the value function are that it ‘is (i) de-
fined on deviations from the reference point; (ii) generally concave for gains and convex for
losses; (iii) steeper for losses than for gains’ (Kahneman and Tversky 1979). The two latter
properties capture the idea that individuals are loss averse. Hence, the value function takes the

S-shaped value as in Figure 1.

value

losses gains

Figure 1: An example of a value function.



For simplicity, let us concentrate on the case where prospect theory is only related to the util-

ity of income. Individuals now maximise the expectation of the value function e(c)

(1) [ee)f(z,p)dz -y,

where ¢ = x—X denotes the change in realised income from a reference income, depicted by
X . The reference income is assumed to be exogenous.” Note that the utility function is still

assumed to be additively separable between effort and income.

If there was a reference point for effort level, too, within this quasi-linear model, along the

lines of J.e(c) f(z,y)dz—-(y—Yy), the reference level would not change (1’). However, with a

general, non-separable, formulation, _[ e(c,y—¥)f(z,y)dz, the validity of the FOA is a com-

plicated matter even without reference levels, as shown by Alvi (1997). A possibility for loss
aversion on either side of the reference level for y — the individuals could lose both from
working less or more than the reference level — would add to the complexity, and therefore

this issue is left for further work.

To capture the shape of the value function, we make the following assumptions about the

properties of the utility function:

(8) () € >0

> Some of the implications of endogenising the reference point were explored in an earlier version of the paper
(see Kanbur et al 2004).



(i) e'(-c)=¢€'(c)

(iii) €">0 forc<0,e"<0forc>0

Assumption (ii) captures the principle of loss aversion: ‘losses loom larger than corresponding
gains’ (Tversky and Kahneman 1992, p. 303). Assumption (iii) refers to ‘diminishing sensi-
tivity for losses and gains’, i.e. a diminishing marginal utility for losses and diminishing mar-

ginal disutility for losses.

The specification in (ii) allows for a non-differentiability in e(c) at ¢=0. In fact, much of the
standard representation of prospect theory is in terms of a “kink™ at zero. However, in this pa-
per we assume that the function e(c) is everywhere differentiable. This is because the purpose
of this paper is to study to what extent one can utilise first-order conditions for analysing tax
optima, and in particular the extent to which the standard first-order approach can be modi-
fied. This implies that we are by definition in a world of differentiable functions, thus ex-
cluding kinks. However, even without kinks the key features of Prospect Theory as stated in
(1), (11) and (ii1) above can be captured with differentiable functions and, furthermore, one can
with suitable functional forms and parameter values approach arbitrarily closely the descrip-
tion of individuals’ choices even if they were generated by a function with a kink. Neverthe-

less, we return to the case where the kink exists via an example in the end of this section.

We are now in a position to rewrite the government’s optimisation problem. The individual’s

first-order condition can be rewritten as



@3jdmﬁ¢p4=oﬁ

The Lagrangean and the first-order condition with respect to x (pointwise optimisation) are

now as follows:

@) L=[{e()+ Az (z.y) + ae(c) , jdz —a - y
() 1+ag="
e

We first examine whether the first-order approach is valid in this case with prospect theory
preferences. For this, we need to see how consumption is related to effort. Differentiate (5)

again with respect to z and reorganise to obtain the shape of x'(z):

!

. ae)’g
6) x' =) &
(6) o

The marginal tax rate is then written as

ae’g!
Ad

e

(7’) MTR =1-x"=1-

9

where §, =—¢"/e’ is the coefficient of the individual attitude towards risk.

6 Similarly than in the standard model, the second-order condition of individual optimisation will be satisfied
when the first-order approach as a whole is valid.

10



To provide incentives for exerting effort, x should be increasing in z. Depending on whether

realised income is above or below the reference income, x , three cases emerge.

1) For income above the reference income, ¢ >0, consumption x is indeed increasing in in-
come z, since the value function has similar properties to the standard case of Section 2. In
other words, e =v. The first-order approach is valid (following the arguments of equations

(A.1)-(A.4), and the marginal tax rate is given by (7).
2) If ¢ =0, the right-hand side of (A.11) is not defined.

