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Motivation

Delegating a risky project where only the outcome is contractable, a
risk-neutral principal faces a trade-off between:

@ Incentivizing the agent to take actions that induce the most favorable

outcome — Moral Hazard
@ Taking the risk for herself to reduce the risk premium of the possibly
risk-averse agent — Risk Sharing
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Holmstrom (1979)

Canonical framework for the agency under moral hazard problem
@ The principal offers a contract w depending on the agent’s ex-post
performance q
@ The agent chooses a costly action a that affects the distribution of g
@ g is realized and the principal pays w(q) to the agent

Principal’s problem:
max [ (4 - wla))dF(q] =)

st. a“ e Argmax/U ))dF(q | a)— C(a) (IC)
a>0

[ vtwiandr(a|a) - ca) =0 (R)
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Introduction

Limits of the existing literature

Existing literature relies on
@ Structure on the space of actions
e e.g., one dimensional with a € R

e Common knowledge assumptions

e about the distribution F(- | a)
e about the agent’s risk-preferences U

Predicts sophisticated contracts not observed in practice
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This paper — Robust Approach

No parametric restrictions

o Large set of potential actions and risk distributions associated
(all distributions on R..)
o Large set of potential risk preferences (all increasing concave functions)

@ No prior on the characteristics of the agent

(no distribution of "types”)

o Criterion = No-regret (Pareto-improvement) compared to a
marginal reward (MR) contract (— optimal under a risk-neutrality)

@ Better contracts are allowed by some costly signaling by the agent
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Model
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Model

A risk-neutral principal delegates a risky project to an agent through a
contract w, where the payment w(q, s) depends on:

@ A production g € R realized ex-post following a distribution F
chosen ex-ante by the agent

e Asignal s € R’ sent ex-ante by the agent, said truthful if
s = o(F) = qr = Ef[q]

(o denotes the expected value function)

L. Lamy & C. Leblanc (UC3M) Robust Risk Sharing Contracts June 2nd, 2025 8/35



The agent |

The agent is characterized by
e Any set of potential actions A C F x R*
e including a project F € F = the set of all probability distributions
on a compact subset of R, (excluding the Dirac in zero)
e and a signal s € o(F) =R}
o a truthful signal is always available: V(F,s) € A,(F,o(F)) € A

e Any cost function C : A — R,
e such that sending a truthful signal is always a least costly option:
V(F,s) € A,C(F,s) > C(F,o(F))
o where the cost of misreporting admits a lower bound p (next slide)
@ Any utility function U: R — R

o U €U = the set of all increasing and weakly concave utility functions
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The agent Il

i (R%)? — R, denotes a minimum lying cost function

@ u(s,§) is a lower bound on the additional cost C(F,s) — C(F, §) for
the agent to report s instead of §, where § is the truthful signal

o Vs e RY,u(s,s) =0
o ¥s,§ € RY, (s, §) > 0

1 defines the agent’s potential cost functions C € C(u) where

Clu)={C: F xRy =R |V(F,s),C(F,s)— C(F,o(F)) > u(s,o(F))}

Q denotes the set of potential agents (A, C,U) € Q
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Timing of the game

The principal and the agent agree on a contract w : R, x R} — R,
before the following steps:

@ The agent learns his characteristics (A, C, U) € Q and decides
whether to opt out with payoff zero

@ The agent chooses an action (F*,s*) € A at cost C(F*,s*) with

(F*,s*) € ArgmaxEg[U(w(q,s) — C(F,s))]
(F,s)eA

© The production g is drawn from distribution F* and the principal
pays w(gq,s*) to the agent
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Risk-neutrality and Marginal Rewards Contracts (Reminder)

@ A contract wy is said to provide marginal reward (MR contract) if
Vg € Ry, wo(q) = g+ wo(0)

@ When the agent is known to be risk-neutral, a contract is
Pareto-optimal for any characteristics of the agent iff it
provides marginal reward

@ When the agent can be risk-averse, no contract is Pareto-optimal
for any characteristics of the agent

= We take a MR contract as benchmark that we want to improve upon
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Criterion = Robust Pareto-dominance

Definition: Robust Pareto-dominance

@ w o w': A contract w strictly robustly Pareto-dominates another
contract w’ over a set of potential agents Q if w =q w’ and the
Pareto-dominance is strict for some agent (A, C, U) € Q

