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ABSTRACT. When individuals’ contributions to team production are costly to -ﬁemure,
the incentives for different team meﬁxbers to supply and monitor inputs will depend on
the assignment of residual claims to team output. In an optir'na.l employment contract,
individuals with relatively low marginal product will become employees because the effi-
ciency loss will be relatively small as they shirk. In a share contract, each member of the
team receives a partial residual cla.x.im and the optimal amount of monitoring is reduced.
Like employment contracts, but not as extremely, an optimal share contract will allocate a
relatively small marginal share of team output to indiviinals with relatively low marginal
product. -
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Productive activities often involves the cooperation of more than one input owner: clinics
are tun by doctors and nurses, and law firms consist of attorneys and secretaries. In neo-
classical economicé, it does not matter whether doctors hire nurses or nurses hire doctors.
Yet we often observe that it is the more productive workérs (doctors, attorneys) who are
hiring the less productive ones (nurses, secretaries). What determines the kind of contracts

governing the relationship between cooperating input owners?

Contracts allocate rewards and penalties to cooperating input owners. Those input
owners whose rewards are fixed with respect to output can gain by supplying less than the
optimal amount of inputs. Residual'ciaimants, on the other hand. not only lack such an
incentive to shirk, but will also monitor cooperating input owners to prevént them from
shirking, Given such a reward structure, the amount of inputs to be stipulated in a contract
will depend on the relative costs of monitoring and of shirking. The structure of rewards is
not fixed, however. Reversing the status of those input owners who are employees-and of
those who are residual claimants will reverse their pattérq of behavior as well. The choice
of contracts, therefore, also involves a global comparison of the {(maximum) net gains under
different reward structures. While individual resource owners will maximize their personal
gains subject to contractual terms, market competition ensures that the contractual terms.
will maximize the joint value of the transaction net of the costs resulting from monitoring
and shirking. As will be shown below, contracts a.re- structured in such a way that the
owners of resources that are‘relaﬁi\;ély- more ‘productivé and ni?)re difficult to monitor will
become residual claimants. This may Help éxplajn, for example, why doctors hire nurses

instead of the reverse.

Residual claimancy need not be compiete;_ in pa.rticﬁia.r, évery resournce owner may
receive a share of the output such that each becomes a partial residual claimant. Since
output is then shé.red, individuals do not receive their full contribution to production as
their reward, and each will shirk to a certain extept in supplying input. The contract

will specify sha.re.s that balance the marginal cost of shirking by each input owner. This
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paper demonstrates that, under a share contract, the higher the marginal product of

an input, the greater the marginal share of output the input owner will receive. Share

contracts and employment contracts are also compared in order to illustrate the trade-offs

between constraining moral hazard through residual claimancy and constraining it through.

monitoring.

The theme of this article builds on the important works by Alchian and Demsetz
(1972) and by Holmstrom (1982). Both papers emphasize the importance of moral hazard
in team production. Alchian and Demsetz are concerned with the relationship between
monitoring and residual claima.ncj, whereas Holmstrom concentrates on the principél’s role
in enforcing contracts. Neither paper, however, explicitly discusses the cost of monitoring.
By introducing monitoring cost into the model, it is possible to give a much clearer picture
of the trade-offs involved in the choice of coﬁtra.cts.

This paper is also related to the literature on sharecropping.! Some of those who have
written about the subject (e.g., Stiglitz 1974; Hallagan 1978) have assumed that the inputs
of laborers are difficult to measure, while those of landowners are not. The asymmetry
in this assumption is unattractive. “Land” is a resource po‘ssessing many attributes, the
amounts of which are variable a.nd costly to mezisufe;. The productivity of land depends,
in part, on drainage and on the amount of nutrients in the soil. Because a parcel of land
is.seldom uniform in its various characteristics the accurate measurement of land is very
costly. Moreover, landowners often provide othe.r inputs (such as fa.fming equipment and
marketing service) which are costly to monitor. Fa.rn.ﬁng_ activities should therefore be

regarded as team production, ang it is appropriate to analyze them using the theory of

contract choice presénted here. Our analysis of t.l_le choice of contracts is similar to that.

