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Tests of risk sharing in the contracting literature often rely on wealth as a proxy for risk aversion. The
intuition behind these tests is that since contract choice is monotonic in the coefficients of risk aversion,
which are themselves assumed monotonic in wealth, the effect of a change in wealth on contract choice
is clearly identified. We show that tests of risk sharing relying on wealth as a proxy for risk aversion are
identified only insofar as the econometrician is willing to assume that (a) the principal is risk neutral
or her preferences exhibit constant absolute risk aversion (CARA); and (b) the agent is risk neutral.
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Empirical tests of risk sharing in the agri-
cultural contracting literature often rely on
wealth as a proxy for risk aversion. The intu-
ition behind such tests is that since risk shar-
ing (i.e., contract choice) is monotonic in the
coefficients of absolute and relative risk aver-
sion of the principal and the agent, and since
these coefficients are themselves assumed to
be monotonic in wealth, there is no harm in
using the wealth of either party as a proxy for
their risk preferences.1

Intuitively, and leaving aside for a moment
the distinction between absolute and relative
risk aversion, if one assumes that risk aver-
sion is decreasing in wealth, both the principal
and the agent should bear more risk as their
wealth increases. If one assumes instead that
risk aversion is constant in wealth, the amount
of risk borne by both the principal and the
agent should remain unchanged as their wealth
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1 The terms “degree of risk sharing” and “contract choice” are
used interchangeably throughout this article, given that in the lit-
erature on contract theory, the principal’s choice of which contract
to offer the agent is generally identical to determining how much
risk the agent should bear.

increases. And if one assumes that risk aver-
sion is increasing in wealth, both the principal
and the agent should bear less risk as their
wealth increases.2 For example, in the liter-
ature on agrarian contracts, it is common to
regress contract choice (i.e., sharecropping or
fixed rent) on the wealth levels of the principal
and the agent and to expect to find support in
favor of the hypothesis that as principal (agent)
wealth increases, a sharecropping (fixed rent)
contract becomes more likely because the prin-
cipal (agent) becomes more willing to take on
production risk (Laffont and Matoussi 1995;
Ackerberg and Botticini 2000, 2002; Dubois
2002; and Fukunaga and Huffman 2009).3

Given the frequent use of wealth as a proxy
for risk aversion in testing for risk sharing
in the agricultural contracting literature, this
article characterizes how optimal risk sharing
varies within a contract as the wealth levels of
the principal and the agent vary.4 Consistent
with the intuition underlying several tests of
risk sharing, when the principal is risk neutral

2 In practice, applied contract theorists have often assumed that
preferences exhibit decreasing absolute risk aversion, in accor-
dance with Arrow’s (1971) hypothesis about the shape of absolute
risk aversion. Arrow (1971) had also hypothesized that relative
risk aversion is increasing in wealth. Holt and Laury (2002) found
experimental support for both hypotheses.

3 The use of wealth as a proxy for risk aversion is not exclusive
to agricultural economics. See Becker (2006) for an application to
executive compensation.

4 For risk sharing in other contexts (e.g., within a social network
or a village), see Townsend (1994), Ligon (1998), Fafchamps and
Lund (2003), Fafchamps and Gubert (2007), and Dubois, Jullien,
and Magnac (2008), among others.
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or her preferences exhibit constant absolute
risk aversion (CARA), a change in her wealth
level has no effect on risk sharing. Likewise,
when the agent is risk neutral, a change in
his wealth has no effect on risk sharing. The
contribution of this article is to illustrate how
in other cases, the direction of the change in
risk sharing is unidentified.5 While it is possi-
ble that the test of risk sharing is consistent
with intuition in such cases, this cannot be
shown without imposing further structure on
the principal–agent problem.

