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1 Introduction

This appendix contains the complementary proofs of formal statements in Tangeras and
Gick (2026). We restate the model formulation in Section 2 to keep our appendix self-
contained. Incomplete commitment causes the standard revelation principle to break
down. We verify the applicability of the stochastic revelation principle developed by
Bester and Strausz (2001) to our setting in Section 2. In that section, we also establish
five claims about incentive feasible and incentive efficient mechanisms. The results in
Section 3, Section 4 and the discussion Section 5 appear in the same order as in Tangeras
and Gick (2026) to facilitate comparison with the main article. There are some extensions.
In Section 4.1, we provide a complete characterization of incentive efficient mechanisms
with complete commitment. Lemma 3 in Tangeras and Gick (2026) derives fundamental
properties of incentive optimal reporting strategies under simplifying assumptions. In

Section 4.2, we provide a characterization for the general case.

2 The contracting problem

The agent can be one of a finite number I > 2 of types. An agent of typei € {1,2,....,I} =
7 has constant marginal production cost 0 < 6; < oo. Types are ranked in order of increas-
ing marginal production cost: 6,1 > 6; for all : € {1,....1 —1}. Let v = (v, ..., Vi, ..., V1)
be the probability distribution over the set of possible types 8 = (04, ...,0;,...,0;), with
v; > 0 for all ¢ € Z, and Zi[:l v; = 1. To simplify indexation, we define a null type
0y € [0,6,) that occurs with probability vy = 0. Also, we let G; = Z;’:o v; be the
probability that the agent has marginal production cost less than or equal to 6;.

A contract x = (g, t) is a pair specifying a quantity ¢ > 0 the agent has to produce and
an associated transfer of ¢ > 0 from the principal to the agent. An agent with marginal

cost #; operating under contract x obtains the rent
Ui(z) =t —biq.
The principal achieves the corresponding surplus of
Wi(z) = S(q) —t + aU;(z) = S(q) — 0:qg — (1 — a)Uy(x)

under contract z, where S(q) is the principal’s utility function of output ¢. This function
is twice continuously differentiable and strictly concave, with S(0) = 0. The parameter
a € (0,1) in the principal’s objective function reflects the weight the principal attaches

to the rent of the agent. We assume that the outside no-contract option has a value of



zero both to the principal and the agent and that agent participation is voluntary.

We employ the standard regularity assumption

Cit (1 )l — 0, 1) < b+ S (1= ) (Ors — ) Vi € {1, T =1} (1)

v; Viy1

0; +
of increasing virtual marginal cost.

First-best contracting For any given output ¢, the principal wants to minimize the
agent’s rent by setting the transfer ¢ as small as possible. Under complete information

about the agent’s marginal production cost, the principal sets U;(x) = 0 and maximizes
b
W/ (q) = S(q) — 6iq

over ¢ > 0. We assume that lim, ¢ .S'(¢) > 0, and S’(q) < 6, for some ¢ > 0, so that the

first-best contract x{ b= (qf b, t{ b) entails strictly positive output and transfer payment:
¢/’ =570, >0, tI"=6,¢/" >0VieT

Let the first-best contract be strictly better from the principal’s point of view than the
outside option, wlfb = VVifb(qub) > 0 Vi € Z. The menu x/* = (x{b,...,xsz,...,x}cb) of
first-best contracts thus involves full participation in the sense that the agent produces a

strictly positive output under complete information, regardless of its marginal cost.

Contracting under incomplete information FEverything is common knowledge ex-
cept the agent has private information about its marginal cost ; prior to contracting.
The principal only knows the distribution characteristics @ and v. We limit the total
number K of different contracts the principal can offer the agent upfront. We refer to the
polar extreme case K = 1 as one of maximally constrained contracting. We deviate from
the standard paradigm also by assuming that the principal can enter into the mechanism
offered to the agent a possibility to contract ex post under predefined circumstances.

Formally, we analyze the following game between the principal and the agent:

Stage 0: The principal constructs two disjoint subsets A C ZU @ and B C ZU () and a
subset C which contains the types not in A or B. The set C is empty if AU B contains
all types 7.

Stage 1: The principal commits to a menu x4 = {;};c4 of ex-ante contracts, z; =
(g;,t;) > (0,0) for all j € Aif A# 0, and to x; = z9 = (0,0) for all j € C if C # 0. The

menu X4 consists of at most K different contracts: |x4| < K.

Stage 2: The agent accepts or rejects the Stage 1 offer.



e Rejection: The principal and the agent receive their reservation utilities. Game over.

e Acceptance: The game continues to the next stage.
Stage 3: The agent reports marginal cost 6;, j € 7.

o If A+ () and j € A, then the agent produces ¢; in exchange for ¢;. Game over.
e If C # () and j € C, then the agent receives the null contract xq. Game over.

e If B+ () and j € B, then the game continues to the next stage.
Stage 4: The principal offers an ex-post contract z; = (g;,t;).
Stage 5: The agent accepts or rejects x;.

e Rejection: The principal and the agent receive their reservation utilities. Game over.

e Acceptance: The agent produces g; in exchange for ¢;. Game over.

Let x = (x4,X%5), X8 = {7;}jes be the menu of contracts. The mechanism features pure
ex-ante contracting if B = (). The mechanism has incomplete commitment if B # (). The
mechanism features pure ex-post contracting if A = () so that the principal does not offer
any contract upfront before communicating with the agent.

The reporting strategy of an agent of type ¢« € Z is a probability distribution o; =
(01iy oy Ojiy eoyori)t € AL where AT71 is the I — 1 standard simplex. Specifically,
;i € [0, 1] is the probability that an agent with marginal cost 6; claims to have marginal
cost 0;. We let 0; = 0 denote the probability that an agent with marginal cost 0;
truthfully reports its marginal cost. Let X = (o4, ...,04,...,07) € A"V be the [ x [
matrix of reporting probabilities. We call j1;; the posterior probability attached by the
principal to the event that the agent has marginal cost 6; when the agent has reported
marginal cost 0;, and let p; = p;; be the posterior belief that the cost report 6; has been
truthful.

By an extension of the terminology in Bester and Strausz (2001) to our environment,
a mechanism (x, 3|A, B) is incentive feasible given (A, B) if it meets the following condi-

tions:

Ui(z;) >0 VieZ (2)
Ui(w:) = Ui(z;) = Uj(;) + (05 — 0i)g; V(i,j) €I xT (3)
0, >0, 0;;(Ui(z;) — Ui(z;)) =0 V(i,j) eI xT (4)
T; € arg x/néz% S W) VieBif B#( (5)
i = % V(i,j) €T X T (6)
x4l < K (7)



Constraints (2) and (3) are the standard individual rationality and incentive compatibility
constraints. The ex-post menu Xz and agent reporting strategy ¥ must jointly form a
Perfect-Bayesian Equilibrium (PBE) to be part of an incentive feasible contract if B # ().
Constraints (4)-(6) are the associated equilibrium conditions. First, (4) is a rationality
constraint on X that keeps an agent of type i at least indifferent between truth-telling and
lying given that the agent correctly expects to receive z; if it invokes the escape clause
by reporting j € B. Second, (5) is a sequential rationality constraint on xz requiring
that x; maximize the expected surplus of the principal subsequent to every cost report
8;, 7 € B, and given the principal’s Stage 4 distribution of beliefs about the agent’s true
marginal cost ;. Third, (6) is a consistency requirement that the principal’s posterior
beliefs satisfy Bayes’ rule. The final constraint (7) appears because of constrained ex-ante
contracting, and does not feature in Bester and Strausz (2001). We use I'(A, B) to label
the set of incentive feasible mechanisms given (A, B).

Following again Bester and Strausz (2001), a mechanism (X, ﬁ]\A, B) is incentive effi-

cient given (A, B) if it maximizes the principal’s expected surplus
I I
W(x, B[ A, B) = > X2 viojiWilzy) (8)

in the set I'( A, B) of incentive feasible mechanisms. Observe that the principal optimizes
both over the menu of contracts x and the reporting strategy 3.

Bester and Strausz (2001) consider exogenously incomplete commitment, which amounts
to exogenously given (A, B) in the present context. Our paper attempts to bridge the gap
between the two paradigms by endogenizing commitment. Specifically, at Stage 0 of the
game, the principal chooses (A, B) to maximize the expected surplus W (x, 2|A, B). An
incentive optimal mechanism (x*, ¥*|.A*, B*) solves this problem.

Instances can occur when an incomplete commitment mechanism can do as well as one
with complete commitment, but no better. The principal reduces contract commitment

at stage 0 if and only if doing so strictly increases expected surplus.

Definition 1 (Escape clauses are minimal) A mechanism (x*, X*|A*, B*) containing
an escape clause (B* # () is incentive optimal if and only if it maximizes the principal’s

expected surplus in the set of incentive efficient mechanisms,
W (x*, T A", BY) > W (%, 2|4, B) V(A,B) C [ZU0] x [ZUD], AnNB=0, (9)
and the escape clause is minimal in the following sense:

W (x*, T A", BY) > W(x, 2| A, B) Y(A,B) C [ZU] x [B*U0N], ANB =0, B # B*. (10)



The applicability of the stochastic revelation principle The menu of contracts x
is direct by assumption. Bester and Strausz (2001) show that the principal cannot gain
anything by extending communication to more general message spaces under a certain
set of assumptions. The result applies if the principal contracts with one single agent
with private information about his type in a discrete and finite type space, the menu
of contracts x and the agent’s reporting strategy 3 maximize the expected surplus of
the principal, and the agent communicates its type with the principal only once. Bester
and Strausz (2001) do not specifically consider incomplete commitment in the form of an
escape clause, nor do they discuss constrained contracting. Still, their stochastic revelation
principle applies to our model, as we will now demonstrate.

Bester and Strausz (2001) define two metric spaces, X and Y, and a correspondence
F : X = Y between the two. For any x € X, the principal is obliged to implement some
y € F(x). A mechanism (M, z) consists of a metric space M and a decision function
x : M — X that assigns a decision z(m) € X to any message m € M the agent can
convey to the principal.

Their formulation has enough flexibility to incorporate incomplete commitment in the
shape of an escape clause. An allocation = (g,t) in our setting consists of output ¢ > 0
to be supplied by the agent and a transfer ¢ > 0 from the principal to the agent. Let
X =R2_U(0,0)UP and Y = R%. Let the principal be contractually obliged to implement
z(m) = (g(m),t(m)) if the agent has sent a message m such that z(m) € R2, U (0,0).
Formally, F(z) = x for all € R3, U (0,0). Let My = {m € M|z(m) € R3,}
be the subset of messages that commit the principal to implementing strictly positive
output and transfer. The agent invokes the escape clause by sending a message m such
that x(m) = 0. Subsequent to such a message, the principal can offer any contract
y(m) = (g(m),t(m)) € RY. Formally, F(§) =Y. Let My = {m € M|z(m) = 0} be
the subset of messages that activate the escape clause. The mechanism features complete
commitment if My = (). It then entails pure ex ante contracting in our terminology.
Conversely, the mechanism contains an escape clause if My # ().

A particular feature of our model is constrained contracting. Define the image z[M, ] =
{a|z(m) = a some m € M, } of the decision function x over M, ,. Constrained contract-
ing in our framework implies that this image defines a finite set. |z[M, .|| < K implies
that the principal may offer at most K complete commitment contracts with strictly
positive output and transfers to the agent.

In Bester and Strausz (2001), a PBE induced by the mechanism (M, x) is characterized
by three functions (7, p,y). The function r is a reporting strategy (a measurable function
defined over the Borel o-algebra of M) that for each potential type maximizes the agent’s

expected payoff function given y. p is a function defining consistent posterior beliefs by



the principal about the agent’s type based on Bayes’ rule and on ¢. y is a function of
sequentially rational decisions by the principal based on p. A mechanism (M, z) may
induce multiple PBE. Bester and Strausz (2001) assume in this case that the principal
implements an equilibrium that maximizes the principal’s expected payoff function of
the mechanism. This equilibrium property is necessary for a mechanism to be incentive
efficient in their model.

Bester and Strausz (2001) prove the stochastic revelation principle in three steps.
First, their Lemma 1 establishes a necessary condition for a reporting strategy r that
is part of a PBE with consistent posterior beliefs p and sequentially rational decisions
y to maximize the principal’s expected payoff for a given mechanism (M, x). Second,
their Proposition 1 applies their Lemma 1 to establish an alternative reporting strat-
egy r’ which is part of a PBE characterized by (r’,p,y) under the same mechanism
(M,x). (r',p,y) is payoff equivalent to (r,p,y) given (M,z). Compared to the more
general r, " has a simplified structure: Each potential agent type randomizes over a
finite set of messages M' = {mq,...,mp,..,mpp}, |[M'| < I. The I probability vectors
ri = {ri(m1),...,ri(my),...,ri(map))} are linearly independent. Because (M,z) is held
constant, the results go through even under the constraint |z[M, ]| < K. Hence, Lemma
1 and Proposition 1 in Bester and Strausz (2001) hold under constrained contracting.