in Eswaran and Kotwal (1985). Eswaran and Kotwal’s model contains a cost of non-

specializing which arises because difficult-to-measure inputs will not be exchanged under

! See especially Cheung (1969), Stiglitz (1974), Hallagan (1978), Eswaran and Kotwal

-(1985). Newbery and Stiglitz (1979) provide a brief and useful overview of the theories of

sharecropping.



a fixed-rent or fixed-wage contract. The cost of non-specializing in their model plays a
role equivalent to that of monitoring cost in the present model.2 Unlike the numerical

simulations of their model, however, the results of this paper are derived analytically.

The analysis of contracts presented here does not assume risk aversion. Cheung (1969)
argues that the share contract requires a higher monitoring cost than does the wage or
rental contract, but that it has the advantage of sharing risks. .Here we argue that the
share contract saves on monitoring cost. Under a share contract, instead of constraining
moral hazard through monitoring, each team member is given a partial residual claim,
which reduces the need for monitoring. This ernphasié on monitoring cost also .extends
principal-agent theory, in which the status of principal and agent is determined outside
the model.> Once it is recognized that the use of monitoring and residual cla.ima.ﬁcy
are determined endogenously to constrain moral hazard, the implications of diﬁ'erences in
productivity and monitoring costs for the choice of contracts can be readily obtained. The
results we obtain complement Grossman and Hart (1986) and Hart and Moore (1990). In
those models the allocation of residual rights of control affects prior investments in specific
assets, and relative inefficiencies in investments determine ownership rights. In our paper
the allocation of residual claimancy affects curreﬁt input supplies, and traditional welfare

loss comparisons determine contractual forms. 2

I. Moral Hazard in Team Production

We use the term “team production” to refer to production activities in which inputs
are provided by more than one person. The value of team-output is a function of the level
of inputs provided by each team member. In this and the following three sections it is

assumed that the team consists of two persons, 4 and B. Individual 4 provides an input

- 2 Both monitoring cost and the cost of non-specializing are likely to affect the choice of
contracts. We use the former because its interpretation is more straightforward.
3 See, for example, Stiglitz (1974), Holmstrom (1979), and Grossman and Hart (1983).
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a at a cost c,(a) and B provides input b at a cost c(b), with ¢} > 0,¢/ > 0. For simplicity

the value of team output, z, is modeled as a linear function of the inputs:*

zT=aa+ b~ F te. (1)

The advantage of team production arises from the savings in ﬁxed cost, F. The term e
represents the random element in production. We assume individuals are risk neutral, and
in what follows only the expected values matter.

The first-best optimal level of inputs, a* and 4, is obtained by maximizing. the ex-

pected value of z — ¢,(a) — c;(b), which gives

a = c:l(a.)7

B =cy(b%).

2

Both individuals know their own contributions, But becaﬁse of the random element in
production neither of them can infer the contribution of the other. If it were costless
to measure or monitor the level of inputs, the first-best outcome could be achieved by a
price mechanism, or by directly instructing the i;xput -owners to supply a* ‘and b*. When
monitoring is not free, it will be applied only to the point where the marginal gain from
reduced shirking equals the marginal cost of monitoring; The net value of the team will be
less than the first-best optimum because resources are spent on monitoring and because
some shirking remains. Alternatively, the team members may forgo the measurement of
inputs altogether and structure their rewards on the ba;sis of output (which is assumed to
be costless to measure). Since the value of output has o be shared between team members,

however, each will shirk partially on input supply, and it is again impossible to achieve

‘a first-best outcome (Holmstrom 1982). The choice of contracts, then, must be a choice

among second-best outcomes.®

* This production function will be generalized in Section V. ‘ .
% Holmstrom proposes a solution to the moral hazard problem by introducing a “princi-
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II. The Nature of Monitoring Cost

