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Abstract

The key question in multi-dimensional screening problems is how prices,

incentives, or marginal tax rates in one economic activity should vary with

other activities. We develop a theory of tax reforms in a setting with multi-

dimensional heterogeneity amongst agents who take two economic decisions.

Our leading application is the taxation of couples who choose an earnings

level for each spouse. In our theoretical analysis, we characterize the con-

ditions under which reforms of a given tax system yield Pareto- or welfare-

improvements. In an empirical application to the US, we quantify the welfare

implications of such reforms. We also prove an impossibility result: under

assumptions common in the tax perturbation literature, the hypothesis that

the given status quo tax is optimal leads to a contradiction. Thus, the per-

turbation approach cannot be used to characterize a fully optimal tax system.

Keywords: Tax reforms, Multi-dimensional screening, Taxation of Couples,

Optimal taxation.

JEL classification: C72; D72; D82; H21.

*Bierbrauer: CMR - Center for Macroeconomic Research, University of Cologne, Germany
(bierbrauer@wiso.uni-koeln.de); Boyer: CREST, École Polytechnique, Institut polytechnique de
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1 Introduction

At the heart of multi-dimensional screening problems is how the incentives in one

economic activity should vary with the pursuit of other economic activities. A

classic in public finance is whether the tax paid on capital income should also

depend on labour income?1 Related questions arise in industrial organization: How

should the price paid for one good or service depend on a consumer’s demand of

other goods and services?2 Problems at the intersection of public finance and market

design are also related: Should the price paid for an apartment, a medical service

or an electric vehicle depend on one’s position in the income distribution?3 This

paper presents a new approach to multi-dimensional screening problems and then

applies it to a challenge in the design of tax systems, the taxation of couples. For

this application, a key question is how the marginal tax rate on the earnings of one

spouse should change as the other spouse gets richer or poorer?4 This is a question

about jointness, or, more technically, about the cross-derivative of a tax function

(y1, y2) 7→ T (y1, y2), where y1 stands for primary and y2 for secondary earnings.

Our focus is on reforms of a given status quo. Rather than asking ”What degree

of jointness would be chosen by a welfare-maximizing planner?”, we start from a

given tax system with a predetermined degree of jointness and then analyze the

consequences of reforming this system. In an empirical application, we look at the

tax treatment of married couples in the US and analyze the consequences of reforms

that would bring this system closer to individual taxation. To get there, we develop

tools for an analysis of reforms in a setting with multi-dimensional screening that

can be applied in the presence of two empirically relevant complications: First, the

status quo tax system may involve discontinuities in marginal tax rates (“kinks”)

or tax payments (“notches”). Second, we allow for behavioral responses at the

intensive and the extensive margin so that, at the individual level, behavioral re-

sponses to taxation may be discontinuous. For such a setting, our analysis clarifies

conditions under which a given tax system admits Pareto- or welfare- improving

reforms.

1. See Ferey, Lockwood, and Taubinsky (2024) for a recent contribution.
2. Rochet (2024) contains survey of the literature on multi-product pricing.
3. See, e.g., Akbarpour et al. (2025) and Ahlvik, Liski, and Mäkimattila (2024).
4. See Golosov and Krasikov (2025) for a recent contribution to the literature on the optimal

taxation of couples.
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As is well-known, the mechanism design approach and the analysis of tax per-

turbations are alternative routes that can be taken for the characterization of an

optimal tax systems. The perturbation approach usually invokes the assumption

that behavioral responses to taxation can be characterized by the derivative of a

choice function.5 We show that, in a setting with multi-dimensional screening, this

assumption may conflict with optimality. Thus, one can either study improvements

of a status quo using the perturbation method or one can study optimal taxes. One

cannot study optimal taxes via the perturbation method.