3) If the income is below the reference income, ¢ < 0, the right-hand side of (6°), i.e. x'(2), is

non-negative only if a <0, since ¢" > 0. Using a similar procedure as in Appendix 1, one

can determine the sign of & from

a 1
— | ¢f ,dz = cov(e,—)
©) il <,

o 1
— =cov(e,—
A ( e')

where the second line follows from (2”). Equation (9) is a counterpart of earlier equation
(A.3). Now e and e' covary in the same directions for ¢ <0 , we necessarily have o <0.
However, the only case where the covariance is zero is when x is constant irrespective of in-
come. But then the worker has no incentives to provide positive effort. Therefore, to induce

effort, o < 0.

11



However, if a <0, a relaxation in the incentive constraint reduces the social welfare deter-
mined by (4°). For a meaningful government optimisation problem this cannot hold. There-

fore, one must conclude that the FOA 1is not valid for income below the reference level.

Proposition 1 summarises the discussion above.

Proposition 1. In a moral hazard tax problem, when the individuals' decision making is
based on prospect theory, the FOA is valid if income is above the reference point. When

income is below the reference point, the FOA is not valid.

The optimal solution is therefore non-continuous. For consumption above the reference level,
the marginal tax rate is given by (7’). For income below the reference point, a randomised
schedule is optimal. To see this, recall that the convexity of the value function implies that the
consumer is in fact risk loving, if income is below the reference point. It is therefore conceiv-
able why conditions needed for an insurance scheme are then not valid. The point that ran-
domisation may be desirable in moral hazard context is not new. Holmstrom (1979) and Ar-
nott and Stiglitz (1988) have shown, however, that randomisation is never optimal for a stan-
dard, concave, moral hazard problem as in Section 2. Rather, it can become optimal in more
complicated situations (Arnott and Stiglitz 1988).” The optimality of randomisation depends
on the magnitude of diminishing sensitivity for losses. It may be the case that for stakes on the
scale involved in income taxation, diminishing sensitivity for losses may not hold. In this

case, the tax rate could remain continuous.

7 Of course, the question remains how randomisation can be implemented in real world tax policy. One of the
ideas presented in this context is lax control of tax evasion. Another example is related to poverty traps due to

12



The next step is to characterise the tax schedule in more detail. Usually loss aversion is intro-
duced by a kink at the reference consumption. This is not necessary a major issue. We can
always approximate arbitrary well any kinked value function.® If —¢** is very large in a neigh-

bourhood of the reference consumption, we can approximate a kinked function by a differen-

tiable one. In an approximation e’ would fall continuously in an interval [;,;+8} and e’

would approach -o. From (6’) we see that when e’’ is very large x’ is close to zero. Let de-

note x(z*) =x and x(%) =x+¢. Since e’(x) is constant over the short interval it implies

e'()_c) g(z%) = e'(}+ £) g(;) . This shows that consumption x(z) is constant at x over the inter-

A

val [z*,z] The net income is insensitive to gross income over this interval. In other words,

the marginal tax rate is 100% in that range. Beyond z consumption is monotonically in-
creasing in z. Combining this discussion and the point about randomisation, one can deduce

the following.

Proposition 2. In a moral hazard tax problem, when the individuals' decision making is
based on prospect theory, the tax schedule is characterised by
o 100% marginal tax rate around some interval at the reference point
e Optimal combination of incentives and insurance above the reference point (as
in the standard model)
o A randomised schedule between a minimum consumption and the reference con-

sumption below the reference point.

the interaction of social benefits and taxation. Then for low incomes, a minor change in before-tax income can
generate a large variation in after-tax income.
¥ We are very grateful to a referee for this point.
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The intuition for this result is that around the reference point, the individual is extremely risk
averse, and therefore it is locally optimal to provide full insurance. In the area below the ref-
erence point the individual prefers a gamble, whereas above the reference point, the determi-

nants of the tax schedule are similar to the standard model with expected utility.

