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Abstract

This paper establishes a relationship between the observability of common shocks
and optimal organizational design in a multiagent moral hazard environment. We con-
sider two types of organizations, namely relative-performace and cooperative regimes,
and show that, with sufficient information regarding common shocks, a cooperative
organization can be optimal even if outputs are highly correlated. The model is then
embedded in a Walrasian general equilibrium model in which choices regarding orga-
nizations and investment in information on common shocks are jointly determined.
Numerical results reveal that both cooperative and relative-performance regimes can
coexist in equilibrium but only cooperative organizations invest in full observability of
common shocks. Changes in the cost of information and aggregate wealth can affect

substantially the the types of organizations operating and the matching patterns of
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heterogeneous agents in these organizations. General equilibrium effects are key in
determining how information costs impact the way production is organized.

JEL Classification Numbers: D23; D71; D85; O17.

Keywords: organizational design, observability, relative performance regime, group
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1 Introduction

This paper examines how the observability of common production shocks that concurrently
affect multiple agents influences an optimal organization design. We consider an organization
as contractual arrangements between multiple individuals, who are engaged in production
subject to moral hazard, and an outsider/principal. Two alternative organizational regimes
are considered. In the first one, individuals act cooperatively, sharing information and taking
joint decisions subject to collective incentives. This type of organization represents team-
work or joint liability credit contracts, which encourage cooperation among agents, to take
advantage of their capacity to interact and share information (e.g., Lazear and Shaw, 2007}
Ghatak and Guinnane, 1999). In the second regime, individuals compete in response to
individualistic incentives, possibly based on relative performance. This regime includes job
tournaments and relative-performance compensation schemes, which stimulate competition
among agents under comparative evaluation (e.g., Lazear and Rosen, [1981; Barlevy and Neal,
2012).

We propose a framework that extends the standard multiagent moral hazard literature
(e.g., [Holmstrom and Milgrom, (1990; Ramakrishnan and Thakor} |1991} Itoh, 1993; Prescott
and Townsend, [2002)) to incorporate partial observability of common shocks. This literature
identifies output correlation as the key ingredient in determining an optimal organizational
regime. In our formulation, output correlation emerges as a consequence of the presence
of common shocks. This feature allows us to analyze the role of the (potentially costly)
observability of common shocks. Although some small events may remain impossible to
observe at a reasonable cost, larger events, especially those that simultaneously affect mul-

tiple agents, are arguably observable at a certain cost. Examples include the measurement



of weather conditions for index insurers, and the measurement of sector productivity by
sectoral consultants.

We show that the observability of common shocks is a key determinant of optimal organi-
zational schemes. Cooperation has the advantage of allowing agents to make joint decisions
regarding mutually observable and enforceable actions that are unobserved by outsiders.
However, cooperating agents can collude in such a way that undermines incentives. Collu-
sion will be particularly harmful if the common shocks are unobserved. This is because it
is difficult for an outsider to distinguish an adverse aggregate event from the coordinated
neglect of agents. By contrast, in a relative performance scheme, each individual’s out-
put/performance is informative with respect to the common shocks that affect all agents.
Thus, unobserved common shocks provide an advantage for the relative performance com-
pensation regime over the cooperation regime.

This paper shows that cooperation is optimal when the common shocks are perfectly ob-
servable, regardless of the correlation structure of outputs or the structure of common shocks.
This finding helps explain the empirical observation that cooperative arrangements are some-
times highly prevalent even when outputs are highly correlated (Ahlin and Townsend, 2007)).
Indeed, according to our results, this pattern will be observed if the correlation of outputs
is driven by observable and contractible common events. Furthermore, our results indicate
that the emergence of cooperative behaviors can be a consequence of an improvement in
observability of common shocks. For a symmetric case in which individuals are ex ante iden-
tical, we can prove that a cooperative or group regime prevails when the common shocks are
perfectly observable. In another polar case in which all shocks are common and punishment
can be arbitrarily severe, relative performance will always dominate, regardless of the infor-
mation structure. This result emphasizes the role of idiosyncratic shocks in group collective
arrangements.

We characterize optimal organizational regimes in two stages. First, we determine surplus
maximizing multiagent contracts as functions of outside options for each members and the
amount of (costly) information regarding the common shocks. The resulting contracts are
interpreted as potential firms or organizations. Then, following Prescott and Townsend

(2006)), we formulate and solve the assignment problem of a continuum of individuals into



these organizations. A solution to this assignment problem is Pareto efficient, and can be
decentralized as a Walrasian equilibrium.

Numerical solutions of general equilibria have been provided for several levels of risk
aversion and technologies, showing how organizations respond to changes in the cost of
information and wealth. In all of these specifications, when the cost of information about
common shocks is sufficiently low, all firms invest in information and adopt cooperative
arrangements. With higher costs of information, some firms operate without investment in
information and relative performance arrangements can be observed. For a given cost of
information, wealth is also relevant to determine whether information is acquired or not.
Poor economies are less likely to purchase information, since investment in information
requires sacrifice of consumption. Economies with rich agents also have a low probability of
purchasing information, since information about common shocks are an incentive tool, and
rich agents typically make lower effort. So information is more likely to be purchased in an
intermediary wealth range.

For some of the specifications computed, we present contractual details such as the lev-
els of effort and heterogeneity of agents inside organization. Our results reveal a complex
interaction between wealth, inequality, effort, and information determining equilibrium allo-
cations. Small changes in the cost of information or wealth can generate dramatic reshaping
in the contracts operating, and general equilibrium and matching effects are important forces
behind these abrupt changes.

Our numerical results reveal that distinct contractual arrangements can co-exist in equi-
librium: some individuals will be assigned to cooperative/group contracts and others will
be assigned to relative performance contracts. This coexistence of diverse organizational
regimes is observed in the real world. Data from Indian villages reveal that although some
landowners have their land farmed by groups of individuals acting cooperatively, others di-
vide their land into several plots and employ a single worker or family on each plot (e.g.,
Townsend and Mueller; [1998; Mueller et al., 2002). |Ahlin and Townsend (2007)) shows that
many microcredit arrangements are one-per-credit contracts, but joint liability credit con-
tracts have also been widely adopted in Thai villages. Some firms employ teamwork, whereas

others adopt individualistic incentive schemes (Lazear and Shaw|, 2007).



Our examples also suggest that only cooperative organizations invest in full information
about common shocks. Since investment in information can be interpreted as accepting or
taking (insurance) contracts conditional on information regarding the common shocks, such
as rain insurances, this result suggests that index or weather insurance issuers should target
cooperative or group organizations as their main customers.

This paper belongs to a vast body of the literature on cooperative or competitive incentive
schemes. Lazear and Rosen (1981)) and Barlevy and Neal (2012)) showed that comparative
compensation may be a useful tool to create incentives when monitoring is costly or when
output measurement is subtle. |Ray| (2007) and |Genicot and Ray| (2003)) presented examples
of the optimality of group organizations in an environment with complete information to
address externalities and risk-sharing problems. |Ghatak and Guinnane (1999) and Lazear
and Shaw| (2007) argued that cooperation and teamwork can also be useful in addressing
asymmetric information problems. This literature focuses on establishing the optimality of
either cooperation or competition in specific contexts. Our framework is sufficiently rich to
cover cases in which either regime endogenously prevails as well as cases in which the two
regimes coexist.