In the methodological part of the analysis, we use monotone comparative statics

results and envelope theorems to characterize the revenue and welfare implications

of tax reforms (Milgrom and Shannon 1994; Milgrom and Segal 2002). Those are

captured by functional derivatives6 that provide answers to questions of the fol-

lowing sort: “Suppose jointness is decreased for all couples where primary earnings

are between 150,000 and 160,000 USD and secondary earnings between 80,000 and

87,000 USD. Under what conditions is this a self-financing tax cut? Under what

conditions does it come with a loss of tax revenue? Under what conditions does it

improve social welfare?” We contrast these answers with those to an alternative

type of question: “Suppose that, for all couples with earnings in the same range,

the marginal tax on secondary earnings is reduced, while the marginal tax on pri-

mary earnings does not change. Under what conditions is this a self-financing tax

cut? Under what conditions does it come with a loss of tax revenue? Under what

conditions does it improve social welfare?” This clarifies the difference between (i)

changes of marginal tax rates that are implied by a change of jointness and (ii)

changes of marginal tax rates that leave jointness as it is. Our analysis shows that

jointness is a genuine dimension of tax design: The effects of a reform that modifies

jointness cannot be replicated by combinations of reforms that modify only one

marginal tax rate at a time, and vice versa. A reduction of jointness can be self-

financing or welfare-improving even when every stand-alone reduction of a marginal

tax rate would cause a loss of tax revenue or social welfare.

5. This applies to the rich literature that characterizes optimal taxes via “sufficient statistics”
formulas that invoke various elasticities.

6. A key step in the formal analysis is to show that these functional derivatives are well-defined
even though there are discontinuities both in marginal tax rates and in the behavioral responses
to taxation.
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Limits of tax perturbations: An impossibility result. A necessary condition

for the Pareto-efficiency or welfare-optimality of a tax system is that there neither

is an improving change of a marginal tax rate nor an improving change of jointness.

We show that, with welfare weights that are decreasing in income, it is generally

not possible to satisfy both conditions simultaneously. For specificity, consider

tax revenue, or, equivalently, Rawlsian welfare to be the objective. If the tax

system is designed such that modifications of jointness cannot generate additional

tax revenue, then there exists a revenue-increasing change to a marginal tax rate.

Conversely, if marginal tax rates are set “optimally”, then revenue can be increased

by a change of jointness.7

The impossibility result is derived under assumptions that seem weak at first

glance: There is a given tax function. It may have kinks and notches and taxpayers

with different characteristics might be induced to bunch at the same economic

outcome. Further assumptions imply that behavioral responses can be characterized

by the derivative of a choice function. This impossibility result sheds a light on

papers that use perturbation techniques to derive optimal tax formulas with general

welfare weights in settings with multi-dimensional screening.8 If the impossibility

result applies, then a tax system satisfying these optimal tax formulas is not a fully

optimal tax system. It may be “partially optimal” in the sense that is exhausts

the scope for improvement in one class of tax reforms, while generating scope for

improvement in another class of tax reforms. The impossibility result also has an

implication for the empirical analysis of tax reforms. When it applies, sequences of

reforms that either improve marginal tax rates or the system’s degree of jointness

do not converge to a fully optimal tax system. The scope for improvements is never

exhausted. There always is something left to do.

We provide an interpretation of the impossibility result from a more general

mechanism design perspective. By the taxation principle (Hammond 1979; Gues-

nerie 1995), studying taxes rather than direct revelation mechanisms is without

loss of generality, unless one restricts the set of tax functions. We do, however,

7. The impossibility does not hold for every tax system and every welfare function. For instance,
we show that, in the absence of income effects, and with an unweighted utilitarian welfare function,
a laissez-faire outcome can neither be improved by a change of marginal tax rates nor by a change
of jointness.

8. See e.g. Jacquet and Lehmann (2021), Bergstrom and Dodds (2021), Ferey, Lockwood, and
Taubinsky (2024), and Spiritus et al. (2025).
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impose restrictions which imply that almost all agents, whether bunching or not,

have unique solutions to their choice problems. This rules out patterns of bunch-

ing with a positive mass of taxpayers who have multiple solutions to their choice

problems.9 Such allocations cannot be reached when taxpayers have unique optima.

Thus, when the starting point is such a tax system, it can be improved. This is the

force that leads to the impossibility result.10

Application: The Taxation of Couples. In an empirical application, we esti-

mate the welfare and revenue consequences of tax reforms in the data. We study the

taxation of married couples in the US. The US has a system with progressive and

joint taxation, as do France or Germany.11 The tax treatment of married couples

is a contentious issue in these countries, and it has been for quite some time. Our

analysis is motivated by the key question in these controversies: Is it desirable to

move away from joint taxation?

To map theory to data, we impose structure on preferences and effort costs,

allowing revenue functions to be expressed in terms of observable parameters—

the income distribution, the tax schedule, and behavioral elasticities. These are

estimated by combining CPS microdata and tabulated IRS tax records with tax

rates from the NBER TAXSIM model and elasticity estimates from the literature.