Bester and Strausz (2001) apply Proposition 1 to create an alternative mechanism
(M',z') with a finite number of decisions 2’ = {x(m1), ..., x(m4), ..., x(mar) }. The sub-
set 2/ NR3, of decisions with strictly positive output and transfers under the modified
mechanism (M’ z’) is a subset of the decisions with strictly positive output and transfers
made under the original mechanism (M, x). Hence, (M’  x’) satisfies the requirement of
constrained contracting if the original mechanism does so by |2’ "R, | < |z[M,4]] < K.
By construction, the PBE (7', p/, ¥') under mechanism (M’, ') is payoff equivalent to the
PBE (7,p, y) under mechanism (M, x).

Third, their Proposition 2 applies linear independence of ¢’ to construct a function
C :Z — M’. On the basis of this function, they create a direct mechanism (Z, z) with
the property & = {z(C(1)), ...,z(C (7)), ...,x(C(I)}. The subset # NR?%, of decisions with
strictly positive output and transfers under the direct mechanism (Z, ) is a subset of
the decisions with strictly positive output and transfers under the modified mechanism
(M',z"). Hence, (Z, z) satisfies the requirement of constrained contracting if (M’, z’) does
so by |[#NRZ, || < |2/ NR%2,| < K. By construction, the PBE (7, p,§) under mechanism
(Z, ) is payoff equivalent to the PBE (17, p/,4/) under mechanism (M’ z').

These results confirm that the stochastic revelation principle derived by Bester and
Strausz (2001) apply to our model where incomplete commitment occurs in the shape of

an escape clause and where ex-ante contracting opportunities are constrained.



Basic properties of incentive feasible and incentive efficient mechanisms The
analysis in Tangeras and Gick (2026) rests on some basic properties of incentive feasi-
ble and incentive efficient mechanisms under incomplete commitment. The first claim
reiterates the standard results that local incentive compatibility, individual rationality of
the least efficient cost type and monotonicity of output are necessary and sufficient for

incentive compatibility and individual rationality.

Claim 1 A mechanism (x,X3|A, B) satisfies individual rationality (2) and incentive com-

patibility (3) if and only if the following conditions are all met:

U](.%[) Z 0, (11)
Uz(ﬁl) > Ui(fvi—i—l) Vi € {1, R A 1}, (12)
q; > qi+1 Vi € {1, ,[ — 1}, (14)

Proof. Necessity of (11)-(13) is obvious. Local incentive compatibility implies
Ui(xi) = Uip1(@is1) + (0i1 — 05)qis1, Uprr(2iga) 2 Us(z) — (0501 — 03)q; Vi € {1, ..., I —1}.
By rearranging expressions we get
(Oiv1 —0:)qi > Ui(x;) — Uia(wiv1) > (Oiz1 — 6i)qia Vie {1,...,1 —1}.
Hence, output is non-increasing in marginal cost in any incentive compatible mechanism,

even if this mechanism features incomplete commitment.

As for sufficiency, the net benefit of truthfully reporting cost 6; relative to exaggerating
it to 0;, j € {i +1,..., I} can be written as

-1

Ui(z:) — Ui(x;) = '[Uh(iﬂh) = Un(@ni1) + (Onsr — O)(a@nr — q5)] 2 0 Vi € {1,.... 1 — 1},
Z (15)

where non-negativity follows from the assumptions of local downward incentive compati-

<.

>
Il

bility (12) and monotonicity (14). The net benefit of truthfully reporting cost 6; relative
to understating it to 0;, j € {1,...,i — 1}, equals

Ul(l’z)—UZ(l‘]) = Z [Uh(l’h)—Uh(l‘h_1)+(9h—6h_1)<q]'_Qh—l)] > 0Ve e {2, ...,I}, (16)
h=j+1



where non-negativity follows from the assumptions of local upward incentive compatibility
(13) and monotonicity (14).

Ul<l’z) > Uz(l'[) = U[(l'[) -+ (9[ — 9,)q1 > U[(JZ‘[) >0Wiel.

then implies individual rationality (2). m

The following result establishes conditions under which the agent strictly prefers to tell
the truth rather than deviate to some non-local downward contract.

Claim 2 Let (x,X|A, B) be an incentive feasible mechanism.

1. [f UZ(ZL‘Z) > Ui($i+1), then Uh(l’h) > Uh(l’j) V(h,j) S {1, ,Z} X {Z + 1,,]}

2. If Ui(x;) = Ui(zi41) and q; > qip1, then Up(zy) > Up(z;) Y(h,j) € {1,...,i — 1} x
{i+1,.. 1}

Proof. By (15), the net benefit of truthfully reporting cost 6;, relative to exaggerating it
to 0;, j € {i+1,..., I}, satisfies

Ui(zi) — Ui(z;) = Ui(xi) — Ui(@is1) + (Oir1 — 0:)(Giv1 — ¢5)

+ [Un(xr) = Up(xhs1) + (Oner — On)(qh1 — q5)] > 0

h=i+1

+

if Uj(x;) > U;(w;11). Similarly, the net benefit of truthfully reporting cost ,, h €
{1,....;i — 1}, relative to exaggerating it to 6;, j € {i + 1, ..., I}, satisfies

i—1 i—2
Un(xn) — Un(z;) = > [Un(@1) = Un(zisn)] + > (0ie1 = 0) (i1 — g5)
I=h I=h
+ Ui(z;) = Ui(@iz1) + (0 — 0i21) (¢ — qi1) + (Gigr — 0i21)(Gi1 — qj)
7j—1
+ Ui(z1) — Ui(zi1) + (6141 — 0) (@141 — ;)]

N

=i+1

(i) = Ui(wip1) + (0 — 0;1) (¢ — Giv1) > 0

S

if either Uz(l’z) > UZ'(LL’i_;,_l), or Uz(l’z) = UZ'(LUH_1> and q; > Giy1. N

The next result establishes conditions under which the agent strictly prefers to tell the

truth rather than deviate to some non-local upward contract.
Claim 3 Let (x,X|A, B) be an incentive feasible mechanism.
1. [f Ui—l—l(xi—l-l) > Ui+1(l’7;), then Uh(l’h) > Uh(l’j) V(h,j) S {Z + 1, ,I} X {1, ,Z}

8



2. IfUis1(wig1) = Uipa(x;) and ¢ > qig1, then Up(xp) > Up(x;) V(h, ) € {i+2,...,1} X
{1,...,i}.

Proof. By (16), the net benefit of truthfully reporting cost 6;,1, relative to understating
it to 0;, j € {1,...,1}, satisfies

Uis1(Tiv1) — Ui (z)) = Uz‘+1($z'+1) — Uip1(zi) + (0ip1 — 0:)(¢; — @)

+ Z [Un(z) — Up(zp—1) + (6r — On—1)(¢j — qn—1)] > 0,

h=j+1

by the assumption that U;yi(x;11) > Ujyi(x;). The net benefit of truthfully reporting
cost 0y, h € {i+2,..., I}, relative to understating it to 6;, j € {1, ...,4}, satisfies

Un(wn) — Ui(w;) = Z [Ui(x1) — Up(-1)] + Z (O —0-1)(qj — @1-1)

+ Uz’+1<Iz’+1) — Uis1(;) + (Oiv2 — 0i41) (@ — Git1) + (Oig2 — 0:) (05 — @)

+ Z Ulz) — Ul(xi—1) + (0, — 01-1) (¢ — qi—1)]

l=7+1

> Uir1(wip1) — Uip1(25) + (Oig2 — 0i11) (@i — Gig1) > 0

if either Ui+1(l’i+1) > Ui—i-l(xi)? or Uz'+1 ($i+1) = Ui—l—l(xi) and qi > Giy1. N

The fourth result is that two contracts have the same transfer if they have the same

output:
Claim 4 Let (x,X|A, B) be an incentive feasible mechanism. If ¢; = q;, then x; = x;.

Proof. Incentive compatibility (3) implies
ti = 0iqi > t; — 0iq5, t; — 0505 > t; — 0 V(i,j) €T x L.
Rearranging the two expressions yields
0i(g; —q) >t; —t; > 0;(q; —q;) V(i,5) € T xT.

If g; = g;, then t; = t; and therefore z; = z;. =

Our next intermediary result concerns incentive efficient mechanisms.
Claim 5 A mechanism (%X, 3|A,B), A= {1,...,A} # 0, is incentive efficient only if

9



If B =10, then incentive efficiency requires Ua(Z4) = 0.
Proof. We first show that the mechanism is incentive efficient only if
[Ui(&:) = Us(@i0)][Ui1(Zi11) — Ui ()] = 0 Vi € {1, ..., min{A, [ — 1}}. (18)

Suppose both local IC constraints are slack for some i € {1, ..., min{A, I —1}}. By Claim
2, the downward IC constraints are slack, and therefore ¢;; = 0, for any cost 6; and cost
report 0; such that (i,j) € {1,...,min{A,7 —1}} x {min{A + 1,1}, ...,I}. By Claim 3,
the upward IC constraints are slack, and therefore 6;; = 0, for any cost 6; and cost report
6; such that (7,7) € {min{A+1,I},...,1} x{1,...,min{A, 7 — 1}}. A marginal reduction
in the transfer payment ¢; by a small amount e for all types j € {1,...,min{A; 7 — 1}}
then increases the principal’s expected surplus while maintaining incentive feasibility.

Consequently, the proposed mechanism cannot be incentive efficient.

Suppose the local upward IC constraint in (18) is binding, but the local downward IC
constraint is slack for some ¢ € {1,..., A — 1}, A > 2. By implication, ¢; > ¢;+1. For
if ¢; = Gi11, then &; = #;11 by Claim 4 and therefore U;(%;) = U;(#;11). An agent with
marginal cost equal to 6; or below strictly prefers to truthfully report its cost rather
than exaggerate it to 6,1 or above by Claim 2. By ¢; > ¢;+1 and Claim 3, an agent
with marginal cost equal to 6,5 or above strictly prefers to truthfully report its cost
rather than understate it to 6; or below. Construct a perturbed mechanism (x, X|.A, B)
by setting t; = t; —¢, € > 0, for all j € {1,...,i} and setting 0y, = Zj’=1 Oj(i+1) + Oig1-
Everything else is held equal to the original mechanism. This perturbed mechanism is
incentive feasible for all e sufficiently small. The difference in expected surplus between

the two mechanisms is:

%

W(x,Z|A,B) — WX, A, B) = Y u[(1 — a)e + 6510 (Wiga (£i21) — Wira(&5))] > 0.
7=1

If Wita(2;) > Wig1(Zigq) for some j € {1,...,i}, then 6,41 = 0, which would violate
incentive feasibility. Hence, Wi1(Zi41) > Wipq(2;) for all j € {1,...,7}. We conclude

that an incentive efficient mechanism satisfies (18) only if U;(z;) = U;(#;41) for all i €
(1,.,A—1}, A>2.

To prove the second part of the claim, let B = ). If A < I —1, then A+1 = C.
Suppose Uai1(2a4+1) = Uay1(Ta) and Ua(Za) > Ua(Zay1). Then, the principal can
increase expected surplus by reducing the transfer by the same amount for all cost types
equal to or below A, and through an additional change of the reporting strategy of type

A + 1; see the previous analysis. Hence, Ua(Z4) = Ua(Z451) = Ua(xg) = 0 because the

10



IC constraint of type A is locally downward-binding by (18). If A = I and U;(Z;) > 0,
then the principal could reduce the transfer for all cost types without violating incentive

feasibility. Hence, Ua(Z4) = 0 also in this final case. m

3 Maximally constrained contracting

Consider the polar extreme case of maximally constrained contracting where the principal
can offer at most one contract upfront to the agent, that is, K = 1. Assume first that the
principal implements a pure ex-ante contract that only an agent with marginal cost equal
to or below 04, A € T, accepts. The rent-minimizing transfer by the principal equals

t = 04q for arbitrary quantity ¢. Maximization of the principal’s expected surplus

Walq) = Z vilS(q) = (0i + (1 — a)(0a — 0))q]

=1

over ¢ yields the associated output requirement ¢4 as the solution to

§'(00) = 3 -6+ (1= )(0a — 6)) < 62 = S'(af)

The inequality is strict if A > 2, which implies g4 > qﬁb in that case. We denote the
incentive efficient ex-ante contract that yields a cut-off at 64 by 24 = (¢a,044a). Let 6;
be the cut-off that maximizes the principal’s expected surplus among all potential cut-offs
04, A€ ZUD. Assume that A > A, and let the maximum be strict:

Wi(ds) > Wa(da) VA€ TUD, A# A

Consider pure ex-post contracting. The principal does not offer any contract upfront,
but states an upper bound fp to the marginal cost report above which there will be no
contract with the agent. If the agent reports marginal cost §; < 0p, then the principal
offers a contract x; = (g;,t;) based on this cost report and the beliefs inferred about the
agent’s true cost.