The model also has novel empirical implications. A transition from relative-performance
to cooperative organizations should be observed if the cost of information becomes less
expensive over time (possibly because of improvements in information technology). This im-
plication is consistent with the evidence reported by |Lazear and Shaw| (2007), who showed
that teamwork has been increasingly adopted by large companies in recent decades. Fur-
ther, one can interpret the observability of common shocks as useful knowledge about the
productive technology that commonly affects all individuals engaged in production. Our
results therefore imply that, when a new technology is adopted, incentives should initially
be generated through competitive schemes, and cooperative schemes should subsequently be
adopted as the knowledge of the new technology improves.

This paper also relates to the risk-sharing literature. Although most empirical tests
rejected full risk sharing within villages (Deaton), [1992; Townsend, 1994} |Jalan and Ravallion),
1999), many studies showed that some groups of individuals can achieve a sufficiently high

level of risk sharing (Grimard} [1997; Goldstein, [2000; Fafchamps and Gubert], 2007)). Further,



Chiappori et al.| (2014)) showed that some family networks and some villages in Thailand share
risks perfectly, whereas others perform poorly. Through the lens of our model, differences in
the ability to share risks may partly result from the observability of information regarding
common shocks. That is, a group of households, who can share information better, could
potentially share risk more effectively by choosing a cooperative/group contract to serve the
objective, and vice versa.

The remainder of the paper is organized as follows. Section [2| describes the basic envi-
ronment of the model, the informational structure, and the role of informational structure
in production. Section [3| formally presents the organizational regimes, and characterizes the
optimal arrangements for each regime. Section [4| formulates a Walrasian equilibrium model
with endogenous organizational and informational regimes, and presents its numerical ex-

amples. Section [5] concludes the paper. Appendix [A] contains proofs.

2 The Model Economy

There are two physical commodities: a consumption good and a capital good. For the sake
of simplicity, we assume that consumption can have only finite (but possibly many) levels[].
There is a continuum of risk-averse agents that are divided into I types, each of which is
indexed by i = 1,2,...,I. Each type i consists of an o' € (0,1) fraction of the population,
and Y, o' = 1. Each agent type i is endowed with £’ units of capital. Capital endowments
are the main source of heterogeneity among agents.

Each organization/firm has the same fixed number of workers. All workers of an orga-
nization encounter the same local state or the common shock, w. The state space {2 is the
finite set of states of nature, and Pr(w) is the probability of state w occurring, such that the
following equation holds:

ZPr(w) =1 (1)

we

Agent i derives utility from consumption ¢; and effort e;, according to the utility function

u(cy, ;). The utility function is assumed to be concave and to be strictly increasing in ¢;, and

'We can apply the limiting arguments used in [Prescott and Townsend| (1984) to establish results when

the commodity space is not finite.



decreasing in e;. Again, we assume that effort or action can take only finite (but possibly
many) values. An agent’s effort is private information; therefore, there is a moral hazard
problem. In addition, we assume that effort is exerted before the underlying state w can be
observed. That is, effort cannot be assigned to be conditional on w.

Each agent operates an identical production technology, f(qle, k,w), which indicates the
probability of obtaining output ¢ (in units of the consumption good) , conditional on her
effort e, the amount of captal inside the organization k and the organization-specific pro-
duction shock w E| Again there are finite (but possibly many) feasible levels of output. The

production technology is random and thus satisfies the probability constraint:
D flale kw) =1, Ve, k,w (2)
q

Agents can form a local organization whose members experience the same local underlying
state or the common shock. For expositional convenience, we assume that there are only
two agents in each firm, but the analysis can easily be extended to cases with any finite
number of agents per firm. Let q = (¢1,¢92) and e = (e1,e2) denote the realized outputs
and effort levels of firm members, respectively. Accordingly, we can write the ex ante and
conditional joint distributions of the outputs of workers in a local organization as Pr (qle, k)
and Pr (qle, k,w), respectively.

This paper assumes that the outputs of workers in a local organization are uncorre-
lated when conditional on the common shock w but that they are correlated ex ante. This

assumption is summarized below:
Assumption 1. The joint distribution of outputs satisfies the following conditions:

(i) outputs are independent, conditional on w:
Pr (g, q;lei, ej, k,w) = f(qlei, k,w)f(g;le;, k,w), (3)
(ii) but not independent ex ante:
Pr(gi gjlei,es k) = Y Prw) flale, k,w) f(gle;, k,w) (4)

£ Pr(glenk) Prgle;, k) (5)

2Note that both k and w are organization-specific variables, which affect simultaneously the production

functions of all workers assigned to an organization.



where Pr(gle;, k) =Y, Pr(w) f(qgle:, k,w).

Note that the joint distributions are well defined, i.e.,
Z Pr(qle,k,w) = 1,Ve k,w (6)
q
> Pr(qle,k) = 1Vek (7)
a

The common shock w is not necessarily distinctly observable, and therefore may not be
contractible. Nevertheless, agents may be able to distinctly identify an element of a partition
of the state space ). This partition characterizes an informational regime, which is defined

more precisely in the next section.

2.1 Informational Regimes

An informational regime z is a partition of €2, and is denoted by F,. Let a subset A, C
be a typical member of an informational regime z; i.e., A, € F,. With abuse of notation, we
will refer to A, as observed state s. For notational convenience, let Z denote the number
of distinguishable events that are non-empty subsets of Q in F}; ie., F, = {Ay,..., Az}
Technically, a partition requires that UZ A, = Q and A, Ay = 0. For example, the
coarsest informational structure (containing the least amount of information regarding states
of nature) is F, = {{wy,w2}}. Under this informational regime, we cannot distinguish the
underlying state from one another. By contrast, the finest information structure (in which
we can distinguish all underlying states of nature from one another) is Fz = {{w1},{w2}}.
For a given informational regime F,, we can define a modified production function for

each subset A, € F, (using Bayes’ rule) as follows:

ZMGAS Pr(qle, k,w)Pr(w)

Pr(qle, k,s) = PrAy) (8)

where Pr(Ag) =5 Pr(w) is the probability of having a common state in A,. Note that

wEAg

this joint production function satisfies the following probability condition

Z Prigle.k,s) — Z > wea, Pridle, k,w)Pr(w)

” Pr(Ay)
Ywea, Priw) 3oq Prdle k,w)
Pr(As) B



An informational regime provides information that is relevant for local production. Such
information may include information regarding weather conditions or sectoral economic in-
dicators. This type of information can be obtained at certain cost. More precisely, the
informational partition can be made finer by investing in information technology.

An informational regime F, can be attained at a cost of C, units of capital. That is,
the informational regime F), for a local organization can be made available through an (ex-
ante) investment of C, units of capital. This cost is assumed to be per unit of organizations
participating in the regime. The cost is assumed to be increasing in terms of the accuracy
of the information. Thus, the information cost is higher when the informational regime is

finer.

3 Firms as Optimal Contracts: A Principal-Agent For-
mulation

Each individual is employed by a local organization or firm. Because workers are risk averse,
they potentially benefit from risk-sharing contracts provided by the principa]ﬂ. The moral
hazard problem implies that optimal consumption depends on output in order to provide
incentives for an agent to exert costly effort. In addition, an organization in this model could
also mitigate the moral hazard problem by investing in an information technology that helps
identify the common shock.