In other words, except under very restric-
tive assumptions, the theory cannot generate
hypotheses on whether the degree of risk
sharing is affected positively or negatively by
wealth changes, and a simple simulation-based
example shows that risk sharing can change
non-monotonically as wealth changes. So while
several empirical studies find statistically sig-
nificant linear effects of wealth on risk sharing,
such results are likely the product of restric-
tions imposed by the econometrician (e.g., the
linearity of risk sharing in wealth levels) rather
than that of robust patterns of behavior. Con-
sequently, any test of contractual risk sharing
that relies on wealth as a proxy for risk aversion
will be useful only insofar as the econometri-
cian is willing to either: (a) assume that the
principal is risk neutral or that her preferences
exhibit CARA and that the agent is risk neu-
tral; or (b) impose a great deal of structure on
the principal–agent problem.

The intuition behind our main result is as
follows. Whereas changing wealth is usually
thought to affect only risk aversion, incorpo-
rating ex ante wealth levels as arguments in the
respective utility functions of the principal and
the agent implies that wealth changes affect
not only risk aversion, but also the marginal
utilities that determine the optimal contract.6
The trade-off between the degree of risk aver-
sion and the marginal utility of either party
is thus what leads to an ambiguous effect on
risk sharing.

The rest of this article is organized as fol-
lows. First, a general principal–agent model is
set up incorporating the ex ante wealth levels of
the principal and the agent in their respective
utility functions. Next, the effects of exogenous

5 In this article, an empirical test is said to be identified if and
only if the theory yields a clear testable implication.

6 Incorporating wealth as an argument in the utility function
is necessary in this case, both because the study of wealth effects
requires it, and because expected utility is defined over final wealth,
i.e., not just over the income derived from the contract or gamble
under study.

changes in wealth on risk sharing are presented
and discussed for both absolute and relative
risk aversion. A simulation-based example fol-
lows, in which a test of risk sharing relying on
wealth as a proxy for risk aversion would be
unidentified in the simple case where the prin-
cipal is risk neutral, the agent is risk averse,
and preferences exhibit CARA. We conclude
by briefly discussing potential solutions.

A Principal–Agent Model with Exogenous
Wealth

Consider the following hidden action (i.e.,
ex ante moral hazard) principal–agent model
(Bolton and Dewatripont 2005). A principal
whose utility function is V(·), with V ′ > 0 and
V ′′ ≤ 0, contracts with an agent whose utility
function is U(·), with U ′ > 0 and U ′′ ≤ 0.7 The
principal hires the agent to produce output q ∈
[q, q̄]. Output is stochastic, and its realization
depends on the effort of the agent, e ∈ E, which
is unobserved by the principal. Output and
effort are linked through the conditional prob-
ability density function f (q|e), which describes
the likelihood of observing output level q given
effort level e. In what follows, the price p of out-
put q is normalized and set equal to one so as
to alleviate notation.

The agent’s payoff from accepting the con-
tract offered by the principal is assumed addi-
tively separable in the utility derived from the
contract and in the cost of effort, which is
represented by the twice continuously differ-
entiable function ψ(e), with ψ ′ > 0 and ψ ′′ > 0.
The principal solves her maximization problem
by offering a contract w(q) to the agent.

The ex ante wealth levels of the principal
and the agent are respectively zp and za, so
that the utility of the principal is defined over
z̃p = zp + q − w(q), i.e., her ex ante wealth level
plus her payoff from the contract, and the util-
ity of the agent is defined over z̃a = za + w(q),
i.e., his ex ante wealth level plus his payoff
from the contract. The ex post levels of util-
ity of the principal and the agent are thus
V(z̃p) = V[zp + q − w(q)] and U(z̃a) = U[za +
w(q)], respectively. In most of the literature,
the ex ante wealth levels are implicitly set
equal to zero to focus on the contract itself,

7 We allow for the possibility that both the principal and the
agent are risk averse based on Holt and Laury’s (2002) conclusion
that“clear evidence for risk aversion,even with low stakes, suggests
the potential danger of analyzing behavior under the simplifying
assumption of risk neutrality.”
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but our focus on wealth effects requires
that they be incorporated in the utility func-
tion, as in Menezes and Hanson (1970) and
Zeckhauser and Keeler (1970), and more
recently in Meyer and Meyer (2005) and Guo
and Ou-Yang (2006).8 Finally, the agent’s reser-
vation utility is Ū = U(za), which accounts for
the fact that the agent receives his ex ante
wealth regardless of whether he participates in
the contract or not.