An example

It seems that it is difficult to characterise the tax schedule in more detail within the general

model. We therefore consider the following example, where the utility function and the distri-

bution function are assumed to take certain functional forms. We now also explicitly allow for

the kink in the utility function.

Suppose first that the utility function is

(10a) e(x)=%, if (x—x)=0
_ (;—x)l_ﬁ . =
(10b) e(x) = h—l_ﬁ ., if (x—x)<0.

The form in (10a) is of CRRA form and similar to what has been used in simulations of the
moral hazard model, such as those in Tuomala (1990). The function in (10b) is otherwise
similar, but it includes 4, which is a loss aversion parameter. The function also satisfies the

conditions that e" <0 above the reference point and e"> 0 below the reference point.

14



Consider first the area above the reference point. Substituting (10a) in the first-order condition

(5) yields

(11) x:(%+§g)(”ﬂ) +x

Suppose now that the distribution function is a gamma distribution,
f(z,y)= {b/ 1“(1*)}([)2)"1 y~"e"”'?  Then it can be shown that the likelihood ratio has the

1-r

following form g = f| / f= b—i + . The likelihood ratio is also linear in z. Assuming
y

A+ Bz >0, consumption is determined by

(12) x(z)=(A+Bz)"? +x,

ab

T and s =7 —1. In the example below, r=2.75 and b=3. If gis
y

where 4= (l—ﬂ), B=
A Ay

linear in z (as in gamma and exponential distributions), the tax schedule will have a declining
marginal tax rate if f <1and increasing marginal tax rate if f >1. These results are the same

as in the standard model. In calculations we have f =1.2.

We now turn to the implications of (10b). Combining it with the first-order condition (5°) im-

plies

(12°)  x(z)=x—h(A+ Bz)"?

15



This equation implies that x is decreasing in z € (z(, z*), where zy 1s the smallest z and x =x

at z = z*). Combining this information with the message of Proposition 2, the government
should offer a randomised schedule between the reference consumption level and the con-
sumption level targeted for the smallest possible z. However, in this example the consumption
level offered at lower end is just equal to the reference consumption. Therefore, using these
functional forms, the optimal contract offers full insurance below the reference point, as il-
lustrated in Figure 2. Needless to say, this is not a general result, but it does suggest that it can
be optimal to lengthen the flat part of the consumption schedule downwards from reference

consumption.

Marginal tax rate schedules

120 -

100'—W

80 ~

60 - —o— x(ref)=0.1
—a— x(ref)=0.23

MTR%

40 ~

20 ~

0 L e B O O L O B B
0 10 20 30 40 50 60 70 80 90 100

F(z)

Figure 2
As we might expect the optimum marginal tax rate increase with reference consumption. In

Figure 2 we also see that the shape of the optimal income tax schedule becomes more pro

16



gressive when x increases. Our calculations showed that the flat segment covers about 4 per-
cent of population with x=0.1 (29 percent of mean consumption) and 3 percent with x=0.23

(49 percent of mean income). The mean x and z also increase withx .

As is well known, in the expected utility version, one can approximate the first best with an
extreme punishment for the worst possible outcome and full insurance for all other outcomes.
Usually the possibility for this ‘capital punishment’ is assumed away, but its existence is still
an undesirable outcome of the basic moral hazard model, as Mirrlees (1997) has pointed out.
It is interesting that our example provides an escape route from this problem by providing full
insurance for low values of gross income. In this sense, prospect theory helps the motivation

to work with the otherwise standard version of moral hazard.

4. Prospect theory non-welfarism

It is not necessarily clear that the social planner ought to accept all facets of prospect theory
when forming its social objectives. There is, for example, some evidence according to which
people underestimate their ability to cope with negative life-events, for instance income losses
(see the discussion in Frey and Stutzer (2004). Loewenstein et al (2002) provide theoretical
reasoning for this behaviour based on projection bias. The projection bias can therefore imply
that the utility function governing individuals’ long-term welfare is different from that of their
short-term welfare.” But to the extent loss aversion is real, it should, of course, be respected

when evaluating social welfare.

? Some forms of prospect theory also include biases in evaluating probabilities. These biases provide further rea-

sons for paternalism, akin to Sandmo (1983).