We find that in parts of the income distribution, the marginal tax rates on

secondary earnings are inefficiently high. Lowering them would be self-financing.

Realizing these Pareto-improvements requires to condition on the “right” combi-

nations of primary and secondary earnings. By contrast, cutting the tax rates on

secondary earnings across the board would lead to a loss of revenue.

9. Boerma, Tsyvinski, and Zimin (2022) show that such patterns do arise under an optimal
mechanism. In that case, a tax perturbation of the optimal allocation would provoke behavioral
responses that cannot be captured by the derivative of a choice function. Instead, left- and right-
sided derivatives would be needed to distinguish between, say, the consequences of a local increase
of jointness and of a local decrease of jointness. Optimality would then imply that none of these
changes can have a positive welfare impact. Formally, this would be captured by two inequalities
as opposed to a first order condition.
10. All that being said, in our setting, incentive compatible allocations are continuous in the

characteristics of taxpayers. Consequently, an optimal allocation can be well approximated by
a piecewise linear one and the latter can be implemented with a piecewise linear tax function.
Our analysis covers piecewise linear tax functions. Thus, while a fully optimal system cannot be
reached when taxpayers have unique optimal choices, it can still be well approximated.
11. When there is progressive and joint taxation, there is a convex function T̄ so that T (y1, y2) =

T̄ (y1 + y2). Consequently, the primary and the secondary earner face the same marginal tax rate
and there is positive jointness, the cross-derivative of T is positive.
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At the bottom of the income distribution, reductions of marginal tax rates are

costly in terms of revenue. Through the lens of our model, such reforms reduce

the unconditional transfers that are paid to those with no market-income, and

increase the earnings incentives of those with some market income. We find that

such reforms are rejected by a Rawlsian welfare function, but approved by large

class of alternative welfare functions, including ones that concentrate weights at

the bottom of the income distribution.

We also analyze the welfare implications of reforms that reduce the tax system’s

jointness. We find that reductions of jointness are not self-financing. They imply

both lower marginal tax rates and a loss of tax revenue. They increase, however,

the economy’s overall surplus (“Total output minus effort costs”). Welfare also

improves with “Feminist” weights that increase in the secondary earner’s income

share.

Finally, we characterize optimal tax rates at the top of the income distribution.12

For our application, we find that the Pareto tail in the joint distribution of primary

and secondary earnings is such that secondary earnings should be taxed at a lower

rate than primary earnings.13

Related Literature. There is a rich literature on multi-dimensional screening

problems, with applications in various domains. The focus is on solutions that

maximize profits, economic surplus, or measure of social welfare, see Rochet (2024)

for a survey. Recent contributions with a focus on optimal taxes are Boerma,

Tsyvinski, and Zimin (2022), Ferey, Lockwood, and Taubinsky (2024), Golosov

and Krasikov (2025), Akbarpour et al. (2025) and Ahlvik, Liski, and Mäkimattila

(2024). We bring a reform perspective to this literature and identify conditions

under which a given tax system can be improved. The question whether jointness

is too high or too low is confronted directly by tracing the revenue and the welfare

consequences of changes to the tax function’s cross-derivative. To the best of our

knowledge, this is without precedent in the literature. In an empirical application,

12. We impose assumptions that parallel those in Diamond (1998) and which imply that an
optimal tax system is linear at the top. At the top, behavioral responses to taxation can therefore
be characterized by the derivative of a choice function.
13. Earlier work has emphasized differences in the behavioral responses of primary and secondary

earners as a rationale for differential taxation. Our empirical findings imply that differential
taxation is desirable even if the relevant elasticities are the same for primary and secondary
earners.
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we use this approach to shed light on alternatives to the current tax treatment of

married couples in the US.

Our analysis of tax perturbations differs from much of the previous literature

in that we do not assume that the status quo tax system is well-behaved. There

may be discontinuities both in tax payments and in marginal tax rates. We also

allow for discontinuities in the behavioral responses to taxation; e.g. a tax reform

may turn a dual earner couple into a single-earner couple or vice versa. Bergstrom

and Dodds (2025) deal with related issues. Making sure that tax perturbations

have an impact on tax revenue that can be captured by a functional derivative is

an important step in our analysis and also in theirs. The approaches differ though

and are complementary. We construct the functional derivatives explicitly from

local tax reforms that can be analyzed using monotone comparative statics results.

