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Vertical coordination through contracts between farmers and other stages of the
agro food chain have been of growing importance in US agriculture. Production contract
arrangements between contractors and individual growers have been one of the major
vehicles of this emerging system of vertical coordination. Despite the unprecedented
success of production contracts as claimed by many through risk reduction, income
stabilization, use of improved managerial inputs, and know-how transfer from contractors
to growers, contract growers dissatisfied with existing contract payments complain that
contractors are extracting too much of contract benefits while growers gain only small, or
even negative, returns from contract production. Thus, measuring growers’ gains from
contracting, and understanding what determines the returns to contracting, is important
for evaluating the policy issues associated with contracting in agriculture. This study
examines hog growers’ gains from contracting and explores the distribution of the gains
from contracting among contract hog growers.

The purpose of this dissertation is threefold. The first purpose is to review the
major issues that have been examined in the literature on principal-agent theory, with
special attention to the issues that are important in the agricultural sector in general and
hog production in particular. Some further extensions of the basic theories are developed
to enable solving the empirical puzzles. Some implications for agents’ gains from
contracting in both static and dynamic settings are derived. Related discussion shows
how hog contracts relate to standard principal-agent theories. The main finding is that for
the most plausible information structure, that is, when growers have partial but better
knowledge of their ability than contractors, some low ability growers with below average
productivity receive negative gains from contracting on average. This conclusion holds
even when renegotiation-proof long-term contracts are in place for each ability
distribution. In contrast, none of the growers receives negative gains from contracting
when they have complete knowledge of their ability before signing the contract.

The second purpose is an explicit theoretical modeling of hog contracts to
theoretically analyze optimal incentive structures for hog contracts. A principal-agent
model allowing reservation profit to vary with ability is developed to explore whether
some contract growers receive negative gains from contracting on average. The results of
this theoretical development suggest a rich set of alternative conditions where negative



average gains from contracting are possible for growers with below average productivity
of any particular ability level discernible by the contractor. These losses are likely to be
repeated under long-term contracting when ability is a permanent random draw for the
grower that is different than expected. Even low-ability growers with above average
productivity can experience an ex post loss from contracting.

The third purpose of this dissertation is to test the main theoretical findings on
contract growers’ gains from contracting using revealed preference data from the well-
known Agricultural Resource Management Survey (ARMS) for 2004. In order to do this,
contract growers’ gains from contracting are measured using standard impact evaluation
methods. By going beyond typical estimation of how contracting affects average
growers’ profits, estimates are developed to show how high-profit growers are affected
differently from low-profit growers, and whether some growers are worse off with
contracting. The results are especially relevant for policy analysis regarding hog
contracting because it shows what share of contract growers lose from contracting and
identifies their characteristics. The impact distribution of contract growers’ gains is also
explored using quantile regression. The estimated growers’ gains from contracting are
then used to evaluate theoretical predictions of the hog model.

The main empirical findings of this research can be summarized as follows. First,
both risk reduction and limited credit are important motivations for hog contracting.
Second, the sorting effect is positive, implying that contract growers tend (because of the
effect of unobservables) to choose contracting because of a comparative advantage in
doing so. A positive selection bias is estimated, which tends to give contract growers a
comparative disadvantage from independent operation. Third, high ability growers earn
higher profits on average than low ability growers as predicted by the hog contracting
model. Fourth, the mean effect of contracting for contract growers (ATET) is positive for
all contract growers. However, when contract growers are divided into quartiles by size,
the ATET is positive only for the lower three quartiles whereas it is negative for the
highest. Fifth, the ATET decrease over quantiles of the profit distribution for contract
growers and the ATNT decreases over quantiles of the profit distribution for independent
growers. Sixth, one third of the contract growers receive negative gains from contracting.
Below average productivity growers lose from contracting as predicted by the hog
contracting model. Seventh, the mean effect of contracting for independent growers
(ATNT) is negative. Eighth, the ATET exceeds the ATNT, meaning that independent
growers would gain less than contract growers had they contracted. Ninth, contract and
independent growers are different with respect to the productivity of the variable factors
of production but unilateral technological superiority of one group to the other is not
found. Finally, the results suggest that small growers will be forced either to exit the hog
business or expand operations regardless of their contracting status.
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Chapter 1:
Introduction

Vertical coordination through contracts between farmers and other stages of the
agro food chain have been of growing importance in US agriculture. Production contract
arrangements between contractors, often referred to as integrators, and individual growers
have been one of the major vehicles of this emerging system of vertical coordination.
Even though the number of farms using contracts in US agriculture grew slowly from 6
percent in 1969 to 11 percent in 2001, the increase in the share of the value of production
under contracts grew from 12 percent in 1969, to 28 percent in 1991 and 36 percent in
2001 (MacDonald et al, 2004).

Although most of the value of the contracted production was produced under
marketing contracts, the share of contracted value under production contracts was
remarkable. The share of the value of production under production contracts went up
from 10.6 percent in 1996-97 to 17.5 percent in 2003 (MacDonald and Korb, 2006).
The share of poultry and eggs produced under production contracts was 92.3 percent in
2001-2002 (MacDonald and Korb, 2006). The share of hogs produced under production
contracts had reached 50.4 percent by 2003 (MacDonald and Korb, 2006). This growing
share of the value of production under production contracts in agriculture has raised
growing concern from various quarters about the impact of contracting on the parties,
particularly on the growers.

Some have argued that production contracts have benefited growers by reducing
risk and stabilizing income with low capital requirements (Rhodes, 1989; Rhodes and

Grimes, 1992; Johnson and Foster, 1994; Knoeber and Thurman, 1995; USDA, 1996;



Martin, 1997; Vukina and Foster, 1998). Some have pointed out that contract
production appears to have aided expanding broiler and hog operations by providing the
capital necessary for operations of unprecedented size (Kliebenstein and Lawrence,
1995). In addition, contracting appears to raise farm productivity by promoting growers
use of improved managerial inputs, and by transferring know-how from contractors to
growers rapidly (Just, Mitra, and Netanyahu, 2005). Others argue that contracting raises
farm productivity through technology adoption facilitated by growers’ easy access to
credit (McBride and Key, 2003).

Despite the unprecedented success of production contracts as claimed by many,
an increasing number of dissatisfied contract growers are complaining about specific
features of the contracts in place in recent years (Vukina, 2003). Many contract-growers,
dissatisfied with existing contract payments, complain that contractors are extracting too
much of contract benefits while growers gain only small, or even negative, returns from
contract production (Kolmer et al. 1963; Aho, 1988; Morison, 1996a and 1996b;
Guebert, 1996; Russell, 1996; Lipton, 1997). Concerns have been raised about the
bargaining power disparity in contractual arrangements that goes against the growers’
interest. Concerns have also been raised about the risk shifting implication of large asset-
specific investments by contract growers in broiler and hog operations. The loss of
transparency in transactions because of the confidentiality clauses that limit potential
contract growers from evaluating and negotiating contract terms raises concerns (lowa
Department of Justice, 2001). State and federal lawmakers are taking such concerns
seriously and moving forward to exert concerted efforts to place some legal constraints

on the type of contracts that both the parties can sign (Vukina, 2003).



Nonetheless, few investigative attempts have been made to confirm or reject
such claims by contract growers or to quantify the distribution of growers’ gains from
contracting. Measuring growers’ gains from contracting and understanding what
determines the returns to contracting is important for evaluating the policy issues
associated with contracting in agriculture. This study is examines hog growers’ gains
from contracting and explores the distribution of gains from contracting among contract

growers.

1.1 Background

The typical production contract is an agreement between a contractor (also called
an integrator) and a farmer detailing specific farmer and contractor responsibilities for
production inputs and practices, as well as a mechanism for determining payment.
According to many livestock production contracts, the grower cares for the animals, and
usually provides land, labor, housing, utilities, and other operating expenses, such as
repairs and maintenance. The contractor provides feed, veterinary supplies and services,
and young animals. Expenses for fuel and litter can be shared or paid by either party,
depending on the nature of the contract. Typically, the contractor also owns and operates
hatcheries, feed mills, and a processing plant, and provides transportation of feed and live
animals (Tsoulouhas and Vukina, 2001; Knoeber, 1989). Contractors rather than
farmers often retain ownership of the commodity during the production process and
marketing of the products.

According to Tsoulouhas and Vukina (2001), nearly all livestock production

contracts have a fairly similar payment structure, taking the form of a two-part piece rate



tournament or a fixed performance standard. A two-part piece rate tournament consists of
a fixed base payment per pound of live meat produced and a variable bonus payment
based on the grower’s performance relative to other growers. Performance is largely
driven by the effectiveness with which growers convert feed to live meat. Often, the
performance is measured by the so-called settlement cost, which is obtained by
combining feed with other contractor’s costs (animals to be grown, medication, etc)
divided by the total pounds of live weight produced. The relative performance is
determined by comparing the individual grower’s performance with the group average
for a given flock of animals in the same area. For a feed-conversion ratio below average
(that is, for above-average performance) the grower receives a positive amount over the
base payment and for a feed-conversion ratio above average (that is, for below average
performance) the grower receives a penalty (Tsoulouhas and Vukina, 2001; Knoeber,
1989).

A second type of grower remuneration approach is a two-part piece rate based on
a fixed performance standard. It consists of a fixed base payment per pound of live meat
produced and a variable bonus payment based on the grower’s performance compared to
a predetermined feed conversion standard. In this case, the benchmark is not determined
by a contest among the growers as in a tournament. Instead, the benchmark is a
predetermined technological constant. Another version of the fixed performance standard
is a discrete scheme where, for a given weight of the finished animal, the contract design
specifies different bonus payments for each different feed conversion interval (bracket)

Tsoulouhas and Vukina, 2001).



Two more variations of the payment scheme are sometimes used: (i) a version
where, along with a base payment per live weight, the bonus payment is paid per head of
the delivered animal, and (ii) a version where there is no direct base payment but the
entire payment per pound of live weight delivered varies with the bracket in which the
individual grower’s feed conversion lies (Tsoulouhas and Vukina, 2001). Two-part
piece-rate tournaments are used by almost all broiler contractors whereas they are almost
nonexistent in the hog industry. On the other hand, fixed performance standards dominate
hog production contracts, but they are almost nonexistent in the broiler industry.

The poultry industry is one of the first agricultural sectors to use production
contracts widely. The share of poultry and eggs produced under production contract is
87.2 percent in 2003 (MacDonald and Korb, 2006), with the reminder mainly raised at
processor-owned facilities. Beginning in the 1950s, the poultry industry experienced a
remarkable change from a “backyard” family owned industry to a specialized hatchery
and broiler operation. Now it produces more than 900 million birds for meat per year
(Madison and Harvey, 1997). There has been a substantial increase in productivity and
decrease in the real price of broilers during this expansion phase (Lasley, 1983). Today,
the broiler industry is one of the most competitive and tightly coordinated sub-sectors in
the U.S. food and agricultural sector (Schrader, 1981). This industry is often cited as an
eventual model of the organization that may portray most of U.S. farming in near future
(Perry, Banker, and Green, 1999).

The hog industry appears to be following a path similar to broilers as it moves
toward a vertical organization with widespread use of production contracts. Seventy-five

years ago nearly every farm raised some hogs. Hog production has changed incredibly



from that state in the last quarter century (Rhodes, 1998). Since 1920, the number of
farms in the U.S. has fallen dramatically. At the same time, the percentage of U.S. farms
with hogs has also been falling dramatically. Most farms discontinuing hog production
had fewer than 100 head in inventory.