The principal’s problem is thus to

max
{w(q),e}

∫ q̄

q
V(z̃p)f (q|e)dq subject to(1)

∫ q̄

q
U(z̃a)f (q|e)dq − ψ(e)(2)

≥ U(za), and (IR)

e ∈ arg max
ê∈E

[∫ q̄

q
U(z̃a)f (q|ê)dq − ψ(ê)

]
(3)

(IC)

where IR denotes the agent’s individual ratio-
nality constraint and IC denotes his incen-
tive compatibility constraint. Assume that the
agent’s maximization problem has a unique
solution and that both the monotone likeli-
hood ratio property (MLRP) and the con-
vexity of the distribution function condition
(CDFC) hold. One can then apply the first-
order approach (Rogerson 1985) and replace
the incentive compatibility constraint with its
first-order condition (FOC), so that equation
(3) becomes

(4)
∫ q̄

q
U(z̃a)fe(q|e)dq − ψ ′(e) = 0. (IC′)

The standard way of solving such problems
is by backward induction: assuming the prin-
cipal already knows which effort level she
wants to implement, she will then design a
contract which most efficiently implements
this effort level, subject to the agent’s IR
and IC’ constraints. This yields a function for
the efficient contract defined over the space
of implementable effort levels; the induction

8 Excluding wealth from the utility functions of the principal and
the agent would essentially be equivalent to assuming a reference
point–based framework similar to prospect theory (Kahneman and
Tversky 1979), but without loss aversion.

step derives the optimal {w(q), e} pair within
this space.

Setting up the Lagrangian and solving by dif-
ferentiating inside the integral sign with respect
to w(q) yields

(5)
V ′(z̃p)

U ′(z̃a)
= λ(za, zp) + μ(za, zp)

fe(q|e)
f (q|e)

where fe(q|e) = ∂f (q|e)
∂e and λ(za, zp) and

μ(za, zp) are the multipliers on the agent’s IR
and IC’ constraints, respectively. A standard
result (see online appendix) is that these
multipliers are independent of q. In general,
however, they will depend on ex ante wealth
levels.

Differentiating equation (5) with respect to
q yields

dw(q, za, zp)

dq
(6)

=

{
μ(za, zp)U ′2(z̃a)

d
dq

[
fe(q|e)
f (q|e)

]
−V ′′(z̃p)U ′(z̃a)

}
[−V ′′(z̃p)U ′(z̃a) − U ′′(z̃a)V ′(z̃p)]

which is the slope of the contract with respect
to output, and which characterizes optimal risk
sharing. Let wq(q, zazp) = dw(q,za,zp)

dq and θ =
d

dq

[
fe(q|e)
f (q|e)

]
. Then, given that the MLRP holds,

θ > 0,and so wq(q, zazp) > 0.That is, the agent’s
compensation increases as output q increases.
But since wq(q, za, zp) measures the sensitiv-
ity of the agent’s compensation w(q, za, zp) to
changes in output q, wq(q, za, zp) also measures
the degree of risk sharing. This is most easily
understood within a linear contract, i.e., a con-
tract of the form w(q) = aq + b, where wq = a
is the share of the risk that accrues to the agent,
and (1 − a) is the share of the risk that accrues
to the principal. For example, in land tenancy
contracts, if a = 0, the landlord pays the ten-
ant a fixed wage; if a ∈ (0, 1), the landlord and
the tenant sign a sharecropping contract; and
if a = 1, the tenant pays the landlord a fixed
rent.

