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	1. Incentive separability and  optimal redistribution:
A mechanism-design approach
Pawel Doligalski (Bristol & GRAPE)
Piotr Dworczak (Northwestern & GRAPE)
Joanna Krysta (SGH & PSE)
Filip Tokarski (Stanford GSB)
This project has received funding from the European Research Council (ERC) under the European Union’s Horizon
2020 research and innovation programme (ERC Starting grant IMD-101040122)
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	2. Our starting point  is a classic result in Public Finance:
Theorem (Atkinson & Stiglitz ’76)
When preferences over consumption goods are weakly-separable from labor
supply and a nonlinear income tax is available, optimal consumption taxes are
uniform.
- weak separability: MRS between different goods is independent of labor
supply or labor productivity
• Thus, differentiated consumption taxes not useful for redistribution
2
 


	3. Our starting point  is a classic result in Public Finance:
Theorem (Atkinson & Stiglitz ’76)
When preferences over consumption goods are weakly-separable from labor
supply and a nonlinear income tax is available, optimal consumption taxes are
uniform.
- weak separability: MRS between different goods is independent of labor
supply or labor productivity
• Thus, differentiated consumption taxes not useful for redistribution
We study the logic behind Atkinson-Stiglitz Theorem using Mechanism Design
• General framework allowing for complex incentive constraints
- private information, moral hazard, individual rationality etc
• We define a notion of incentive-separable decisions
- a generalisation of weak-separability from private info settings
• Our focus: ”partial optimality”
1. optimality w.r.t incentive-separable decisions
2. decentralisation of these partial optima
• We show several applications to problems in Public Finance
2
 


	4. Results in a  nutshell
Definition: Decisions xS
are incentive-separable if perturbing xS
along the
agents’ indifference curves does not violate any incentive constraints
• We prove two general results:
1. Distortions in incentive-separable decisions are suboptimal
2. Undistorted allocations of incentive-separable decisions can be decentralised
with competitive markets
• We apply them to extend existing and derive new results on
1. redundancy of consumption distortions (Atkinson-Stiglitz)
2. optimality of production efficiency (Diamond-Mirrlees)
3. optimality of in-kind redistribution a’la food vouchers
3
 


	5. Literature review
• Redundancy  (or not) of commodity taxes with nonlinear income tax
Atkinson & Stiglitz (1976); Christiansen (1981); Cremer, Gahvari & Ladoux
(1998); Laroque (2005); Kaplow (2006); Gauthier & Laroque (2009);
Cremer & Gahvari (1995); Cremer, Pestieau & Rochet (2001), Saez (2002),
Golosov, Kocherlakota & Tsyvinski (2003)
• Optimality of production efficiency
Diamond & Mirrlees (1971); Stiglitz & Dasgupta (1971), Hammond (2000)
• Optimal in-kind redistribution
Nichols & Zeckhauser (1982); Currie & Gahvari (2008); Akbarpour r
○
Dworczak r
○ Kominers (2023)
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	6. Outline of the  talk
1. Set-up
2. Incentive-separability
3. General results
4. Applications
5
 


	7. Set-up
  


	8. • A unit  mass of agents with types θ ∈ Θ distributed θ ∼ F, Θ finite
• Agents’ utility over a vector of K decisions x ∈ RK
+
U (x, θ)
- U continuous in x
- x contains e.g. consumption of goods, labor supply, effort
• An allocation rule x : Θ → RK
+
• associated aggregate allocation: x =
´
x(θ) dF(θ)
• associated utility profile: Ux = {U(x(θ), θ)}θ∈Θ
6
 


	9. • Social planner  with objective function
W (Ux , x)
- dependence on Ux : redistributive (welfarist) objective
- dependence on x: preferences over allocations beyond agents utilities
- e.g. opportunity cost of resources, preference for tax revenue
• Planner chooses allocation x : Θ → RK
+ subject to
1. feasibility constraints: x ∈ F = {x : x ∈ F}
- F ⊆ RK
+ convex, satisfies free disposal
2. incentive constraints: x ∈ I.
- I ⊆ (RK
)Θ
, abstract for now, we will provide examples soon
• An allocation x ∈ F ∩ I is called feasible
7
 


	10. Incentive-separability
  


	11. Notation: Take a  subset of decisions S ⊆ {1, ..., K} and fix x : Θ → RK
+
• We let xS
= (xi )i∈S , x−S
= (xi )i̸∈S and x = (xS
, x−S
).
Def: Decisions S ⊆ {1, ..., K} are incentive-separable (at feasible alloc x0) if
{(xS
, x−S
0 ) ∈ F : U(xS
(θ), x−S
0 (θ), θ) = U(x0(θ), θ), ∀θ ∈ Θ} ⊆ I.
• Decisions S are incentive-separable if all feasible perturbations of xS
that
keep all types indifferent satisfy incentive constraints
- A joint restriction on preferences and incentive constraints
- In the paper we allow for θ-dependent sets of incentive-separable decisions
→ useful for food vouchers application
• Let’s illustrate incentive-separability with several examples
8
 