Let B = A. Assume that the agent randomizes uniformly across all cost reports 6;,
j € {1,..,A—1} if it has marginal cost 6; < ;. Let o ; € (0, 1) be the probability that an
agent with marginal cost 6 ; truthfully reports its cost, and assume that this agent reports
zjf for all 7 < A. Assume that the agent rejects the
contract if it has marginal cost ; > 63 and A+ 1 < I.

marginal cost 6; with probability

The sequentially rational contract offer by the principal subsequent to the cost report

0, is xf;b because wfib > 0 and the principal attaches posterior probability p; = 1 to
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the event that the agent was truthful upon receiving the report 6 ;. Subsequent to every
marginal cost report §; < 04, the principal offers the transfer ¢ = 6 ;¢ under the assump-
tion that the principal wants the agent to produce ¢ for all marginal cost realizations

equal to or below 8 ;. The expected ex-post surplus of the principal equals

b

Qg 04) = : vilS(q) — (0 + (1 —a)(03 — 0:))q] +vi(l —04)[S(q) —0zq]  (19)

i=1

fo

divided by G;_; +v4(1 — 04). The output target ¢; > q; solves

S v+ (1= )(0; — 6,) — v3040

S (Q1) = GA . VAO-A

A<9;=50. (20)

The ex-post contract for any cost report 6;, j € {1, A — 1} is @1 = (q1,0,4q1) if the
principal wants the agent to produce for all cost realizations equal to or below 6 ;.
The ex ante expected surplus of the principal equals

Qilq.04) = Qi(qr,04) + vzo 507 (21)

under pure ex-post contracting. Tangeras and Gick (2026) establish the following result:

Proposition 1 The principal strictly prefers pure ex-post over pure ex-ante contracting
if contracting is mazimally constrained (K = 1), and the principal’s surplus-mazximizing

pure ex-ante mechanism involves some pooling of cost types (fl >2).
The principal can do even better by adding an escape clause:

Proposition 2 The incentive optimal mechanism contains an escape clause if contracting
is mazimally constrained (K = 1), and the principal’s surplus-maximizing pure ez-ante

mechanism involves some pooling of cost types (A >2).

Proof. The first and most lengthy part of the proof is to derive an upper bound on the
principal’s expected surplus in mechanisms with pure ex-post contracting. The second

part shows that adding an escape clause strictly increases expected surplus.

Let z; € {j,...,1} be the maximal type that reports #; with positive probability in an
incentive feasible mechanism (x, X|A, B), that is, 0., > 0 and oj; = 0 for all i € {z; +
1,..,I}if z; < I —1. The type z; exists by o; > 0.

Claim 6 A mechanism (x,X|A, B) with incomplete commitment (B # 0) is incentive
feasible only if t; =0.,q; > 0Vj € B.

12



Proof. Consider the principal’s optimal choice ¢; in Stage 4 after some cost report
0;, € B. If t; > 0.,q;, then the principal can strictly reduce the transfer and thereby
save on information rent without violating the individual rationality constraint for any
type i € Z that also reports to be of type 6; with positive probability. If ¢; < 6..q;, then
U.,(r;) <0 < U, (x,,) and therefore o;,, = 0 by (4), which contradicts the assumption
that o;., > 0. This leaves t; = 6.,q; as the only remaining possibility. Substituting ¢;

into (5) and maximizing over g; leads to
I
S'(q;) =Y (B + (1 — ) (6, — 6:)) < 6 = S'(q").
i=1

Strict concavity of S(¢) implies ¢; > q}cb > (, where q}cb > 0 by assumption. m

Let B be the minimal and B the maximal cost type in B if this set is nonempty. By
monotonicity of output, B = {1,...B} in any incentive feasible mechanism (x, X|(), B)
with pure ex-post contracting. Hence, B = 1. Moreover, C = {B+1,.. I} if B<TI—1.

Claim 7 A mechanism (x,X|A, B) with incomplete commitment (B # () is incentive

feasible only if z; = 2 > B Vj € B. Incentive feasibility further implies:
1. xj=axpVje{B,..,z—1} if either B< B—1orz>B+1.
2. x;=x0Vje{z+1,.. I} if2<I-1

Proof. We first show that z; = 2 > B for all j € B. Observe that U, (v.,) = U, (7;) =
tj —0.,q; = 0 by 0j., > 0 and Claim 6. Suppose z; < z, for some (j,h) € B>. In this
case, U, (z;) = 0 < (0., —0.,)q., = U.,(2.,), which violates incentive compatibility (3).
By implication, z; = zg > B for all j € B.

Consider Item 1. Note that z > B+ 1 by z > B and the assumptions of the claim. By
(3),
Uz(xz—l) - Uz—l(xz—l) - (02 - ez—l)qz—l S Uz(xz)

Moreover, U,(z,) = U,(xpg) =tp — 0,95 = 0 by 0, > 0 and Claim 6. Invoking incentive

compatibility and Claim 6 again delivers,

szl<xz71) Z szl('xﬁ) = t@ - 9z—1¢]§ = (ez - esz)QQ-

Combining these two inequalities produces

(9,2 - esz)QE S szl(xzfl) S (02 - 6z71>q,2717
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and therefore ¢gg < g,—1. By monotonicity, it must also be the case that gz > ¢.—;. Hence,
¢B = ¢.—1. Applying monotonicity again yields ¢; = ¢ = ¢, for all j € {B, ...,z — 1}.

We can now invoke Claim 4 to obtain z; = zp for all j € {B, ...,z — 1}.

Consider Item 2 of the claim. Assume that z < I —1, and suppose either ¢; > 0 or ¢; =0
and t; > 0 for some j € {#+1,...,1}. In this case, U,(z;) = U;(z;) + (0; — 0,)q; >
0 = U,(z,), which violates incentive compatibility. By necessity, z; = (0,0) = z, for all
je{z+1,..,I}. =

Claim 8 Any incentive feasible mechanism (x, X|.A, B) with incomplete commitment (B #
0) has the property that |xg| € {1,2}. Moreover, v; = xp = (¢5,0p98) Vj € {B, ..., B—1}

and x5 = 21! if |xg| = 2.

Proof. Trivially, |xg| =1if B=B. Let B< B—1. ByClaim 7, B< B—-1< 2z -1,
and then all contracts z;, j € {B, ..., B—1} are identical and equal to zp. Seeing as B C
{B,...,B}, |xg| € {1,2} if B < B — 1. Consider the second part of the claim. By Claim
7,x;j=uxp forall j € {B,...,B}if 2> B+ 1. In this case, |xg| =1 by B C {B, ..., B}.
Hence, |xz| = 2 implies z = B. Invoking Claim 6, produces z; = x5 = (¢B,0898)
Vj e {B,.., B —1}if |xg| = 2. To establish 25 = =1 if |xg| = 2, observe that

The first (weak) inequality follows from incentive compatibility, the second (strict) in-
equality from ¢ > ¢ by x5 # v and monotonicity of output. Hence, op; = 0 for all
i € {1,..., B —1}. Furthermore, og; = 0 for all i € {B +1,....,1} by 2z = B. Hence,
pup = 1 by (6) if |xg| = 2. Upon observing cost report 05, the principal attaches posterior
probability equal to one that the agent in fact has marginal cost fg. The sequentially
1o
B

rational choice for the principal is then to offer x3; and obtain ex-post surplus w]J;b > 0.

Our next result shows that it is sufficient to evaluate pure ex-post mechanisms with
Ixp| = 2if A>2.

Claim 9 Assume that A > 2. For any incentive feasible pure ex-post mechanism (x, 3|0, B),

|xg| = 1, there exists an alternative incentive feasible pure ex-post mechanism (x', X'|0, B'),

IX'g| = 2, such that W(x', 2|0, B) > W(x, %[0, B).

Proof. For arbitrary incentive feasible mechanism (x, 3|0, B), |xg| = 1, the pure ex-ante
mechanism (x, 3|8, ) is incentive feasible and delivers expected welfare W (x, 2|0, B) =
W (x,3|B,0) < W;(G4), where W;(G;) maximizes the expected welfare under pure ex-

ante contracting, subject to K = 1. Proposition 1 shows that there exists an incentive
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feasible mechanism (x, 3'|0, B'), |xp/| = 2, such that W (x', 2|0, B') > W ;(G,), if A > 2.
|
Let the mechanism (x, X|(), B) be incentive feasible, and assume that |xz| = 2. We know

from the proof of Claim 8 that z = B in this case. Hence, oj; = 0 for all (4,j) €
{B+1.,,1} x Bif B<I— 1. By implication, ¢p solves

B
ViOji .
S'(gp) = Z —5 O+ (1 =)0 —0;))Vje{l,..,B—-1}.
=1 2he1 VhOjh
Multiply both sides of the equation by the denominator on the right-hand side, and sum
up across all j € {1,..., B — 1} to get
S0 vl + (1= ) (05 — 6:) — vplp Y5 oy

B T
dic1Vi— VB Zj:B 0jB

S'(qp) =

B-1
j=1

{1,...7B — 1} because Uz(l‘z) = (03 — Qi)QQ > (93 — Qi)qB = Ul(l’B) >0 = Ul(l']) for
all i € {1,...B—1} and j € {B+1,..,1}if B <1 — 1. The expected surplus of this

mechanism can be written as

after simplification. To arrive at this expression, we used ) . o0, = 1 for all i €

W(X7 lea B) = QB(QQu UB) - VBWIJ;b<q§) Z 0;B;

jec

see (19) and (21) for definitions of the expressions on the right-hand side. Seeing as
wg’ > Wéb(QE), the principal can increase expected surplus by increasing the probability
of a truthful report by type B to g = ij p0jp- This change has no implications
for xg. The principal then maximizes Q5(qp, ) over 6. The ratchet effect renders
the mechanism incentive infeasible above an upper bound g < 1; see Tangeras and Gick
(2026). Hence, Qp5(gp, op) is the maximal expected surplus that the principal can achieve

in an incentive feasible pure ex-post mechanism where [xz| = 2.

Construct a mechanism (x, 3’| A", B') featuring ex-ante contracting complemented by an
escape clause, A" = {1,....B — 1} and B’ = {B}. Assume that all cost types i in A’
and C truthfully report their marginal cost, o, = 1, and that type B truthfully reports
marginal cost 05 with probability o3 = 65 and understates the marginal cost to 0 with
probability 1 — o5. This alternative mechanism satisfies (2)-(6) by incentive feasibility
of the pure ex-post mechanism. By |[x4| = 1 = K, the modified mechanism also meets
the contract constraint (7). It delivers expected surplus Q5(¢p,d5), which is strictly
increasing in 6g. However, the principal is no longer bound by the sequential rationality

constraint 6z < 6 because of ex-ante commitment to 2 = xp for all j € {1,..., B —1}.
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By maximization of the agent’s truthfulness, 65 = 1. W(x,I|A",B') = Qgp(¢p,1) >
Qp(gp,05) > W(x,X|0, B) implies that the principal can find a mechanism stipulating
an escape clause which strictly outperforms any incentive feasible mechanism with pure

ex-post contracting contingent on |xz| = 2. m

4 Constrained contracting

We now turn to the general case K > 1 of constrained contracting. Section 4.1 analyzes
constrained mechanisms under complete commitment, which represent the appropriate
benchmark against which to evaluate incomplete commitment mechanisms. In Section
4.2, we derive general properties of mechanisms under incomplete commitment. Section
4.3 then establishes circumstances under which an escape clause increases the principal’s
expected surplus. Finally, Section 4.4 characterizes a fundamental trade-off underlying

an incentive optimal escape clause.

4.1 Constrained contracting with complete commitment

This section contains a full analysis of incentive efficient mechanisms with complete com-
mitment. The principal commits to an ex-ante menu of contracts (A # ), but does
not engage in ex-post contracting (B = (). By the revelation principle, we can restrict
attention to truthful mechanisms, i.e. incentive feasible mechanisms for which ¥ = T,
where I is the I-dimensional identity matrix. The principal maximizes (8) over x subject
to (2), (3) and (7).

We let K > 1, but do not necessarily assume that contracting is constrained. The
incentive efficient mechanism under complete commitment consists of a partitioning A =
{A1, oy Ay ooy A} of A = {1,..., A} into K < min{K;I} non-empty cost groups. Let
04, be the lowest marginal cost and 04, the highest marginal cost in cost group k. x4, =
(qa,,ta,) is the contract awarded to the agent for cost reports 6;, j € Aj. Each cost group
is a convex set because incentive compatibility implies that output is non-increasing in the
agent’s marginal cost. By monotonicity of output, the set of cost types for which there is
ex-ante contracting is convex and contains the most efficient cost types: A = {1, ..., A},
where 6, is the marginal cost of the least efficient agent that produces positive output
in the mechanism. The mechanism features full participation if A = I. Otherwise,
C={A+1,...,1}. We rank cost groups such that the agent is more efficient if it has
marginal cost in cost group k than k + 1. Observe also that x4, = x4 because A is the

least efficient cost type contained in Ag.
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Claim 10 Assume that the mechanism (X, I]fl, 0) maximizes the principal’s expected sur-
plus under complete commitment. Let 1 < K < min{ K; I} be the number of non-empty

cost groups in this mechanism.