We consider two organizational regimes, which are formally defined below; (i) a relative
performance regime and (ii) a group regime. Those are stylized regimes that are present
in the existing literature (e.g., Holmstrom and Milgrom) (1990; Ramakrishnan and Thakor,
1991} [Itoh), 1993} [Prescott and Townsend, |2002) that can be clearly interpreted as competitive
(relative performance) versus cooperative (groups) contractual arrangements.

A firm is characterized by an organizational regime, an informational regime, capital,

and promised utility levels for each position in the firm. More formally, the set of potential

3In the general equilibrium formulation, principals will be modeled as competitive intermediaries.



firms is defined by the following:
B:{b: (O,Z,k’,ﬂl,ﬂg)}, (9)

where o is the organizational regime (relative performance or group), z is the informational
regime, k is the firm’s capital, and u; is the promised utility level for an agent in position ¢
within the firm. Without loss of generality, we focus only on efficient firms. Specifically, each
firm maximizes an expected surplus that is conditional on given incentives and technological
constraints. The set of efficient firms, B, will define the commodity space in the general
equilibrium model of Section 4] in which each individual will be (possibly randomly) assigned
to a position within the firm. Implicitly, this assumption includes choices of organizational

regimes and investment in information.

3.1 Relative Performance Firms

The relative performance regime features competition among agents as an incentive tool.
Workers do not share information regarding their effort levels, and each agent is rewarded
separately. If one agent performs poorly compared with the others, then she will be pun-
ished, but if she performs well compared with the others, then she will be rewarded. These
comparative compensation schemes are particularly useful when the output of one individual
is informative regarding the shocks that affect other individuals or the outputs are highly
correlated.

Formally, a relative performance contract 7" (c,q, e, s) is the probability that a firm’s
workers will obtain consumption ¢ = (¢y,¢2), produce outputs q = (g1, ¢2), provide effort
levels e = (e1,€2), and the observed state is s (or Ay). The subscript i = 1,2 denotes the
position of a member of the firm, and the superscript r denotes the relative performance
regime. To be more precise, this contract is conditional on the capital input k, the informa-
tional regime z, and promised utility levels (g, us), which are kept implicit for notational
convenience. Contract 7" (c,q, e, s) implicitly encompasses two decisions: the distribution
of recommended effort (Pr(e)) and the distribution of consumption conditional on output,
effort, and the observed state, Pr (c|q, e, k, s).

The timing of events is as follows. First, workers are randomly assigned to levels of

10



effort according to Pr(e). After such efforts are undertaken, some state of nature w € A,
is realized. This implies that state s is observed, and the outputs q are obtained with
probability Pr(qle, k, s).

The workers then obtain consumption goods according to Pr (c|q, e, k, s), which poten-
tially depends on the observed information set Ag. All of these probabilities are implicit in
the contract 7" (c,q,e,s) = Pr(e)Pr(qle, k,s)Pr(c|q,e, k, s) Pr(As).

As a probability measure, a contract 7" (c, q, e, s) must satisfy the following probability
constraint:

Z 7" (c,q,e,s) =1, and 7" (c,q,e,s) >0, V(c,q,e,s) (10)

c7q7e78

A feasible contract 7" (c, q, e, s) must also be consistent with the production technology
(8). The following mother nature constraint guarantees such consistency. For any vector of
effort levels e and any observed state s € F,, such that qu 7" (c,q,e,s) > 0, Bayes’ rule
implies the following:

Yo (edes)
Yea (c.ae,5)

The mother nature constraints can be rewritten in the form of linear constraints: for a given

k,

(q|e7 k? S) 7V(_I7 ea S.

Z 7" (c,q,e,s) = Pr(qle,k,s) Z " (c,q,e,s),vq,e,s. (11)

c?q

A feasible contract must ensure that the utility level of a worker in position ¢ is not less
than the promised expected utility for that position, @;. This participation constraint is
defined by the following:

Z 7" (c,q,e,s)u(c,e) > u;, Vi (12)

C7q7e7s

Because efforts are privately observed, a feasible contract must be incentive compatible;
that is, each worker must have incentives to undertake the recommended level of effort. The
incentive compatibility constraints can be formulated as follows:

Z T (¢, q, €5, 8) u(cs, €) >

c7q7efi’s

P ~i7 7i7k7
Z 7TT<C,q,€i,e_i,$) T(qle ° S>

c7q7e77: 78

iz ~i 7v Iz ~i7 13
Pr <q|eivefi7k7S)U(c e) e ( )

11



Effort level is determined before the state s is observed; thus, the assignment of effort

cannot be contingent on the observed state s. That is, for any vector of effort levels e,

Y 7"(c.q.e,5) =Pr(A;) ) 7' (c.q.e,s), Vs€F. (14)
q

s
Note that we can show that > . 7" (c,q,e,5) = Pr(A;) for all 5 € F. using and (14).
That is, the contract 7" is consistent with the probability distribution over the observed
states in F.

A relative performance firm is an optimal contract 7" (c, q, e, s) that solves the following

surplus maximization problem:

Program 1.

H}S}X T <C7 q,e€, S) (ql +q2—¢1 — C2> (15>
c,q,e,s

subject to constraints (10), (11), (12)), (13), and (14).

3.2 Group or Cooperative Firms

Another type of organizational scheme is a group or cooperative regime, under which de-
cisions are made jointly by agents, who observe one another’s actions and are able to offer
side payments. Because the entire group can be punished for individual failures, each worker
has incentives to monitor and ensure that the others exert the desired amounts of effort.
However, the workers in a group firm can potentially collude/coordinate in (possibly low)
effort levels and make side payments to promote local Pareto improvements. The principal
anticipates this possibility and offers only collusion-proof contracts. The collusion-proof con-
dition implies that the allocations of effort and consumption shares are optimal, given some
internal (within-group) Pareto weights. This type of contract in turn implies that there is
full risk sharing within groups, such that individual levels of consumption depend only on
the within-group Pareto weights and the aggregate consumption level. Thus, formally, a
group contract, 9 (cq, i, q, €, s), is the probability that the aggregate consumption is ¢, its
members are assigned within-group Pareto weights p = (1, o), their realized outputs are

q = (q1,¢2), their efforts are e = (eq, e5), and the observed state is s.
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More formally, a group contract first involves the (possibly random) choice of within-
group Pareto weights, Pr(u), then the choice (also possibly random) of efforts, Pr(e|u),
and finally aggregate consumption conditional on the within-group Pareto weights, outputs
(following a random production function Pr(qle,k,s)), efforts, and the observed state s,
Pr(cq|p,q,€,s). The collusion-proof condition implies that when efforts e and consumption

levels ¢ are recommended, it must be the case that, for a pair of weights p; and ps,

ZPrca|eq, )Pr( ]eksz,ul u(e;) >

Ca,q,S
> Pr(cale,q,s)Pr(afe, k, s Z,Uz (@i, €) (16)

Ca,q,S
for any € and any c and ¢, such that ¢; + ¢o = ¢ + &3 = ¢4, where ¢, is the aggregate
consumption within the group. When the utility function is separable, i.e., u(c;, ¢;) = u(c;) —

v(e;), this condition implies that ¢ solves the following within-group Pareto problem:
e 1
max Z wit(c;) (17)
subject to

ZCi =c, (18)

Henceforth, we assume that the utility function is separable, so the problem above is always

satisfied in groups. In effect, we can write ¢ as a function of ¢, and u = (1, o), i.e., € (Cq, pt)-

For notational purposes, we now write a group contract as a joint probability 79 (c,, i1, q, €, s) =

Pr(p)Pr(elun)Pr(qle, k, s)Pr(c.|q,e,s, 1n)Pr(As). Hence, this contract is the probability
that a group of agents will obtain aggregate consumption ¢,, be assigned within-group
Pareto weights p = (u1, p2), produce outputs q = (q1,¢2), undertake the recommended
efforts e = (eq, e3), and realize the observed state s.