	12. Example 1: Individual  rationality
• Each type needs to obtain at least the utility of the outside option U(θ)
• The incentive constraints are
I = {x : U(x(θ), θ) ≥ U(θ), ∀θ ∈ Θ}.
,→ All decisions are separable
9
 


	13. Example 2: Incentive  compatibility
• Types θ are privately observed:
I = {x : U(x(θ), θ) ≥ max
θ′∈Θ
U(x(θ′
), θ), ∀θ ∈ Θ}.
• Suppose for some S ⊆ {1, ..., K} agents’ preferences satisfy
U(x, θ) = Ũ(v(xS
), x−S
, θ) ∀x ∈ RK
+, θ ∈ Θ
given some functions v and Ũ, where Ũ is strictly increasing in v
- that’s weak-separability from Atkinson-Stiglitz Theorem
,→ Decisions S are incentive-separable
10
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• Suppose for some S ⊆ {1, ..., K} agents’ preferences satisfy
U(x, θ) = Ũ(v(xS
), x−S
, θ) ∀x ∈ RK
+, θ ∈ Θ
given some functions v and Ũ, where Ũ is strictly increasing in v
- that’s weak-separability from Atkinson-Stiglitz Theorem
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	15. Example 2: Incentive  compatibility
• Types θ are privately observed:
I = {x : U(x(θ), θ) ≥ max
θ′∈Θ
U(x(θ′
), θ), ∀θ ∈ Θ}.
• Suppose for some S ⊆ {1, ..., K} agents’ preferences satisfy
U(x, θ) = Ũ(v(xS
), x−S
, θ) ∀x ∈ RK
+, θ ∈ Θ
given some functions v and Ũ, where Ũ is strictly increasing in v
- that’s weak-separability from Atkinson-Stiglitz Theorem
,→ Decisions S are incentive-separable
- Consider a perturbation x̃S that keeps v(x̃S (θ)) = v(xS
0 (θ)) ∀θ
- Expand the IC constraints:
Ũ(v(x̃S
(θ)), x−S
0 (θ), θ) ≥ max
θ′∈Θ
Ũ(v(x̃S
(θ′
)), x−S
0 (θ′
), θ) ∀θ
- If x0 was incentive-compatible, so must the perturbed allocation
10
 


	16. Example 3: Moral  hazard
• Hidden action a ∈ [0, 1] with utility cost c(a, θ), e.g. effort at school
- private learning ability θ
• Observable outcome ω ∈ {0, 1}, e.g., success in the labor market
- probability over ω depends on hidden action: P(ω = 1) = a
- consumption vector yω ∈ RL
+ in state ω ∈ {0, 1}
• Expected utility: U(y0, y1, a, θ) = (1 − a) · u0(y0) + a · u1(y1) − c(a, θ)
• Incentive constraints
U(y0(θ), y1(θ), a(θ)
| {z }
x(θ)
, θ) ≥ max
a′∈[0,1],θ′∈Θ
U(y0(θ′
), y1(θ′
), a′
, θ) ∀θ ∈ Θ
- note possible double deviations: misreport type + reoptimize action
,→ Decisions yω are incentive-separable for each ω ∈ {0, 1}
- S0 = {1, ..., L} are incentive separable, same S1 = {L + 1, ..., 2L}
- However, decisions S0 ∪ S1 are not incentive-separable
11
 


	17. • The more  opportunities for deviations agents have, the more stringent the
requirements of incentive-separability
• Other settings where incentive-separability ”has a bite”
- aggregate and idiosyncratic states
- dynamic private information (dynamic Mirrlees model)
- and combinations of all the above
• From now on: suppose decisions S ⊆ {1, ..., K} are incentive-separable
• We will optimize over xS
, keeping x−S
and Ux fixed
• Useful to define planner’s payoff from optimizing incentive-separable
decisions (relative to some fixed x0) as
R(xS
) = W (Ux0 , xS
, x−S
0 ) − W (Ux0 , x0)
12
 