Other things being equal. an employed worker is expected to exert more effort as the em-
ployer spends more on monitoring. If we write the worker's input supply level, b, as a

function of monitoring cost, m, then b = b(m) and b(-) will be an incfeaéing function. In-

_verting the function b(-) gives the monitoring cost function, m = m(b), which is increasing

in'b. While the detailed specification of monitoring cost will depend on the monitoring
technology and is expected to differ across transactions, we believe a reasonable restric-
tion 1s that monitoring cost increases with the stipulated input level.® Since the cost of

supplying inputs is assumed to be increasing and convex, both the total and the marginal

_ incentive to shirk increases as the employer stipulates that the worker supplies more inputs.

To combat this increased tendency to shirk would require more expenses on monitoring
the worker’s behavior.

As an example, suppose employer A monitors worker B. A pays wb to B for b units

of input. When B supplies less than b units, there is a probability =(m) that this will

be found out and B will then have to pay a penalty 6.7 The probability of detection is

assumed to be increasing in the monitoring expenditure, m. Given this ‘situation,® the

pal” to break the budget constraint. However, as Arrow (1985) points out, there are many
Nash equilibria in Holmstrom’s scheme which are inefficiént. The existence of multiple
Nash equilibria provides opportunity for strategic manipulations by team members. A re-
lated difficulty of the proposed scheme is that the principal will have a strong incentive to
reduce output, say, by colluding with one of the team members (see Eswaran and Kotwal
1984) or by falsifying the measured output. In what follows, the possibility of an outside
principal is ruled out, and attention will be focused solely on contracts that satisfy the
budget constraint. . :

-8 This is the only restriction on the monitoring cost function that we need in the rest
of the paper. T ] ‘

7 The penalty is constrained by wealth. If there were no wealth constraint, monitoring
cost could be made arbitrarily small by increasing the punishment to infinity. The penaity
to shirking may be viewed as a bond to guarantee performance. Since the provision of
guaranteeing capital is costly, some positive level of monitoring will still take place. Also,
if one party posted a large bond, the other might take the money and run.

8 A more elaborate version of this model in which shirking is not all-or-nothing is
described in Calvo and Wellisz (1978).



worker will supply b units of inputs if

wb — ¢p(b) > wb — w(m)é — c;(0); - (3)

that is,

7(m)8 > ey(b) — c(Q). (4)

As the stipulated input level b increases, the gains from shirking (i.e., the right-hand side of
(4)) increases and m must rise to preserve the inequality. This will result in a monitoring
cost function that satisfies our festriction.

As another example, suppose the employer 1;ses a one-tailed -test and imposes the
penalty § whenever output falls below some critical level. In a variety .of situations, this
strategy or variants thereof will be an optimal monitoring policy.® The probability of
detection will then be a function of the deviation of the actual from the stipulated input
level, 7 = w(m, b—b).1® Figure 1 depicts the typical behavior of 7. The curve corresponding
to higher monitoring expenditure (m;) gives a more powerful one-tailed test. The worker
takes m as given. The employer is a Stackelberg leader in this monitoring game. We assume
the employer can credibly precommit to the monitoring poljcy (through some reputation

mechanism, for instance) and chooses b to maximize

wh — 7r(m, b — 5)6 — cs(b). : (5)

If the employer wants to implemeﬁt b= b,'monitoring cost m m@st be chosen such that

m2(m, 0)8 = c;(b). | (5)

® See, for example, Dye (1986) and Rasmusen and Zenger (1990). In Dye's model,
however, monitoring occurs only after output becomes known.

18 We can also let the probability of detection be a function of the percentage deviation of
the actual input level from the stipulated level. The results will be essentially unchanged.

6



When the stipulated input level b increases, the marginal gain from shirking (i.e.. the
right-hand side of (6)) increases and my(m,0) must be raised to preserve the equal_ity; A
highe; mo(m,0) requires a more poWerful test (see Figure 1). Consequently, monitoring
cost must increase with the stipulated input level.