Omitting arguments for clarity and divid-
ing each term of the numerator and the
denominator in equation (6) by U ′(z̃a)V ′(z̃p)
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yields

(7) wq =
μU ′(z̃a)θ

V ′(z̃p)
+ Ap

Ap + Aa

where Ap = −V ′′(z̃p)

V ′(z̃p)
and Aa = −U ′′(z̃a)

U ′(z̃a)
are the

Arrow-Pratt coefficients of absolute risk aver-
sion of the principal and the agent,respectively.
Likewise, multiplying each term of the numer-
ator and the denominator in equation (7) by
z̃az̃p yields

(8) wq =
μU ′(z̃a)θ z̃az̃p

V ′(z̃p)
+ Rpz̃a

Rpz̃a + Raz̃p

where Rp = −V ′′(z̃p)

V ′(z̃p)
z̃p and Ra = −U ′′(z̃a)

U ′(z̃a)
z̃a are

the Arrow-Pratt coefficients of relative risk
aversion of the principal and the agent,
respectively.

What has so far led applied contract theorists
to use wealth as a proxy for risk aversion is (a)
the omission of the ex ante wealth levels from
the utility functions; in conjunction with (b) the
fact that ∂wq

∂AP
≥ 0 and ∂wq

∂Aa
< 0 if one considers

absolute risk aversion or ∂wq

∂RP
≥ 0 and ∂wq

∂Ra
< 0 if

one considers relative risk aversion.9
In that case, it is only natural to assume that

using wealth as a proxy for either absolute or
relative risk aversion will lead to testing the
null hypothesis of no risk sharing against the
right alternative hypothesis, since coefficients
of absolute (relative) risk aversion are mono-
tonic in wealth under decreasing absolute or
relative risk aversion (DARA or DRRA), con-
stant absolute or relative risk aversion (CARA
or CRRA), and increasing absolute or rela-
tive risk aversion (IARA or IRRA). The next
section explores the effect of changing the
wealth levels of the principal and the agent on
risk sharing.

The Effects of Changes in Wealth on Risk
Sharing

In a slight abuse of notation, let μa = ∂μ

∂za
,

μp = ∂μ

∂zp
, wa = ∂w

∂za
, and wp = ∂w

∂zp
. Moreover,

9 On the principal’s side,the results for both absolute and relative
risk aversion follow from the fact that wq ≤ 1, i.e., the degree of risk
sharing cannot exceed one, since the agent cannot bear more risk
than there is within the contract. See Bellemare (2008) for a formal
proof.

let Pp = −V ′′′(z̃p)

V ′′(z̃p)
and Pa = −U ′′′(z̃a)

U ′′(z̃a)
respectively

denote the coefficients of absolute prudence of
the principal and the agent (Kimball 1990), i.e.,
their respective attitudes with respect to pre-
cautionary savings. Given equations (7) and
(8), tables 1 and 2 show the effect of chang-
ing the wealth levels of the principal and the
agent on risk sharing when considering abso-
lute and relative risk aversion, respectively.10

Based on the results in tables 1 and 2, the
following results can now be stated.

Proposition 1. If the principal is risk neu-
tral or if her preferences exhibit CARA, ∂wq/
∂zp = 0.

Proof. If the principal is risk neutral,her util-
ity function V(z̃p) can without loss of generality
be written as

(9) V(z̃p) = zp + q − w(q)

in which case her maximization problem
becomes

(10) max
{w(q),e}

zp +
∫ q̄

q
[q − w(q)]f (q|e)dq

subject to the IR and IC’ constraints defined by
equations (2) and (4). In this case, any change
in zp implies an affine transformation of V(·),
leading to a strictly monotonic transformation
of the principal’s objective function and leaving
the optimal contract unchanged (see proposi-
tion 6.B.2. in Mas-Colell,Whinston, and Green
1995, p. 173). That is, for all zp ∈ R, we have the
equivalence:

max
{w(q),e}

zp +
∫ q̄

q
[q − w(q)]f (q|e)dq(11)

⇔ max
{w(q),e}

∫ q̄

q
[q − w(q)]f (q|e)dq.