1. Output Gz, in non-empty cost group Ay is characterized by

Sin) = 3 L0+ S 1 - a) (0 - 0.0), (22)

14 v;
€A A t

where va, = ) . 4, Vi measures the ez-ante probability that the agent’s marginal

cost is contained in Aj.

2. If cost group k features pooling, ].,Zlk] > 2, then output is upward- [downward-]
distorted relative to the second-best efficient output of the least [most] efficient cost

: sb a sb

type in the cost group, a3, <4y, < qu

3. Iff( > 2, then the upper boundary type Ay, in interior cost group k € {1, ... K — 1},
satisfies the principal’s local incentive compatibility constraint:
sb [~ s ~ sb ~ sb ~
4. The upper bound A to ex-ante contracting under partial participation, A<I-— 1,
satisfies the principal’s individual rationality constraint:
W) = 0> W5 (d4)- (24)

Proof. We first establish Item 1 of Claim 10. In the process we also verify Item 2 of the

claim. Using Claim 5, we can derive

I-1

UZ(ZL‘Z) = Zj:i (Qj-‘rl — Qj)qj+1 Vi e {1, ,I — 1}, U[(ZE[) = 0. (25)

for agency rent in any incentive efficient mechanism with complete commitment. The

expected welfare function

I

Z viW(q:), W(a:) = S(q) — (6: +

=1

Gia

Vi

(1 =a)(0; = 0i-1))gi, (26)
follows from substituting (25) and 3 = I into (8) and applying a summation by parts:

Gala, —Ga, Oa,_, = Y [ibi + Gia(6; — 0;1)].

€A
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Maximization of the expected welfare function

Wa(q) =Y viW(q) (27)

€A

of cost group k over ¢ yields the incentive efficient output ¢a, in cost group k as the
solution to (22).

The welfare function (26) is additively separable across cost groups, and the objective
function (27) is strictly concave in output. Hence, a mechanism (x,I|.4, @) with transfer
payments that yield (25) and where output is characterized by (22) for all K cost groups, is
incentive efficient if this mechanism is also incentive feasible. The mechanism satisfies (7)

by K < K. We then need to verify individual rationality (2) and incentive compatibility
(3).
We demonstrate monotonicity of output. The second-best quantity ¢;° of an agent with

marginal cost 6; solves

S(g%) = 0+ SEL(1 = )6, — 01 1) = 6. (28)

v

Comparing ¢, with g% delivers
£k

o s G_; GA -1
4, [8(03,)=S L)) = 3 et S (1-0) (0005, 2 1-a) (0,05, _,)] 2 0
iEAk Ak
by assumption (1) of increasing virtual marginal production cost. Strict concavity of S(q)
implies qilb > (4, Wwith strict inequality if |.Zlk| > 2 (the second inequality of Item 2).
22k
Next,

G_i

v

e
v [S'(q) =S (4a,)] = D wilf 4+ (1=)(0,4,—0,5, 1) —0i———(1—a)(§;—0;)] > 0

i€ Ay YAy
implies ¢z, > qjibk with strict inequality if [Ag] > 2 (the first inequality of Item 2).
Combining inequalities yields ¢4, > qjlbk > qSAka > qj4,,,- This property establishes
monotonicity of output, ¢; > ¢;41 for all i € {1,...,1 — 1}. Locally downward-binding
incentive compatibility, U;(Z;) = U;(Z;41) for all ¢ € {1, ..., I — 1}, the zero rent condition
Ua(za) = 0, and monotonicity of output imply U;(Z;) > U;(&;—1) for all ¢ € {2,...,T}.
Hence, (x,I|A, () satisfies (2) and (3) by Claim 1. This completes the proof of Item 1 of

the Lemma.

We establish [tem 3 by verifying that any incentive efficient mechanism features Wzb (q Ak) >
k
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WZi((jAkH) for all k € {1,..K — 1} if the number K < min{K; I} of non-empty cost
groups satisfies K > 2. This holds trivially if |A,| = 1 because then Wzi(qu) =
wffk > Wzi(qu+1). Assume that |Ag| > 2. Compare expected surplu§ W (x, 1A, 0)
to what the principal could achieve under a modified mechanism (x,I|.4,0) where an
agent with marginal cost 6; is transferred to a less efficient cost group: Ay = Ak\flk and
Api1 = A 1UAL, k< K—1. All other cost groups remain unchanged if K > 3. The menu
of contracts has ’Ehe following properties: z; = (4;,t;), t; = t; —A(QAk =04, 1)(a4, — quH)
forall j € {1,..Ax =1}, 24, = T4,,,,and z; = &; for all j € {Ax+1,...I}. The modified
mechanism is incentive feasible. First, it satisfies U;(z;) — Ui(xi41) = Ui(2;) = Ui(Z441) = 0
foralli e {1,...,A,—2)if A, > 3and for all i € {4, ...,]—1). Moreover, Ui, (x4, 1) =
UAk_l(;EAk) and Ur(xr) = Ur(z;) = 0. Output is monotonic by ¢; = ¢; for all i € Z. These
properties imply (2) and (3) by Claim 1. Moreover, |x4| = |% 4| = K < K. These results
verify incentive feasibility of (x, I]/l, (). The difference in expected surplus between the
two mechanisms simplifies to

W IJA,0) = W(x,TA ) = vy W (44,) — W5 (44,,,)] =0,

where the inequality follows from the assumed incentive efficiency of (X, I\fl, (). Hence,
incentive efficiency implies WZZ(Q i) > WZZ((} Ag.,) also for [Ax| = 2. By aAnalogous
arguments, an agent with marginal cost 6 Ao optimally belongs in cost group Ay only

: sb . sb ~
if WAk <qu+l) = WAk-H (qu)

+1

One can use the same recipe as above to establish Item 4. m

Notice the similarity between (23) and (24) and the local downward, upward IC constraints
and IR constraint of the agent. The difference is that the constraints of the principal are
evaluated using the second-best welfare function W;(q) because this is the correct welfare

metric with which to evaluate the trade-off between rent and efficiency.

4.2 Contracting with incomplete commitment

For any incentive feasible mechanism (x, X|.A, B) that features ex-post contracting, B # (),
recall the definition of B and B as the minimal and maximal types, respectively, contained
in B. Hence, B C {B,..., B}. We do not assume that B is convex. C represents the
minimal type contained in C if the mechanism features partial participation, C # .
We add an asterisk “*” to this notation if the mechanism (x*, ¥*|.A*, B*) in question is
incentive optimal.

We first establish general results concerning contracts that satisfy conditions (2)-(7)

in mechanisms with incomplete commitment.
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Lemma 1 Any incentive feasible mechanism (x,X|A, B) that features incomplete com-

mitment (B # () has the following properties:

1. B has at most two unique contracts: |xg| € {1,2}.
2. If |xp| = 2, then:
(a) All cost reports 0;, j € {B, ..., B—1}, yield the same contract x5 = (qp,0pqs).

(b) Cost report O yields contract 1.

Proof. This is a restatement of Claim 8. m
We now establish some fundamental results of contracts in an incentive optimal mecha-

nism, i.e. one chosen by the principal.

Lemma 2 Any incentive optimal mechanism (x*, 3| A* B*) that features incomplete

commitment (B* # () has the following properties:

=K.

1. The mechanism exploits all available ex-ante contractual flexibility, |x%.

2. All cost types contained in A* are more efficient than those contained in B*, and all
ex-ante contracts have strictly higher output than all ex-post contracts, 04+ = Op+_;

and @i« > qpe-

3. All cost types contained in B* are more efficient that those contained in C* if the

mechanism features partial participation, Oc+ = 0«1 if C* # 0.
Proof. The following claim proves Item 1 of the lemma.

Claim 11 A mechanism (x*,X*|A*, B*) that features incomplete commitment (B* # ()
=K and ¢; ¢ {qp+,qp-} for all j € A*.

is incentive optimal only if | X%

< K, and denote the corresponding number of cost groups by

Proof. Suppose [x%.
K* < K — 1. Construct a modified mechanism (x*, ¥*|A, B) as follows: A, = A for all
| < K*if K* > 1. If |x3.| = 2, then Ag+y1 = B*\B* and B = B*. If |xj.| = 1, then

Ag+y1 = B* and B = (). The modified mechanism is incentive feasible since the menu

of contracts and reporting strategies are the same as in the initial mechanism. Both
mechanisms also yield the same expected surplus to the principal. Seeing as B C B* U (),

(x*, X*|.A*, B*) is not minimal in the sense of (10), and cannot be incentive optimal.

Assume next that [x%.| = K, but ¢; € {q}~, ¢i-} for some j € Af. Then 27 € {2}, v}-}
by Claim 4. Construct a modified mechanism (x*, ¥*|A, B) as follows: A4, = Af for all

| # kif K > 2 If |x5| = 2 and Ty = Tpe, then Ay = Aj U B*\B* and B = B*.
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If [xg.| = 2 and 2}; = xp., then Ay = AL U B* and B = B\B". If |xz.| = 1, then
A = A; UB* and B = (). The proposed mechanism is not minimal in the sense of (10),

and therefore cannot be incentive optimal. m

An immediate implication of Claim 11 is convexity of the incentive optimal escape clause:
B* = {B*,...,B*}. This property holds trivially if either B* = B* — 1 or B* = B*.
Assume that B* < B* — 2. If j € A" for some B* < j < B*, then ¢} = ¢ by Claim
7, which violates Claim 11. If j € C* for some B" < j < B*, then ¢; = 0 < gp., which

violates monotonicity of output.

Let z* be the maximal cost type that with positive probability invokes the escape clause
by reporting cost 6;, j € B*, in an incentive optimal mechanism (x*, ¥*|A*, B*) that

features incomplete commitment (B* # ().

Claim 12 Assume that the incentive optimal mechanism (x*, 3X*|A*, B*) features incom-
plete commitment (B* #0), where B* <1 —1. If .., > 0, then z* = B* + 1.

Proof. We first demonstrate that z* < B* + 1 generally holds. This is obviously true
if B* € {I — 1,1}, but the result holds also for B* < [ — 2. For if z* > B* + 2,
then ¢f = qp. for all j € {B",...,2" — 1} by Claim 7. In particular, ¢g.,;, = ¢g-,
which violates the necessary condition of incentive optimality established in Claim 11.
Invoking Claim 7 delivers z* € {B*, B* 4+ 1}. Assume that ¢j.,; > 0. If 2* = B*, then
Up+(25+) =0 < (0p+41 — 0B+ )qp~41 = Up-(23.,,), which violates incentive compatibility.

This leaves 2* = B* + 1 as the only remaining possibility if ¢5.,; > 0. =

Claim 13 A mechanism (x*,X*|A*, B*) that features incomplete commitment (B* # ()

is incentive optimal only if z* = B*.

Proof. The result follows directly if B* = I since we already established z* > B* in Claim
7. Let B* < I — 1. The proof proceeds as follows: We first show that x7%. ., = x];b“rl
if ¢,y > 0. We then show that the principal in that case can obtain strictly higher
expected surplus than in the proposed mechanism by modifying the escape clause. Hence,
incentive optimality implies ¢5..; = 0. We already showed in the proof of Claim 12 that
z* € {B*, B* 4+ 1}. The final part of the proof establishes that z* # B* 4+ 1 if ¢j.,, = 0.

This leaves z* = B* as the only remaining possibility for B* < I — 1.