	18. General results
  


	19. Definition: A feasible  allocation x0 is S-undistorted if xS
0 solves:
max
xS
R(xS
) s.t. (xS
, x0
−S
) ∈ F, U(xS
(θ), x−S
0 (θ), θ) = U(x0(θ), θ), ∀θ ∈ Θ
Lemma 1 (Separability)
If x0 is not S-undistorted, then it can be improved upon in terms of welfare.
• (Proof) Replace xS
0 with S-undistorted xS
⋆ :
1. Utility levels are unaffected: Ux⋆ = Ux0
2. Incentive constraints are unaffected (by incentive-separability)
3. Designer’s objective improves: R(xS
⋆ ) > R(x0
S )
• Intuition: keeping utilities and incentives are fixed, we should choose the
”least costly” allocation
13
 


	20. Definition: An allocation  x0 is regular (with prices λ ∈ R
|S|
++) if xS
0 solves
min
xS
λ · xS
s.t. U(xS
(θ), x−S
0 (θ), θ) = U(x0(θ), θ), ∀θ ∈ Θ (∗)
• Assumption: U is locally nonsatiated in xS
Lemma 2 (Decentralization)
Allocation x0 is regular with prices λ ∈ R
|S|
++ if and only if xS
0 can be
decentralized with those prices, i.e., there exists a budget assignment
m : Θ → R+ such that, for all θ ∈ Θ, xS
0 (θ) solves
max
xS ∈R
|S|
+
U(xS
, x−S
0 (θ), θ) subject to λ · xS
≤ m(θ).
14
 


	21. Definition: An allocation  x0 is regular (with prices λ ∈ R
|S|
++) if xS
0 solves
min
xS
λ · xS
s.t. U(xS
(θ), x−S
0 (θ), θ) = U(x0(θ), θ), ∀θ ∈ Θ (∗)
• Assumption: U is locally nonsatiated in xS
Lemma 2 (Decentralization)
Allocation x0 is regular with prices λ ∈ R
|S|
++ if and only if xS
0 can be
decentralized with those prices, i.e., there exists a budget assignment
m : Θ → R+ such that, for all θ ∈ Θ, xS
0 (θ) solves
max
xS ∈R
|S|
+
U(xS
, x−S
0 (θ), θ) subject to λ · xS
≤ m(θ).
• Proof (⇒):
1. Suppose x0 is regular. Rewrite (∗) as minimization ”type by type”:
min
xS ∈R
|S|
+
n
λ · xS
s.t. U(xS
, x−S
0 (θ), θ) = U(x0(θ), θ)
o
, ∀θ
2. This is a collection of expenditure min. problems (EMP) with prices λ.
3. By UMP-EMP duality, xS
0 (θ) solves the utility max. problem (UMP) given
prices λ and budget m(θ) = λ · xS
0 (θ), ∀θ.
14
 


	22. • Sufficient conditions  for regularity of S-undistorted allocations:
1. R(xS ) is linear in xS with negative coefficients
or
2. R(xS ) weakly decreasing, U is quasiconcave in xS and the boundary of F
has a negative and finite slope (”becomes neither horizontal nor vertical”)
15
 


	23. Summary of general  results
Lemma 1: Removing distortions in incentive-separable goods improves
welfare.
Lemma 2: Under regularity assumptions, we can decentralize the
undistorted allocations of incentive-separable goods by
- allocating (type-dependent) budgets to agents
- allowing agents to purchase incentive-separable goods using the budgets
and taking prices as given
16
 


	24. Applications
  


	25. APPLICATION 1: ATKINSON-STIGLITZ
Assumption:  R(xS
) = −λ · xS
, λ ∈ R
|S|
++ (const marginal costs)
Theorem 1
Consider a feasible allocation x0. The planner’s objective can be (weakly)
improved by allowing agents to purchase incentive-separable goods at
undistorted prices (proportional to marginal costs of production) subject to
some type-dependent budgets.
• Special case: Atkinson-Stiglitz Theorem
- xS : consumption of goods, x−S : labour supply in efficiency units (income)
- θ : privately observed labour productivity
- Prices proportional to marginal costs ⇒ no distortionary taxes on xS
- Type-dependent budgets ⇒ non-linear tax on labour income tax
• We allow for more complex settings and mechanisms
- x−S may also contain non-separable goods or unobserved educational effort
which affects future wages
- we rule out any distortionary mechanisms such as quotas, public provision
or utility burning
17
 


	26. APPLICATION 2: DIAMOND-MIRRLEES
•  Production sector with potentially complex input/output structure
- Multiple firms: j = 1, ..., J
- Production vector of firm j: zj = [zj
1, ..., zj
K ]
- Firm j can produce any zj ∈ Zj ⊂ RK , Zj compact, convex, contains 0
- Production plan z = [z1, ..., zJ ] ∈ Z1 × ... × ZJ
- Aggregate production vector z = z1 + ... + zJ ∈ Z1 + ... + ZJ ≡ Z
• Resource constraint z ≥ x.
• Planner’s payoff: W (Ux , z − x), weakly increasing in the second argument
18
 