At the same time the number of farms with hogs has been declining, the
concentration of hog production on remaining farms has been increasing dramatically in
recent years. Total inventory on farms with at least 2,000 head in inventory rose from
16.6 million head in1992 to 28.6 million head in 1996. Farms with at least 2,000 pigs in
inventory accounted for 51 percent of total U.S. swine inventory in 1996 although they
had represented only 3.1 percent of all farms having at least one pig (Zering, 1998).

Production contracts are widely used in these rapidly expanding hog operations.
The share of hog production under contract rose remarkably from only 5 percent in 1992
to 40 percent in 1998. But the aggregate data conceal sharp and striking changes that
occurred in specialized hog operations. Production contracts grew from 8 percent in 1992
to 83 percent in 1998 on specialized feeder pig operations. Among specialized hog
feeding operations, production contracts grew from 22 percent in 1992 to 62 percent in
1998. By comparison, the growth of contracting among farrow-to-finish operations was
less impressive during that period (McBride and Key, 2003)." In addition, hog growers
realized an unprecedented growth in averge farm size with contractual arrangements in

place.’

! By comparison, the share of cattle produced under production contracts has grown only from 11.1 percent
in 1996-97 to 25.4 percent in 2003 (MacDonald and Korb, 2006).

? Average hog sales and contract removals per farm increased 174 percent between 1992 and 1998, from
945 to 2,589. There was an extraordinary growth in the average size of specialized hog operations during
that period. Feeder pig operations increased their sales and removals by an average of 400 percent. Hog
finishing operations showed an average increase of 240 percent in sales and removals. In contrast, farrow-



In view of this dramatic growth in contract production, a fundamental question
attracting much research is what motivates almost all broiler growers and half of hog
growers to participate in contract production? Why have farmers and their buyers shifted

to contracts from spot markets? And what are the implications for farm profits?

1.2 Motivation for Contracting

Two wide-ranging explanations — risk-sharing and transactions cost — have been
used to explain the choice between spot markets and contracts. The risk-sharing approach
considers contracts as a means of reducing price and production risks faced by farmers
and shifting them to the contractors who are more able to bear the risks. The transactions
cost approach highlights the costs of using spot markets to organize transactions and
considers contracts as a means to reduce those costs. Transaction costs arise because of
the conflicting interests between the parties (the contractor and the growers) when the
grower's efforts cannot be easily monitored by the contractor and where the output is not
influenced by the grower's effort alone but by factors beyond the control of the grower.
Examples of such transactions costs include costs associated with negotiation,
supervision, and enforcement of spot transactions.

The most important reason cited by hog growers for choosing contract farming is
risk reduction (Rhodes, 1989; Rhodes and Grimes, 1992; Johnson and Foster, 1994;
Kliebenstein and Lawrence, 1995; Lawrence and Grimes, 2001). This strain of literature,

which emphasizes the reduction of farmers’ economic risks through contracting with

to-finish operations showed a smaller expansion of only 40 percent in their sales and removals during that
period. (McBride and Key, 2003).



contractors, appears to be aligned with the risk sharing approach. But this approach has
an inherent moral hazard problem associated with the extent of risk that can be efficiently
shifted to contractors. Risk-reducing contracts eliminate growers’ incentives to carry out
standard management practices, and can therefore result in higher total costs through
lower effort (Knoeber, 2000). Thus, the transactions cost of providing incentives limit the
extent of risk that can be efficiently shifted to contractors.

Turning to the transactions cost explanation, Williamson’s (1985) approach,
which explains vertical coordination by its lower transaction costs compared to market
exchange, has become the conventional wisdom. Contracts can increase efficiency in
organizing production, making the adoption of large-scale and specialized techniques
easy. Thus, contracts can reduce transaction costs through lower costs or higher product
quality (Knoeber, 2000; Lawrence, Schroeder, and Hayenga, 2001; Hueth and
Hennessy, 2002). Large farms, which are handling rapidly growing shares of agricultural
production, use contracts much more than other farms (Hoppe and Korb, 2002).

Large farms make large investments to exploit the benefit of economies of size
and scale in operations. But these large investments are often asset- and site-specific in
nature. The specificity arises when assets are much less useful, and hence less valuable,
in any other use than the one for which they were initially designed. When production
requires investing in an asset that is specialized to a particular trading partner, any deal
made prior to investing in the specialized asset may not be enforceable once the
investment is made. The non-investing party may have an incentive to use his newly

created bargaining power by demanding more favorable terms (MacDonald et al, 2004).



For example, large broiler and hog farms make large asset and site-specific
investments in chicken and hog facilities, respectively, to exploit the benefit of
economies of size and scale in these operations. But these site and asset specific
investments create the so-called “hold-up” problem discussed by Klein, Crawford and
Alchian (1978). Contracts can mitigate this hold-up problem because farmers can be
guaranteed of a compensation scheme before making an investment, although typical
contracts do not cover the full economic life of the facilities. In fact, in some cases,
processors may help farmers finance investments directly through the contractual
arrangements (MacDonald et al, 2004).’

Production contracts that require both parties to invest in assets specialized to the
other further help to alleviate the hold-up problem. However, this may not be the case
with broilers and hogs even though growers invest in feeding facilities and contractors
invest in breeding facilities, feed mills, and processing plants. The weakness in applying
this argument to broiler and hog production is that specific investments from both sides
alone may not cancel out the opportunistic incentives and consequences. Rather, the
extent of the stakes that each party has in the other’s specific investment must be weighed
in drawing such a conclusion.

The role of transaction costs reduction using livestock production contracts is
reviewed by Knoeber (1989), Frank and Henderson (1992), Barry, Sonka and Lajili
(1992) and Sporleader (1992). Contracting is believed to lower the transaction costs
associated with growers’ uncertainty; resolve the common problem of asymmetric

information between growers and contractors about product quality; and improve

3 Another reason growers enter contract farming is to obtain credit for financing the investment needed for
building facilities (Kliebenstein and Lawrence, 1995).
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coordination of product delivery (McBride and Key, 2003; Knoeber and Thurman,
1995). An efficient contract should solve these problems with the lowest transaction
costs.”*

Finally, a resource-providing contract, which is a better alternative for the purpose
of providing the contractor a consistent supply of quality meat, both reduces the hold-up
for growers by requiring less investment and relaxes the grower’s credit constraint,
freeing funds to use factor inputs at a more efficient level (Hueth and Hennessy, 2002).

Regardless of motivation, contracting is expected to add value in some way if
growers and contractors are to go to the trouble of setting up contractual relationships.
But the question is: What is the grower’s gain from contracting? Additional claims have
been that growers benefit from having an assured market, a higher price, and access to a
wider range of production inputs (USDA, 1996). Others claim that contracts benefit
growers by offering opportunities to earn income with low capital requirements, by
easing cash flow constraints, and by allowing enterprise diversification on the farm
(Vukina and Foster, 1998).

Based on broiler data, Knoeber and Thurman (1995) estimate that a substantial
amount of risk is shifted from growers to contractors through contracting. Martin (1994)
has argued that the extent of risk shifting is not as prominent in swine production as for

broilers. However, Martin (1997) argues that the contractor provides most of the variable

* However, it has been claimed that transaction costs reduction by contracting is not the most important
reason for contract farming in hog operations. The increased returns from being a leader in reducing
production costs have been the main incentive for contract farming. It has been argued that most hog
operations have been induced to contract more by high returns on equity in hog production than the small
savings attainable in transaction costs (Rhodes, 1993).
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inputs and guarantees a payment to the hog grower. So considerable risk associated with

input and output price variability is shifted from the grower to the contractor.

1.3 Complaints about Gains

Despite the risk shifting properties often claimed for contracts, many contract
growers, dissatisfied with existing payment mechanisms complain about their gains from
contracting. In recent years, the number of contract growers complaining about the
features of the contracts has been increasing (Vukina, 2003). Growers complain that
contractors receive large contract benefits while the growers gain only small, or even
negative, returns from contract production (Kolmer et al. 1963; Aho, 1988; Morison,
1996a and 1996b; Guebert, 1996; Russell, 1996; Lipton, 1997).

Since both broiler and hog production involves large asset- and site-specific
investments in chicken and hog plants, respectively, concerns have been raised about the
possibility that contractors are extracting quasirents from contract growers. Large specific
investments may reduce the bargaining power of contract growers, making growers
vulnerable to changes in contract terms (Shelanski and Klein, 1995). Even though risk
reduction is the primary motivation for contracting, contracts do not fully insulate
producers from economic risks because of the need to maintain incentives. As a result,
both hog and poultry producers face considerable production and quality risk (Hueth and

Hennessy, 2002). This may be another reason for grower discontent.’

> Tsoulouhas and Vukina (2001) consider poultry growers complaints that tournament schemes are unfair
because the set of growers in a group continually changes. For a given set of production outcomes, group
composition can substantially affect payment outcomes. Thus, tournament schemes may be replacing
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1.4 Legal Limitations

Few investigative attempts have been made to confirm or reject the above claims
by contract growers or to examine the how growers’ gains from contracting vary.
Nevertheless, state and federal lawmakers’ moves to introduce legislation for growers’
protection is further fueling growers’ expression of discontent. Out of grower discontent,
some states have already considered legislation to protect growers (Vukina, 1997; Lewin,
1998; Hamilton and Andrews, 1992).° On the federal level, policy makers are also
taking such concerns seriously and moving toward necessary steps to protect contract
growers. Concerns regarding the implications of reorganization and the increasing use of
production contracts in certain sectors have led to calls for legislation to protect
producers in these sectors from unfair business practices. With this pressure from grower
circles to adopt more concrete regulatory measures to protect them, empirical analysis
that analyzes the impacts of contracting on growers profits and growers’ vulnerabilities to

loss by contracting is sorely needed.

traditional price and production risk with “group composition risk.” The analyses by Goodhue (2000) and
Tsoulouhas and Vukina (2001) suggest that unobserved agent heterogeneity introduces a new source of
risk that can offset risk reductions associated with relative performance evaluation.

® Contractors in some Southern states have blocked legislative proposals regulating broiler contracts. One
of those attempts failed in North Carolina in1993 when an attempt was made to introduce a bill prohibiting
payments to a grower based on relative performance (Vukina, 1997). Various forms of legislation aimed at
regulating contracts were passed in Minnesota, Wisconsin, and Kansas in the early 1990s (Lewin). lowa
was the first state to adopt anti-vertical integration legislation for livestock packing firms. The legislation
was amended in 1988 to prohibit contracting by packers. According to Hamilton and Andrews (1992),
eight states — lowa, Kansas, Minnesota, Nebraska, North Dakota, Oklahoma, South Dakota, and Wisconsin
— have passed anti-corporate farming legislation. They also mention adoption of some form of legislation
regulating production contracts in agriculture in lowa, Kansas, and Minnesota.
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1.5 Research Objectives

The closely related literature on regulation has criticized government regulation
on the grounds that any regulatory action targeting distribution will interfere with the
ability of economic parties to achieve efficient outcomes. Certainly, if new public policy
in this area is to be informed, research must be conducted on the economic impact of
contractor practices and procedures on contract growers. Such research should be
conducted before regulatory intervention, particularly given that regulatory intervention
is largely irreversible once implemented.