The paper assumes that the cost of monitoring is independent of the productivitjr
of the employer. This will be the cé.se if monitoring ability and direct productive ability
are uncorrelated. The employer’s allocation of time between production and monitoring
can be explicitly modeled as in Barzel (1987). Introducing this feature in our paper-will
increasé its realism but not alter its conclusions. Another possibility is that monitoﬁng can
be acquired from the market (e.g., equipments for quality control, professional auditors).
In that case monitoring cost will depend on the market price of these monitoring inputs

and will be independent of the employer’s own productivity.}?

III. Employment Contracts and Residual Claimancy

In an employment contract, an employee whose pay is fixed (with respect to output) will
gain by supplying less than the optimal amount of input. Monitoring which reduces the
extent of shirking will be adopted if the gain exceeds the cost. The residual claimant, on
the other hand, has no incentive to shirk, and it is thus unnecessary to monitor his or her

input. Since the costs of monitoring and of shirking differ across team members, it does

matter whether “capital hires labor” or “labor hires capital.”!? The choice of employment .

contracts, then, raises the question: Who will be the residual claimant?
Suppose, under contract 1, person A is the employer and person B the employee. To

prevent B from shirking, 4 will spend resources to measure and monitor the level of in;.mt

11 The use of third parties, however, raises the issue of the control of monitors (Alchian
and Demsetz 1972; Eswaran and Kotwal 1984; Baiman et al., 1987). This problem will
be moot if the employer undertakes supervision directly {(Barzel 1987, Calvo and Wel].isz
1978).

12 The usual contention (e.g., Samuelson 1957) that in a competitive market it does not
matter who hires whom implicitly assumes costless monitoring.
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b. The cost of monitoring, ms(b), is an increasing function in the specified input level, as

we argue in the previous section. The optimization problem for A is:

max aa+ fb—F —c,(a) — mp(b) — wyd
a,bw, (7)
subject to  wpb — c3(b) > uy,

where wy and u; refers to B's wage rate and reservation utility. The solution values of a

and b, denoted a; and b,, satisfy

a = c;(a1),

(8)
B —mi(b1) = cj(ba).

Comparing (2) to (8), it is evident that a; = a* and b; < b*. That is, the residual claimant
will provide the optimal level of input, whereas the employee will shirk even though he
or she is being monitored.”® The total costs of transaction under this contract are the
sum of the resource cost spent on monitoring, m;(b; ), and the deadweigﬁt cost of shirking,
(Bb* —cp(b*)) —(Bb1 — cs(by)). This definition of transaction costs is synonymous to Jensen
and Med(ling’s {1976) concept of “agency costs.”

The costs of transaction depend on the form of the contract governing the relationship
between A and B. Instead of A hiring B, it is possible to choose anoiher contract in which
B hires A. Under the latter a.rra.ngement. (contract 2),-B’s choice problem is -

max aa+ fb— F — ¢y(b) — ma(a) — waa'

ab,w, - (9)
subject to w,a — ¢,(a) > u,.

The solution values of a and b, denoted a; and by, satisfy

a —mj(as) = cy(az),
ﬂ = Ca(bg)

13 Tn this article “shirking” always means that less than the optimal level of input
is supplied. Strictly speaking, shirking does not involve any cheating or contractual
non-performance; shirking occurs because transactors rationally contract for a less-than-
optimal level of input to economize on monitoring cost.

(10)
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For this contract, a; < a* and b = b*. The transaction costs are (aa“’ —co(a*)) — (aay —
ca(@2)) + ma(as).