It cannot be the case that ¢p..; = ¢., because this would violate Claim 11. If ¢.; €
(0,¢%+), then z* = B* + 1 by Claim 12. Hence, x; = g« for all j € B* by Claim 7.
Moreover, Ay = {B*+1} identifies the maximal cost group in A" because z} = z for all
je{B*+2,...,1}if B* <I—2;see Claim 7. The local downward incentive compatibility

constraint Up«(25.) > Up-(x5+,4) is slack because Ug+ 11 (2. ) = Up+11(23.) and ¢. >

21



qp-y1- By Claim 2, it follows that U;(z}) > Uj(x), and therefore o7, = 0, for all (4, j) €
{1,...,B*}x{B*+1,...,1}. If B* < I —2, then upward-binding IC and strict monotonicity
also imply ¢5; = 0 for all (4, j) € {B*+2,..., [} x{1, ..., B*} by Claim 3. Moreover, U;(}) =
Uz(.ilfo) =0> —<01 —93*+1)qg*+1 = Uz(fﬂ*B*+1> 1mply O'?B*—O—l)i =0forallie {B*+2, ey [}
In conclusion, U;(x}) > U;(xg.,,) for all ¢ # B* + 1 if ¢p. ., € (0,¢5.). As the principal
cannot reduce the information rent by distorting ¢p.,, it follows that x%. ; = xgb* Iy
Finally, 0} 5.,y = 0 for all j € {1,..,B" — 1} if B* > 2 by Up+(2p-) = Up+(2p-_y),
qp+_1 > qp- and Claim 3. Based on this information, we can write the principal’s expected

surplus of the proposed incentive optimal mechanism as:

W (x*, | A", BY) Z Z vio s Wil@}) + vpen | Y 03y We (@) + 0he whl .
j=1 i=1 jEB*

Consider the alternative mechanism (x*, 3|4, B), where 4; = Aj foralll € {1, ..., K —
1}, if K > 2, Ax = B* and B = {B* + 1}. Also, let op-,1 = 1. Reporting strategies
remain unchanged otherwise. Setting xp«y; = a:g’ 41 = Tp-,1 is sequentially rational
following the cost report p-;; in the modified mechanism: U;(z}) > Uj(2h.,,) for all
i # B* +1 implies o(p+«11); = 0 for all i # B*+ 1, which in turn implies that the principal
attaches posterior probability equal to 1 to the event that the agent has cost 0z« after
observing that particular cost report. The expected surplus of the modified mechanism
equals

(X 2|A B Z Z v;,o —|— VB*+1’LU{;*+1

7j=1 =1

The difference

W(X*, E|A, B) - W(X*, E*|A*, B*) - VB*+1 UB*-i-l Z O- B*+1) IUB*_H

JjeB*
* b *
+ VBt Z Uj(B*+1)[ij;*+1 — Wheia(2p-)]
jeB*
in expected surplus between the two mechanisms is strictly positive by 5. # 5., =
xéb*ﬂ, and because z* = B* 41 it follows that ZjeB* 05ty > 0. Having eliminated all
other possibilities, it follows that ¢x..,; = 0.

We next establish z* # B* + 1 if ¢.,; = 0. Suppose z* = B* + 1. Everything is
nearly the same as in the previous part of the proof, except now zj.,; = x¢ instead of

Tpeyq = mg) +1- In particular, the expected surplus of the proposed incentive optimal
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mechanism is:

W<X*72*|A*7B* ZZV’L + VB*+1 Z U (Ig++1) WIB*-H(IB*)

7j=1 =1 jEB*

Consider a modified mechanism (x, 3|A*, B), where B ={B",..., B* + 1}, xp«1; = xéb*ﬂ
4y forall i € {B*+2...., I} if B* < I —2. All other contracts and
reporting strategies remain the same as in the initial mechanism. Even this mechanism

is locally upward-binding at 0p«, UB*H(xg*H) = UB*H(JJ*E*) = 0, and is incentive

and 0; = 07 + 0 (.

feasible if gp. > qgi 41

We now demonstrate ¢g. > qgi +1- On the basis of the locally upward-binding IC con-
straint Up«11(23. 1) = Up+11(2}+), monotonicity ¢p. > 0 = ¢p.,; and Claim 3, we
obtain o3, = 0 for all (i,j) € {B*+2,...[} x {1,..., B*} if B* < I — 2. Upon observing a

cost report 0;, 7 € B*, the principal therefore obtains the expected ex-post surplus

B*+1

i} § l/ia;‘-‘i
S(qp-) Z 1yl + (1 — ) (041 — 0i)lap-, pj; = =B+l .
i=1 h=1 VhOjn
of offering the contract x5« = (¢p+,0p-41qp-). The equilibrium quantity gp. is then
characterized by
B*+1

S'(qp+) = Z 10500 + (1 — @) (Op-11 — 0:)] < 01 = S'(gh1y),

i=1

where the inequality follows from

B*+1 B* (9 * L
GB*+1 - Z lu;kl[ez + (1 — C()(GB*+1 — 01)] = O{ZZ 1 B*+1 Br+1 ) < 0.
=1 el Vha.]h

Strict concavity of S(q) then implies qp- > qéz 41+ The expected surplus in the modified

mechanism is

* * * * * b
V[/v(}(7 E|A ,B) - Z Z IJZO'JIWZ(mj) + VB*+1[Z o-j(IB*‘FI)WIB*J"l('IE*) ‘I— UB*+1w]J;*+1]

j=1 i=1 jeB*

The difference in expected surplus between the two mechanisms is
W (x, A%, B) — W(x*, X% | A", BY) = g« 1075 wh g > 0,

which contradicts the assumed incentive optimality of (x*, 3*|.A*, B*). We conclude that
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¢p-41 = 0 implies z* # B* + 1. m

We can now draw conclusions about incentive optimal mechanisms with incomplete com-
mitment. Claim 11 proves Item 1 of Lemma 2. By way of z* = B* and Item 2 of Claim
7, C = {B*+1,.., 1} if B* < I—1. This proves Item 3 of Lemma 2. Moreover,
B*UC* ={B*,...,I}. By A* # (), and since A*, B* and C* partition Z U (), it follows that
B*>2and A* ={1,..., A*}, where A* = B* — 1. This proves Item 2 of Lemma 2. m

Consider next the incentive optimal reporting strategy X* by the agent. Denote by B* the
set of types such that any marginal cost report 6;, j € B*, induces the principal to offer
the ex-post contract }.." Lemma 3 in Tangeras and Gick (2026) derives fundamental
properties of incentive optimal reporting strategies under the simplifying assumption that

|B*| > 3. The following lemma provides a characterization for the general case of B* # ().

Lemma 3 For any incentive optimal mechanism (x*, 3| A*, B*) featuring incomplete
commitment (B* # 1)), there exists an incentive optimal mechanism (x*, X*|A*, B*) and

reporting strateqy X° with the following properties:
1. With respect to cost types in A*:

(a) All but the upper boundary type A* truthfully report their cost, of = 1 Vi €
(1, ... A — 1} if |A*] > 2.

(b) The upper boundary type A* may invoke the escape clause, and then randomizes

. . . 1—0% .
uniformly across all cost types contained in B*, 0. > 0 and 054 = —51~

1B*
Vj € B*.
2. With respect to cost types in B*:

(a) The lower boundary type B*:

i. truthfully reveals its cost if the escape clause contains one type, op. =1 if
|B*‘ =1

1. may choose an ex-ante contract if the escape clause contains two types and

= 2.
In that case, the A* type invokes the escape clause with zero probability,
(1—=o0p)(1 —0%) =0;

i11. uniformly randomizes across all types in B* otherwise, Oipe = @ Vj e B*
if |B*| =2 and |x5.| =1 orif |B*| > 3.

two distinct contracts, 1 > 0. g« =1 —0p. 20 if [B*| =2 and |x5.

(b) Intermediary types randomize uniformly across all types in B*, oy = B
V(i,j) e {B*+1,B*— 1} x B" if |B*| > 3.

YFormally, B* = {B*, ..., B* — 1} if |x}.| = 2, and B* = B* if |x}5.| = 1; see Lemma 2.
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(¢c) The upper boundary type B* randomizes between all types of cost reports that

yield ex-post contracting:

. 1—0%, . .
i. 0 <op. <1 andojp. =5 Vj€ B if |x5.| = 2;
ii. 0} = gy Vi € B if [xp.| = 1.

3. Cost types in C* truthfully report their cost if the mechanism features partial partic-
ipation, of =1 Vi € C* if C* # ().

Proof. We first demonstrate some general properties of X* in incentive optimal mecha-
nisms (x*, 3*[.A*, B*) with incomplete commitment (B8* # (). This is done in 6 claims.
Claim 14 and Claim 15 establish combinations of cost types and cost reports that cannot

occur in an incentive optimal mechanism.

Claim 14 Consider a mechanism (x*, X*|A*, B*) that features incomplete commitment
(B* # 0). This mechanism is incentive optimal only if the following conditions are all

met:

1. 0%, =0V(i,5) € {1,..A* =1} x {B*, .., I} if A* >2.

Je

2. 0% =0Y(i,5) € {1,... B* =1} x {B*, .1} if ¢ > -

J

8. 0% =0V(i,7) € {1,..,B* =1} x C* if C* # 0.

Jt

4. 05 =0V(,5) € {B* +1,., [} x A if B* <1—1.

Je

5. 05p-=0Vj€ {1, ..., A* = 1} such that qf > ¢}, if A* > 2.

6. o5, =0V(i,7) € C* x (A*UB*) if C* # ().
Proof. By combining incentive compatibility conditions:

Ui(z7) = Ui(xj) = Ui(ay) = Ui(xp,) + Un(@y) = Un(5) +(0n = 0:) (a5, — 45) = (O —0:)(a, — q5)-

(29)
Hence, Us(x;) > Ui(z}) and therefore o7, = 0 if (6, — 0;)(q;; — ¢;) > 0 for some h € Z.
Item 1: If h = A* then the rightmost expression in (29) is strictly positive for all
(4,7) € {1, .., A" =1} x{B", .., I} by ¢4 > qp- > qj for all j € {B", ..., I'}; see Lemma 2.
Item 2: If h = B* — 1, then the rightmost expression in (29) is strictly positive for all
(i,§) € {1, ..., B* =2} x {B*, .T} by qly_, > gy > ¢’ for all j € {B*,..T}.

Item 3: If h = B*, then the rightmost expression in (29) is strictly positive for all
(i,7) € {1,...,B* = 1} x C* by ¢5. > 0.
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Item 4: If h = B”, then the rightmost expression in (29) is strictly positive for all
(4,7) €E{B"+1,... 1} x A" by ¢; > ¢}y > qp- for all j € A*.

Item 5: If h = A* then the rightmost expression in (29) is strictly positive for all
j €{1,..., A" — 1} that satisfy ¢j > ¢j-.

Item 6: If h = B*, then the rightmost expression in (29) is strictly positive for all (i, j) €
C* X A* by qf > @4 > qp- > qp. for all j € A*. Uy(x}) = 0> —(0; — Op+)q; = Ui(z]) for
all (i,7) € C* x B* completes the proof. m

Claim 15 A mechanism (x*,X*|.A*, B*) that features incomplete commitment (B* # ()
and partial participation (C* # 0), is incentive optimal only if ngC* oip- = 0.

Proof. The method of proof is to show that an incentive feasible mechanism which strictly

outperforms (x*, 3*|A%, B¥) exists if ) ... 055 > 0. We consider two cases separately.

jecx
In case one, ¢p« > qp.. By Claim 14, op.; = 0 for all i # B*. Upon observing 6p-, the
principal therefore deduces that the agent with probability one has marginal cost 0p-.
The sequentially rational ex-post contract then equals z%. = xéb*. This holds for any

o+ > 0. The expected surplus of the principal equals

B*—1B*—1 B -1
b
W(x*, X*|A*, B") = E g vio;Wi(z;) + E vp-0ip-Wpe(2p-) + T T
i=1 j=1 j=B"

Let a modified mechanism (x*,3|A* B*) differ from the previous mechanism only by
opr = Z§: p+0;p+- The principal can implement x* also under the modified reporting
strategy because the change from X* to X does not affect posterior beliefs about the

agent’s true cost type ¢; upon observing cost report ¢;, j € B*. The difference

W(x*, XA, B*) — W(x*, | A", B*) = Z VB*O';B*wéb*,

JEC*

in the principal’s expected surplus is strictly positive if Zjec* oip« > 0, which would

contradict the assumed incentive optimality of (x*, ¥*|.A*, B*).

In case two, ¢« = ¢p., so that 2} = wp. for all j € B*. We now introduce some
notation that will be useful later. Recall the definition B* = {B*, ..., B* — 1} if |xj.| =2
and B* = B* if |x5.| = 1. After observing a cost report j € B*, the principal’s option

is whether to offer the contract z7. or save on information rent by excluding one or

more of the least efficient cost types. The maximal surplus the principal can achieve by
offering a deviation contract % = (¢}, Or¢}f) in Stage 4 that leaves an agent of cost type

h € {A*, ..., B*—1} indifferent between accepting or rejecting the ex-post contract, equals
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Qin(o7y)
BJ*—” where
Zz Ax ViO g,

]h a'gh Z Vlgﬂ 1 Z 1/10]1 qjh (91 + (1 - a)(eh - 91’))‘]?}1]7 (30)
i=A* i=A*

2, = (q%, Onq,) is the ex-post contract offered by the principal in that case, and

> ijil0 + (1= ) (6, — 65)

h b
> i ax ViOji

characterizes the optimal output given the reporting strategy o, = (0,4, ...,05,). The

S'(d5) = (31)

contract x7 results from replacing o, by 0%, in (30) and (31). The Stage 4 expected

. , o
surplus of offering z7}. subsequent to a cost report 6;, j € B*, equals ﬁ where
- i=A* Vi0j;

Vg = Z vio; Wi(2-) Z vio3;1S(qp+) — (0i + (1 — a)(0p- — 0;))ap-]
i=A* 1=A*

By these definitions, 25+ is sequentially rational if and only if
Qg > (o) Vi, h) € B* x {A*, ..., B* — 1}, (32)

In particular, x%-. is sequentially rational only if Wg-(2%.) > 0. Otherwise, the princi-
pal would be strictly better off by excluding the least efficient cost type under ex-post

contracting and offering instead a deviation contract.