The collusion-proof condition can now be rewritten in the form of the following group

incentive constraints for each pu, e, e:

Z ﬂ-g(caauvcbe’ S)Z,LLZ‘U(CZ‘(CQ,M),e) Z
Ca,q,8 i
k,
R s PO NI

=, Pr(qle, k, s)

13



Note that in , the within-group Pareto weights that are present in the risk sharing
condition must be the same as those in the group incentive constraint . Additionally,
note that in the group regime, there is a unique incentive constraint, which reflects that the
decisions are made jointly.

As a probability measure, a contract 79(c,, i, q, €, s) must satisfy the following probability

constraint:

> mcamaes) =1, 1(cap,q,€5) >0, V(e q,e,9). (20)

caa“queﬂs

Again, 79(cq, i1, q, €, s) must be subject to mother nature constraints that guarantee that
realized outputs are consistent with the productive technology:
> w9(ca,1,Q,€,5) = Pr(ale k,5) Y 7%(ca, 1, q,€,5), V(1, q, €, 5). (21)
Ca Ca,q
The participation constraints for the group regime are as follows:
> m(caq e s)ulci(ca p) @) > Ty, 0= 1,2 (22)
Ca,M1,q,€,S
Finally, the distribution of effort must be independent of the information set A,. Thus:

Y (a1 .8, 5) = Pr(4s) Y 7(ca, 1.0, €. 5), V(5. 8, 71) (23)

Ca,q Ca)q,8
A group firm is an optimal contract that solves the following surplus maximization prob-
lem:

Program 2.

H}%X Wg(ca’ K, q,e€, S) (QI + g2 — CCL) (24)
Caslt,q,€,S

subject to constraints , , , , and .

14



3.3 Comparing Regimes: The Roles of Information, Wealth, and
Inequality

In this section, we present theoretical results comparing the surplus generated by groups ver-
sus relative performance organizations. In principle there might be costs related to adopting
one regime or the othefl On the one hand, relative performance requires preventing side
payments and collusion among agents. On the other hand, groups require mutual observabil-
ity of efforts. Imposing these conditions might be costly. However, our goal is to compare
cooperative versus competitive incentive schemes assuming that they are available, and we
are agnostic about these costs.

We consider a symmetric case, in which the promised utility levels of both workers are
identical, i.e., u; = wuy. In this case, we analytically demonstrate that for any relative
performance contract, there exists a group contract that generates a higher surplus when
the common shocks are perfectly observed. In other words, the optimal organizational regime
depends on the informational regime z. This argument is formally presented in Proposition
[ below.

Intuitively, the relative performance regime tends to dominate (generate a larger surplus)
when the correlation of outputs is high, and vice versa. However, when it is possible to
observe the common shock w perfectly, the outputs are (ex post) uncorrelated across agents
conditional on w, as in (3). Therefore, similar to Ramakrishnan and Thakor| (1991) and
[toh| (1993), this study notes that the group regime will dominate when the local shocks are
perfectly observed because the (ex-post) correlation of outputs is zero in this case. A key

assumption is that the correlation of outputs results from local shocks only (Assumption .

Proposition 1. With additively separable utility and perfect observability of common shocks,
for any feasible surplus maximizing relative performance contract " with u; = u for all 7,
there exists a feasible group contract w9 with the same utility level for all agents that generates
a weakly larger surplus. Further, if for any pair effort/common shock (e,w) the probability

of each output level is positive, and 7" has binding incentive constraints, the surplus under

4 |Madeira and Townsend| (2008), for instance, assume that there is a cost related to adopting relative

performance.
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w9 is strictly higher than the surplus with ©".

A proof of Proposition [1]is provided in the appendix. A simple intuition for the two-agent
case is the following. Suppose there is full information about w. For given efforts and w, an
optimal relative performance contract will simply determine, for each individual, an amount
of consumption conditional on his own output (regardless of the output of the other, since
outputs are independent given w). A group with equal Pareto weights, would be able to
satisfy the incentive constraint with the following scheme. When outputs are equal among
agents, they receive the same consumption as in relative performance. When outputs are
different among individuals, both receive a certainty equivalent of a lottery that give each of
the relative performance consumptions with probability 0.5 E| This step would save resources,
given risk aversion, thus increasing the total surplus ﬁ Intuitively the advantage of groups
comes from the capacity of providing risk sharing in cases where outputs are different. Note
that in relative performance with binding incentive constraints, under some common state,
consumption will be different among agents with different output levels (which happens with
positive probability given the assumption that the probability of each output level is positive
for any pair (e,w)). So, risk sharing will generate strict resource savings. This argument
easily extends up to the case with more than two agents.

Proposition 2] below considers another extreme case, in which relative performance al-
ways dominates, regardless of the observability of common shocks. This case applies when
idiosyncratic shocks are absent and arbitrarily high punishment is allowed. The first condi-
tion states that an individual productive technology f(gle, k,w) has no idiosyncratic shocks
if, for any (g, e, k,w) either f(gle,k,w) = 0 or f(q|e,k,w) = 1. Thus, idiosyncratic shocks
will be absent if the distribution of outputs conditional on the common shock is always

degenerate. The second condition is that inf., u(c;, e;) is sufficiently negative for any e;.

®Under relative performance, one agent would consume ¢; and the other would consume cy. The lottery

mentioned gives each of these outcomes with probability 0.5
6 Note that this consumption scheme would increase the payoff of lower effort for a given individual

acting independently (as in relative performance), since a contingency in which he is the only one with the
lower output would now generate higher consumption. So this scheme would not be feasible under relative

performance
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Proposition 2. Suppose that f(q|e, k,w) has no idiosyncratic shocks, and that an arbitrarily
high punishment is allowed, i.e., inf., u(c;, e;) is sufficiently negative for any e;. Then, for
any optimal group contract without full insurance and uw; = u for all i , there exists a feasible
relative performance contract with the same utility level for all agents that generates a strictly

larger surplus.

A formal proof of Proposition [2| is provided in the appendix. The intuition behind this
result is straightforward. With no idiosyncratic shocks, different outputs can only happen
when efforts are different. A very strong punishment when outputs are different would
easily motivate them to make the recommended level of effort, so that different output levels
would not be observed and full insurance would be possible (even if the effort recommended
is not the lowest one). Again, this result is valid regardless of the number of agents in each
organization.

This proposition implies that a relative performance regime dominates a group regime,
regardless of the information structure, as long as idiosyncratic shocks are absent and pun-
ishment can be sufficiently harsh. This result emphasizes the role of idiosyncratic shocks
in group regimes. Note that the first-best optimal allocation can be achieved by either a

relative performance regime or a group regime if the common shocks are perfectly observed.