While the choice of input levels is constrained by the presence of monitoring cost,
the choice of contractual forms is not. As long as individuals have full knowledge of
the contractual terms before they accept or reject the contract, Coase’s theorem applies:
Contracts will be chosen so as to maximize the net value of the team or, equivalently, to
minimize the costs of transactions. We let V; and V, be the net value of tHe team under

contract 1 and contract 2 respectively where

Vi = aa; + by —F — co(ay) — ca(b1) — ma(b1) (11)

and

Va = aag + by — F — coay) — cb(bz). —me(as). " (12)

Since V; and V; are functions of « and 4, the relative advantage of contract 1 and contract
2 Wiil differ according to differences in the marginal products of A and B. Specifically,
consider the effects of changes in . As a approaches zero, a* also approaches zero so that
transaction costs under contract 2 are negligible. Tra.nsa.c’tion costs under contract 1, on
the other hand, are positive because monitoring and shirking will take place. Therefore,
Vi < V4. As a increases, the costs of transaction under contract 1 (with A as the employer)
remain unchanged but transaction costs under contract 2 (with A as the employee) will
increase. Thus, Vi > V, will exceed V, when a gets very ia.fge. Moreover, from the

envelope theorem,

o, v 1

T T T g 3
v v, 1
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Both V) and V; are increasing and convex in «, with the slope of V; being greater than

that of V; (since a; > a»). The relationship between V;,V, and « is depicted in Figure
2. For o < @,V; > ¥} and B willbe the employer. For « > &, V; > V, and A will be the
employer. The higher is A’s marginal product relative to B’s, the greater will be the cost
imposed by shirking on the part of person 4 compa.re& to shirking on the part of person
B. As the marginal pro&uct of A increases beyond a critical value, transaction costs can
be reduced by making A the residual claimant.!*

A similar exercise can be performed for the effect of monitoring cost on the choice of
contracts. Suppose there is a shift parameter which ;ﬁanges the magnitude of m}. Since
contract 1 does not monitor A’s input, V; is independent of m/,. The value of V3, on the
other hand, will decrease (at a decreasing rate) as m/, increases. Figure 3 sh;)ws a possible
case where V; and V; intersect.!® For this case, contract 1 will be chosen over contract 2
whenever m/, > ml. That is, the more costly it is to monitor A’s input, the more likely it
is that A4 will become the residual claimant.

We have, then, partly answered the question posed at the beginning of this section:
The greater is one’s ability to affect team output in costiy-to-monitor ways, the more
likely it is that one will be the residual claiﬁxa.nt and will monitor the team. Note that
this analysis is equally applicable to vertical production relationships. For example, it is
expected that the upstream producer will acquire control over the downstream producer
rather than the other way around if the former has a greater ability to affect the valué of
the final product in difficult-to-measure ways.!®

Employer-employee relationships in the professions illustrate our model. In various

professions such as law and medicine practitioners often operaté in groups. As a rule

4 This comparative statics result is based on the multiplicative shift parameter c.
Changes in total product without corresponding changes in marginal product will not
affect contract choice.

15 The other possible case is that V; lies entirely above V;.

16 The distinction between forward and backward integration would be meaningless if
monitoring cost were zero. Cf. Grossman and Hart (1986) and Hart (1988).
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the more experienced members of such groups employ the less éxperienced ones. Since
experience enhances productivity, it is the more productive team members who employ

and monitor the less productive members as predictedvby our model.

IV. Optimal Share Contracts

An employment contract gives a marginal share of zero percent of team output to the
employee, and a ma.rginai share of one hundred percent to the employer. It is also possible

to allocate a positive marginal share to the employee by reducing the marginal share of the

-employer. The resulting contract is a share contract. Of course, under a share contract,

the distinction between 'employer and employee is no longer mea.xﬁngful. For our purposes,
any contract in which payment to each team member depends on team output constitutes
a share contract. Thus an employment contract with bonus payments is a share contract
because employees receive a positive marginal share of team output {Hashimoto 1979).
Another exa.mple.of a share contract, although seldom recognized as such, is a piece-rate
contract. Whén an owner of capital hires a worker and pays him or her on the basis
of the number of units produced, the piece rate that the worker receives must be less
than the price of the output, because capital which contributes to team output must also
be compensated. Thus, piece-rate contracts involve value shariﬁg, just as sha.recroppiﬁg
involves output' sha.ring.-l? “The analysis that follows is applicable to both. -