Let us continue with the specific case of g5 = g, so that [x.

= 1. Suppose o}z. > 0 for
some [ € C*. Construct a modified mechanism (x, 3|.A*, B*) where o5 = 0j5. — € > 0,
e >0, and

Z A Vi jZ(QB* —6;)
D jrep ZB*A* vio};(0p — 0;)

All other reporting strategies remain the same as before. By this construction, Zj ep-(0jB—

0;B* :O';fB* EV] € B*.

0ip+) = €. Also, the contract xp« = (¢p~, 0p-qp-), where

) — Ssep Tt U3l + (L= ) = 0)) +vwOre
ZjEB* ZiB;A* I/io-;i —+ vp+€

is sequentially rational for all cost reports 5 € B* if and only if
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A marginal increase in € has no effect on the right-hand side of (33). The marginal

o . 09w

effect of € on - has only a second-order effect on the principal’s surplus, i.e. —27= =
a y * . .

Vg Uéf Wy« (xp+). The derivative

8WB* (l’B*)

Oe

:(S,(qB*)_QB*) — !
Oc ZjeB* Z'LB;A* Vz'U;Z- + Up+€ Oe

is strictly positive by

B* .
Oc S"(as-) (X jen: ZZA* Vi0}; + vpee€)?

09 90

De > Ups Ve B*(x*E) > 0 for all e > 0 by WB*(I’B*) — WB*($*§*> =
Wi (gp) — Wéi(q*ﬁ*), b < g < qp-for € > 0, and Wp-(r}.) > 0. Hence, xp- is

Moreover,

sequentially rational for all € > 0.
The key question is how e affects the principal’s ex-ante expected surplus. If Ugas(2%.) =
Uga~ (x5 ), then

0 0qp~

&W(x, S|A* BY) = v Wps(2pe) — (Gar—1 + vas03. ) (1 — ) (Ops — 04+) 5% > 0.

The case with Up-(77.) = Up+(2}.) is qualitatively similar. We conclude that ojpz. = 0

for all j € C* also when ¢j. = ¢j.. ®

Claim 16 shows that an agent with marginal cost fg- truthfully reveals its cost in the

special case where the escape clause only contains that one type, B* = B*.

Claim 16 A mechanism (x*,X*|A*, B*) that features ex-ante contracting (A* # 0) and

incomplete commitment (B* = B*) is incentive optimal only if o5 = 1.

Proof. The method of proof is to show that an incentive feasible mechanism which strictly
outperforms (x*, ¥*|A*, B*) exists if 0. < 1. Item 1 of Claim 14 implies Z;‘:l_l oipe =0
if A* > 2. Claim 15 implies Y7 5., 055 = 0if B* < I — 1. Hence, 0. 5. + 05 = 1 if
B* = B*. 0%.5. > 0 only if Ug«(25.) = Up«(2%.). Then, Up«(x%.) > Ua+(27.) by strict
monotonicity ¢%. > ¢5.. As we have previously verified, op+; = 0 for all ¢ # B* in those

conditions, which establishes x7%. = xéb*. The expected surplus then equals

A*  A*
W (xS A BY) =Y Y vioh, W) + (1= o3 )W (a.) + opewh.
i=1 j=1

Consider a modified mechanism (x, X|.A*, B*) that differs from the original mechanism by

a reduced transfer t4; =t} — (05 — 04+ )(q4- — ¢j-) to all cost groups A, k € {1,..., K},
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and by og~ = 1. Everything else is the same as in the original mechanism. This mechanism

is incentive feasible and has expected surplus
W(x,3|A*, B*) = W(x*, X*| A", B*)—i-GA*(93*—GA*)(qz*—q*B*)jL(l—a*B*)(wéi—WB* (%)),
which is strictly larger than W (x*, 3*|.A*, B*). Hence, B* = B* implies 0. = 1. ®

Claim 17 applies the revelation principle to the menu of ex-ante contracts and invokes

the three previous claims.

Claim 17 For any incentive optimal mechanism (x*, X**|A*, B*) that features incomplete
commitment (B* # ), there exists an incentive optimal mechanism (x*, 3| A*, B*) where

the reporting strategy X* has the following properties:
1.of=1Vie{l,. . ,A* =1} if A* > 2.

2 Y ot =1, i € (A%, B*Y if x| = 2.

3. Z;’BZ*A* O;i =1, i€ {A*, B*} if x| = 1.

4' O-Z*B*(]' — 0'2*) = 0.
5. Y E et =1, i€ {B" +1,..,B —1} if B° < B* — 2 and |x5.| = 2.

6. > jep- 05 =1, 1€{B"+1,...,B" =1} if B* < B* — 2 and |xp.| = 1.

7. ZjGB* O-;B* — 1
8 0% >0Vj€ B
9. or =1Vi€C*ifC*£0.

Proof. Construct X% as follows: If A* > 2, then of = 1Vi € {1,...,A* — 1}. Fori €
{A*, B*}, 0%, = ZjeA* oif and o}, = o} Vj € {B",...,1}. Moreover, 0}, = 0} V(i,]) €
{B*+1,..,B*} xZif B* < B*—1, and finally o7 = 1 Vi € C* if C* # (). The modification
from X** to X* does not affect posterior beliefs for any reported j € B* in Stage 4 of the
game. Hence, (x*, X[ A%, B*) is incentive feasible. To derive incentive optimality, observe
that

vi(oh—aYWi(zt) =0V(i,j) € Ix{B",...,1} and V(i,j) € {B*+1, ..., I} x A" if B* < I—1

Jt J J
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because either o3, = o7F or Wi(x}) = 0 in all those cases. This result explains the second

row below:
W(x*, 3X*| A", B*) — W(X* E**|A* B*)
=32 Y vilo)
:Zle j=1Vi(
= >0 Y vilog, [Wi(z]) = Wila7) + Wi(a)]
—Zz 1”@[2}4*1 Tji (x 2?1 ;:W( ;)]
=5 miloy = 3 o IWilat) =

O'

ji = 05 )Wil@j)
ji = 05 )Wil@j)
)
) —

(34)

The third row follows from

23‘4:*1 Vg (0;-“@* — 05 )Wp+(z})

=Y vp (0l — 0 )W (2.) =0

where
A* * * A* ko

by construction of ¥£*. In the fourth row, we have added and subtracted W;(z}) inside
the square brackets. The fifth row follows from:

o5 (Wilaef) — Wila) = 0 V(3. j) € A" x A"
This property holds trivially for o7 = 0. It hold also for o7} > 0 because then Wj(z}) =
Wi(xs). It Wi(xy) > Wi(}), then it would have been better to set o7 = 0. For W;(z}) <
Wi(x73), it would have been better to set o7* = 0, which would violate incentive feasibility.
The first equality in the last row of (34) follows from o, = 0 ‘v’(i j) € A" x A% i # j.

The second equality is implied by o =1 = S0 0% Vi € {1, .. —1}if A* > 2 and

j=1 ]z
A*

*

O« = Y ;=1 Oja- by construction of 3*.

Item 1 Follows directly from the construction of 3*.

Item 2 By construction of ¥*, Zj‘zfl 05, =0,1€ {A*, B}, if A* > 2. If [xj.| = 2, then

qp+ > qp+, and we can apply Item 2 of Claim 14 to get ZFB* 0, =0,ie€{A",B"}.

Item 3 From the proof of the previous item, we have Z§:A* 0y =1,i € {A*,B"}. The
result then trivially follows if B* = I. Let B* < I—1,sothat C = {B*+1,...,1}. We can
then apply Item 3 of Claim 14 to obtain ZJI.:B*H o;4« = 0 and also Z§=3*+1 oipge = 01if
B* < B* — 1. We can finally apply Claim 15 to obtain Z§:3*+1 ojg- =01if B* = B".

Item 4 Observe that 0.5, > 0 only if Up-(2%.) = Up+(2%.). But then U (2%.) >
Ua(25+) by ¢4 > g+ From Claim 2, we then obtain Ugs-(7%.) > Ua-(2}), and therefore
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054 =0, for all j € {B*,..,I}. Hence, 1 = 30_ o%h. = S0 074 = 0.

Item 5 Assume that B* < B* — 2. From Item 4 of Claim 14, we get Z] 105 =0 for all
i€{B"+1,..,B* —1}. x| = 2 implies g- > gp., and we can invoke Item 2 of Claim
14 to get 20 p.of =0forallie {B*+1,..,B"—1}.

Item 6 Follows directly from Item 3 and Item 4 of Claim 14.

Item 7 If B* < B* — 1, then Item 4 of Claim 14 implies ZjeA*
> jcer 0jpe = 0if C* # () from Claim 15. If B* = B*, then the result follows directly from
Claim 16.

o;p- = 0, whereas

Item 8 Follows directly from z* = B*.

Item 9 Follows directly from the construction of 3*. m

Claim 17 is close to Lemma 3, but still differs in multiple aspects. A major difference
is that the lemma is specific about the randomization strategies an agent with marginal
cost 6;, 1 € {A*, ..., B*}, uses for cost reports 0;, j € B*. We next establish incentive

optimality of uniform randomization strategies.

Claim 18 For any incentive optimal mechanism (x*, X**| A*, B*) that features incomplete
commitment (B* # (), there exists an incentive optimal mechanism (x*,3*|A*, B*) in

which the reporting strateqy 3* has the following properties:

% 1—0%x,; .o * * * *

=2,

2. Ofpe = |B*| = Ve B if |xp.

3. of = 2 (i ) € {A%, .., B*} x B if x5

i = B =1

Proof. Using the results in Claim 17, gp. solves

. o (0 + (1= a) (0. — ) )
S'(gp) = Zica B*( )z )v]eB

=A* VZU]Z

Multiply both sides of the equation by the denominator on the right-hand side, and sum

up across all j € B* to solve for

S vl = 0% 0+ (1= a)(0p- — 0) + vpe (1 — 05)0p

S’ (g ! if |x5.| = 2,
i) = Sl vi(l = o) +vpe(1— o) b
and .
. s Vil —oi) (0 + (1 — o) (0 — 6;
S/(QB*) _ Z =A ( BA* )( ( )( B )) if |XB* _ 1’

i= A vi(1— o)
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In the above expressions, o', = 0 for all« > B*+1. We can write the principals’ expected

surplus as

B*
S UWi(@]) 4 vac (1 — 05 [Wae (@) — W (8)] + v 0 )
=1

X Wp(2-) = Wp+(¢p)] + vp+ (1 = 05 ) (Wi (25+) = Wi (25.)]

in the incentive optimal mechanism (x*, 3| A*, B*). The expected surplus depends on
= 1, recalling
= 2 and
= 1. Then ¥* only modifies cost reports 0;, j € B".

3 only through (0%, 0%t p, 05%) if [xp.| = 2 and (0%, 0 pe) if [x5.

* ok *
The = Tp. if X5

(0%, 0 pe) = (074%, 05 ) 1 [X5

Everything else is the same as in the original mechanism. Therefore, the mechanism

= 1. Let (0%-,004.5,05) = (04%, 0%ip, 05:) if [x5.

(x*, X¥|A*, B*) also yields expected surplus (35) if it is incentive feasible. To close the
proof, we demonstrate sequential rationality of 2. in the modified mechanism.

By way of the uniform distribution of reporting strategies in 3, the posterior beliefs
regarding agent costs are identical for all j € B*. The maximal surplus the principal can
achieve by offering a deviation contract z¢ = (qf,0,q¢) in Stage 4 that leaves an agent
of cost type h € {A*, ..., B* — 1} indifferent between accepting or rejecting the ex-post

contract is proportional to

h
Q= (1= 0)[S(a) — (0 + (1 — )(0n — 6:)) 3]
i=A*
where
9(gf) = D oiae il = 05) (0 + (1= ) (6 — 6:)
S vi(l = 0%
If |x5.] = 2, then the principal’s expected surplus of offering rp« at Stage 4 subsequent

to a cost report 6;, j € B*, is proportional to

B*—1
Uy = > vi(1=03)[S(g5) — O+ (1 =) (05 —0) a5 +vp- (1 - 05 )[S(a5+) — Op- 5],
i=A

If |x5%.

to a cost report 6;, j € B*, is proportional to

= 1, then the principal’s expected surplus of offering zj. at Stage 4 subsequent

B*—1
b= vi(l—05)[S(gp) — (0 + (1= ) (Op — 0)q5] + vp-[S(qh) — Op-q5-].
i=A*
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The mechanism (x*, ¥*|.A*, B*) is incentive feasible if and only if the following sequential

rationality constraint is met:
Qp. > Q Vh e {A*, ..., B — 1}. (36)

We now show that sequential rationality (32) of rp- in the original mechanism implies
sequential rationality (36) of r%. in the modified mechanism. Summing up (32) over all

j € B* and using » jepr $¥jp- = Q. returns the aggregate sequential rationality condition

Qe > > Qo) = (D7) Vh e {A%, .., B" — 1}, (37)

jeB*
of the initial mechanism. If [xj.| = 2, then 3} is a (B* — B*) x (h+ 1 — A*) matrix
that identifies how each of the cost types i € {A*, ..., h} randomizes across cost reports
0;,j € {B",...,B*—1}. Instead, X;* has dimension (B* — A*) x (h+1— A*) if |x5.| =1,
because then the agent may optimally randomize across all cost types j € B*. The final
step is to show that Q,(X;*) > Q.