In order to measure the impact of contracting on contract growers, research is
needed to determine what the returns to farming would have been had each grower
chosen not to contract. This information is not directly observable because contract
growers do not produce independently at the same time. To overcome this problem of
missing data, impact evaluation methods use the mean returns of independent growers as
the counterfactual for the mean returns of contract growers (although without
sophisticated methods, these simple analyses can be quite misleading).

Since the broiler and hog industries have the potential to become role models for
rest of the US agriculture, and because of the importance of contracting in these
industries, they are ideal candidates for examining the incentives underlying contract
design and calculating the contracting gains for contract growers from contract
production. Unfortunately, at this point in time, data on broiler operations are available
only on contract broiler growers. Data on independent broiler growers is almost
nonexistent because the share of broilers produced under contract exceeds 90 percent,

with the rest mostly raised at processor-owned facilities. Although the new larger hog
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growers are overwhelmingly engaged in contract production, unlike broiler industry, the
hog industry still has a large core of independent hog producers who sell on the open
market. Thus, hog contracting seems to offer the only good opportunity for this analysis.

The dissertation uses the Agricultural Resource Management Survey Phase 11,
Hog Production Practices and Costs and Returns Report, Version 4, for 2004 (hereafter
ARMS III V4) data to examine the impact of contracting on contract hog growers.” These
data present a typical impact evaluation problem which requires obtaining credible
estimates of the counterfactual returns that would have been realized had contract
growers not participated in contracting. Conventional approaches to impact evaluation
problems assume that the impact of participation is the same for every grower.® Such
approaches do not account for heterogeneity in responses to participation. Hog growers
are heterogeneous because they operate in different regions with different backgrounds,
differing innate abilities, different farm sizes, different levels of risk aversion, use
different levels of inputs, etc. Assuming a common impact of contracting is not sensible
when growers are heterogeneous.

In recent years, statistical techniques have been developed to estimate models in
which the impact of participation differs across participants. One implication of
heterogeneity is that it may cause self-selection bias by affecting participation in

contracting.” A major goal of this dissertation is to measure the impact of contracting

7 Because the greatest mix of behavior is found in the feeder pig-to-finish category, and to maintain
maximum comparability by choosing a single type of operation, this study focuses only on feeder pig-to-
finish producers.

¥ Participation will be used interchangeably to refer to contract hog growing, and nonparticipation will refer
to independent growing.

? Contracting may have different effects on different participants. If no one can predict in advance who will
gain more and who will gain less or who will lose, the variation in impacts will have no effect on who
initially participates in contracting. In this case, the typical self-selection problem may be reduced. But this
is not the case for hog growers. Hog growers face predetermined standards, and know the production



15

when the impact is heterogeneous. For this purpose, sample selection bias is corrected in
a parametric fashion using two-step estimation procedures introduced by Heckman
(1979).

While systematic heterogeneity in the impact of contracting is recognized, the
mean impact measures do not tell the whole story about contracting effects. Measuring
dispersion of contracting effects is required to characterize completely the consequences
of contracting and to understand the discontent among contract growers. With
heterogeneous impacts, the mean impact of contracting may be large and positive despite
unfavorable outcomes for many contract growers. The second major research goal of this
dissertation is to explore the differential effects of contracting on contract growers using
quantile regression techniques. These techniques allow investigation of contracting
effects at various quantiles of the conditional profit distribution. Hence, quantile
treatment effects at various quantiles of the conditional profit distribution are estimated to
perform an in-depth examination of the effect of contracting, and to examine the inter-
quantile differences of contracting impacts (Heckman, 1979; Ichimura, 1993; Newey,

1991; and Buchinsky, 1998).

1.6 Organization of the Dissertation

The outline of this dissertation is as follows. The next four chapters review the
major issues that have been examined in the literature on principal-agent theory, with

special attention to the issues that are important in the agricultural sector in general and

environment associated with production uncertainty. They participate in contract production based on
subjective expectations of their own productivity. In this case, the grower-specific component of the impact
may affect participation in contract production. As a result, based on the prior expected outcomes (or
productivities), those participating in contract production may be systematically different from
nonparticipants. This systematic difference between the two groups may cause self-selection bias.
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hog production in particular. These chapters review some empirical studies of incentives
in the agricultural sector, examining how these studies relate to the basic theoretical
predictions. Then some further development and extensions of the basic theories are
discussed to enable solving the empirical puzzles. Some implications for agents’ gains
from contracting are also derived.

Chapter 2 begins with a brief review of the general theory of incentives by
discussing the frictions that lie at the heart of incentive problems. The principal's optimal
responses to these frictions are explored, taking as given the characteristics of the agents
with whom the principal interacts in a non-repeated setting. Since Prendergast (1999),
Gibbons (1987), Sappington (1991), Hart and Holmstrom (1987) and Laffont and
Maskin (1982) offer excellent recent surveys of principal agent theories, I present only a
brief and selective review focusing on the aspects that are particularly relevant for hog
contracting. Then in chapter 3, heterogeneity in the characteristics of agents and
principals is introduced in a multiple-agent setting and theoretical predictions of agents’
gains from contracting are derived.

Chapter 4 explores the principal's optimal responses to heterogeneous agents in a
setting of repeated contracting, and examines whether the theoretical predictions of
chapter 3 hold in a repeated or dynamic setting. The question of how the theoretical
predictions fit hog contracting is addressed in chapter 5. In this chapter, I show how hog
contracts relate to standard principal-agent theories, and refine theoretical predictions of
agents’ gains from contracting applicable to hog contracting parties, and especially to
contract growers. Chapter 6 models hog contracts explicitly with separating contract

parameters and explores whether some growers are left with negative gains from
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contracting on average with this separation. Possibilities are also explored for uniform
contracts based on payment parameters.

Chapter 7 reviews the econometric methods that provide all the necessary
techniques to estimate not only the average effects of contracting but how contracting
affects individual growers in the overall distribution of growers. Finally, chapter 8
describes the data used for estimation, provides a summary analysis of the variables used
in this study. Then results are presented and discussed regarding the estimated
contracting effects on revenues and costs employing two-step estimation methods and

related quantile regression techniques. The chapter ends with a summary of the results.
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Chapter 2:

The Elementary Theory of Incentives

2.1 Introduction

In the last few decades, the principal-agent model has received considerable
recognition and attention as an important analytical device in the study of incentive
schemes and contracts among economic agents. Whenever there are gains to
specialization there is likely a relationship in which one party (agent) acts on behalf of
another (principal) because of comparative advantage. If the agent could costlessly be
induced to internalize the principal’s objectives, there would be no reason to study
agency theory. This problem becomes interesting only when objectives of the parties
cannot be automatically aligned with each other. In principal-agent theory, the central
concern is how the principal can best induce the agent to perform as the principal would
prefer, taking into account the difficulties in monitoring the agent's activities.

Economic relationships in which one party (the principal) wishes to affect the
actions of another (the agent) by means of incentives are ubiquitous. Examples abound
including workers supplying labor to a firm, managers acting on behalf of owners,
doctors serving patients, lawyers advising clients, the government taxing its citizens to
provide government services and a regulator controlling firms. All of these examples are
substantial problems in their own right (Sappington, 1991).

Under certain circumstances, it is possible for a principal to induce agents to
behave exactly as the principal would if the principal shared the agents' skills and
knowledge. By describing these circumstances, it becomes possible to pinpoint the

sources of friction between principal and agent that typically preclude this ideal
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arrangement. Section 2.2 of this chapter introduces the basic moral hazard model, where
the agent chooses his effort before he observes random states of nature, and discusses
various aspects of it. Under the same information structure, section 2.3 discusses a simple
closed-form agency model in which linear schemes are optimal. Section 2.4 explores the
limited liability contracts that arise from a specific information structure where the agent
observes random states of nature before he chooses his effort. Section 2.5 explains
precontractual asymmetric information contracts that arise from another class of
information structure where the agent observes random states of nature even before he
accepts or signs the contract. Finally, section 2.6 describes the results of some of the

empirical studies that test the basic theoretical predictions.

2.2. The Basic Moral Hazard Model

To set the stage, consider the classic example of the principal-agent relationship
between a worker (agent) and a firm (principal) where the agent works for the principal.
Suppose that there is only one firm and one agent. There are two widely used
formulations of the agency problem — the state-space formulation and the parameterized
distribution forumation— each with its own merits.

To outline the general structure of the hidden action model with the state-space
formulation, suppose the agent makes an effort e, unobservable by the principal or any
third party, to produce a verifiable output z. The effort e affects the probability
distribution of the output. Let 0 represent a state of nature drawn from a distribution G(6),
with a density g(6). The agent’s effort and the state of nature jointly determine the

verifiable output 7 = z(e,0). For the nonobservability of agential effort to have any


http://web8.epnet.com/citation.asp?tb=1&_ug=sid+A6AA09AC%2DBC6D%2D4FF4%2DAB05%2D0B1699B20217%40sessionmgr3+dbs+ecn+cp+1+6000&_us=frn+71+hd+False+hs+False+or+Date+fh+False+ss+SO+sm+ES+sl+%2D1+dstb+ES+mh+1+ri+KAAACB3A00006128+8EA7&_usmtl=ftv+True+137E&_uso=hd+False+tg%5B2+%2D+tg%5B1+%2D+tg%5B0+%2DAU+st%5B2+%2D+st%5B1+%2D+st%5B0+%2Dsappington+db%5B0+%2Decn+op%5B2+%2DAnd+op%5B1+%2DAnd+op%5B0+%2D+569E&bk=S&EBSCOContent=ZWJjY8Pr5HePprJrudfta6Gmr4GPqLGFpKe5gJ%2BWxpjDpfS40Oj4t93arbjQ3%2B151N7uvuMA&rn=75&fn=71&db=bt#toc
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consequence, the agent’s effort must not be perfectly deducible from observable 7. "

Higher realizations of either the productivity parameter, 6, or the agent’s effort, e, both
increase the agent's expected output. The state-space formulation of the agency problem
was developed by Wilson (1969), Spence and Zeckhauser (1971), and Ross (1973). Its
main advantage is that the technology is presented in what appears to be the most natural
terms.

The parameterized distribution formulation provides an equivalent way of
representing the principal-agent problem that yields more economic insights. Assume that
the firm’s profit z is stochastically related to e. By the choice ofe, the agent effectively
chooses a distribution over 7 , which can be derived from G(6) via the technology 7(e,6).
That is, a technology represented by n(e,f) given the distribution of states, G(6),
generates the distribution of output, F(x | e), with corresponding density f{(x | ¢) where f(x

| e) > 0 for all ee E and all # €[z, 7]. Thus, any potential realization of 7 can arise

following any given effort choice by the agent. This parameterized distribution
formulation was pioneered by Mirrlees (1974, 1976) and further explored by Holmstrom
(1979). In the discussion that follows, the principal’s problem is stated mathematically
with a parameterized distribution and then the state-space approach is used to find a
closed form solution.