4 General Equilibrium with Endogenous Organizational
and Informational Regimes

This section presents a general equilibrium model with endogenous organizational and in-
formational regimes. To save some space, the welfare theorems and the existence theorem
are omitted but they are available in our working paper version Kilenthong and Madeira
(2013). See also [Prescott and Townsend, (2006)) for a similar general equilibrium model with

endogenous organizational regimes.
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4.1 Competitive Equilibrium

Let B be a finite set of all potential firms (optimal contracts with different organizational
regimes, informational regimes, capital inputs, and promised utility levels). A typical firm b
specifies an organizational form (either relative performance or group evaluation), informa-
tional regime z(b), capital input k(b), and the promised utility level u(b, j) for a worker in
the j'" position. In addition, each firm b is associated with an expected surplus S(b). With
a continuum of firms, the expected surplus of a firm is equal to the average surplus of firms
of the same type.

Denote the probability of an agent of type ¢ working in position j in firm b by x? (b, 7).
With a continuum of agents, 2 (b, j) can also be interpreted as the fraction of agents assigned
to a bundle (b, 7). With all choice objects gridded up as an approximation, the commodity
space L C R™ is assumed to be a finite-dimensional space in which n is the number of possible
bundles (b, j). Let x* denote an n dimensional vector or a lottery, each element of which is
the probability of being assigned to a given bundle (b, 5), z° (b, 7).

As a probability measure, a lottery x* must satisfy the following probability constraint:

> @t (b4)=1. (25)

(6.5)

The consumption possibility set of an agent of type ¢ is then defined by the following:
Xi=0x'>0:> a'(bj)=1 (26)
(0,9)

The linearity of the constraints ensures the convexity of the consumption possibility set X*.

The preferences of an agent of type i over X* are defined as follows:
> b (b,g)a (b, j) (27)
(b.5)

Let P (b, j) be the price of a bundle (b, j) or the price of the j* position in firm b. Note
that the price of the capital good is 1 as it is the numeraire good. Each agent is infinitesi-
mally small relative to the entire economy and takes all prices as given. The intermediaries

introduced below are assumed to act competitively.
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Workers: Each agent type i, taking prices P (b, ) as given, chooses x’ to maximize his
utility:
max Y &' (b, j) u (b, ) (28)
)

subject to the probability constraint
> at(by) = 1, (29)
(b,)

and the budget constraint

> Pb.g)a'(bg) = (30)

(b,3)
The budget constraint states that the agent sells her full endowment x° and uses the
proceeds to buy lotteries x'.

Intermediaries: The primary role of an intermediary is to create firms by assign-
ing/matching workers to firms and generating information about local underlying states
when necessary. With constant returns to scale, the profit of an intermediary is zero, and
the number of intermediaries becomes irrelevant. Therefore, without a loss of generality, we
assume that there is one representative intermediary who takes prices as given.

More formally, the intermediary creates y (b) € R, units of firms of type b, and must
fills both positions within the firm. Note that the intermediary can issue any non-negative
number of firms/positions; that is, the number of firms issued need not be between zero and
one and is not a lottery. Let y € L be the vector of the number of firms issued, each element
of which is the number of firms of each type b.

By creating a firm of type b, the intermediary must deliver the promised capital k(b),
must pay the information cost of C'(b), and must deliver potentially state-contingent transfers
conditional on outputs, consumption, and the observed state, i.e., T (b|q,c,s). Using the
law of large numbers, the average transfers (per unit of firm) over all firms of type b is
> qes L (bla,c,s) = =5 (b). Therefore, the intermediary must hold (buy/sell) —y(b)S (b)
units of future contracts at the price Ps.

The objective of the intermediary is to maximize its profit by choosing the number of
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firms y, taking prices P (b, 7) and Ps as given:

%mzy@)E:Pmﬁ—um—C@+Rﬁ@). (31)

As in Prescott and Townsend| (2006), the existence of an optimum in the intermediary’s

problem requires that for any bundle (b, ),
> P(b.j) < k(b) + C(b) — PsS (b)), (32)
J

which holds with equality if y(b) > 0. Here >, P (b,7) is the revenue from the sale of
memberships in firm b, and is the cost of creating firm 0. This condition is in fact a necessary
and sufficient condition for the saddle-point problem (31)).

Market Clearing: The market-clearing condition for capital inputs is as follows:
Y yO)[kb) +CE)] =) o' (33)
b i

The market-clearing conditions for lotteries are the following:

> alat (b j) =y (b), Vbj=1,2. (34)
In addition, the market for future contracts clears, i.e.,
> y(b)S (b) > 0. (35)
b

Definition 1. A competitive equilibrium is a specification of allocations (x,y), and the price

of a position j in firm b, P (b, j), and the unit price of the future contract, Ps, such that
(i) for each i, x* € X* solves , subject to , taking prices P(b, j) as given;
(ii) for the intermediary, y € L solves (31]), taking prices P(b, j) and Ps as given; and

(iii) the markets for capital inputs, lotteries, and future contracts clear, i.e., , , and

hold.

As in Prescott and Townsend| (2006)), the economy here is a well defined convex economy.
Therefore, the first and second welfare theorems hold, and a competitive equilibrium exists
as in their model. For the sake of brevity, all theorems and their proofs are omitted. Readers

can see Kilenthong and Madeira/ (2013)) and [Prescott and Townsend| (2006) for more details.
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4.2 Pareto Optimal Allocations

We characterize the constrained optimum using the following Pareto program. Let A\’ > 0
be the ex-ante (before organization assignment) Pareto weight on an agent type 7[] Without
a loss of generality, we can normalize the weights such that Y, \' = 1. A constrained Pareto

optimal allocation solves the following Pareto program.

Program 3.

(xt,y) -

max Y Na' > 2’ (b, 5) u (b, ) (36)
subject to

> 2t (b4) = 1, Vi, (37)

(b.4)

Dol (b,g) = yb), Vbij=1,2, (38)
>y [k(b) +CB)] = Za%i, (39)

> y)S®) = o. (40)

Note that the Pareto program includes all of the incentive constraints, which are embedded

in the grids of potential firms, through the surplus of each firm S (b).

4.3 Numerical Examples

This section presents numerical examples of competitive equilibriaﬁ. We solved the model
for a large set of specifications, including different levels of risk aversion, wealth, inequality

and cost of information. Our results show that the relationship between availability of

"Note that A\’ represents ex-ante Pareto Weights, while ;! represents ex-post inside-group Pareto weights.
As it is shown in Prescott and Townsend (2002), they are not necessarily the same. For instance, it is possible
that agents with different Pareto weights are assigned to different groups, and in each of these groups they

have equal Pareto weights.
8Technically, we solved Program |3} with 900 pairs of utility promises for each regime (groups with in-

formation, groups without information, relative performance with information, and relative performance

without information). Wealth inequality is measured by Pareto weights A in all of the examples.
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information and cooperation is robust to a large set of specifications. They also bring insights
into how wealth, inequality, effort, and information interact to generate general equilibrium
effects.

The numerical examples are based on the following model economy. There are two pos-
sible local underlying states, i.e., 2 = {1, 2}, each of which occurs with an equal probability,
ie., Priw=1) = Pr(w = 2) = 0.5. Therefore, there are only two possible informational
regimes, F, = {{1,2}} (no information) and F; = {{1},{2}} (full information).