Consider the problem of minimizing Qh(Eh) over X subject to 0 < o;; < 1 for all
0ji € B, Yop g 0 = L—os, foralli € {A*, . h}if [xp.| =2and 37 5.0y = 1— o7k,

for all i € {A*, ..., h} if |x5.| = 1. By way of the envelope theorem we obtain:

09,1

Gaji

= viWi(ah) = lS(gh) — (6 + (1 — ) (O — 6:) ),

with the cross-partial derivative of

P18 (@) — 6= (1= )0 — ]IS (ah) — b — (1~ ) (6 — )
90,005 w > vi0iS" (¢55) |
If we define

yiin = vi[S'(q5y,) — 0 — (1 — @) (6 — 63)],

and y;, = (Yjarh--oms yjhh)T, then we can write the Hessian matrix H;;, of Q;,(o ;) as:

T
H., — ~YinYin
ih = R S(gd )’
iz ax ViojiS" (¢5,)
By implication:
T T T 2
—OinYinY;n0 ih —\O5rY;
O'?thhO'jh,: jhIdjhI iR g _ ( jh jh) > 0.

h h
D i ViosS"(af) 2o ae vi0iS" ()
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Positive definiteness of H;;, implies that €;,(oj) is a convex function. Consequently,
Q;,(X)) is convex because it is a sum of (additively separable) convex functions. Because
all constraints are linear, all solutions to the (B*—B*)x (h+1—A*) [(B*—A*) x (h+1—A*)
if |xj5.

= 1] first-order conditions
viWi(x$,) — Ain — o T Ciin =0, (38)

the h + 1 — A* equality constraints

B -1 B*
Z o5 =1— ol if |xp.| = 2; Z o =1—o03%, if |xp.| =1, (39)
=B’ j=B"

and the (B* — B*) x (h+ 1 — A*) [(B* — A%) x (h+ 1 — A*) if |

slackness conditions

= 1] complementary

05 €[0,1], £, =0, &in 20, 0538, = (1= 0;i)&in = 0 (40)

minimize 0, (X1,). In the first-order condition (38), A, represents the Lagrangian multi-
plier on the equality constraint (39), §j¢h is the Karush-Kuhn-Tucker (KKT) multiplier
on oj;, > 0, and jp, is the KKT multiplier on oj; < 1.

Obviously, X7, éji = &; = 0 and Ny, = y;Wi(a}) jointly solve (38)-(40). Hence,
Q5 > (7)) > QX)) =Qp forall h e {A*, ..., B*—1}. m

To close the proof of Lemma 3, we need a final result.

Claim 19 A mechanism (x*,X*|A*, B*) that features incomplete commitment (B* # ()
and is characterized either by (i) B* = B* — 1 and |xz.| = 1, or (ii) B* < B* — 2, is
incentive optimal only if o5, = 0 for all (i,7) € B* x A*.

Proof. Suppose o, > 0 for some (i,j) € B* x A*. We will show that there exists
an incentive feasible mechanism (x, X|.A, B) that also features incomplete commitment
(B # 0) and yields the same expected surplus as the original mechanism, but B C B* and
B # B*. Consequently, the original mechanism is not minimal and therefore cannot be

incentive optimal.

By way of Item 4 in Claim 14, we know that o}; > 0, (4,j) € B* x A*, implies i = B".
From Item 2 and Item 3 of Claim 17, we can set 0. = 0 for all j € {1, A* — 1} if A* > 2.
Moreover, 07.5. > 0 implies o7 =1 for all i« € A*UC* by Item 1, Item 4 and Item 9

of Claim 17. From Claim 18, we apply uniform randomization to derive the posterior
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probability distribution

vp=(1 — 0. p+)
* *
10 = 4
ji = — T "
D iens Vi~ VB*Oupr — VB0
vp(1 — o)

D iep Vi — VB Ohipe — VB*Op

* —_
Hjip* =

Vie{B*+1,..,B"—1}

* _
[ipe =

for all j € B*, and pj. = 1, if |x5.| = 2. Instead,

vp (1 — 0. )

J— * *
ZZEB* Vi — VB0 g
v

*
i = ”
ZiGB* Vi = VB*0 g+ g

* —_—
Hjip* =

Vie{B*+1,..,B"}

for all j € B* if |x3.

= 1. The mechanism has expected surplus

B*
W(x", 57 |A", BY) = > viWil}) + v [Wee (23.) — W (2]
=1
+ VB*<1 — O'*B*)[WB* ("E*Q*) — WB* (SL’E*)]

Consider the modified mechanism (x, X|.A, B) in which A, = A;j for all k € {1,..K — 1}
if K > 2, Ak is extended to include the cost type B*, and B is correspondingly reduced.
That is, A = B* and B = B* + 1. Let z; = 7} for all j # B* and x5+ = x%.. As for
reporting strategies, let o; = o7 = 1 for all i € A*UC* and 0p- = 0.5 If [x5.| = 2,
1

i € {B"+1,..,B" =1}, and o}p. = 52 for all

1—0’3*

— ——9B* o= L
then O-JE* — |§*|_1, 0—]1 — |§*|_17

je{B*+1,..,B*— 1}, whereas o5 = oj.. If |xj5.| =1, then gjp- = E%, oji = ﬁ,
ie{B"+1,..,B*} , forall j e {B*+1,..,B*}. Observe in particular that o;; = 0 for
all (i,j) € B x A by construction. Moreover, W (x*, ¥*|A* B*) = W(x, X|A,B). The
uniform distribution of cost reports 3 yields posterior beliefs pjy; = p3; for all (i,7) €
Z x {B* +1,..., B*}. Hence, the modified mechanism is incentive feasible by sequential

rationality of xj.. m

Claims 16-19 map into the items of Lemma 3 as follows. Item 1 of Claim 17 implies Item
1(a). Item 1 and Item 3 of Claim 18 imply Item 1(b). Claim 16 implies Item 2(a)i. Item
2 and Item 4 of Claim 17 imply Item 2(a)ii. Item 1 and Item 3 of Claim 18 and Claim 19
imply Item 2(a)iii. Item 1 of Claim 18 and Claim 19 imply Item 2(b). Item 8 of Claim
17 and Item 2 of Claim 18 imply Item 2(c)i. Item 7 of Claim 17 and Item 3 of Claim 18
imply Item 2(c)ii. Item 9 of Claim 17 implies Item 3. m
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4.3 Incentive optimality of an escape clause

Assume that 1 < K < I.

Lemma 4 Let A be the least efficient cost type that produces positive output g; > 0 in
the mechanism that mazximizes the principal’s expected surplus across all incentive feasible
mechanisms with complete commitment (pure ex-ante contracting). The incentive optimal

mechanism features incomplete commitment if 5 > q:’;b.

Proof. Denote by (x,1|4,0) the mechanism that maximizes the principal’s expected
surplus in the set of all incentive feasible mechanism with pure ex-ante contracting. Let
A be the least efficient cost type that produces positive quantity ¢; > 0 in this mechanism.
Assume that g4 > (]ﬁb. From Section 4.1, we know that §; = qj{’ < qfib if the least efficient
cost group K only contains one element. Hence, ¢; > dgb implies ]AK\ > 2. Consider
a modified mechanism (x,I|A, B) in which A, = A for all k € {1,.... K — 1} if K > 2,
Ar = AK\A and B = A. The least efficient cost type in the pure ex-ante mechanism has
been moved into an escape clause designed for that specific type. Let x have the properties
that 2; = (§;,t; — (04 — 04_,)(G4 — qfib)) for all j € A, and assume that z; = x . We
first verify incentive feasibility of the modified mechanism. Individual rationality ( ) and

incentive compatibility (3) follow from

Ui(a;) = Ui(al) = Ui(&:) = Ui(@3) + (04, — 0:)(44 — ¢})) > 0Vie A
Us(s) = Usly) = Ui(&:) = Us(@;) + (04— 041)(d4 — ¢7) > 0 (i, 5) € {A, ... I} x A

o) = (0, —0)d) >0vie {A+1,.I}, A<T-1

Ui(x?)) = (04— 0:)q? >0 Vie A

This mechanism trivially satisfies (4) because all types truthfully report cost with prob-
ability 1. xgb is sequentially rational (5) because the only type that reports 6; is an
agent with marginal cost ;. The mechanism satisfies the contracting constraint (7) by

|x4| = |%x4]. The expected surplus to the principal of the modified mechanism equals

W(x,I|A,B) = Z viWi(Z;) + VAw ‘ot Gi(I=a)(s—04_1)(d1 — qfib)'

The difference



sb
A
we have found an incentive feasible mechanism with incomplete commitment that strictly

in expected surplus is strictly positive by strict concavity of Wzb(q) and ¢% < qi;b < ;. As

outperforms all incentive feasible mechanisms with complete commitment, the incentive

optimal mechanism must feature incomplete commitment. m

The proof of the following result is in Tangeras and Gick (2026):

Proposition 3 The incentive optimal mechanism contains an escape clause if the prin-
cipal attaches sufficient weight to efficiency relative to rent extraction (« is sufficiently
close to 1).

The next result applies to the general case of K > 2 and « € (0,1):

Proposition 4 Assume that the mechanism that maximizes the principal’s expected sur-
plus across all incentive feasible mechanisms with complete commitment features par-
tial participation. The incentive optimal mechanism then contains an escape clause if

04,1 — 04 1s small and ij(ng) > 0.

Proof. The chain of inequalities

sb/a s ~ G ~
0 < W(Ga) — W, (44) < (1 + UAA (L=a))(0s1 —0a1)da
A+1

implies W5(q4) = W (4;) for sufficiently small 05, —6;_,. Furthermore, W3 (q;) ~ 0
by (24) if A < T—1. If also W(¢) > 0, then W(g%) > W(q) > W(dy). Strict

concavity of Wzb(q), qfib > q;}b and ¢4 > qi{’, see Lemma 10, then imply ¢4 > qf;b. [ ]

4.4 'Trade-offs in the design of an escape clause

This section in Tangeras and Gick (2026) discusses trade-offs in the determination of the

escape clause, but does not contain any formal results.

5 Discussion

Tangeras and Gick (2026) discuss four model extensions. Two of those contain formal
results. In Section 5.1, we provide a foundation for endogenously constrained contracting
by introducing direct contracting costs. In Section 5.3, we establish a sufficient condition
for when a mechanism in which the agent self-selects from a menu of ex-ante contract

complemented by a general escape clause is close to incentive optimal.
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5.1 Contracting costs as a source of incomplete commitment

Let K be endogenous, but assume that there is a fixed cost ¢ > 0 of adding each additional
contract to any given menu of contracts. This menu cost arises both for ex-ante and ex-

post contracts. Tangeras and Gick (2026) prove the following result:

Proposition 5 The incentive optimal mechanism features constrained contracting, K <

I—1,if vywd <ec.

All else equal, the principal optimally saves on contracting costs by reducing the number
of ex-ante contracts below [ if the likelihood v of a very adverse marginal cost realization
0 is sufficiently small.

Assume that the constrained full commitment mechanism (%X, I|AX, () features in-
complete participation, A <T—1. Modify it by an escape clause targeted to an agent
with marginal production cost 64 . Let the agent truthfully report its marginal cost in
this modified mechanism. The first-best efficient contract x’j{’ » then is sequentially ra-

K
tional following the marginal cost report 64 ;. To maintain incentive compatibility, the
.. . fb .
prlnmpalA must increase the transfer by (65 ., — 04, )q A1 for all marginal cost reports
0;, j € AX. This mechanism is incentive feasible if and only if ¢ A 2 qf;b v and delivers
K
expected surplus
K 1| AK b b
W(x"* IJA" D) — cK + VAK+1[W51K+1((]AK+1) —d.
Proposition 6 Assume that the mechanism (XX, IlflK ,0) that maximizes the principal’s
expected surplus across all incentive feasible mechanisms with complete commitment fea-
tures constrained contracting and partial participation, Ax < I—1. The incentive optimal

. . . . _ . . sb fb
mechanism contains an escape clause if 05 ., — 04 | 1s small and WAKH(qAKH) > c.