Bergstrom and Dodds (2025) start from the definition of a Gateaux-differential and

then provide sufficient conditions for its existence. For Bergstrom and Dodds (2025)

this step is instrumental for the identification of welfare weights that rationalize a

given tax schedule.14 Our focus is different: For us, understanding the revenue

implications of tax perturbations is instrumental for drawing conclusions about

desirable changes of marginal tax rates and of jointness.

There is a rich literature that studies the optimal taxation of couples.15 Our

work is most closely related to Kleven, Kreiner, and Saez (2009) and Golosov and

Krasikov (2025) who also treat the taxation of couples as a problem of multi-

dimensional screening. Kleven, Kreiner, and Saez (2009) focus on a setting in which

a primary earner only makes intensive margin choices and a secondary earner only

makes an extensive margin choice, with the implication that distribution of sec-

14. They also use this inverse tax approach to draw conclusions about welfare-improving changes
of tax burdens.
15. Its starting point is the seminal paper by Boskin and Sheshinski (1983). The subsequent

literature has branched out in numerous ways. Non-linear taxes have been considered, labor
supply responses at the intensive and the extensive margin have been taken into account, marital
status has been treated as endogenous, see e.g. Schroyen (2003), Brett (2009), Kleven, Kreiner,
and Saez (2009), Immervoll et al. (2011), Cremer, Lozachmeur, and Pestieau (2012), Gayle and
Shephard (2019), Malkov (2021), Alves et al. (2024), Ales and Sleet (2022), and, most recently,
Spiritus et al. (2025) and Golosov and Krasikov (2025). A complementary literature embeds the
joint labor supply decisions of couples into quantitative dynamic models. It then traces out the
tax and transfer system’s implications for the labor market outcomes and the savings decisions
of men and women or tax revenue, see, e.g., Guner, Kaygusuz, and Ventura (2012), Bick and
Fuchs-Schündeln (2017), Borella, De Nardi, and Yang (2023) or Holter, Krüger, and Stepancuk
(2023).

6



ondary earnings is degenerate, it has only two mass points. Golosov and Krasikov

(2025) focus on spouses who both only make intensive margin choices, with the

implication that there are no single-earner couples.16 Both Kleven, Kreiner, and

Saez (2009) and Golosov and Krasikov (2025) present results on optimal jointness,

whereas we focus on reforms that alter a given tax system’s jointness. Moreover,

we use a richer model of economic behavior, one that is consistent both with a non-

degenerate distribution of secondary earnings and with a positive mass of single-

earner couples.

Our empirical analysis employs the NBER TAXSIM microsimulation model and

CPS micro data, as well as tabulated tax return data from the IRS.17 The microsim-

ulation model uses rich data on individual characteristics so that we can elicit, at

the level of an individual tax unit, the marginal tax rates and tax liability under

the status quo and any alternative tax system. The evaluation of tax reforms rests

on empirical estimates of the behavioral responses to taxation. A large literature

provides estimates of the relevant elasticities and our assumptions on behavioral

responses are informed by this literature.18

Outlook. Section 2 specifies the model on which our analysis is based. In Section

3 we show that the functional derivatives which capture the revenue and welfare

implications of tax reforms are well-defined. Conditions under which a tax system

can be improved are derived in Section 4. Section 5 contains the result that a tax

system cannot both be optimal and satisfy “common assumptions” in the analysis

of tax perturbations. Section 6 contains the empirical evaluation of the current

tax treatment of married couples in the US. The last section contains concluding

remarks.