Under a share contract, since each worker is a partial residual claimant, each will
voluntarily supply some input even if he or she is not being direétly monitored. To focus
on the role of the share contract as an alternative method to constrain moral hazard, we
first assume there were no monitoring in a share contract..’ This‘assumption is relaxed at
the end of this section. -

Suppose, in team production, person A will receive Az + k and person B will receive

17 To our knowledge, Hall (1984) is the first to clearly point this out. Such an interpre-
tation of bonus and piece-rate payments, to be sure, presumes team production.
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(1—X)z —k, where A and 1- A are the marginal output shares and the constant k represents

a side payment to satisfy competitive conditions. Since the parties do not monitor each

'Cdsfby\

other, the levels of inputs a and b will be chosen in a non-cooperative manner. The despn

problems for 4 and B are, respectively:

max Maa+ fb— F) — co(a) + k,
max (L= M(aa+ b~ F) — cp(b) — k. (14)

The Nash equilibrium solution (a3, b3) is characterized by

A = ¢, (a3),

(1= 2)8 = cj(bs).

Since A and B each receives only a fraction of his or her marginal product, each will shirk

(15)

partially on input supply (i.e., a:; < a*,b; < b”). Moreover, the extent of shirking depends

on the marginal share that each receives. From (15),

6a3 o

—=—7>0,
oA & (16)
Qb_s———_ﬂ.<0
oA~ )

As X increases, person 4 becomes. more of a residual claimant, tlicreby reducing his or
her incentive to shirk; at the same time, shirking on the part of person B becomes more
vsevere.

The optimal éha.re contract specifies a A that maximizes the net value of the team.

This problem can be written as

max  aas(A) + Bbs(A) ~ F ~ ca(as(R)) — es(bs()). amn

The first-order condition is

0b;

=2 =0. (18)

(a= )5S+ (8-<})
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" That is, the change in A’s input supply, multiplied by A’s net marginal value product,
must be balanced against the change in B’s input supply, multiplied by B’s net marginal

value product. Using (16), condition (18) can be rewritten as

Ha—c,) PB-c)

c! oy

(19)

If there is a shift parameter that reduces ¢, the value of ¢, must be increased to satisfy the
first-order condition. Since ¢, is convex, c, is large when a; is large, which is achieved by
choosing a high A (and the appropriate side-payment k). When A shirks, the deq.dii;eight
cost will be relatively high if A’s input supply curve is very elastic. Transaction costs can
be reduced by allocating a greater fraction of the residual claim to A so tha,!; A’s incentive
to shirk will be smaller.’® Similarly, when o is large, the optimal A will be high and A
will become more of a residual claimant. This conclusion is similar to that obtained in the
previous section—the greater one’s ability to affect the output of the team, the greater the
extent to which one’s income will depend on team output.!® -

One of the results from the above analysis is tha.t a contract in wh.\ch A équals one is

never optimal. If A = 1, then a3 = a* and b3 = 0.2° An infinitesimal decrease in A will

decrease a3 and increase b;. By the envelope theorem, the cost due to the decrease in a3 is ~ -

of second order, whereas the benefit due to the increase in b3 is of first order.?! Thus, an

employment contract which allocates a one-hundred percent share to one residual claimant

1% The elasticity of the marginal cost curve of an input discussed here seems to correspond
to Alchian and Woodward’s (1987) notion of “plasticity.” Resources with many alternative
uses will have elastic input supply curves and will be vulnerable to moral hazard.

® 1t should be recognized that this is a conclusion about the relationship between
marginal product and marginal share, not between average product and average share.

20 The fact that b = 0 does not imply person B will be excluded from the team, because
b is just one attribute of B’s input. B will still supply positive amounts of other attributes
if they are not costly to measure.