Likewise, if the principal’s preferences exhibit
CARA, her utility function V(z̃p) can without

10 The results of the empirical test are the same whether one
considers absolute or relative risk aversion, since equation (8) is
obtained by multiplying equation (7) by one. Table 2 shows the
results for relative risk aversion only for completeness.
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Table 1. Change in Risk Sharing as Wealth Levels Change: Absolute Risk Aversion

(T1)
∂wq

∂za
=

{
μaU ′θ

V ′ − μU ′θ
V ′ [Aa + wa(Ap + Aa)] − Ap(Ap − PP)wa

}
(Ap + Aa)

−
{Aa(Aa − Pa)(1 + wa) − Ap(Ap − Pp)wa}

(
μU ′θ

V ′ + Ap

)
(Ap + Aa)2

(T2)
∂wq

∂zp
=

{
μpU ′θ

V ′ − μU ′θ
V ′ [Ap + wp(Aa − Ap)] + Ap(Ap − PP)(1 − wp)

}
(Ap + Aa)

−
{Ap(Ap − Pp)(1 − wp) + Aa(Aa − Pa)wp}

(
μU ′θ

V ′ + Ap

)
(Ap + Aa)2

Table 2. Change in Risk Sharing as Wealth Levels Change: Relative Risk Aversion

(T3)
∂wq

∂za
=

{
μaU ′θ z̃az̃p

V ′ − μθ z̃az̃p[Aa + wa(Ap + Aa)] + μU ′(1 + wa)θ z̃p

V ′ − μU ′θ z̃awa

V ′ − Ap(Ap − PP)waz̃az̃p + −Apwaz̃a + Apz̃p(1 + wa)

}
(Rpz̃a + Raz̃p)

−
{−Ap(Ap − PP)waz̃az̃p + −Apwaz̃a + Apz̃p(1 + wa) + Aa(Aa − Pa)(1 + wa)z̃az̃p + Aa(1 + wa)z̃p + Aaz̃awa}

(
μU ′θ z̃az̃p

V ′ + Rpz̃a

)
(Rpz̃a + Raz̃p)2

(T4)
∂wq

∂zp
=

{
μpU ′θ z̃az̃p

V ′ − μθ z̃az̃p[Ap + wp(Aa − Ap)] + μU ′θwpz̃p

V ′ + μU ′θ z̃a(1 + wp)

V ′ + Ap(Ap − PP)(1 − wp)z̃pz̃a + Ap(1 − wp)z̃a + Apz̃pwp

}
(Rpz̃a + Raz̃p)

−
{Ap(Ap − PP)(1 − wp)z̃pz̃a + Ap(1 − wp)z̃a + Apz̃pwp + Aa(Aa − Pa)wpz̃az̃p + Aawpz̃p + Aaz̃a(1 − wp)}

(
μU ′θ z̃az̃p

V ′ + Rpz̃a

)
(Rpz̃a + Raz̃p)2
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loss of generality be written as

(12) V(z̃p) = − exp{−Ap[zp + q − w(q)]}.

In this case, note that Ap does not depend
on zp because of the CARA assumption. The
principal’s objective function becomes

max
{w(q),e}

∫ q̄

q
exp{−Apzp}(13)

× exp{−Ap[q − w(q)]}f (q|e)dq

subject to the IR and IC’ constraints defined
by equations (2) and (4). But this problem can
be rewritten as

max
{w(q),e}

exp{−Apzp}(14)

×
∫ q̄

q
exp{−Ap[q − w(q)]}f (q|e)dq

subject again to the IR and IC’ constraints
defined by equations (2) and (4). In this case,
a marginal change in zp also implies an affine
transformation of V(·), allowing us to invoke
the same result used above. That is, for all
zp ∈ R, we have established the equivalence

max
{w(q),e}

exp{−Apzp}(15)

×
∫ q̄

q
exp{−Ap[q − w(q)]}f (q|e)dq

⇔ max
{w(q),e}

∫ q̄

q
exp{−Ap[q − w(q)]}

× f (q|e)dq.