Each agent derives her utility from the following utility function

1—p 1-p
u(c,e) = < _° ; (41)

where ¢, e and p denote consumption, eﬂortﬂ, and the relative risk aversion coefficient, re-
spectively. Effort e can take only two values: e! = 2.25 (low effort) and " = 6.25 (high
effort). The relative risk aversion coefficient p can take on any positive number.

Output can take only two values: ¢! = 2 (low output) and ¢" = 20 (high output). The

production technology is assumed to be linearly additive in capital as follows.

fla+ kle,w, k) = f(qle,w). (42)

In our benchmark technology;, f (gle,w) is defined according to the probability distribution
in Table [Il We chose a specification that makes the value of information for incentives
clear. There is one state of the world in which effort is crucial, and another state in which
effort is irrelevant. Knowledge about the state is very useful to determine if outputs are
informative about efforts. In this benchmark specification, output correlation is 0.32 when
both individuals make the same effort (either high or low).

There are two types of agents, i.e., i = 1,2. Both types of agents have the same mass,
i.e., al = a? = 0.5. The key heterogeneity between agents lies in initial capital endowment

K.

9Making the marginal utility of effort depend on p as above is convenient to study jointly different risk
aversions since it makes effort and consumption comparable, which brings the regime areas to similar wealth
ranges. Changes in the values of ¢", ¢!, e” and e! have no impact in the general profile of solutions, although

they change the wealth range where regimes are found.
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Table 1: Distribution of output conditional on a local state, f(g|e,w), for the benchmark

case.

f(g"e,w) 099 001 050 0.50
F(dle,w) 001 099 050 0.50

In all specifications studied, all firms invest in information when its cost is zero, since
better information leads to more efficient contracts. This is true for all levels of risk aver-
sion and wealth inequality, as shown in Figure [Ih and [Ip, which depict the probability of
acquisition of information as a function of it’s cost, for different risk aversions and inequality
levels. The figures show that the fraction of firms purchasing information is decreasing with

the information cost]

1S

No—0 -0 o000 Qg o
y > e

Probability of Information Acquisition

Probability of Information Acquisition

. . .
o 05 1 15 2 25 g 35
Cost of Information

(a) (b)
Figure 1: (a) Fraction of firms that invest in information when A = (0.5,0.5), aggregate

wealth Y. o'k’ = —17. (b) Fraction of firms that invest in information when A = (0.7,0.3),
aggregate wealth >, o'k’ = —17.

For all speciﬁcationﬂ, only group firms are active in equilibrium when the cost of in-

0There are some slightly upward sloping areas in some of these lines, possibly related to the fact that we

have a finite (although large) grid.

1 We performed a larger set of computation than those presented in this session. we computed the general
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formation is zero. This result is true for both equal-wealth and unequal-wealth economies,
as shown in Figure and 2b, respectively. As the cost of information increases, relative
performance regime starts to emerge. The probability of groups is normally decreasing with
the cost of information.

An important result that is found in all specifications studied, is that only group firms
acquire information about w in equilibrium. This does not mean that this information is
not beneficial to the relative performance regime. In fact, information about the states
allow more state contingent contracts, which generally improves welfare. However, relative
performance firms never acquire information in the computational exercises. In equilibrium,
only three regimes exist: groups with information, groups without information, and relative
performance without information (hereafter simply called relative performance). This is
related to the fact that, in our formulation, acquiring information is equivalent to acquiring
full information about common shocks[]

As shown in Figure [3] small changes in the cost of information can reshape the organi-
zation structure completely, both in terms of regime and matching of agent types. General
equilibrium effects are crucial to determine how these dramatic changes occur. In the exam-
ple presented in Figure[3h, only group firms with information are active when the information
cost is sufficiently low. As the cost of information approaches a certain value (slightly smaller
than 1) there is a sudden transition to another type of equilibrium in which the three types of
firms, relative performance, group without information and group with information, coexist.
After this point, for a certain range of the cost of information, group firms with information
employs just one type of agents (type one, with high wealth), and relative performance firms
employ the other type of agents (type 2, with lower wealth), while group firms without in-
formation employs both types of agents. This matching pattern is presented in Figure [dh.

equilibrium for a grid of 20 values of A, 40 values of wealth, 5 levels of risk aversion and 4 specifications of the
production function. In all of these specifications, when the cost of information is zero there is information

acquisition with probability one, and group firms are the adopters whenever information is acquired.
12This result may not be true in general, especially when investment in partial information about common

shocks is possible. Partial information that bring small gains should be purchased by relative performance
organizations if its cost is sufficiently low. However, in a region where relative performance dominates, if this

gain is sufficiently small, relative performance will be dominant, and, in this case, not invest in information.
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Figure 2: (a) Fraction of firms that use group contracts when A = (0.5,0.5), aggregate wealth

Y a'k = —17. (b) Fraction of firms that use group contracts when A = (0.7, 0.3), aggregate
wealth Y. a'kx' = —17.

Given this distribution of types, general equilibrium constraints require that the mass of
relative performance firms equals the mass of group firms. As the cost approaches another
critic value, roughly close to 1.5, another dramatic reorganization occurs. Groups with in-
formation disappear, and the market is split between relative performance firms and group
firms without information. Importantly, now all firms, both relative performance and group
without information, employ same type of workers (group firms absorb wealthy agents and
relative performance firms take poor agents). That is, the matching structure completely
changes again. Note that the regime profile is similar for a higher risk aversion (p = 1.4), as
shown in Figure [3p,.

In order to understand the distribution of types across organizations, it is important to
consider the relationship between the efforts recommended to agents and the optimal organi-
zational assignment. Groups without information are particularly efficient to manage agents
who make different efforts. In all the numerical exercises performed, groups without informa-
tion are chosen in organizations where effort is unequal across agents. Figure @b shows that,
in the example just mentioned, groups without information have one agent exerting high

effort while the other exerts low effort. On the other hand, all agents in the other types of
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Figure 3: (a) Fraction of firms in relative performance, group without information, and
group without information regimes when A = (0.7,0.3), p = 0.8 and aggregate wealth
S, a'kt = —17. (b) Fraction of firms in relative performance, group without information,
and group without information regimes when A\ = (0.7,0.3), p = 1.4 and aggregate wealth
o Akt = —1T.
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Figure 4: (a) Probability of having the same type of agents in a firm conditional each regime
when A = (0.7,0.3), p = 0.8 and aggregate wealth Y. a'x" = —17. (b) Probability of having
high effort in a firm (Probability will be one only if both of them exert high effort) conditional
each regime when A = (0.7,0.3), p = 0.8 and aggregate wealth ), a'x" = —17.
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firms exert high effort. Given that the optimal levels of effort are different within the group
without information firms, it can be convenient to employ different types of agents. This
helps to explain why groups without information employ different types of agents while oth-
ers employ the same types. This profile also shows the benefit of the additional information
on enforcing high-effort contracts. As the information becomes sufficiently cheap (below 1),
agents move from group without information firms, where effort is sometimes low, to group
with information firms, where efforts are always high.