21 The fractions 1 — A and A may be regarded as the tax rates on input supplies a and
b. Since the welfare cost of taxation increases with the square of the tax rate, taxing both
inputs at a positive tax rate is preferred to taxing one input at a 100 percent tax rate.
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and which does not monitor employees will be strictly dominated by a share contract,
Figure 4 compares share contracts to employment contracts. In this figure, curve Ve

is just the upper envelope of curves V) and V4 shown earlier. That is, VE' = maz{V}, 15}

is the value of the émployment contract with endogenously determined employer/employee

status. Curve Vs shows the net value of team output under the optimal share contract:

Vs = aa3 + by — F — c.(a3) — cp(b3), (20)

where a3 and by satisfy equation (19). Consider how Vs and Vg vary with « (the marginal -
product of person 4).22 If o is very large, the deadweight cost of having an inefﬁciem

level of a will be very large. Since a; = a* ;Jnder the employment contract while a3 < a*

un&er the share contract, we have Vg = V; > V5. If « is very small, on the other hand,
the deadweight cost from an inefficient level of b will be the dominant consideration. As
by = b* and b3 < b*, we then have Vg = V2 > Vs. Thus the share contract will dominate
employment contracts only for inrmediate values of «, as shown in Figure 4.22 When

the marginal product of A is low, person 4 will be employed and be monitored by B
(contract 2). For intermediate values of @, the team will adopt a share contract so that
person A becomes a partial residual claimant, with a rﬁa.rgjna.l share that increases with
A’s productivity. As A’'s marginal share increases, however, B’s incentive to shirk also
increases. At a certain point, transaction costs can be reduced By switching from the share
contract to an employment contract {contract 1), with A being the full residual claimant

and activelyrmonitoring the employee B.?4

22 As drawn in the figure, Vs is increasing and convex in «. Proof: OVs/0a = a3 >
0,0%Vs/0a? = 8ay/8a > 0.

2 Tt is also possible that Vs will lie entirely below Vg. This occurs when monitoring is
relatively cheap. '

2% The screening hypothesis (Hallagan 1978; Newbery and Stiglitz 1979) also suggests
that, in a cross section, farmers working on rental contracts tend to be more productive
than those working on share contracts, who in turn are more productive than fixed-wage
farm laborers. The hypothesis, however, cannot explain changes in contract forms over
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Our analysis has focused on the use of partial residual claimancy as a substitute for
direct monitoring. The share contract can be imiproved if there is simultaneous applica-

tion of monitoring and output-based compensation. For example, suppose the monitoring

. ‘tedmology is as in Section II. When person B supplies less than by units of input, there

-is a probability =(m) that shirking will be detected and. a penalty § will be paid. If B's

marginal share is (1 — A) and b, is B’s input supply in the absence of monitoring; person

B will éhoose by instead of by if and only if

m(m)8 > [(1— \)Bbx — cy(bx)] = [(1 — A)Bbo — ca(bo)]- ()

" For small by — by, the term in the first brackets on the right-hand side of (21) will be of

second order (the envelope theorem). Provided «'(m) > 0 at m = 0, the level of b then

can be increased at a marginal cost which is sécond-order small. The increase in value of
team output from a marginal increase in b, on the other hand, is of first-order magnitude
because by < b*. Thus introducing monitoring to a share contract will strictly raise its
value. In terms of the diagram in Figure 4, monitoring will shift the Vg curve_up. This
makes the share contract more attractive than the employment contract over a wider range

of a. Our qualitative conclusions, however, remain the same.

V. Some Extensions

"Up to this point, a two-person, two-input model has been used to analyze the forces

affecting the choice of contracts. Since team production often_ involves more than two
people, and since each person’s contribution to the team has many different attributes. it
will be useful to éxtend the discussion by considering a man&-agent, many-attribute model.

Suppose a team consists of n people, each supplying an attribute a;, which is costly to

measure, and another attribute z; which is costless to measure. The cost to individual i is

time because it is only concerned with the sorting of heterogeneous farm laborers by the
use of different contracts.
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¢'(ai, z;) and team output is = = f(ay,...,an,21,...,2a) + €, where ¢'(-) and f(-) satisfy
the usual assumptions about cost and production functions. The analysis of employment
contracts with one residual claimant and n — 1 employees is the same as the two-person
case, and therefore will be omitted. The discussion will focus on share contracts.