16. In an extension, they show that fixed costs of working are without consequence for optimal
taxes when there is random matching on the marriage market.
17. Our empirical approach builds on and extends work by Eissa, Kleven, and Kreiner (2008),

Bargain et al. (2015) and Bierbrauer, Boyer, and Peichl (2021).
18. See, e.g., Blundell and Macurdy (1999), Blau and Kahn (2007), Eissa and Hoynes (2004),

LaLumia (2008), Bargain, Orsini, and Peichl (2014).
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2 The model

Agents engage in two economic activities that, respectively, yield incomes of y1 and

y2. There is one consumption good. Disposable income is given by

C(y1, y2) = b + y1 + y2 − T (y1, y2) ,

where b is the transfer to an agent with no earnings, and (y1, y2) 7→ T (y1, y2) is a

tax function. Thus, the total tax payment of an individual with earnings of (y1, y2)

is given by −b + T (y1, y2), and we let T (0, 0) = 0 without loss of generality. At

points y at which the tax function is differentiable, we write T1(y) and T2(y) for

the marginal tax rates on the earnings due to activities 1 and 2. We write T12(y)

or T21(y) for cross derivatives. Individuals choose y1 and y2 to maximize utility

U
(
C(y1, y2), y1, y2, ω1, ω2

)
− φ11(y1 > 0)− φ21(y2 > 0) . (1)

The indicator functions take positive values when fixed costs reduce the utility an

agent can reach.19 The fixed costs associated with activity j are denoted by φj,

j ∈ {1, 2}. We assume that the function U is additively separable so that

U(c, y1, y2, ω1, ω2) = u(c)− k1(y1, ω1)− k2(y2, ω2) .

Consumption utility u is continuously differentiable, increasing and concave. The

functions k1 and k2 give, respectively, the variable costs of productive effort in ac-

tivities and 1 and 2. We assume that these functions are continuously differentiable,

increasing and convex in yi, decreasing in ωi, and have a negative cross derivative.

The interpretation is that higher types have lower effort costs, both in absolute

terms and at the margin.20 An agent’s type is summarized by θ = (ω, φ), where

ω = (ω1, ω2) and φ = (φ1, φ2). The cross-section distribution of types is denoted by

F̃ . We assume that this distribution is atomless, has support on a compact domain

19. We consider fixed costs to have a behavioral responses to taxation both at the extensive and
the intensive margin. There are applications – such as the taxation of couples – where extensive
margin responses are empirically important.
20. With this setup, single crossing conditions hold: At any point in a y1-c space, a higher value

of ω1 implies a flatter indifference curve. Indifference curves in the y1-c space are, moreover,
convex. Indifference curves in the y2-c-space have the analogous properties.
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Θ = Ω×Φ and is continuously differentiable. Utility-maximizing choices generate a

distribution of incomes F . The set Y ∗(Θ), with generic entry y∗(θ) = (y∗1(θ), y
∗
2(θ)),

contains the agents’ optimal choices. We denote the range of y∗ by Y = Y1 × Y2,

where, for i = 1, 2, Yi = [0, ȳi].

Example 1: The taxation of couples. This is the application that we use

in our quantitative application. Here, y1 stands for primary earnings and y2 for

secondary earnings. Disposable income is treated as a public good for the household

members. We also invoke an additively separable utility function that is quasi-linear

in disposable income

U(c, y1, y2, ω1, ω2) = c− k1(y1, ω1)− k2(y2, ω2) .

The variable effort cost functions k1 and k2 are assumed to be iso-elastic

k1(y1, ω1) =
1

1 + 1
ε1

(
y1
ω1

)1+ 1
ε1

and k2(y2, ω2) =
1

1 + 1
ε2

(
y2
ω2

)1+ 1
ε2

, (2)

where ε1 and ε2 are, respectively, the elasticities that govern the behavioral re-

sponses of primary and secondary earners. This specification is often used in the

optimal taxation literature, e.g., Golosov and Krasikov (2025).

Example 2: Taxing labor and capital income. We switch to a setting with

one source of income and two consumption goods. Consider the budget constraint

c1 = b+ y − c2 − T (y, c2) , (3)

and the utility function U(c1, c2, y, ω, β)− φ11(y > 0)− φ21(c2 > 0) , with

U(c1, c2, y, ω, β) = u1(c1) + u2(c2, β)− k(y, ω) .

Here, u1 gives the utility from consuming the first good and u2 gives utility from

consuming the second good. The function u2 is increasing in both arguments and

has a positive cross-derivative. Ferey, Lockwood, and Taubinsky (2024) use this set-

ting to analyze the joint taxation of savings/ consumption in period 2 and income
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y. The only difference to the setting in this paper is that, in Example 2, c2 decreases

the right hand side of the budget constraint and increases utility, whereas, in Ex-

ample 1, y2 increases the right-hand side of the budget constraint and decreases

utility. The analysis that follows can be easily adapted to deal with this alternative

specification.