Aggregate wealth also plays an important role on information acquisition and organiza-
tional designs. This is shown in Figures and [6p, where we examine the organizational
profile across different levels of aggregate wealth for a particular level of the information
cosﬂ. With extremely low aggregate wealth, there is no information acquisition. This hap-
pens because information acquisition requires capital, which can also be used to produce
goods for consumption. With extremely low wealth, it is too costly to spend the limited
resources for information investment. This is true for both equal-wealth and unequal-wealth
economies. As aggregate wealth grows, all firms start to acquire information. When the
aggregate wealth is sufficiently large, firms start assign low effort to agents and information
becomes less valuable. For extremely high wealth levels, both agents make low effort, so the
relative performance and group regimes are equivalent, since none of the incentive constraints
are binding. In this case there is full insurance. E (see Figure [5b and @b)

A complex profile of regimes given wealth emerges when there is inequality among agents.
Figure [6h shows that the probability of information acquisition exhibits a double-peak pat-
tern in the unequal-wealth economy when the relative risk aversion is high enough (above
one). This is a consequence of general equilibrium effects. Let us consider the case with
relative risk aversion p = 1.4 and Pareto weights A = (0.7,0.3), described by Figure .
When wealth is extremely low, only the relative performance regime is active in equilibrium.
As wealth increases, groups with information emerge and coexist with relative performance

firms. Up to this point, all agents are assigned high effort. As wealth keeps increasing, some

I3Note that wealth is sometimes negative, which can be interpreted as debt. Identical profiles with non-
negative wealth would be observed if we assumed there is a fixed cost in terms of capital for the firms to

produce
14Tn other words, consumption will be constant, regardless of output realizations
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Figure 5: (a) Probability of information acquisition when A = (0.5,0.5), and cost of infor-

mation C' = 0.9. (b) Probability that relative performance and group regimes are equivalent

when A = (0.5,0.5), and cost of information C' = 0.9.
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Figure 6: (a) Probability of information acquisition when A = (0.7,0.3) and cost of informa-

tion C' = 0.9. (b) Probability that relative performance and group regimes are equivalent

when A = (0.7,0.3), and cost of information C' = 0.9.
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Figure 7: (a) Fraction of firms in relative performance, group without information, and
group without information regimes when A = (0.7,0.3), p = 1.4 and cost of information
C' =0.9. (b) Probability of having high effort in a firm (Probability will be one only if both
of them exert high effort) conditional each regime when A = (0.7,0.3), p = 1.4 and cost of

information C' = 0.9.

rich agents (type 1) will be assigned to group without information, where they exert low
effort and match with poor agents (type 2). At some point, this type of firms completely
dominates the entire economy. As this happens, group with information firms gradually
disappear. In fact, the unconditional probability of high effort is decreasing from this point
onward as shown in Figure [7p. As the optimal probability of high effort decreases, full insur-
ance firms start to attract high Pareto weight members from groups without information. As
a result, some of the poor agents (type 2) that are released from groups without information
start matching with the same type to form groups with information, where both agents exert
high effort. This generates a second peak in the fraction of groups with information. As
wealth keeps increasing, eventually all type 1 individuals will be employed in a full insurance
organization. Type 2 individuals start to move to this type of organization. Eventually, all
agents will be in the full insurance organization with both agents making low effort.

Figure |8 shows how organization and information investment decisions respond to dif-

ferent levels of output correlation. The production technologies used for these exercises are
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Table 2: Distribution of output conditional on a local state, f(¢le,w) for the “high correla-

tion”, “medium correlation”, and “low correlation” cases.

High correlation (0.36) Medium correlation (0.26)

Low correlation (0.18)

w=1 w=2

eh e eh el eh

el

eh e eh el

f(qh|e,w) 09 0.1 0.35 0.65 0.85 0.15
f(ql]e,w) 0.1 09 0.65 0.35 0.15 0.85

0.8 0.2 0.45 0.55
0.2 0.8 0.55 0.45

—#=Lower Correlation | -
=6=Medium Correlation
== Higher Correlation | |

s 2 25
Cost of Information

(a)

Probability
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s 2
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Figure 8: (a) Fraction of firms that use group contracts when A = (0.7,0.3), p = 0.8,

aggregate wealth Y, a’s’ = —25.6. (b) Fraction of firms that invest in information when

A =(0.7,0.3), p = 0.8, aggregate wealth Y, o'’ = —25.6.
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presented in Table [2][’l The results show that the downward sloping profiles of the fraction
of groups and information acquisition are robust to changes in production technology. As
in Ramakrishnan and Thakor| (1991)) and [Itoh (1993), when the cost of information is high
enough, so there is no information acquisition, high correlation diminishes the probability of
groups.

A striking feature of Figure|§|is that higher correlation does not necessarily causes more
information purchasing. Relative performance is used to deal with higher correlation and, in
fact higher correlation diminishes the fraction of firms purchasing information. This result
implies that the relationship between shocks, information and relative performance is subtle.
Increases in correlation can, simultaneously, lead to more adoption of relative performance

and less use of information.

5 Conclusion

This paper extends the multi-agent moral hazard model of Holmstrom and Milgrom| (1990)
in two respects: (i) we add the costly observability of common shocks, and (ii) we embed
this structure in a Walrasian equilibrium model.

We present theoretical and numerical results showing that both relative-performance and
cooperative/group regimes can be optimal, but information regarding common shocks yields
greater benefits for cooperative regimes. These results suggest that the emergence of co-
operative behaviors may be related to technological advances (e.g., lower costs of acquiring
information). On the other hand, if information about common shocks is available, cooper-
ation may be optimal even when outputs are highly correlated (contrast to |Ramakrishnan
and Thakor [1991; Itoh} |1993). For a symmetric case in which individuals are ex ante identi-
cal, we proved that cooperation or group regimes prevail when common shocks are perfectly
observable. In another polar case in which all shocks are common and punishment can be ar-

bitrarily severe, relative performance regime always dominates, regardless of the information

15Tn all of these production technologies, probabilities of high and low output conditional on effort (un-
conditional on w) are the same. The specifications depart from the benchmark case to make the effects of

correlation clearer
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structure.

Our numerical exercises reveal that diverse organizational forms can coexist in equilib-
rium, but only groups obtain full information about common shocks. Both costs of informa-
tion and the wealth of agents affect the set of organizations that are active in the economy.
For a given cost of information, investment on information is more likely for intermediary
levels of wealth. For these wealth levels, groups are likely to be dominant, while relative
performance may appear for lower wealth levels. For a given level of wealth, if the cost
of information is sufficiently low, only groups investing in information are observed. With
higher costs of information, relative performance can be observed.

Examples show that general equilibrium effects can generate substantial reorganization
of production in response to small changes in wealth or the cost of information, affecting
both the set of organizational regimes operating and the assignment and matching patterns
of heterogeneous agents given these regimes. A rich interplay among information, wealth,
inequality and optimal effort levels is present in these transitions of regime configuration.

The current framework is compatible with a number of extensions. A dynamic version of
the model could be informative with respect to co-movements and transitions and could also
generate patterns of evolution in organizational forms, as agents learn about the environment
and the production process. In addition, the model can be adapted to admit different sizes
of organizations/firms, so that it can be used to analyze the optimal size of organizations

and its interplay with the availability of information regarding common shocks.
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A Proofs

Proof of Proposition[1 This proof is written for the general case in which there is a finite

number of firm members, N > 2. Consider a relative performance contract 7" with u. Fea-

sibility requires that 7" satisfies conditions , , , , . Perfect observability
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implies that one individual’s output is not informative with regard to the outputs of other
individuals in the firm. Hence, an individual’s consumption ¢; will depend only on individual
output ¢; and on the underlying state w. Given this information and the symmetry assump-
tion, we can conclude that the optimal consumption for agent ¢ under a relative performance
regime is ¢} = ¢ (¢, w).