Although the principal cannot observe the efforts of the agent, she can potentially
overcome the unobservability problem through a set of signals that are correlated with the

agent's effort. She can then condition the agent’s payments for exerted effort on the set of

' For example, if 7 = e, then performance is proportional to the farmer’s effort and to the amount of
rainfall, 8. If performance does not vary with 6, the magnitude of the agent’s effort can be inferred perfectly
from 7, making the incentive problem a trivial one. To consider the interesting and realistic case, | assume,
as is standard, that although the principal’s profits are affected by e, they are not fully determined by it.
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signals that are correlated with the agent's effort. One such signal of effort is output 7.
The principal’s problem is to construct a reward scheme w(x) that takes output into
account to determine payments to the agent. The price of output is assumed to be 1. The
principal’s profit (output minus wage costs), is 7 — w(rx). The agent is assumed to be an
expected utility maximizer with a Bernoulli utility function u(w,e) over his wage w and
effort level e. This agent’s utility function is assumed to satisfy u,(w,e) > 0, u.(w,e) <0,
and u,,,,(w,e) < 0 for all (w,e) where subscripts denote partial derivatives). That is, the
agent prefers more income to less, is weakly risk averse over income lotteries, and
dislikes a high level of effort. The agent and the principal agree on the distribution G(6),
the technology 7(e,f), and the utility and cost functions.

Suppose the agent’s utility is additively separable in the form u(w,e) = u(w(rx)) —
c(e). The principal is endowed with all of the bargaining power in this simple setting, and
thus she can make a "take-it-or-leave-it" offer to the agent. An offer here specifies the

agent’s wage payment as a function of observed output z. The principal's problem is to

devise a payment scheme w(r) to maximize her expected profit, J.(zr -w(r))f(r|e)dr .

The principal is assumed to be risk neutral throughout unless explicitly assumed
otherwise. The agent will accept the contract offered by the principal if and only if the
terms of the contract provide the agent with a level of expected utility that exceeds his
reservation utility level, u. This reservation level is assumed known to both the principal
and the agent.

The timing of interaction between the principal and the agent in this simple
setting is the following. First, the principal designs the terms of the contract and then

offers the contract to the agent. Next, the agent decides whether to accept or reject the
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contract. If the agent rejects the contract, the relationship is terminated. In this case the
principal receives a payoff of zero. It is assumed throughout that the principal is better off
making the agent an offer that he will accept. If the agent accepts the contract, he begins
his "employment" and decides how much effort to exert. Then the state of nature, 6,
occurs. Finally, the agent's output is observed, and the payment is made to the agent as

promised in the contract.

2.2.1 Contract design with observable effort

I first develop as a point of reference for later discussion the trivial case where
effort is observable. When the effort, e, is directly observable or verifiable, w and e can
be used jointly to achieve a Pareto optimal or first-best outcome. The optimal contract for
the principal if effort is observable is to solve the following problem (for notational

simplicity, the lower and upper limits of integration, z and 7 , are suppressed):

M?)g J-(7z—w(7z))f(7z|e)d7z (2.1)

s.t. (1) [v(w(ﬂ))f(ﬂ leYdr—c(e)>u .

Constraint (i) of (2.1) is known as the Individual Rationality (IR) constraint. It requires
that the agent must receive an expected utility of at least # in order to accept the contract
that the principal offers.

In this problem, the principal first decides on the effort she wants the agent to
implement. Then she picks the least cost incentive scheme w(r) that induces the agent to
exert that effort. Thus, it is convenient to think of this problem in two stages (Mas-Colell,

Whinston, and Green, 1995; pp. 477-88). First, for each choice of e, what is the cost
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minimizing compensation scheme w(rx) is determined that will make that e the agent’s
best choice? Second, among the cost minimizing w(x)’s for different effort levels, the

profit maximizing e is chosen? Given that the contract specifies effort level e, choosing

w(r) to maximize J‘(ﬂ —-w(m)) f(r|e)dr = Iﬂf(ﬂ le)dr —_[w(fr)f(ﬂ le)dr is
equivalent to minimizing the principal’s expected compensation costs, Iw(ﬂ) f(r|e)dr,

so formally the optimal incentive scheme for implementing e must solve

Min [wm)f(x|e)dn (2.2)

s.t. (1) J.V(W(ﬂ'))f(ﬁ leydmr—c(e)>u .
Constraint (i) of (2.2) always binds at a solution to this problem; otherwise, the principal
can reduce w(x) while still inducing the agent to accept the contract. Where y is the
Lagrangian multiplier for the constraint, the agent’s compensation scheme w(r) at the
solution to problem (2.2) must satisfy the first-order condition
—f(x]e)+ ' (W(r)) f(x]e)=0,which can also be expressed as
1/vViwm(z))=y. (2.3)

If the agent is strictly risk averse [so that v'(w) is strictly decreasing in w], the
implication of condition (2.3) is that the optimal compensation scheme w(x) is a constant.
For observable effort, there is no problem with providing incentives. Thus, the risk-
neutral principal should fully insure the risk-averse agent against any risk in his wage.

Hence, given the contract’s specification of e, the principal offers a fixed wage w. such

that the agent receives exactly his reservation utility level, i, that is, v(w,)—c(e) =1,

which can also be expressed as
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w: =v' (i +c(e)). (2.4)
For a risk neutral agent, constraint (i) of (2.2) is replaced by

J.W(ﬂ') f(m|e)dr —c(e)>u . First order condition (2.3) thus becomes y = 1. The

implication of this condition is that no restriction other than the agent’s IR constraint is

required for optimal risk sharing. This condition is necessarily satisfied for any
compensation scheme such that the wage payment w, satisfies

E(w.)=u+c(e). (2.5)
A fixed wage scheme is merely one of many possible optimal compensation schemes that
satisfy (2.5). Any other compensation scheme that gives the agent an expected wage

payment equal to his reservation wage plus effort cost is also optimal.

Now consider the optimal choice of e. The principal optimally specifies the effort

level e that maximizes expected output less wage payment, _[ zf(r|e)dr—v'(u +c(e))

(or I wf(rm|e)dr—c(e)—u for risk neutral case).

2.2.2 Contract design with unobservable effort

More realistically, effort is not verifiable. In this case, the agent will in general
not find the first-best effort level to be optimal because he dislikes effort. This fact causes
a conflict between the interests of the principal and the agent. This conflict results from
the unobservability of the agent’s effort and creates a moral hazard whereby the agent
shirks in his effort to the detriment of the principal. An important assumption in this
model is that the agent observes the state of nature, 6, after he chooses his effort, e. The

case, where the agent observes 6 before he chooses his effort e is discussed in section 2.4.
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The case, where the agent observes 6 before he accepts or signs the contract is discussed
in section 2.5.

Another important assumption is that the principal never observes 6. She only
observes output, 7. If the state of nature, 6, is directly observable or verifiable, then 7 and
6 can be used jointly to induce the first-best effort e. Then there would be no moral
hazard problem provided that output is observed without error as in the case of section
2.2.1. At this point, output 7 is assumed to be measured without error. This assumption
will be relaxed later to explore its potential impact on the contract parameters. Since the
agent’s effort is not observable the contract cannot specify it in an effective manner
because there is simply no way to verify whether the agent has exerted the contracted
effort. In this situation, the principal must redesign w(x) in a way that indirectly gives the
agent the incentive to choose the desired effort that would be contracted if effort were
observable.

An incentive to induce high effort can be provided only at the cost of having the
agent bear part of the loss resulting from lower effort. This must be accomplished while
maintaining the IR constraint whereby the agent must receive an expected utility of at
least u if he is to accept the offered contract. Since the agent’s effort is unobservable,
however, the principal also faces a second constraint that the agent must desire to choose
effort e when facing the offered incentive scheme (Mas-Colell, Whinston, and Green,
1995; pp. 477-88). This means it is not in the interest of the agent to deviate from the

optimal effort. The optimal contract for the principal thus solves the problem,

Max [(z—w(x)f (x| e)dz (2.6)

st. () Jumm)f(x|e)dr—cle)zu
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(i1) e € arg max Ju(w(n))f(ﬂ |e)dr —c(e).

The added constraint (ii) of (2.6) is known as the Incentive Compatibility (1C)
constraint. It requires that under compensation scheme w(x) the agent’s optimal effort
choice is the optimized effort desired by the principal. Following the two-stage solution
described in the introduction of section 2.2 and as demonstrated by Mas-Colell,

Whinston, and Green (1995; pp. 477-88), the optimal incentive scheme must solve

Min j w(r) f (7| e)dr (2.7)

st. (i) ju(w(;z)) f(r|e)dr—cle)>u
(i) ee arg max Iu(w(ﬂ))f(ﬂ |e)dr —c(e).

For this parameterized formulation, I restrict attention to the case where the agent has
only two possible effort choices. Most of the general insights of moral hazard models can
be conveyed in the simple setting where the agent has only two effort levels from which
to choose. In section 2.2.5, the model is generalized using a first-order approach for
continuous effort choice.

For the case with two possible effort choices, let ei denote high effort and e
denote low effort, ey > er.. Suppose the distribution of 7 conditional on ey stochastically
dominates the distribution conditional on e in a first-order sense; that is, the distribution
functions F(x | er) and F(z | en) satisfy F(z | en) < F(m| eL) at all ze [z, 7], with strict

inequality on some open set /7 — [z, 7 ]. This implies that the level of expected output

when the agent chooses ey is larger than that from er, J-7Z'F(72' le,)drx > jﬂ'F(ﬂ' le, )dr.
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If the principal wants to implement e;, she optimally offers the agent the fixed
wage payment w. = u~' (i + c(e.)), the same payment she would offer if contractually
specifying effort e, when effort is observable. If the optimal choice is e;, then the
incentive problem is solved because of c(ey) > c(ev). In this case, the agent’s wage
payment is unaffected by his effort, and so he will choose the effort level that involves
the lowest cost, namely e;. Doing so, he earns exactly #. The more interesting case arises
when the principal wishes to implement the effort level ey, because some risk-sharing
benefits have to be sacrificed in order to provide the agent a sufficient incentive to

expend high effort. In this case, constraint (ii) of (2.7) can be written as
(i) [un(m) (7| ey)dm—cley) 2 [um(m) f(x|e,)dx-c(e,).
Letting y > 0 and u > 0 be the Lagrangian multipliers for constraints (i) and (iiy),

respectively, w(x) must satisfy the following Kuhn-Tucker first-order condition at every
weln,m) M

—f(mley)+yu' W) f (7 |ey)+u(f (x| ey)— f(m|e))u'(w(r)) =0
or, equivalently,

Vu'(wm)=y+u(-f(z]e)! f(z]ey)). (2.8)
Equation (2.8) is derived in Mas-Colell, Whinston, and Green (1995; pp. 477-88). This

is a particular version of Mirrlees’s (1974, 1976) formula, analyzed and interpreted

further by Holmstrom (1979).

" The optimal incentive scheme would not change materially by assuming that the principal is risk-averse;
only the left-hand side of equation (2.8) would change to v'(z-w(x))/u’(W(x)).

2 Throughout this dissertation, to avoid excessive use of parentheses and brackets, I assume that any
expression of the form a/b + c¢/d means (a/b) + (c/d).
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In any solution to problem (2.7), where e = ey, both y and u are strictly positive
(Mas-Colell, Whinston, and Green, 1995; pp. 477-88). With u positive, w(rx) will vary
with the output 7z, trading off some risk-sharing benefits for incentive provisions. More
precisely, as implied by (2.8), it will vary with the likelihood ratio f{x | e.)/f(z | ey). Thus,
I next explore conditions on the likelihood ratio that shape the optimal compensation

scheme, w(r).