	27. APPLICATION 2: DIAMOND-MIRRLEES
Definition:  z is efficient if there is no z′
∈ Z s.t. z′
≥ z and z′
̸= z.
Corollary 1
Consider feasible (x0, z0). The planner’s objective can be (weakly) improved
by choosing an S-undistorted allocation of incentive-separable goods and an
efficient production plan.
• Key intuition: production plan z is incentive-separable
- z does not directly affect agents’ utilities nor incentive constraints
- result then follows from Lemma 1
• Thus, no trade-off between undistortedness of xS
or z and redistribution
19
 


	28. APPLICATION 2: DIAMOND-MIRRLEES
Assume:  U quasi-concave in xS
, production frontier with finite negative slope
Theorem 2 (Atkinson-Stiglitz meet Diamond-Mirrlees)
Consider a feasible allocation (x0, z0). There exist a price vector λ ∈ RK
++ such
that the planner’s objective can be (weakly) improved by simultaneously:
(i) allowing agents to purchase incentive-separable goods at prices λ subject
to some type-dependent budgets
(ii) allowing firms to maximise profits by buying and selling all goods taking
prices λ as given, while taxing their profits lump-sum
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	29. APPLICATION 2: DIAMOND-MIRRLEES
Assume:  U quasi-concave in xS
, production frontier with finite negative slope
Theorem 2 (Atkinson-Stiglitz meet Diamond-Mirrlees)
Consider a feasible allocation (x0, z0). There exist a price vector λ ∈ RK
++ such
that the planner’s objective can be (weakly) improved by simultaneously:
(i) allowing agents to purchase incentive-separable goods at prices λ subject
to some type-dependent budgets
(ii) allowing firms to maximise profits by buying and selling all goods taking
prices λ as given, while taxing their profits lump-sum
• Lemma 2 + it’s variant for firms → undistorted (xS
, z) can be
decentralized in competitive equilibrium with price-taking firms
- no gain from taxes on transactions between firms, nor revenue taxes
• Radical simplification: tax distortions in xS
and z are redundant
• AS theorem inapplicable with distorted production sector
• removing taxes on xS alone not enough since producer prices aren’t ”right”
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	30. APPLICATION 3: FOOD  VOUCHERS
• S ⊆ {1, ..., K}: various food items, −S : other commodities and decisions
• Idiosyncratic food tastes more pronounced when food consumption is high
U(x, θ) =



U1(v(xS
), x−S
, θ) if v(xS
) ≤ v
U2(x, θ) otherwise.
• v(xS ) represents nutritional value of food
- once nutritional threshold v is met, idiosyncratic food tastes become active
- Jensen & Miller (2010): ”As incomes rise, households often choose to substitute
towards foods with higher non-nutritional attributes (e.g., taste), rather than
emphasizing additional calories”
• Heterogeneous preferences over food when v(xS ) > v (”high income”)
⇒ A motive for differential taxes on food items (Saez 2002)
• Weakly-separable preferences over food when v(xS ) ≤ v (”low income”)
⇒ A motive for no taxes on food items (Atkinson-Stiglitz thm)
• Assume individuals have private types, then food items are incentive
separable for types θ s.t. v(xS
(θ)) ≤ v.
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	31. APPLICATION 3: FOOD  VOUCHERS
• Food items produced with const marginal cost λ ≫ 0 in terms of labour
Theorem 3
Consider a feasible allocation x0. The planner’s objective can be improved by
assigning budgets to all agents with θ such that v(xS
(θ)) ≤ v, and letting
them spend these budgets optimally on food items S (but no other goods)
priced at marginal costs λ.
• Recall: a conflicting motives for taxes on food
- would like to tax food consumption of the rich, but not the poor
• Optimal food vouchers program
- means-tested: allocated only to ”low income” types {θ : v(xS (θ)) ≤ v}
- purchases at producer prices: isolates recipients from tax distortions
• Consider food stamps program (SNAP) in the U.S.
- Eligibility based on earnings and cash-at-hand
- Purchases are exempt from commodity taxes (state and local)
• SNAP criteria mostly exclude unemployed (work requirement)
- varying eligibility to promote employment suboptimal in our setting
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	32. CONCLUSIONS
• Incentive-separability: a  useful notion to study optimality and
decentralisation in complex incentive problems
• We focused on applications within Public Finance
• Potential other applications
- employee compensation / principal-agent problems within organizations
- monopoly pricing with multiple goods / attributes
- ...
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