We will now show that there is a feasible group contract 79 that can generate a weakly
larger surplus. Symmetry, i.e., 4; = @ for all ¢, implies that there is no loss of generality
if we consider only a symmetric solution. That is, the within-group weights p; = % are
symmetriﬂ, where N is the number of firm members. This symmetric solution also im-
plies symmetric consumption allocation, i.e., ¢ = L]'é""),‘v’i. For each relative performance

contract 7" (¢, q, e, s), we define a group contract 79 (c,, 14, q, €, s) such that

. (¥> _ N u(elew) (43)

and

7" (c,q,e,w) when condition holds and p; = %,

otherwise.

™ (Co, 1, q, €,W) = (44)
The concavity of the utility function implies that the aggregate consumption specified in
the group contract is no larger than the sum of the consumption allocations specified in
the relative performance contract, i.e., ¢, (q,w) < Zf\; ¢ (¢;,w) which holds with equality if
none of the incentive constraints is binding (so there is full insurance).

It is not difficult to show that the probability, mother nature, and consistency constraints,
, , and , respectively, for the relative performance contract «”, imply that the
probability, mother nature, and consistency constraints, , , and , respectively, for
the group contract 9, hold. We now only need to show that the participation and incentive
constraints, and , respectively, also hold under contract 79. The separability of the
utility function implies that there is no loss of generality if we suppress the effort in the

utility function for the participation constraints.

16Without a loss of generality, an optimal group contract with different weights must randomize across p;,

and it will do so only if advantageous. Therefore, the proof is valid.
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The participation constraints, , in case of the relative performance contract 7" can

be rewritten as follows:

Us

IN

Y (ea.ew)u(c)

c7q7e7w

= D> > (e qiaew) ulcqw) (45)

c,e,w q—g qi
The symmetry assumption implies the following;:
ZZTFT (C7q7i7%767w) ( c\gi, W Zzﬂ' ¢, 4—5,9;, €, U.)) (C(Qiaw))avfiaj
q—i qi q-j 9qj
Thus, the following is implied:

E T e smes)ulins) = DET eanmes) " E

l=1 g0 q

= 2> T lednamew) W

q (=1
N
_ r U qfa
= " (c,q,e,w)
q =1

Substituting this equation into yields the following:

N
ai S Z ﬂ-T (C,q,e,w Z u qg,
c,q,e,w /=1
Cq \Qq, W
~ Y Plamaew (%)
Ca,lt,q,€,Ww

Substituting and into the above inequality yields the participation constraint, ,

for the group contract 79:
ai < Z ﬂ-g (Ca“LL,q,e,CL))'U/ M
- N
Ca,,q,€,w
This inequality proves that the candidate group contract, as defined by and , satisfies

the participation constraint for the group contract, .

Now consider the incentive constraints for the relative performance contract 7" for
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each e;, é;:

Z ' (C7q7 eiuefiaw) U(C;,ei) >

C,q,e—;,w

P ~i7 —1 ~
Z " (C’q7€iae—i78) Pr(q’€ © OJ)UJ(C:,€Z').

c,q,e_;,w r (Q|€z‘, €_;, 3)

Multiplying this constraint by % and summing over ¢ yields the following:

= ulc (g w) )
Z WT(c,q,e,w)Z$2
c,q,e_;,w =1
€, e_ al u(c ), €)
Z . (c,q,e,w) q| zae irS Z Qza 7 '
C,q,6—; W qeza —iy S i—1

Substituting and into the above inequality yields the incentive constraint, , for

the group contract 79: for each e¢;, é;,

Z usd (Caa M, q,e, w) Z 22 (CN&’ ei) >

Ca,,q,W
Pr(qle, k, s) (ca ~>
g . - .
§ m (CA“U/;q, €, w) Pr (q|e, k‘75) EZ it N)ez

Carqyw
This inequality proves that the candidate group contract, as defined by and , satisfies
the incentive constraint for the group contract, .

In summary, the candidate group contract, as defined by and , is a feasible
group contract that generates a weakly larger surplus. Further, if incentive constraints are
binding under 7", for some vector q, consumption is not equal among agents. This implies
that ¢, (q,w) < Y.~ ¢(gi,w). Under the assumption that for any pair effort/common shock
(e,w) all output levels have positive probability, such q happens under 7" with positive
probability. Therefore, m9 generates a strictly larger surplus, with the same utility for all

agents. O

Proof of Proposition[3. One of the difficulties with this proof is that the incentive compatibil-
ity constraints, , are not well defined when the denominator in each of these expressions,
Pr(qle, k,s) = 0, for some value of (q,e,k,s). That case is applicable when idiosyncratic
shocks are absent and efforts are identical among agents. This case requires a restatement

of the incentive constraints.
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For a level of output q that can be reached only out of equilibrium, i.e., Pr(qle;,e_;, s) =
0, there is no loss of generality establishing corresponding consumption at the minimum level,
¢, i.e., Pr(c|lq,e) = 1, where ¢ = (¢, ¢) is the minimum level of consumption in the grid.

The incentive constraints for the relative performance regime can now be reformulated as

follows:
Z WT(C7 q, €, e_j, S)U(Ci7 ei) Z Z q)(C, q, éi7 e, S) vei) éz (46)
c,q,e—;,S c,q,e—;,s
where
~ Pr(As)Pr(e)Pr(qlé;, e_;, s)u(c, &), when Pr(qle;,e_;,s) =0,
(I)(Ca q,¢;,e, S) -

Pr(q|éi,e—i,s)

Pr(q|ei,e,i,s)u(ci’ei)v otherwise.

Wr(ca q, €, €e_j, S)

The proof now shows that a contract that solves Program [ below, which is a relative
performance problem without the incentive constraints and u; = u for all ¢, is also a
feasible relative performance contract (solves Program . In particular, we show that, a
solution to Program |4 satisfies the incentive constraints when idiosyncratic shocks are

absent, when arbitrarily high punishment is allowed, and when u; = u for all 7.

Program 4.

H%%‘X T (C, q, €, S) ((h +q2—c1 — 02) (47)
c,q,e,s

subject to constraints , , , and

Z 7" (c,q,e,s)u(c,e) > u Vi (48)

c,q.e,s

Let 7" (c,q,€,s) be a solution to Program 4| such that effort levels are identical across
agents, i.e., € = (€1,...,éy) and & = ... = ey = é. If the minimal level of effort is
adopted in the solution, then the incentive constraints would be trivially satisfied. If any
other level of effort € is adopted with positive probability, then the incentive constraints
would be satisfied only because effort affects the distribution of output. Otherwise, the
principal could recommend a lower effort level and lower consumption by holding utility

constant and increasing the surplus. As a result, there must be some state @ such that for

38



any é < e, E(qle,k,w) > E(qlé,k,@). Given the absence of idiosyncratic shocks, it must
be the case that f(qle, k,w) = 1 and f(q|é, k,w) = 1 for some ¢ > ¢. Thus, if u(¢;, €;) can
be set at a sufficiently negative level, then the incentive compatibility constraints will
be satisfied. Note that since incentive constraints are not present in Program [4, any group
contract delivering the same utility pair without full insurance will generate strictly lower

surplus. O
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