3 Perturbing a wild tax system

This section sets the stage for the subsequent analysis. It shows that the revenue

and welfare implications of tax reforms can be captured by functional derivatives

even if the status quo tax system is wild (rather than smooth) and even if be-

havioral responses to taxation are discontinuous. Two assumptions are imposed in

the following without further mention. Assumption 1 introduces the possibility of

discontinuities in the tax function (“notches”) or in marginal tax rates (“kinks”).

Assumption 2 ensures that optimal choices are well-defined even if there are such

discontinuities.

Assumption 1 There is a partition P = {P1, . . . , Pm} of Y so that, for all j, T is

continuously differentiable and convex over the interior of Pj. P is monotone in the

following sense: for any y−i, k and l, sup{yi | (yi, y−i) ∈ Pk} ≤ inf{yi | (yi, y−i) ∈
Pl} or sup{yi | (yi, y−i) ∈ Pl} ≤ inf{yi | (yi, y−i) ∈ Pk}.

Under Assumption 1, kinks and notches may arise at the boundaries of the sets

which form the partition P . The convexity of T implies that the budget frontier is

concave over the interior of the sets that form the partition.21

Assumption 2 ∀y−i, T (yi, y−i) = min
{
limϵ→0− T (yi+ϵ, y−i), limϵ→0+ T (yi+ϵ, y−i)

}
.

21. The assumption that T is convex is satisfied in our application. It is stronger than what is
needed. For our theory to go through, we need that

y 7→ u
(
b+ y1 + y2 − T (y1, y2)

)
− k1(y1, ω1)− k2(y2, ω2) ,

is strictly concave over the interior of Pj ∈ P, for those ω-types whose optimal choice lies in Pj .
At the boundaries of the income space, we need the functions y1 7→ u(b+y1−T (y1, 0))−k1(y1, ω1)
and y2 7→ u(b+ y2 − T (0, y2))− k2(y2, ω2) to be strictly concave. This strict concavity is needed
to ensure that intensive margin responses to changes of marginal tax rates can be captured by
the derivative of a choice function; see also equations (50) - (53) in part D of the Appendix for
an explicit computation of these derivatives. An inspection of these equations reveals that the
derivatives are well defined if and only if the Hessian is strictly negative definite.
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Figure 1: Adding a grid to a monotone partition

y1

y2

T
(y

1
,y

2
)

Perspective A, a wild tax system

�y1

�y2

y1

y 2

Perspective B, a monotone partition

�y1

�y2

y1

y 2

Perspective B, adding a grid

1Note: The left figure shows a wild tax system with discontinuities in marginal taxes (kinks, orange
lines) and taxes (notches, green lines). The middle figure shows a monotone partition with black lines
reflecting kinks and notches in this tax system. If the partition is monotone the intersection of a
horizontal or vertical line with a set Pj yields a compact interval. The figure on the right also shows
the grid on which the definition of tax reforms is based. The intersection of the grid and the initial
partition is a new monotone partition.

Assumption 2 specifies the tax function at the boundaries of the sets in P . Whenever

there is a notch so that, for some given y′−i, there is y′i at which the tax function,

say, jumps upwards then the tax burden associated with an income of (y′i, y
′
−i) is

the more attractive left-sided limit, i.e. T (y′i, y
′
−i) = limϵ→0− T (y′i + ϵ, y′−i). As

shown formally in the proof of Proposition 1 below, this assumption ensures that

the choice problem in (1) actually has a solution.

3.1 Optimal behavior under a wild tax system

Proposition 1 below provides a characterization of optimal choices given taxes. An

important insight for the subsequent analysis is that almost all types have a unique

optimum. This simplifies the analysis of tax perturbations considerably. To be

clear, and as illustrated in the proof of Proposition 1, there are types with multiple

optima. These are either cutoff types in Ω who sit at kinks or notches or cutoff

types in Φ who are indifferent between paying and not paying the fixed cost of an

economic activity. By the arguments in Milgrom and Segal (2002), for those cutoff

types, whenever the tax system is perturbed, left-sided and right-sided derivatives

of choices and of realized payoffs do not coincide. By Proposition 1, these cutoff

types have mass zero. An analysis that focuses on aggregate measures of tax revenue

or social welfare can therefore proceed under the assumption that optimal choices

and payoffs depend in a differentiable way on the parameters that define a tax

11
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