2.2.3 The shape of the optimal compensation scheme

The likelihood ratio is a concept familiar from statistical inference. It reflects how
strongly 7 signals that the true distribution from which the sample was drawn is f{(z | e;)
rather than f{z | ey). A high likelihood ratio evidence in favor of e, and against ey;; a value
of one is the intermediate case in which nothing new is learned from the sample, because
it implies the two distributions are equally likely.

Given that both y and u are strictly positive, condition (2.8) can be used to derive
some useful insights into the shape of the optimal compensation scheme, w(x). Consider,
for example, the fixed wage payment w such that 1/v'(w) =y. According to condition
(2.8), w(r)> w if flw | eL)/fir | en) <1 and w(x) < w if f{w | eL)/f(x | en) > 1. Thus, the
optimal compensation scheme pays more than w for outputs that are statistically more
likely to occur under ey than under ey, as determined by having a likelihood ratio f{7 |
eL)/f(m | en) less thanl. Similarly, it offers less compensation for outputs that are
relatively more likely when ey is chosen. However, in an optimal incentive scheme,

compensation is not necessarily monotonically increasing in outputs.
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As is clear from examination of condition (2.8), for the optimal compensation
scheme to be monotonically increasing in 7, the likelihood ratio f{z | e.)/f(x | e;) must be
decreasing in 7. That is, as « increases, the likelihood of getting output level z if effort is
ey relative to the likelihood if effort is e, must increase. This property, known as the
monotone likelihood ratio property (MLRP) following Milgrom (1981), is not implied by
first-order stochastic dominance. First-order stochastic dominance ensures that an
increase of effort is good for the principal in a very strong sense, namely, that any
principal with a utility function increasing in 7 favors a higher effort level. However, to
reward the agent with a payment increasing in 7 a higher output level must be clearly
evidence that the agent has made a higher effort. The MRLP provides this additional
information. It states that a higher effort level increases the likelihood of a high output
level more than the likelihood of a low output level. Because, from (2.8), the sharing rule
is monotone in the likelihood ratio, the MLRP assures a monotone sharing rule. The same

conclusion follows for the continuous effort case as long as MLRP holds.

2.2.4 Optimal effort

Given the variability that is optimally introduced into w(x), the expected value of

the agent’s wage payment must be enough greater than his (fixed) wage payment in the

reservation case to compensate for any risk bearing, w, > u' (i +c(e,)) . In choosing

€

which effort level to induce, the principal compares the incremental change in expected

output from the two effort levels, J‘7Z'F (7 |ey,)dr and Ji[F (7| e, )dr , with the

difference in expected wage payments in the contracts that optimally implement each.
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From the preceding analysis, the wage payment for e, is exactly the same as when
effort is observable, whereas the expected wage payment when the principal implements
ey under nonobservability is strictly larger than his payment in the observable case
described in section 2.2.1. Thus, nonobservability in this model raises the cost of
implementing e, and does not change the cost of implementing e;. This fact means that
nonobservability of effort can lead to implementation of an inefficiently low level of
effort. When e, would be the optimal effort level if effort were observable, then it is also
optimal when effort is unobservable. In contrast, when e, would be optimal if effort were
observable, then one of two things may happen: it may be optimal to implement ey using
an incentive scheme or, alternatively, the risk-bearing costs may be high enough that the
principal decides that it is better to simply implement e;. In either case, nonobservability
causes a welfare loss to the principal (the agent’s expected utility is # in either case), but

the latter case also incurs a joint or social loss compared to observable effort.

2.2.5 The continuous effort case

Consider next the continuous effort case in contrast to the case with two effort
levels. Economically, not much is different but it is important to understand why.
Consider the common case where the agent’s effort is a continuous variable. The agent’s
IC constraint (ii) in this case is problematic. A standard practice is to replace it with the

more manageable restriction representing the first-order condition as
(i) [utn(z)f(x|)dr—c/(e)=0

where f(7 | e) is the partial derivative of f(z | e) with respect to e. Relaxing (ii) in this way

is called the first-order approach in the literature. It is easy to proceed to a
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characterization of the optimal scheme, provided the relaxation in (ii") is appropriate. In

this case, equation (2.8) becomes

Vu(wz) =y +uf(zle) f(x]e).

Here, f.(7 | e)/f( | e) is the continuous counterpart of the likelihood ratio. Thus, when this
characterization is correct, the same qualitative insights on w(rx) are obtained as from the
simple case with two effort levels.

With u positive, w(z) will vary with the output z, trading off some risk-sharing
benefits for incentive provisions. In particular, w(x) will vary with the likelihood ratio f(=
| e)/f( | e) so as to assure the risk-averse agent of an expected utility level of & that
compensates him for the risk he is bearing. The fact that the unobservability of effort
leads only to downward distortions in the agent’s effort is a special feature of the two-
effort-level specification. With many possible effort choices, unobservability may alter
the level of effort induced in an optimal contract from its level under full observability,
but the direction of the bias can be upward as well as downward depending on skewness

in the distrubution (Mas-Colell, Whinston, and Green, 1995; pp. 477-88).

2.2.6 Validity of the first-order approach

The first-order approach does not always work because it can identify a scheme
that in the end does not satisfy the global IC constraint (ii). If first-order conditions do not
fully identify global optima for the agent, then the solution to the principal’s problem
replacing the IC constraint by the first-order conditions of the agent’s problem may not
maximize the agent’s utility. As a result, the identified maximum of the principal’s

problem may not be attainable by the principal. Mirrlees (1975) was the first to recognize
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this dilemma. Subsequently, Grossman and Hart (1983) and Rogerson (1985) worked
out conditions that ensure the validity of the first-order approach.

The necessary conditions to substitute the agent’s first-order condition for the
agent’s IC constraint are satisfied if the solution to the agent’s first-order condition is
unique and the agent’s optimization problem is concave. Sufficient conditions are met by
the MLRP together with convexity of the conditional distribution function condition
(CDFC) The CDFC requires that the distribution function F(x | ) is convex in e, i.e., F(w
|e+(I-0e)<F(r|e)+(I—-F(r|e’) Ve,e'e E and ¢ €[0,1]. These two
conditions essentially guarantee that the agent’s optimization problem is concave, and
hence, that the first-order conditions fully identify the global optimum for the agent.
However, the CDFC and MLRP together are very restrictive conditions. For instance,
none of the well-known distribution functions satisty both of these conditions

simultaneously.

2.2.7 Linearity of w(z) in «

An interesting issue is whether all the stated conditions can be met with a
compensation scheme such that w(z) is linear in 7. Condition (2.8) suggests that the
optimal contract is not likely to take a simple (e.g., linear) form. The optimal shape of
w(r) is a function of the informational content of various output levels (through the
likelihood ratio), which is unlikely to vary with z.in a simple manner in many problems.
The problem is that the connection between 7 as a physical output and as statistical
information is tenuous. In fact, the physical properties of 7 are rather irrelevant for the

solution. All that matters is the distribution of the posterior (or likelihood ratio) as a
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function of the agent’s effort. In other words, all that matters is the signaling value of 7.
Thus, cardinality of 7 is not required to have the same information content. Because the
information content of 7 determines the shape of the optimal incentive scheme,
determining natural economic assumptions that connect the agent’s reward in any
particular way to the physical measure of z is difficult.

As a result, one problem with the basic agency model is its sensitivity to
distributional assumptions. It manifests itself in an optimal sharing rule that is complex,
responding to the slightest changes in the informational content of the output z. Such
fine-tuning appears unrealistic. In the real world, incentive schemes show variety, but not
to the degree predicted by the basic theory (Bolton, and Dewatripont, 2005). Linear or
piece-wise linear schemes, for instance, are used frequently and across a wide range of
environments. Their popularity is hardly explained by shared properties of the
information technology, as the basic model would have it. Other technological or
organizational features excluded from the simple model may be responsible for
regularities in shapes observed empirically.

Also, without specifying more about the various functions in the above
formulation, very little can be said about the solution (see Grossman and Hart, 1983). As
a result, empirical work has often been based linearity of w(r) in the agency problem as

found in Holmstrom and Milgrom (1987).

2.3 Holmstrom and Milgrom’s Linear Scheme

Holmstrom and Milgrom (1987) have proposed a simple closed-form agency

model in which linear schemes are optimal because the agent is assumed to have a rather
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rich effort space. This special case assumes normally distributed output, negative
exponential utility, and a linear incentive scheme. Output, 7, is assumed to be equal to

effort plus noise, 7 = e + 8, where 6 is normally distributed with zero-mean and
variance O'; . In other words, the agent controls the mean of a normally distributed output.

The distribution of € is common knowledge unless otherwise indicated.
The agent has risk preferences following constant absolute risk-aversion (CARA),

which requires —u"/u' =n for n constant. Solving this differential equation, CARA

implies a negative exponential utility function of the form u(w(x), e) = —e """~

aside from inconsequential affine transformations, where # > 0 is the agent’s coefficient
of absolute risk aversion. If the agent is risk neutral, then u' is constant so (without
solving a differential equation) the utility function can simply be represented as
u(w(r)),e) = w(rr)— c(e). Similarly, the principal’s utility can be characterized by

t[z—w(x)

viw(r), ) =—e" I where 7> 0 is the principal’s coefficient of absolute risk
aversion. Except where indicated otherwise, however, the principal is assumed to be risk

neutral, in which case the principal’s utility function can be represented as

viw(r), )= —w(r). For simplicity of illustration, the effort cost function is assumed to
be quadratic and given explicitly by c(e) = ce?/2. In contrast with formulations thus far,
effort cost here is measured in monetary units. Suppose that the principal and agent can
write only linear contracts of the form w(x) =t + sm where ¢ is the base salary and s is the

marginal reward or bonus per unit of # produced.
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2.3.1 Risk neutrality and observability

A useful reference point is the case of optimal contracting when effort is
observable and the agent is risk neutral. If the agent’s effort is observable, then the
contracting problem is relatively straightforward. The contract would simply specify the
exact action to be taken by the agent and the compensation (wage payment) that the
principal is to provide in return. The principal’s objective is to maximize E(7) — E(w(r))
where E(n) = E(e + 6) = e and E(W(7)) = E(t + sn) =t + sE(xw) = t + se. Thus, E(x) —
E(w(r)) = (1 —s)e—t. Hence, the optimal contract for the principal solves

Max (1-s)e—t (2.9)

e,t,s

s.t. (1) t+se—ce’/2>0.
Constraint (1) always binds at a solution. Otherwise, the principal could lower the agent’s
wages without the agent rejecting the contract.”® Therefore, an equivalent problem is

Max (1-s)e—t (2.10)

ets
s.t. (1) t+se—ce’/2=0.

Upon substitution for ¢ from constraint (i) of (2.10), this problem reduces to
maximization of e — ce’/2 with respect to e. The first-order condition with respect to e is
solved by e = 1/c. Thus, the principal offers a wage payment E(w(z)) = ¢+ se” such that
+se” = c(e")*2 = 1/(2¢). The principal’s profit is E(x) — E(w(z)) = 1/c — 1/(2¢) = 1/(2¢).

In this case, a fixed wage payment ¢ = 1/(2¢) with output share s = 0 is merely one of

'3 Most of this literature assumes that when the agent is indifferent among efforts or actions, e.g., between
accepting or rejecting a contract, the agent will choose the action most preferred by the principal. This
method of "breaking ties" resolves a technical open-set problem of limited economic interest (Sappington,
1991)
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2.3.2 Risk neutrality and unobservability

When the agent’s effort is not observable, however, the contract can no longer
specify the effort level because there is no way to verify whether the agent has fulfilled
his obligations. The agent may exert effort less than 1/c while getting paid 1/(2¢) for an
agreed effort level 1/c. In this circumstance, the principal must design the agent’s
compensation scheme in a way that indirectly gives the agent an incentive to choose the
contracted effort level.