The online appendix provides a less ele-
gant albeit more intuitive explanation of this
result. �

The results in the proposition are important
insofar as they identify how certain utility-
theoretic assumptions can imply restrictions
on the contract as it depends on principal
wealth. The econometric test following from
this theory is powerful in the sense that we can
jointly reject the hypotheses of a risk neutral
or a CARA principal by establishing that the
wealth of the principal has direct explanatory
power in the contract. The proposition, how-
ever, provides no help in identifying what an

alternative preference structure for the princi-
pal might be. A similar examination of agent
wealth effects yields the following.

Proposition 2. If the agent is risk neutral,
∂wq/∂za = 0.

Proof. In addition to the fact that∫q̄
q f (q|e)dq = 1, the proof rests on the fact that∫q̄
q fe(q|e)dq = 0. If the agent is risk neutral, his

utility function U(z̃a) is such that

(16) U(z̃a) = za + w(q).

We want to show that if the IR and IC’ con-
straints bind for some za, then they are satisfied
for any za. Thus, suppose that the constraints
are satisfied for za = 0, in which case we have

(17)
∫ q̄

q
w(q)f (q|e)dq − ψ(e) − U(0) = 0

and

(18)
∫ q̄

q
w(q)fe(q|e)dq − ψ ′(e) = 0.

Then, for za ∈ R, these constraints can be
rewritten as

za

∫ q̄

q
f (q|e)dq(19)

+
∫ q̄

q
w(q)f (q|e)dq − ψ(e) = za

and

za

∫ q̄

q
fe(q|e)dq(20)

+
∫ q̄

q
w(q)fe(q|e)dq − ψ ′(e) = 0.

But then, since
∫q̄

q f (q|e)dq = 1, the IR con-

straint becomes

(21)
∫ q̄

q
w(q)f (q|e)dq − ψ(e) = 0
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and since
∫q̄

q fe(q|e)dq = 0, the IC’ constraint

becomes

(22)
∫ q̄

q
w(q)fe(q|e)dq − ψ ′(e) = 0.

In which case agent wealth za drops out of the
problem, and so ∂wq

∂za
= 0. �

The proofs of propositions 1 and 2 make it
clear that these results hold whether or not
we allow effort to readjust to its second-best
optimum following a wealth change.

Beyond the highly restrictive situations cir-
cumscribed by propositions 1 and 2, it is
difficult to draw any conclusions regarding
whether wealth changes induce a positive or
negative response in optimal risk sharing.
A formal comparative statics exercise exam-
ining the relationship between wq the wealth
levels of the principal and the agent (see
online appendix) does not yield any empiri-
cally testable monotonicity result in the general
case. Indeed, as we show in the next section,
there are situations in which the contract is
non-monotonic in wealth levels.

To summarize the empirical content of this
section, we turn to the regression of interest
in tests of risk sharing and discuss how our
results relate to it. In general, empirical work
on contracts is often aimed at studying the
determinants of contract choice by estimating
the equation

(23) y = α + βpzp + βaza + γ x + ε

where y ≡ wq, which captures contract choice
or the degree of risk sharing, is the dependent
variable;x is a vector of relevant covariates;and
βp and βa are the coefficients typically required
to test the null hypothesis of no risk sharing,
i.e., H0 : βp = 0 and βa = 0. This specific func-
tional form, in which the degree of risk sharing
is linearly projected on the wealth levels of the
principal and the agent, arises from the belief
that risk sharing is monotonic in the wealth lev-
els of the principal and the agent, which the
derivations above have shown to be generally
misguided. Proposition 1 identifies two distinct
types of preferences for the principal which
lead to βp = 0, and proposition 2 identifies
one formulation of agent preferences imply-
ing that βa = 0. Consequently, if one rejects
H0, one rejects the hypothesis that (a) the

principal is risk neutral; (b) the principal’s pref-
erences exhibit CARA;and (c) the agent is risk
neutral.

The following section provides a preliminary
investigation of the general case illustrating
the fundamental conclusion that, at the very
least, higher-order terms in wealth should be
included in regressions of the contract type on
wealth measures.