17



Perhaps a stronger case for paternalism could be built on the idea that the government is not
willing to accept risk loving over the domain of losses. The society may want to restrict gam-
bles on stakes involved in income taxation. We therefore also consider the case, where the
government’s and the individual’s objective functions differ. The individual still maximises
the same value function (e) as in the previous section, but the government’s objective function
is globally concave, as in expected utility model, and denoted by v. Because of the concavity,

it does not also involve any approximated kink near the reference point.

The Lagrangean and the first-order conditions can now be written as

@) L=[{v@)+ Az -0 (z.9) + ae(x) £, jdz -~ y

(57) Vf+aef,-Af =0
To determine how consumption is related to income, differentiate (5°') with respect to z to get

ae!g!

(67) ¥'= ,
V'O, +3,(A-V)

where &, =—v"/v'" is the social coefficient of absolute risk aversion and &, =—¢"/e’ is the

coefficient of the individual attitude towards risk. For ¢ > 0, the individual is risk averse, and

o, is defined to be positive. However, for ¢ <0, because of diminishing marginal disutility

e

18



for losses the individual is in fact risk loving, and 6, < 0. The term A —v' is positive because

of (57”). The marginal tax rate is

ae!g!

(7)) MTR=1-x"=1- ,
V'S, +8,(A—V')

Let us now examine the conditions for the validity of the first-order approach. Appendix 2
demonstrates that the same conditions, namely monotone likelihood ratio condition (MLRC)
and the convexity of the distribution function condition (CDFC) still constitute part of the suf-
ficient conditions. In addition, consumption x should be increasing in income z. For ¢ >0,

this is always the case because then o, > 0, and the denominator in (6’) and the term at the

right of (6”) are positive.

If ¢<0, the denominator in (6’’) may be either positive or negative, depending on the
strength of diminishing marginal disutility for losses. Then the FOA remains valid if the indi-
viduals’ risk loving is sufficiently smaller than the social coefficient of risk aversion, i.e.
v'o, >—0,(A—V"). However, if the individual is sufficiently risk loving, v'6, <—0,(41—-V'),
the denominator and the right-hand side of (6’”) are negative, i.e. consumption would be de-
creasing in income (effort). This violates the validity of the first-order approach. Therefore,

the following proposition holds.

Proposition 3. In a non-welfarist moral hazard tax problem, when the individuals' deci-
sion making is based on prospect theory, the FOA is valid if the government's risk aver-
sion sufficiently outweighs individuals' diminishing sensitivity for losses or income is

above the reference point. When income is below the reference point and individuals'

19



diminishing sensitivity for losses sufficiently outweighs the government's risk aversion,

the FOA is not valid.

The introduction of non-welfarism, therefore, brings the interesting point that if the govern-
ment’s willingness to override loss seeking behaviour is sufficiently strong, one avoids ran-
domisation over the domain of losses. Because of the potential complexities of carrying out

randomisation in the real world, this may be a desirable outcome from paternalism.

The optimal tax rate still features full insurance around the reference point. To see, this notice
that around the reference consumption level, the individual is very risk averse, and therefore

S, =—¢"[e' is very large. This implies the marginal tax rate approaches 100%. Therefore it

seems that the point about a small section of full insurance remains valid even if the govern-
ment’s objective function does not directly include loss aversion. Even though the govern-
ment is non-welfarist, it must take individuals’ preferences into account through the incentive

compatibility constraint.

5. Conclusion

This study analysed a model of optimal non-linear income taxation under income uncertainty,
along the lines of Mirrlees (1974). While the standard model is based on expected utility, in
our work the preferences are modelled along the lines of prospect theory, as developed by

Kahneman and Tversky (1979).

As does most of the literature in the area, we focused on the so-called first-order approach for

solving the optimisation problem. The introduction of prospect theory implies that the first-

20



order approach is valid only in the area above the reference point. In the area clearly below
the reference point, the individuals are risk lovers because of diminishing sensitivity for
losses, and the optimal policy is to offer a randomised schedule between a minimum payment
and the consumption at the reference level. At a small interval around the reference, the indi-
viduals are extremely risk averse owing to loss aversion, and the marginal tax rate is 100 per
cent. Finally, in the area clearly above the reference point, the optimal policy resembles a

standard compromise between incentives and insurance.