For the case of unobservable effort where the risk-bearing concern is absent, the
principal can achieve the same outcome as when effort is observable. Specifically, there
is a contract the principal can offer that gives her the same payoff as when effort is
observable. This contract must therefore be an optimal contract for the principal because

the principal can never do better when effort is not observable than when it is. Consider

the problem
Max (1-s)e—t (2.11)
s.t. (1) t+se—ce’/2>0

(i1) eecargmax(t+se—ce’/2).

e

The second constraint of (2.11) is the IC constraint, which ensures that the principal’s
optimal effort choice will also be the maximizing choice of the agent. Hence, the agent

will have no incentive to deviate from the optimal effort. The first-order condition of the
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agent’s problem, max (¢ +se—ce’/2), implies e = s/c. Thus, the principal’s problem

becomes

Max (1-s)s/c—t (2.12)

st. () t+5°/(2¢)=0.
Again, constraint (i) in (2.12) will hold as an equality at the optimum. Thus,
solving for t = —s” / (2¢) and substituting for 7 into the maximand transforms the

constrained problem into the unconstraint problem of maximizing s/c — s*/(2¢) with
respect to s. The first-order condition requires 1/c — s/c = 0, and thus s =1.The complete
solution is thus e = 1/c, and ¢ = —1/(2¢).

This contract induces the first-best effort level ¢” as under full observability. With
s =1, the agent receives the full 7 and pays a fixed fee, 1/(2¢), to the principal. The agent
receives {E(r) —t|e= e} =e — 1/(2¢) = 1/(c) — 1/(2¢) = 1/(2¢). This is exactly his
reservation wage 0 net of his effort cost 1/(2¢). Thus, the optimal fixed fee is set to
extract the entire surplus of the agent. With the compensation scheme s =landt =—
1/(2c¢), both the principal and the agent receive exactly the same payoff as when effort is
observable. The only difference is that instead of the principal choosing e, the agent
chooses e.

The basic idea behind this result is that, if the agent is risk neutral, then the
problem of risk sharing disappears. When the agent is risk neutral, the principal can
ensure her most preferred arrangement with a simple contract that promises a payment
w(r) to the agent equal to the profit less some fixed payment 1/(2¢) that can be
interpreted as a "franchise fee" or fixed fee for the right to work for the principal. This

franchise fee is set equal to the expected net profit from efficient operation. Since the
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agent pays that fee regardless of the exerted effort, any effort less than the efficient effort,
1/c, has no impact on the principal’s payoff. Rather, the agent is punished for inefficient
operation.

In summary, this result implies that making the agent the residual claimant for the
firm’s profit is an optimal response to the moral hazard problem if the agent is risk
neutral. In other words, the principal, in effect, sells the property rights over the firm to
the agent. As usual, a proper allocation of property rights is sufficient to induce
efficiency. After "buying" the "franchise," the agent's goals are perfectly aligned with the
principal's initial goals. Therefore, the agent acts as the principal would if she shared the
agent's superior information and expertise.

A critical assumption of this result is that the agent has enough wealth to pay the
fixed fee, 1/(2¢), in any state. Also noteworthy is that this fixed fee contract would be
strictly preferred by the principal even in the case of observable effort if she were risk-

averse rather than risk neutral.

2.3.3 Assumptions behind the simple results

The simple solution of what might, at first, appear to be a nontrivial incentive
problem relies heavily on some special features of the canonical model (Sappington,
1991). These special features are what create frictions in the principal-agent relationship,
and thus necessitate the use of a broader set of tools and institutions. The first feature is
the assumption that the agent is risk neutral. Under a fixed fee contract, the agent bears
all the risk associated with output stochasticity. Since the agent is risk neutral, he does

not care about randomness in the output he produces. In general, whenever the agent is
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risk-averse, he has to be paid for bearing this randomness and, accordingly, some sharing
of the risk between the principal and the agent will be optimal. For example, optimal risk
sharing would not have a risk-averse agent bear the entire burden of a poor output due to
extreme bad luck (when # turns out to be unusually small).

The second feature is the assumption of the agent’s full commitment to the fixed
fee contract. That means the agent can be bound costlessly to carry out the terms of any
contract he accepts. A critical case is where the agent observes such an unfavorable
production environment that the best he can do is earn an expected net profit below his
reservation utility. The canonical model assumes the agent is unable to breach or
renegotiate the contract even though he knows an unfavorable state has occurred. The
same applies to the principal's commitment. The payment schedule announced by the
principal cannot be changed after the output is observed. This fact assures that the agent
will not be "held up" by the principal after costly effort has been exerted. In practice, a
worker's commitment abilities are not perfect. Also, labor laws prohibit slavery, so an
employee cannot credibly promise to serve his employer indefinitely. The commitment
ability of a principal is often limited in practice too. This assumption is relaxed in section
2.4 to determine its potential impact on the contract.

The third feature is the assumption of precontractual symmetric beliefs about the
potential states of nature represented by 6. If the principal and the agent do not share the
same beliefs about 6, they might not agree on the value of the fixed fee to buy or sell the
firm, rendering inapplicable the convenient separation of incentive issues (that motivate
the agent to choose an efficient level of effort) from distribution issues (that determine

how profit is divided). However, as long as precontractual beliefs are symmetric, the
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fixed fee contract maximizes total profit. Symmetric beliefs imply that both parties are
able to anticipate fully all possible contingencies that might arise during their
relationship. This assumption is relaxed in section 2.5.

Finally, in the simplest setting described above, because all contracting frictions
can be costlessly avoided with a fixed fee contract, the principal will not pay to obtain
information on the working environment or the magnitude of the agent's efforts. When
frictions are caused by precontractual asymmetries of information, risk aversion, limited
commitment abilities, or problems in measuring the agent's effort, the principal generally
will benefit from redesigning the simplest franchise fee contract in several ways. These

complications are discussed next.

2.3.4 Contracting with agent risk aversion

This section considers implications of relaxing the strong assumption that agents
are risk neutral. Again, a useful starting point is the optimal contracting problem where

effort is observable.

2.3.4.1 Contracting with effort observability
The optimal contract for the principal when the agent is risk averse and effort is
observable solves

Max (1-s)e—t (2.13)

s.t. (1) t+se—ce’/2-ns’cl/2 > 0.
This problem is similar to (2.9) except that the right hand side of the IR constraint in

(2.13) represents the certainty equivalent income rather than the expected wage. Again,
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the constraint in (2.13) always binds at the optimal solution. Otherwise, the principal
could lower the agent’s wages without causing him to reject the contract. Substitution of ¢
= _[se—ce’/2 — ns’c’/2] into (2.13) converts the problem to maximization of

e—ce’ /2 -ns’c> /2 with respect to e and s. First-order conditions with respect to e and s
yield ¢" = 1/c and s” = 0, which imply ¢ =—(s"e — c(e )72 —n(s")* &2 /2) = 1/(2¢). The
agent receives 1/(2¢) which is 0 net of effort cost and the principal receives 1/c — 1/(2¢) =
1/(2¢).

The implication is that the optimal compensation scheme w(r) is a constant. That
is, the principal provides the agent with a fixed-wage payment. This is an optimal risk-
sharing result. Given that the contract explicitly dictates the agent’s effort choice and that
providing incentives is not a problem, the risk-neutral principal fully insures the risk-
averse agent against any risk. Therefore, as long as effort is observable, a first-best

solution is obtained regardless of the agent’s risk preferences.

2.3.4.2 Contract design with unobservable effort

When the agent’s efforts are not observable, the contract cannot specify effort
effectively because the agent’s effort cannot be verified. In this circumstance, the
principal must design the agent’s compensation scheme to give an indirect incentive to
take the correct action (the action that would be contracted if his actions were
observable). When the effort is unobservable, incentives for high effort can be provided
only at the cost of imposing risk on the agent. The optimal incentive scheme for
implementing a specific effort level e minimizes the principal’s expected wage payment

subject to two constraints. As before, the agent must receive a certainty equivalent
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income net of effort cost of at least 0 if he is to accept the contract. The agent’s certainty
equivalent is
CE(w(m)) = E(W(m)) — nV(w())/2
= E(t + sm) —nV(t + sm)/2 =t + se — ns’V(xw)/2
=t+se—ns0/2.
When the agent’s effort is unobservable, however, the principal also faces a
second constraint that the agent must desire to choose the optimal effort when facing the
incentive scheme. The principal’s problem is

Max (1-s)e—t (2.14)

e,t,s
s.t. (1) t+se—ns® O'j /2 — ce*/2 >0 and

(i1) ecargmaxt+ se — s’ Jj /2 - ce*l2.

e

The IC constraint (i1) of (2.14) insures that the agent’s optimal effort choice is e under
compensation scheme w(x) = ¢ + sz. In other words, constraint (ii) assures that the
incentive scheme is consistent with the effort the principal wants the agent to choose.
Solving constraint (ii) yields ce = s. This equation implies that, for any level of e, if the
marginal cost of effort, ce, is set equal to the variable compensation component, s, then
exerting any lesser effort is not a maximizing strategy for the agent. Therefore, this
constraint induces the agent to exert the effort level intended by the principal. Using a

variant of this equation, e = s/c, the principal’s problem becomes

Max slc—t+s*/c (2.15)

s.t. (1) t+s°/(2c)-ns’cl/2>w
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Converting constraint (i) of (2.15) to an equality, because no alternative action can be

optimal for the principal, substitution of the constraint obtains the problem

Max s/c—s*/(2c) — ns’c’ /2 —w with respect to s. The first-order condition with
respect to s yields s* =1/(1+cno’) . Substitution for s~ into e=s/c thus implies
e =s"/c=1/(c+nc’c?). Further substituting s and e” into ¢+s> /(2c)—ns’c. /2 =w
then obtains £ = W — (1-1co’)/ (2c+2nc’c?)’. Expected net profit is

7w, =E(r)-E(w)=E(r)-[t+sE(r)]

=(1-s)E(r)—-t=(1-s)e—t,

or after substituting for s°, ¢ and ", 7. = 1/[2c(1+ncc.)]—w. From these
expressions, both effort (¢ ) and the variable compensation rate (s ) decrease when ¢
(cost of effort), # (degree of risk aversion), or Gj (randomness of output) increase.

Comparing to the case of nonstochastic technology, a fixed rental contract (s* =1)

is optimal when Gj = 0, although the principal can also offer a fixed fee contract (s* =0)

as well. With no output randomness, the principal can infer the effort from the output

without error, which also permits the principal to pay based on the effort. Since the risk
premium is zero when O'j = 0, the agent faces no risk in his payment even if his payment
is based on output or equivalent sharing contracts are used. That is why the first-best

effort level, ¢ = 1/c, is implemented when Gj = 0 and moral hazard is not a problem.