In a share contract, individual ¢ with marginal share J; w_ill choose a; to maximize

A:iz — ¢'. This implies

Aifa,—ci, =0, i=1,...,n (22

On the other hand, the z’s (which are costless to measure) and the A's will be chosen to

maximize the net value of the team, with

St -

‘The optimal share contract solves

n

maa; fla,z) — ;ci(a;,zi) (20)

subject to (22) and (23). Let 8,,...,8, be the Lagrange multipliers for (22) and u be the

Lagrange multiplier for (23). The first-order conditions to this problem are:

Ja: — Ci__ + ZG,—(,\,-'fu,.,,,. — c',;i“-') == 0’> . (25)
i .

fz.- —Cf—,.- +Zej(Ajfa,'z; _Cc];;z.:)=0’ (26)
j
gifa; —H= 0. (27)

Using (27), equation (25) can be written as
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(faf _ Ci;) —_ e n s
T O farer = el g 1 P (28)

Clearly, equation (28) is a generalization of equation (19). -Comparativ'e‘ statics results for
Ai are straightforward. The greater is the net m'a.rgina.l. value of a;, and the more elastic
are its input supply and input demand curves, the greater will be the marginal share for
person 1. | .

It should also be noted that the level of z; under a share contract will be different
from the first-best level, even though z; is costless to measure. Specifically, the first-best

level of z; is given by

fz.- - Ci- = 0. (29)

Comparing (26) to (29), the level of z; under a share contract will be greater than the first-
best level if 3, 6;(); fo;z — c{;iz‘.) is positive. Thus, if z; and the a;’s are complementary
in the sense that on average an increase in z; will increase the marginal produét or reduce
the marginal cost of the a;’s, the contract will specify an “excessive” use of z; (or specify °
" an “excessively” low price for it) in order to induce people to supply more of the costly-
to-measure attributes.?

A final observation relates to tﬁe size of é.: team.-As:team size increases, each person’s _
marginal share will decrease and each will shirk more. On the other hand, the extent
of shirking under an employment contract depends only on monitoring cost, which is
independent of team size. In a large team, a pure share contract .lél which evefybody gé_ts a
positive marginal share and nobody is monitored will be relatively inefficient. It is expected

that only those few people with the greatest ability to affect team output in difficult-to-

measure ways will be residual claimants, while the majority of the team members will

25 Braverman and Stiglitz’s (1982) discussion of interlinked agrarian markets is based on
this idea. See also Barzel (1977; 1981) for applications to slavery and tying arrangements.
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become employees and be monitored.2

VI. Concluding Remarks

Moral hazard in teams can be constrained by monitoring the behavior of team members,
or by aligning their rewards more closely with team output. However, mounitoring is not
without cost, and full residual claimancy cannot be given to every team meinber simulta-
neously. While a first-best outcome is not achievable, contracts will be chosen such that
the value of teaxﬁ output net of the transaction costs resulting from moral hazard and from
monitoring is maximized. The analysis performed in this paper demonstrates a general
proposition: The greater is one’s ability to aﬁét_:—t team output in difﬁ_cult-to-meé.sure ways,
the greater is the extent to which one’s income Wi].l depend on team output, and the less
likely that one will be directly monitored.

This article has focused on a team’s cost of measuring inputs. It should be recog-
nized that the “output” of a team is not just a simple dollar value. Team production
generates outcomes with many different attributes, many of which are costly to measure.
For example, the outputs of a farm include not only diverse farm products which differ in
quality, but also soil conservation or deterioration, and huma.n capital formation through
on-the-job tra.iﬁing. When the outputs of a team have many attributes, contracts can
reward team members in more detailed ways so that costs and benefits are more closely
aligned. At the same time, the costliness of measuring outputs introduces the additional
moral hazard problem of output skimming or stealing (see Umbeck 1977; Hart 1988).‘ A

full analysis of the choice of contracts must take these considerations into account.

26 To be sure this consideration has to be balanced against individuals’ ability to provide
capital and bear risks.
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