We also dealt with the possibility that the government does not accept all aspects of prospect
theory as a basis for social welfare, in other words, we introduced non-welfarist preferences.
For instance, the society may not necessarily approve of risk loving behaviour in the domain
of losses. In this case, it was shown that the first-order approach remains valid if the risk aver-
sion by the social planner outweighs the diminishing sensitivity for losses of the individual.
This is potentially desirable feature if one wants to avoid randomisation. Finally, we consid-
ered an example that created full insurance below the reference point. This is interesting, be-
cause in this case one avoids an undesirable feature of the standard moral hazard model with
expected utility, namely the possibility that the government can achieve the first best by im-

posing an extreme punishment for the lowest possible realisation of income.

These findings have potentially important implications. For income taxation models, the op-
timality of full insurance around or below the reference point suggests that high marginal tax
rates at low incomes may not necessarily be as harmful as it is sometimes claimed. In fact,
such as system supports organising a minimum income level through e.g. social assistance.

For research in information economics in general, the results of this paper show that it may
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become worthwhile to assess the robustness of other results, derived using expected utility

maximisation, to assumptions that are more in line with findings in behavioural economics.

Appendix 1: Sufficient conditions for FOA in the benchmark model

First, as an intermediate step, it must be checked that consumption is increasing in income /

effort, i.e. x'(z) is positive. The right-hand side of the first-order condition in (5) is increasing
in z(y), since v" < 0. The left-hand side of (5) is increasing with z(y), provided that « >0,

since g’ >0 when we assume that the MLRC (monotone likelihood ratio condition) holds.

Following Jewitt (1988) and Laffont and Martimort (2002) we now show that « is indeed

positive. Dividing (5) by A, multiplying it with f'and integrating over the support [g, z ] yields
1 1

Al) —=|—fdz

(A1) — = f

since _[ f,dz =0. Using (5) again gives
a 1 1

A2) —g=——-|—fdz

(A2) Zg=—-[—f

Multiply both sides by vf'and integrate over the support [g, E] to get
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2 [ vf, dz = cov(, 1
(A3) ’Ij v
% =cov(v, ;)

where cov() denotes the covariance operator. The second line follows from the incentive con-
straint (2). Since v and V' covary in opposite directions, we necessarily have o > 0. How-
ever, the only case where the covariance is zero is when x is constant irrespective of income.
But then the worker has no incentives to provide positive effort. Therefore, to induce effort,

a>0.

Finally, it remains to be shown that expected utility is concave. For this, rewrite the expected

utility as follows:

[veo) £z, p)dz =y
(A4) = [vF(z )] - [vx' Fz.y)dz -y
= v(x(;)) — Iv’x’F(z,y)dz -y

where the second line follows from integration by parts and the third from using the property
that F(z,y)=0 and F (;, y) =1. From the last row, since v' and x' are positive, the expected
utility is concave in y if F, >0. This property is called the convexity of the distribution

function condition (CDFC). Therefore, the FOA is a valid strategy given that MLRP and

CDFC hold.
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Appendix 2: Sufficient conditions for FOA under non-welfarism

In the main text we show that for x'>0, v"+ ae"g < 0. The next step is to show that « >0.

Rearrange (5°’) to get

'

ae 1
(A.5) —+z—g—

Integrating over the support [g, z ] yields
1 1
A6) —=|—fdz
(A6) — =~ f
and the first-order condition can be written as:
(A7) ——g ———j fdz

By multiplying with v and integrating over the support [g, z ] one obtains

'y

are 1
A8) —|—g= ,—
(A8) —[ =g =cov()

The right-hand side is always non-negative. So is the term multiplying o on the left. There-

fore we necessarily have o > 0. Again, to induce a positive effort level, ¢ cannot be equal to
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zero. Hence, « is positive. It remains to show that the objective function is concave. This has

actually been already shown above in equation (A.4).
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