A Simulation-Based Example

Propositions 1 and 2 circumscribe where the
relationship (or lack thereof) between the
degree of risk sharing and wealth levels is
identified. Perhaps more interestingly, another
highly restrictive case—that of an agent whose
preferences exhibit CARA—does not allow
identification of the relationship between the
degree of risk sharing and agent wealth.
This is because of the nature of the canoni-
cal principal–agent model and, in particular,
the way the agent’s cost of effort is for-
mulated. This section, which presents results
from a simple simulation of the model with
an agent whose preferences exhibit CARA,
reveals a clear non-monotonic relationship
between the degree of risk sharing and agent
wealth.

Consider a situation in which output is mea-
sured in the same units as wealth and in which
there are only two possible levels of output, i.e.,
q ∈ {q, q̄}. The probability of a high output is
increasing and concave in agent effort e and
is denoted by P(e), so that the probability of
a low output is equal to 1 − P(e). Both utility
function as well as the functions characterizing
the cost to the agent of implementing effort
e and his reservation utility are defined as in
the second section. Solving for the constrained
optimal output-contingent contract levels w̄
and w yields

(w∗, w̄∗)(24)

= arg max V[zp + q̄ − w̄]P[e(w, w̄)]
+ V[zp + q − w]{1 − P[e(w, w̄)]}

subject to the agent’s IR and IC constraints,
defined in this case as

U(za + w̄)P[e(w, w̄)](25)

+ U(za + w){1 − P[e(w, w̄)}
− ψ[e(w, w̄)] ≥ U(za)
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and

e(w, w̄) ∈ arg max U(za + w̄)P(e)(26)

+ U(za + w)[1 − P(e)]
− ψ(e).

Given equations (12) to (14), let 
w

q = w̄−w

q̄−q

(i.e., the discrete-outcome equivalent of wq
above) measure risk sharing, or the principal’s
choice of contract. We now turn to character-
izing risk sharing for the case where the utility
functions of the principal and the agent exhibit
CARA.

Table 3 characterizes the specific parameter-
ization we adopt. To determine how changing
the wealth of the agent should affect risk shar-
ing, we numerically solve for e(w, w̄) given a
contract (w, w̄) in the IC constraint and then
substitute the optimal effort into the IR con-
straint and the principal’s objective function. In
other words, we solve by backward induction
for the usual sub-game perfect Nash equilib-
rium in the principal–agent model. The order
of the induction steps, however, is reversed
from the usual procedure in which the opti-
mal contract is solved given an effort level
before solving for the optimal effort level. This
approach effectively substitutes effort out of
the problem using the IC constraint.

Figure 1 plots the IR constraint in the (w, w̄)
space along with the iso-utility curves of the
principal and the resulting tangency points cor-
responding to the optimal outcome in three
different cases: (a) the baseline case in which
za = 1.5,depicted in the southwestern tangency
point; (b) the case in which agent wealth is
increased by 50%, depicted in the northeast-
ern tangency point; and (c) the suboptimal
case in which the IR locus alone responds
to the increase in agent wealth, depicted in
the northwestern tangency point. Because the
principal’s utility is decreasing in the agent’s

Table 3. Simulation Parameterization

V(zp) = − exp{−Apzp}
U(za) = − exp{−Aaza}
Ap = 1
Aa = 1
q = 0
q̄ = 1
P(e) = 1 − exp(−1.5e)
ψ(e) = 0.005e2

e ∈ [0, ∞)
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Figure 1. Individual rationality constraint and
iso-utility curves of the principal under low and
high outputs

payoff, points to the southwest of the contract
space are preferred by the principal.