Impossibility Results:

e A simple contract w(q) (that does not depend on the signal)
cannot strictly robustly Pareto-dominates a MR contract

o If the agent might be able of cheap talk (Vs, §, u(s, §) = 0),
no contract strictly robustly Pareto-dominates a MR contract
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Characterizing robustly Pareto-dominant contracts

Characterizing robustly Pareto-dominant
contracts
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Characterizing robustly Pareto-dominant contracts

Characterizing robustly Pareto-dominant contracts

Outline
@ Example 1: u(s,gr) = als — gr| with a € R
@ Example 2: (s, qr) = ¢ - 1{s # g} with c € R}
© General characterization for any p: (R*)? — Ry
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Characterizing robustly Pareto-dominant contracts

Necessary Condition: Linear contracts

For any w >=q wp, wp a marginal reward contract, then w is such
that Vg € Ry, s € R

w(qg,s) = A(s)s+ (1 — A(s))g+wp with A(s) € [0,1]

e Only form that preserves the expected payment wy(qgg) for any
distribution F € F, provided that the signal is truthful (s = o(F))

@ \(s) is a share of the risk that is transferred to the principal
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Characterizing robustly Pareto-dominant contracts

Necessary Condition: Linear contracts

wo(q)
wx(q,s3)
w3 (g, 2)
wo + )\(52)52 1
wo + )\(51)51 W;(q» s1)
wo + )\(53)53 g
o T T T q

0 s1 2 S3
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Characterizing robustly Pareto-dominant contracts

Necessary Condition: Deter overstatement

@ Expected payment by the principal to the agent:

Er[w(q,s)] = wo + g + A(s)(s — qF)

= If the agent overstates in equilibrium, switching from wy to w is
detrimental to the principal

s> qr = Ef[w(q,s)] > wo + gr > Ef[wo(q)]

= w must deter any agent from overstating his expected production
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Example 1: u(s, gr) = als — gg| with a € R,

Restrict attention to contracts wy(g,s) = A-s+ (1 —\)- g+ wp

When deciding whether to overstate s > g, the agent compares
@ His benefit from misreporting: wy(q,s) — wa(q,qr) = A(s — gF)
@ His cost of misreporting: C(F,s) — C(F,qr) > a(s — qF)

= Any contract wy with A €]0, o]

@ Avoids any overstatement by the agent — Makes the principal
weakly better-off

@ Lower the risk for the agent with the same expected payment —
Makes a risk-averse agent strictly better off
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Example 1: u(s, gr) = als — g¢| with o € R

wo(q)

w(q, s3)
wx (g, 52)

W)\(q7 51)

wo T T T q
0 S1 S2 S3

Figure: Example — Contract w) for A = 0.75
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Example 2: (s, qr) = c- 1{s # qr} with c € R,

If we keep the restriction to contracts with a fixed \

@ No agent decides to overstate s > gf iff

w(a,5) = wa(q, ar) = | A(s — qF) < c| < C(F,s) - C(F, qF)

e Worst (limit) case: gr =0 and s — 400

c c
A< < -
Ss—qr s

S$—00

0

But we can relax the fixed A restriction and have a variable \(s)

w(q,s) = A(s)s+ (1 — A(s))g+wo with A(s) =c¢/s
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Characterizing robustly Pareto-dominant contracts

Example 2: (s, qr) = c- 1{s # qr} with c € R,

wo(q)
w(q, s3)
W(q7 52)
w(q,s1)
c 4
wo T T T q

0 S1 2 S3

Figure: Example — Contract w with A(s) = ¢/s
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Characterizing robustly Pareto-dominant contracts

General Characterization of RPD contracts

For wyp a MR contract, w =q wy if and only if
VgeRy,seRY, w(q,s)=A(s)-s+(1—-X(s)) g+ w

with

Q@ VseRi, As)elo,1];

O Vs cR: withs>3g, w(ds) - wo(d) < uls, §);
Q@ V4,s e RY withs> g, w(0,s)—w(0,4) < u(s, g).
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Characterizing robustly Pareto-dominant contracts

General Characterization — Condition A

VseR%, A(s)e[0,1] pe------ [ R w3(4 9)

wo + A(s)s .

wo . q
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Characterizing robustly Pareto-dominant contracts