When the technology becomes stochastic (Gj > () the moral hazard problem

becomes an issue. The only optimal solution is a risk-sharing contract. For 0 <s" < 1, the

agent gets only a fraction of the output of his effort (or bears only a fraction of the loss of
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output for reduced effort) at the margin. This fraction is smaller (the incentive for effort is
weaker) the larger is the variance of the error (O'j) with which the observable output

indicates the underlying effort. Incentives can be sharper when the agent is less risk-
averse. That is, a low # implies a high s. In the extreme case of a risk-neutral agent ( =
0), the optimal share is s* = 1 implying that the principal sells the firm to the agent for a
fixed fee just as in the risk neutral case of section 2.3.2.

More generally, this formulation emphasizes the tradeoff between the agent's risk
and incentive. The main prediction of this simple model is that a principal operating in

more risky environments offers her agents compensation schemes in which incentives are
less intense, i.e., the larger the variance, Gj , the smaller is the share (s'). Also, for Gj >
0, the resulting effort level is less than the first-best level ¢’ = 1/c. Thus, effort is less the
larger is the variance of the error (O'; ). On the other hand, the resulting effort is larger

when the agent is less risk-averse (low 5 implies high e") to the point that a risk-neutral
agent (7 = 0) exerts the first-best effort, e = 1/c.

These results raise the question of why the principal should not force the agent to
bear the entire risk associated with production. In other words, why bias the optimal
effort downward from the first-best effort? The answer is that the agent’s required risk
premium for bearing all the risk becomes excessive requiring the principal to offer
excessive fixed compensation to satisfy the agent’s IC constraint. Thus, while the agent
generally receives greater compensation for higher realized output, the agent's
incremental output is less than the value to the principal of that additional output. In this
sense, the agent is not the sole residual claimant in the relationship, as in the case of a

fixed fee contract. This occurs because the agent's goals are no longer perfectly aligned
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with the principal's goals. Since the agent no longer benefits as much from outstanding
performance, his effort incentive is diminished, which is reflected in lower effort. Formal
details along these lines are provided in Stiglitz (1974, 1975), Harris and Raviv (1979),
Holmstrom (1979), and Shavell (1979). Also, Grossman and Hart (1983) and Laffont
and Tirole (1986), among others.

Alternatively, these results raise the question of why the principal should not
reduce the risk premium by paying a fixed wage to the agent. The answer is that a fixed
wage provides no incentive for effort to the agent. Risk sharing between the principal and
the agent acts as a form of insurance for the agent. By increasing the effort incentive, the
agent’s risk premium increases but more ouput enables the principal to offer sufficient

fixed compensation to bear it.

2.3.5 Payments based on multiple signals

Thus far output, 7 = e + 6, has been used as the sole signal of effort. Further
generalization can admit multiple signals as are relevant for hog contracting in chapter 5.
Consider the case where an additional objective signal about the agent's effort level is
available. An objective signal is one that can be verified for contractual purposes. For

illustrative purposes, suppose one more objective signal y is available. Signal y is

measured as y = e + ¢, where é~N(0,07 ) where o} is the variance in measurement error

of the signal y. Similarly, let o be the variance in measurement error of the signal 7.

Following Holmstrom and Milgrom (1987), the optimal contract relating wages to these

observed signals is assumed to be linear and given by w(rx,y) = ¢ + sy + sy where ¢ 1s the
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agent's base pay and s; is the piece rate on signal z previously denoted by s, and sy is the
piece rate on signal y.

Solving the principal’s problem with respect to multiple signals obtains the
relative weights of the piece rates s, and sy. The principal maximizes expected output,
where expected output is given by the effort of the agent e. All random variables are
assumed to be mutually uncorrelated. Repeating the same maximization as in section
2.3.4.2 with one additional argument in the payment scheme, w(z,y) = ¢ + sz + sy, the
optimal effort " is given by e = (sz+ sy)/c (compared to the single signal result, e = s
c in section 2.3.4.2). The first-best effort level, 1/c, occurs when s+ s, = 1. Optimizing

over the choice of payment scheme, the principal chooses piece rates of s, =
oi/(aﬁ + ai + ncaﬁaﬁ) ,and sy = o*j/(o;z[ + aﬁ + ncaﬁaﬁ) (Prendergast, 1999).

This model further illustrates the trade-offs between incentives and risk. For a risk

neutral agent (7 = 0), sp+ sy, = 1. Thus, the first-best level of effort 1/c is exerted.

However, if > 0 with measurement error in both signals (o> > 0 and aﬁ > 0), effort is

less than the first-best level, s, + s, < 1. Since higher variance implies higher
measurement error, a particular signal's weight is decreasing in its variance, so noisy
signals receive less weight. However, the weight attached to any signal is increasing in
the noisiness of the other, although total incentives, s+ sy, are decreasing in the noisiness
of any signal.

An interesting question is when will the principal choose to base the agent's
payment on both signals rather than one? Perhaps the most important observation of the
early contributions to agency theory (Holmstrom, 1979) is what has become known as

the informativeness principle, which implies that any measure of performance that (on
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the margin) reveals information on the effort level chosen by the agent should be
included in the payment scheme. This means, whenever two signals together provide
more information about the agent's effort than does the agent's output alone, the agent's
compensation under the optimal contract will be based on both signals. In effect, use of
an additional imperfect signal does not impose additional risk on the agent because the
weight of the first decreases just as a balanced portfolio attains less risk than an

unbalanced one.

2.3.6 Criticisms of linear contracts

The linear contract model is not without criticism. A valid criticism is that the true
first best can be approximated arbitrarily closely by step-function schemes that offer first-
best risk-sharing (a fixed wage) for almost all outputs except extremely bad ones for
which a severe punishment can be applied. To see this point, suppose the support of 4 is
[—é,+é] where 0< 0 <. Suppose for simplicity that 8 is uniformly distributed on this
interval. Through his effort choice, the agent can then change the support of 7. Under this
specification, the agent’s moral hazard problem disappears altogether and the first best
can always be achieved.

To see this, consider e*, the first-best effort, and w*, the first-best transfer,
associated with the problem in (2.9) in section 2.3.1. With a bounded support, the

principal can rule out certain output realizations, provided the agent chooses e . The

lower and upper bound for output are thus [¢” — é] and [e + é] , respectively, given that

the agent has exerted effort e Any output realization smaller than [e — é] results from

an effort smaller than e”. Thus, by punishing the agent very severely for outputs outside



48

>
>

Z Z

Alternatively, outputs are not perfectly informative of the agent’s effort if 6 has an
unbounded support. However, outputs may be arbitrarily informative even when 6 has an
unbounded support (Mirrlees,1975). This is the case, for example, when € is normally
distributed. The normal distribution has a likelihood ratio f.(x | e)/f(z | e) that can take any
value between negative and positive infinity. Mirrlees shows that this information can be
used to approximate the first best arbitrarily closely. That is, the principal can choose 7
such that, for all 7 < 7, the transfer to the agent of w(x) is very low (a form of extreme
punishment), but for 7 > 7 the transfer is fixed at w(z) = w" + &, slightly higher than the
first-best wage level, w". Under such a compensation scheme, the agent faces a negligible

risk of getting punished when he chooses e*, and his IR constraint is satisfied by the

fixed wage w + ¢ with ¢ positive but arbitrarily small.

2.3.7 Support for linear contracts

While the results of the last subsection raise concerns about the linear-CARA-
normal distribution formulation, Holmstrom and Milgrom (1987) have identified
conditions under which linear contracts are optimal. Beyond assuming CARA
preferences, they consider a dynamic model where effort is chosen in continuous time by
the agent. For instance, consider a dynamic context where the agent is paid, say, at the
end of the week, and assume he can observe his own output during the week so that he

can adjust his effort, say labor input, as a function of the realized path of output. Then
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step-functions will induce a path of effort that will be both erratic and, on average, low.
Generally, the agent will bide his time to see if there is any need to work at all once the
realized output reaches the critical level.

For example, if 7 = 7 in the case of a bounded support, then the agent will not

exert more effort because additional costly effort will bring no extra benefit. In contrast, a
linear scheme that offers the same current incentive no matter what the output history will
lead to a uniform choice of effort. This suggests that the optimality of a step-function
incentive scheme is highly sensitive to the assumption that the agent chooses his effort
only once. Laffont and Tirole (1986) illustrate this result in the case of a risk-neutral
agent, where numerous schemes will be first best. They consider a linear scheme with
unitary slope as well as the step-function scheme. If the agent receives noisy information
about the technology before choosing his effort, the linear scheme is uniformly optimal.
More generally, the specifications of preferences and measurement errors used to
this point are also far from innocuous. First, effort is specified as one-dimensional. A
more general setting would allow the agent to carry out multiple activities. Second, the
efforts of the agent can affect only the mean of the distribution of output rather than
higher moments of the distribution. More generally, agents may be able to affect the
riskiness of various performance measures. Finally, the exponential specification of
preferences ignores wealth effects. The combination of normal errors and absence of
wealth effects are critical to optimality of linear contracts. In general the sharing rule will
not be linear. See Holmstrom (1979) and Grossman and Hart (1983) for details.
Nevertheless, the simplicity and tractability of the linear structure has led to its

widespread practical use.
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2.4 Limited Liability

The model in section 2.2 assumes that the principal and agent make an agreement
at a point in time when they share symmetric beliefs about the probability distribution of
a random state of nature, 6. It also assumes that the realization of  is subsequently
observed by the risk-neutral agent alone after choosing his unobservable level of effort.
This specification follows the information asymmetry considered by Grossman and Hart
(1983), Holmstrom (1979) and Shavell (1979) where the agent observes the true state of
nature after he chooses his effort. Their precontractual information structure is also
similar to that analyzed in section 2.2 because the principal and the agent share identical
beliefs about the true state of nature when they reach an agreement to govern their future
interaction. Further insights about contracts can be found by relaxing these assumptions.

The case where the realization of 4 is subsequently observed by the risk-neutral
agent (alone) before choosing his effort is remarkable. This type of information
asymmetry is considered by Harris and Raviv (1979), Green and Stokey (1980), and
Sappington (1980). However, Harris and Raviv differ from the others by considering
precontractual information asymmetry explicitly.

Harris and Raviv show that the self-interested principal can and will design a
contract that induces an output in every state of nature that is Pareto efficient. They show
that under the conditions of asymmetric information considered here (and more general
conditions including risk aversion on the part of the principal) that the principal’s
expected profit maximizing contract in the absence of liability restrictions is a first-best
contract of the form w(x) = 7 — k" where &~ is the expected net profit from efficient

operation in excess of that required for the IR constraint of the agent. Specifically, k& =
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7" —c(e)

2.4.1 Contracting with ex ante agent information

An example can serve to explain Harris and Raviv’s results in the case of a
discrete random variable, 6. For simplicity, [ will use a slightly different functional

specification. Following Sappington (1983), suppose the explicit functional form of the

cost of effort is ¢ = (r,/6,)* /2 where larger 6 reflects a better production environment

and, hence, lower cost compared to lower 6.