Figure 1 indicates that an increase in agent
wealth has two distinct effects. The first effect,
which we call the rationality effect, shifts the
(binding) IR locus. Intuitively, this occurs
because as the agent gets wealthier, the amount
of baseline compensation he requires in order
to accept the contract increases because his
preferences are increasing in wealth and
income, and it reflects both the direct impact of
an increase in agent wealth as well as the indi-
rect impact of a change in optimal effort. The
second effect, which we call the incentive effect,
is a shift in the iso-utility curves of the principal
resulting from a change in expectations regard-
ing output, which is itself the result of a change
in the optimal effort of the agent. Intuitively,
this occurs because as the agent gets wealthier,
the substitution patterns between the increase
in utility derived from wealth and income and
the decrease in disutility derived from effort
(alternatively, the increase in utility derived
from leisure) change to reflect this. In general,a
wealthier agent faces a stronger disincentive to
exert effort in exchange for income.As a result,
the net effect of an increase in agent wealth
is to increase both state-contingent payments.
Risk sharing, however, is determined by how
increases in these payments compare with one
another.

Indeed, separating out these effects leads to
an interesting finding. Intuitively, one would
expect a change in the agent’s wealth to have
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no impact on the amount of risk borne by the
agent if his preferences exhibit CARA. But
as shown in figure 2, a 50% increase in agent
wealth yields a 4% increase in risk sharing,
from 0.543 to 0.563. That is, the high-output
payment increases more than the low-output
payment. The figure also illustrates the risk-
sharing impacts of the rationality effect in isola-
tion. As discussed above, the rationality effect
implies that an increase in agent wealth leads
to the principal paying the agent a higher com-
pensation to attain a higher level of reservation
utility. In the absence of an incentive effect
(i.e., a simultaneous shift in the principal’s iso-
utility curves), however, the low-output pay-
ment increases more than the high-output pay-
ment, yielding a decrease in risk sharing to
0.323. In isolating this effect, it is as if the prin-
cipal is responding to the agent’s requirement
to meet a higher reservation utility, but not
recognizing how the agent’s decreased effort
leads to changes in her own expected utility.
As we would expect, when the incentive effect
is also accounted for, the principal finds it in
her best interest to offer a more incentivized
contract than would be the case accounting for
the rationality effect alone.

But what we ultimately care about is the net
effect of wealth changes on risk sharing, and
the U-shaped relationship between the amount
of risk borne by the agent and his wealth in
figure 2 shows why relying on wealth as a proxy
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are due to machine error in the numerical optimization routine used 
to solve the principal–agent problem described in the text. The 
thicker line smoothes out this machine error.

Figure 2. Risk sharing as a function of agent
wealth under constant absolute risk aversion

for risk aversion is generally not valid when
studying the determinants of contract choice.

Conclusion

Given the frequent reliance on wealth as a
proxy for risk aversion in the empirical con-
tracting literature, this article has characterized
how optimal risk sharing changes as the wealth
levels of the principal and the agent vary under
both absolute and relative risk aversion. Con-
trary to the intuition underlying several tests
of risk sharing in the applied contracting litera-
ture, the direction of the change in optimal risk
sharing as the wealth of either party changes is
rarely identified.

More specifically, we have shown that the
usual test can be used to reject (a) the risk
neutrality of the principal; (b) that the prin-
cipal’s preferences exhibit CARA; and (c)
the risk neutrality of the agent. In the sim-
ple case where the agent’s preferences exhibit
CARA, both our analytical derivations and
our simulation-based example show that the
effect of a change in wealth on risk sharing is
non-monotonic and cannot be identified with
a simple linear regression.

In order to properly conduct tests of risk
sharing within a contract, then, two options
are available to applied microeconomists. First,
one can rely directly on coefficients of absolute
risk aversion, although Lybbert and Just (2007)
show that using estimated rather than experi-
mentally derived coefficients of risk aversion
can introduce a significant amount of spuri-
ous correlation between wealth and risk aver-
sion. Second, one can choose to impose more
structure on the problem, as advocated by
Just (2008) and Keane (2009). In order to
do so, it may then be necessary to estimate
principal–agent models using structural econo-
metric methods.

Supplementary Material

Supplementary material is available at
the American Journal of Agricultural Eco-
nomics online at www.oxfordjournals.org/
our_journals/ajae/.
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