General Characterization — Condition B

wo(q)
w*(q,s)
V§,s € R} with s > g,
w(§,s) — wo(§) < u(s, 4)
ie.,
5 wo + A*(s)s 1
Vs, A(s) < inf M
Gg<s s—(q
wo - ; ’ ; q
0 g1 a q2 s
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Characterizing robustly Pareto-dominant contracts

General Characterization — Condition C (binding)

wo(q)
o w(q, §)
Vg, s € R% with s > 4, Oy
W(O7S)_ W(Ov (7) < ,LL(S, CNI) /,’/
& A(s)s — M(§)§ < u(s, §) ’
us, 57){ ©
wo T T q
0 f’ S
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____ Characterizing robustly Parcto dominant contracts |
General Characterization — Condition C (not binding)

V§,s € R} with s > g,
w(0,s) — w(0,§) < s, §)

& A(s)s — M(§)d < (s, g)
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WO(CJ)
e
x W

Q\a\ .

o w(q, §)
u(s, 57){
wo T T q
0 f’ S
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Characterizing robustly Pareto-dominant contracts

Are these contracts truthful?

@ A truthful contract always induces a truthful signal in equilibrium

@ RPD contracts are not all truthful: some agents may understate
their expected production

o The agent would do so to mitigate risk (get a “flatter” payment)
e The principal would be better off as it reduces the expected payment

o Contract w is truthful if a stricter version of Condition (C) is met

@ Vg,sc R withs>4, w(0,s)— w(0,d) < u(s, §)

L. Lamy & C. Leblanc (UC3M) Robust Risk Sharing Contracts June 2nd, 2025 28 /35



Ranking RPD contracts

The set of contracts that RPD wq over €
o Is only partially ordered by >~q
@ The partial order is straightforward for truthful contracts (only)
For wy, wo two truthful contracts with wy =g wy, ws =g wp,
and A1, \» the corresponding defining functions,
e wy =g w, if and only if Vs € R* , A\1(s) > Aa(s),

o wy —q w, if in addition 3s € R with A;(s) > Aa(s).

@ Implies that the poset of truthful contracts that RPD wy is a lattice,
and thus contains a unique robustly-undominated contract w*
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|dentify w* while ignoring (C)

Under some conditions, w* can be identified
@ by saturating Condition (B)
@ while ignoring Condition (C)

If the minimum lying cost function w is such that:
o \(s) = infgeqo,s) “s(%’g) is weakly decreasing in s,
o but A(s)s is weakly increasing in s,

then the contract w* defined by \*(s) = min{\(s), 1} is the unique
robustly undominated contract among RPDJ (wo).
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Lying cost depending on the magnitude of the lie

In particular, these conditions are met by minimum lying cost functions
in the form

p(s,d) = d(s—§) or “<57‘7>=d<s;€’)

where d : R — R is
@ weakly increasing on R

@ weakly decreasing on R_

Leads to a straightforward solution when:
e d is convex: \*(s) = min{d’(0),1}
e d is concave: \*(s) = min{d(s)/s,1} or A*(s) = min{d(1)/s,1}
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Characterizing robustly Pareto-dominant contracts

Convex lying cost

wo(q)

5N
N
B\

w*(q, s3)

oY

N

w*(q,s2)

w*(q,s1)

() = d'(0)
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Characterizing robustly Pareto-dominant contracts

Concave lying cost

wo(q)
w*(q, s3)
N
- *
£\ w (q752)
N
o
wo + d(s3) A w*(q,s1)
wo + d(s2)
wo + d(s1)
wo T T T q
0 S1 So S3
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Conclusion

Takeaways

Risk-sharing contracts can be designed

@ While relying on no common knowledge assumption about the
agent’s technology or risk preferences

@ At no loss in comparison to the marginal reward contract, that is
Pareto-optimal in the risk neutral case

@ Insofar as partially verifiable information on the effort provided by
the agent can be collected
= We characterize robustly optimal contracts depending on how costly
it is for the agent to misrepresent his action to the principal

= Robust risk-sharing motivates the use of linear contracts where some
share of the risk is taken by the principal
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Conclusion

Thank you for your attention.
Contact: cl.clement.leblanc@gmail.com

Universidad

ucSm | Carlos il ENERGY LAB
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