Proof. To complete the proof we need to verify incentive feasibility, g; > qi;b e By an

K
argument similar to the one in the proof of Proposition 4, the following approximations
and chain of inequalities

b b fo N ~ b fb b fb ~ b [~
sz > WZK(qAK> ~ WJZK <qAK+1) > WIZK+1<QAK+1> >c>0~ WZK (qAK)

hold if 65 ., — 04, is small, Ag < T-1, and Wjii{ﬂ(qiiﬂ) > ¢. Strict concavity
sb

of the second-best welfare function, qf;b > quK and g3 > ¢ o
K

. . b b
imply ¢4, > Py

and monotonicity then
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5.2 Contract complexity

This section in Tangeras and Gick (2026) interprets K in terms of contract complexity,

but does not contain any formal statements.

5.3 Implementation through a general escape clause

Let (x*,X*|A*, B*) be an incentive optimal mechanism, and assume that B* # (). To
gauge the value of communication between the principal and the agent, consider the
following mechanism and sequence of events:

Stage 1: The principal commits to a GC mechanism consisting of a menu x“¢ of K

C

contracts xG —(qA* tG¢ ) where

qﬁf = @ tA* = tA; — (0p —04-) (a5 — QB* C) Vk € {1,..., K},

k:
augmented by the general escape clause (GC):

The agent has the right to terminate the initial agreement and request a new

contract offer from the principal regardless of the circumstances.
Stage 2: The agent

e selects 2§ 1f 0, € A; and 6; < 04-.

C GC

e selects 2G¢ =z Ar with probability ¢%. and activates the escape clause GC with

probability 1 — ¢7%. if the agent has marginal cost 0 4-.
e activates the escape clause GC if the marginal cost is 6;, i € B*.
e rejects the offer if C* # () and the marginal cost is 6;, i € C*.

Stage 3: If the agent has invoked the escape clause in stage 2, then the principal offers
the ex-post contract x ¢ featuring transfer payment ¢t¢¢ B = QB*qg*C and output qg*c solved
by

Vas(1 = 0% )(0as + (1 — ) (0 — O0a+)) + > icp vi(0i + (1 — ) (0p- — 92))

S (¢GY =
(2g) vas(1 = 0%) + Yiep- Vi
(41)
The contract offered by the principal in Stage 3 builds on the posterior belief distri-
bution
* ]. - * * 7 .
oo - vall=oh) o v vieB  (49)

VA*(l_Uz*)—i_ZiGB* VZ" B VA*(l_O-jil*)—i_ZieB* Vi
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about the agent’s marginal cost subsequent to the activation of the escape clause.

In the incentive optimal mechanism, the posterior belief distribution equals

var(1 —o}.)

Ha- = vas(1 —o%.) + Zieﬁ* vi +vp(1 —o%.)
”
f = : Vi € B
a vas(1 —o%.) + D icp- Vi +vp (1 — 0p.) (43)
Hps = .

for any marginal cost report 6;, j € B*. It differs only by the factor vg-c}j. compared to

the GC belief distribution. The corresponding output requirement gp. > qgg solves

(g = Ll =0 )0a + (1= )05 = ba-))
B VA*O““E*)*‘Z%@* Vi—i-I/B*(l—Og*)
Zieﬁ* l/l<0, (1 - O{)(QB* — 92)) + I/B*(l - O-*B*)QB*

vas(1 = 0%.) + D icp Vi +vp-(1 — 0p.)

for all marginal cost reports §;, j € B*.

Proposition 7 Assume that the incentive optimal mechanism features incomplete com-
mitment. Then there exists a restricted communication mechanism augmented by a gen-
eral escape clause that can be sustained as a PBE. This mechanism generates in the limit

vp=0p. — 0 the same expected surplus as the incentive optimal mechanism.

Proof. Consider first the simpler case with |xj.| = 1. Here, ex-post contracting only
ever results in one single contract proposal z7. regardless of the specific cost report 6;,
j € B*. Incentive optimality of uniform randomization established in Lemma 3 then
yields exactly the same distribution of posterior beliefs over the agent’s marginal cost as
in (42) for any cost report 6;, j € B*. Hence, the principal does not derive any additional
information from the specific cost report ¢; than it can infer from the activation of the
clause itself. The sequence of events specified above can therefore be sustained as a PBE.
The restricted communication mechanism augmented by a GC clause generates precisely

the same expected welfare as the incentive optimal mechanism.

Consider next the more complicated case with |xj.| = 2. We start the proof by construct-
ing a particular mechanism (x, 3|.A*, B*) and demonstrating its incentive feasibility. We
then show that this mechanism can be implemented as a PBE of a restricted communica-
tion mechanism supported by a GC. We finally demonstrate that (x, 3|.A*, B*) converges

in expected surplus to the incentive optimal mechanism (x*, 3*|A*, B*) as vg«op — 0.

Subcase 1: An agent with marginal cost 6z reports marginal cost 64+« with zero probabil-
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ity, 0. g« = 0. Let (x, 3|A*, B*) be described by the ex-ante menu of contracts x; = xfj*c

foralli € Af, k€ {1,..., K}. As for the reporting strategies, o; = 1 for alli € {1,...A*—1}
if |[A*| > 2, 04 = 0% and oj4 = |B‘* = for all j € B*, 0j; = ‘B‘ for all (¢,7) € B* x B*,
and o; =1 for all ¢ € C* if C* # (). By subtracting (44) from (41), we get

O'*B* [VA*(l — 02*)(93* — QA*) + ZieB* Vi(QB* — 92)]

> 0.
[vas(1 — 0%.) + vp][vas (1 — 0%.) + vp — vpog.]

S'(qg*c) — S’(q}) = avpg-

Hence, ¢j- > ¢3¢ = qp+ by strict concavity of S(q). By construction, Us(z;) — Us(z;) =
Ui(z;) — Us(x) for all (i, j) € A* X A%, Up«(w4+) — Uax(2p-) = Us« (%) — Ua(23+), and
¢4+ > qp*, so we can apply Item 2 of Claim 2 and Item 1 of Claim 3 to verify individual
rationality (2) and incentive compatibility (3) of (x, X|.A*, B*). The mechanism obviously
satisfies the stochastic rationality constraint (4). The posterior beliefs (6) of the modified
mechanism are calculated as j; = 1 for all j € A*UC* and p;; = pfC for all j € B
and i € A* U B*, where uG¢ and u$© for all i € B* were described in (42). Moreover,

|x| = |x%.| implies (7). We finally need to verify sequential rationality (5) of zp+ to

establish incentive feasibility of (x, 3|.A*, B*). To do so, we fist define the function

Qo) = va-(1 - UZ*)[S(G(U)) — (0a + (1 = ) (0p- — 04-))q(0)]
+) wuls — (0 + (1 = )05 = 0:))q(0)] — vp-0[S(4(0)) = O5-G(0)],

eB*

where ¢(o) is implicitly defined by

S e vi(Bi 4+ (1= )0 —6,)) — varo’y (Bas + (1 — @) (0 — Oav)) — vpe0pe

§'(q(0)) =

va-(1 —o%.) + v —vpo

By this construction, ¢(op.) = ¢+, Q(0%.) = V., see the proof of Claim 18 for a defini-

tion, and ¢(0) = gp~. The expected surplus to the principal of offering the ex-post contract
0)

(170:‘*)4»1/3* )

the deviation profit of offering a deviation contract z§ = (¢, thh) h e {A* .. B*—1},
Qp

vax (107 )= N

Hence, xp+ is sequentially rational if and only if Q(0) > Q, for all h € {A*, ..., B* — 1}.

rp- after the agent has reported marginal cost 0;, j € B*, equals — whereas

equals , see the proof of Claim 18 for the definition of €2, and discussion.

Sequential rationality of 2. in the incentive optimal mechanism implies Q(O'*B*) > Qp
for all h € {A*,..., B* — 1}. We close the proof of incentive feasibility by demonstrating
Q(0) > Q(o%.). As

V(o) = —vp-(S(§(0)) — 05-4(0)), '(0) = S//(_C](lcf)) VA*V(?ES(;S’Z%()JJ)?V;*Hi*z)/B*a

> 0,
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we have Q' (0) < U(0%.) = —vp- Wp«(25+) < 0 for all 0 < op., where we demonstrated
Wp+(25+) > 0 in the proof of Claim 15. Hence, Q(0) > Qo).
By incentive feasibility of (x, X|.A*, B*) and |xp-

anism augmented by the GC can be sustained as a PBE. This mechanism generates the

= 1, the reduced communication mech-

same expected surplus to the principal as (x, X|A*, B*), namely:
W(x BIAB) = > viWil)) + var (1 — o) W (gp-) — WL (5]
i€ A*
+ZVZ .I'B* +VA*(]_—O{)(QB*—QA*)((]*E*—qE*),

ieB*

where v« = >, 4. V. The net benefit of the incentive optimal mechanism equals

W(x", 5| A%, BY) — W(x, £|A", BY)
= va (1= o) WL () — WL (qp)] + > v Wizl ) — Wiwpe)]

ieB*

tvp-ofg[wh — W (g5)] = va-(1 — a) (0 — 0a-) (gl — qB*)

lim, . . 0[S (gB*) — S'(qp+)] = 0 implies ¢i. — g+ and 2. — Tp- as vp-op- — 0.
Therefore, lim, , ;. o[ W (x*, X*|A*, B*) — W (x, X|A*, B*)] =

Subcase 2: An agent with marginal cost 6p+ reports marginal cost f4- with positive

probability, 0%.5. > 0. This occurs only if [B*| = 2 and |z.| = 2; see Lemma 3. As

0«p+ = 1 — 0p-, the incentive optimal ex-post contract 2. = (q*E, GB*q*E) has output

. vpog(0p + (1 —a)(0p: — 0p+)) + vp-(1 — 05.)0p-
S'(qp+) = — .

= vp+Ope +vp-(1 — o)

Consider the modified mechanism (x, 3|.A*, B*) in which the menu x of contracts has the
following properties: x; = (¢}, t; — (0p- —0p+)(qp- — qp+)) for all j € A" and xp+ = 2p- =

(¢B*,0p-qp+) where

VB*U*Q*(HQ* + (1 - Oé)((gB* — 9@*)) + I/B*QB*

Vp*Ops + Ups

S'(qp+) =

The reporting strategies are 0; = o7 = 1 for all i € A*UC*. Moreover, 045 =1 — 05,

opr = 0p«p* = 0p./2 and =g« = op- = 1/2. In particular,

QURc 05 U 05 (0 — Opx
S(qp) — S'(ghy) = —— 2 B0 —0p)

[vprop|[ve-oh + v (1 — 0j.)]

implies ¢p« > gp+. It is straightforward to verify that the construction of the transfer
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payments in x, U;(z;) — Ui(x;) = Us(x}) — Us(x}) for all (i,5) € A x A%, Up~(zp+) =
Up+(x4+) and ¢%y. > gp~ imply that the modified mechanism satisfies feasibility conditions
(2)-(4) and (7). We calculate the posterior beliefs (6) of the modified mechanism as:

VB* O-*E* 1%

g = ——E_ je{B",B"}.

/’LB* =
I/B*O'*B* + Upx

VE*O-*B* + Up« ’

We finally verify sequential rationality (5) of zp+~. In the incentive optimal mechanism,

xp« is sequentially rational if and only if

The right-hand side of this expression is the expected surplus of offering a deviation
contract that is accepted only by an agent with marginal cost 0. The modified contract

xp+ is sequentially rational if and only if

Qp = vp-op[S(gp-) — (O +(1—a)(0p- —0p))qp ]+ v [S(qp-) — Op-qp+] > vpropwh..

One can then construct a similar function to Q(c) above to verify Qp. > Q%..

By incentive feasibility of (x, X|A*, B*) and |xg<| = 1, the reduced communication mech-

anism augmented by the GC can be sustained as a PBE. This mechanism generates the

expected surplus:

W(x, X|A*, B*) = Z viWi(xy) +vp+(1 — o )Wp+ (%) + vp 0o p-Wp+(xp+) + vp-Wp-(2p*)
A

+ (vas +vp (1 —0p-))(1 — a)(0p- — Op) (g — aB*)-

The net benefit of choosing the incentive optimal over the reduced communication mech-

anism can be written as

W(X*, 2*‘./4*,8*) _ W(X, 2|A*,B*)
= vp-0y W (ah) — W (a5°)]) + vp WL (a) — W (a5°)]

+upogwh. — W (g5)] — ar +vp-)(1 — @) (0 — 0p-)(af — qp°)

lim, . on oW (x*, XA, BY) — W(x, X[ A", B*)] = 0 since ¢+ — qp- for vp-op — 0. ®

5.4 Other clauses

This section in Tangeras and Gick (2026) discusses a renegotiation clause relative to an

escape clause, but does not contain any formal statements.
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