When the agent has ex ante information (observes 6 before choosing effort), he
will generally have more control over output that with ex post information. With ex post
information, the principal finds the profit maximizing effort level given the distribution
of 6. Then he sells the firm to the risk-neutral agent at the price of the net profit from that
effort. The agent falls short of his reservation utility (0) if he gives less effort. Hence, he
does not have any incentive to shirk. But with ex ante information, the agent has better
information before choosing effort than the principal. The principal can pay depending on
both effort and the state of nature if she knows the state of nature. In absence of such
information, she can make a payment contingent on the output, 7. The principal’s

problem is thus

Max Zpl.(ﬂ'l. -w,) (2.16)
FioWiing

st @) Y pon-(x/6)1220,)

i=1
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where w; = w(m;) and p; is the probability that 6 = 6,1s realized. Again, the constraint in

(2.16) always binds at a solution to this problem. Therefore, the problem is

Max ) p.(m,—w,) (2.17)

i=1

st () Y p0n—(7,/6)/2)=0.

i=1
Consider the case with n =2 where larger 0 = 0, reflects conditions of higher
productivity compared to 8 = ;. Then (2.17) can be written as

Max  p,(7, —w)+ p,(7, —w,) (2.18)

s.t. (1) pl(wl_(”1/01)2/2)"‘172(“’2_(7[2/‘92)2/2):0-
The constraint in (2.18) implies that the expected payment to the agent is equal to
expected cost, i.e., pyw;+p.ws =[ p,(7,/6) + p,(r,/6,)*]/2. Substitution for the expected

payment, E(w) = p,w, + p,w,, in the principal’s problem yields the unconstrained
maximization problem

]}legzx P+ Pty —[p (7, 1 0) + py(7,16,)°]/2 .

First order conditions imply 7, = 6 and 7, = 6,”. Suppose 6, =2 and 6, = 4
so that 7, =4 and z, = 16. Then p; = p, = 1/2 implies E(w) =
[p,(7,/60) + p,(7,/6,)"]/2 =5 and expected output is E(z) = p,x, + p,7, = 10.
Expected net profit, &, is 5. Irrespective of the state of nature the agent pays 5 to the

principal and in return retains the entire (efficient) output that he chooses to produce.

When 6, =2 occurs, he receives a net payment of w; =4 — 5 = —1 and his utility is

w, —(7,/6,)’ /2 =—1-2=-3. When 6, =4 occurs, his payment is w, = 16 — 5 =11 and
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w, —(7,/6,)" /2

2.4.2 Potential problems with fixed fee contracts

The results in section 2.4.1 assume that the agent has sufficient wealth to pay the
fixed fee if the bad state occurs. If the fixed fee is paid ex post, the wealth constraint
cannot bind if the good state occurs. But if the fixed fee is paid in advance, wealth can be
insufficient in both good and bad states.

Although the contract in section 2.4.1 promises the risk-neutral agent his
reservation expected utility on average, when the production environment turns out to be
less favorable than expected (when 6 = 6, is realized), the agent can do no better under
this contract than suffer a loss in utility —3 below his reservation utility achieved in
autarky. In such states, the agent prefers to breach the contract. Hence, such a contract is
necessarily optimal for the principal only when institutions exist that guarantee the agent
will not breach the contract after observing the state of nature no matter how debilitating
compliance may be for the agent.

One such “institution” is simply the requirement that the agent pays the lump sum
component at the time the contract is signed. This institution may not be feasible;
however, when the agent’s total wealth is less than the required lump sum and he cannot
acquire income insurance. Another such “institution” could be an asset specific

investment required by the agent before observing the state of nature.
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For one or more reasons, such an institution may not exist in reality. Therefore, if
the principal offers a fixed fee contract in an environment where the agent's maximum
loss liability is limited by his option to rescind the contractual obligation, the agent will
exert effort and remain in the principal's employ only for higher realizations of 6. For
example, in the example of section 2.4.1, the agent would receive 11 leaving 5 to the
principal when 6 = 6,. If the agent is able to breach when 6 = 6, occurs, then the
principal’s expected profit is (1/2)(0) + (1/2)(5) = 5/2, whereas the agent’s expected
utility is (1/2)(0) + (1/2)(11- 8) = 3/2. Total expected surplus, 5/2 + 3/2 =4, is less than 5
obtained in the case of section 2.4.1 for the case where no breach can occur. This happens
because expected surplus when 6 = 6, is 0 whereas it was (1/2)(4) — (1/2)(2) = 1 when no
breach was possible. As a result, allowing a breach is not an efficient arrangement from
either the perspectives of the principal or society as a whole.

Therefore, if the principal must respect the agent's right to abrogate the terms of
the original contract, then the principal will find it advantageous to alter the terms of the
contract offered to the agent. In particular, the optimal contract will generally induce

positive output (77, > 0) by the agent even for less favorable realizations of the

environment (i.e., when 6 = 6,). But this expanded output will not be induced simply by
lowering the fixed fee (k). To do so would grant too much of the net profit to the agent in
favorable states, thus raising the agent's expected utility above his reservation utility.
Instead, the principal will implement a sharing of the total realized net profit. By
promising the agent a fraction of the net profit associated with his effort, the agent can be
induced to deliver productive effort, albeit less than the efficient level of effort in

unfavorable states. Consequently, limited liability restrictions, like risk aversion on the
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2.4.3 First-best limited liability contracts

Sappington (1983) examines the properties of the contract that emerges between
a principal and a risk-neutral agent when limits are imposed on the maximum loss that
the agent can be forced to bear as a consequence of contracting with the principal.
Contracts which incorporate such limits on the ex post liability of the agent are called
limited liability contracts. For purpose of illustration and analytic convenience,
Sappington initially focuses on the special case of limited (zero) liability contracts in
which the agent has the legal right to disassociate himself from the principal without
penalty after observing 6. The force of such arrangements can be to ensure that, after
becoming informed about the production environment, the agent never expects to receive
less than his reservation utility level 0.'*

It is convenient to see what happens when the first-best limited (zero) liability
contract is offered to the agent as a benchmark case. Continuing with the two-state
problem of section 2.4.1, the principal’s problem if effort is observable is

Max  p, (7, —w,) + p, (70, = w;) (2.19)

st. () w—(7/6)/220

()  w,—(7,/6,)°/2>0

' Asset specific investments can be one such bondage that can result in the agent receiving less than his
reservation utility part of the time.
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(i)  p,(w —(7,/6,) /2)+ p,(w,—(7,/6,)°/12)>0.
Constraints (1) and (ii) of (2.19) will hold with strict equality at the principal’s optimum
since otherwise the principal can increase her profit by lowering w, or w, while still
satistying the zero limited liability constraints. Constraint (iii) of (2.19) is redundant

because the agent’s wage is non-negative in each of the states under the limited liability
constraints. Hence, it can be dropped. The solution to this problem is 7z, =4, 7, = 16,
w,=2,and w, =8 for 8= 6,, § = 6,, and p; = p,= 1/2. As a result, the agent is no longer
the residual claimant. The principal’s expected profitis p, (7, —w,)+ p, (7, —w,)=5 if

the agent produces 4 when 6 = 6, and 16 when 0 = 6,. The agent’s utility is 0 in either

case. Hence, his expected utility is 0 just matching his reservation utility.

2.4.4 Emergence of the adverse selection problem

The problem of section 2.4.3 does not apply when the principal cannot observe

what state occurs. For example, the agent’s utility is

(W, —(7, 16,)"12)=w,—(x, 10) /2 + (7, 16))° 12 — (x, 16,) /2)

= (6, -0))(m))" 1(2676;) =32

when he produces 4 even when 6 = 6, = 4 occurs. The term (&, —67)(x, )’ /(2676;) is
known as information rent in the incentive literature. The agent’s utility is
(w, —(7,/6,)* /2) =24 when he produces 16 and 6, = 2. Thus, the agent has an
incentive to produce 4 when 6 = 6,. His expected utility from doing so is
pr(w, — (771* 16,)* 12)+ pa(w, — (771* /6,)? /2) = 3/4. The principal’s expected profit is then

p1(m] —w) + pa(z, —w,) = 2 since the agent produces 4 irrespective of the state that
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occurs. The moral hazard problem is thus transformed into an adverse selection problem
because of the limited liability constraint. Therefore, the principal must design the
contract in such a way that the agent does not have an incentive to lie about what state

occurs.
The easiest way to avoid this problem is to offer the agent (w, — (7, /6,)* /2)=
(0; =07 )(7,)’ 1(2676;). Thatis wa = (7, /6,)* 12+ (6; =6 ) (=, ) /(2076;)=8 +3/2 =
19/2 when 6 = 6,. Then the agent has no incentive to produce 4 when 8 = 6,. The agent’s
expected utility is the same, pi (w, — (7, /6,)* /2)+ p2(w, —(n,/0,)* / 2)=3/4. The
principal’s expected profit is thus p, (7, —w,)+ p, (7, —w,)= 17/4. This profit is also less
than 5, the full-information optimum of section 2.4.1. As will be shown in the following

section, this is not the best solution for the principal. The principal can distort 7, to

reduce the information rent (6; —&°)(x;)* /(2676;) and receive an expected profit larger

than 17/4.

2.4.5 Second-best limited liability contracts

Another question is whether the principal can improve her profit by distorting the
first-best contract of section 2.4.3. The answer is yes. In order to do so, the principal
solves the problem

Max  p, (7, —w,) + p, (7, —w;) (2.20)

st () w—(7/6)/220

()  w,—(7,/6,)°/2>0
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i) p Oy —(7,/0)* 12+ py(w, — (7,16, /220

(iv)  w,—(7,/6,) /22w —(7,/6,)"/2.
Constraint (i) holds as an equality at the optimum as before. Constraint (iii) can be
ignored for the same reason as in section 2.4.3. The added constraint (iv) removes the
incentive for the agent to lie about what state occurs. The problem in (2.20) is no more a
direct moral hazard problem. The principal designs the compensation scheme w(z) in
such a way that revealing the true state of nature will be optimal for the agent. The
principal no longer provides the agent direct incentives for effort. The moral hazard
model is thus turned into an adverse selection or asymmetric information model.

Constraint (iv), along with (i) and (ii), induces the agent to accept the contract
without lying about what state occurs. Constraint (iv) will hold as an equality whenever
the agent faces an incentive to lie about the state under a first-best contract. Substituting
constraint (i), stated as an equality, into constraint (iv), also stated as an equality, obtains
w, =(7,/6,)" 12+(6; =07 )z} (26760} . Whereas the term (6; — 67 )z /(26}6;) in this w,
equation is the information rent that the agent earns for misreporting the state of nature,

the term (0; — 67 )7, /(2676;) represents the information rent obtained per unit of output

7, produced from mimicking 8 = 6, when 8 = 6, occurs. Given 8, and 6,, the principal can
lower both the unit rent and the total rent by reducing z,. Substitution of w; and w,
implied by constraints (i) and (iv), stated as equalities, into (2.20) yields the

unconstrained limited liability maximization problem,

Max pl(ﬂ.l _(”1 /'91)2 /2)+p2(”2 _(772 /92)2 /2_(‘922 _912)72'12 /(2612022)) >

Ty ,7Ty
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which has maximizing outputs 7 =0’ /[1+ p,/ p(1-0*/0)] < x| and 7+ = 6, =7, in
states 6, and 6, respectively, where the L superscript denotes the limited liability case.
Thus, no distortion occurs in the output 7, in the good state (6 = 6,) compared to the
good-state first-best output 7, . But the output 7" in the low-state (6 = 6,) is less than the
low-state first-best output 7, . For 6, =2, 6, =4, and p,= p,= 1/2, the explicit solution
to this limited liability problem is 7" = 16/7, z; =16, w, =32/49, and w, = 416/49.
The principal’s expected profitis p,(z] — (7 /6)*/2) + p,(x, —(7,/6,) /2 —
(6; —=07)(m)’ /(26760;) = 416/49 which is larger than 17/4 obtained in section 2.4.4,
even though it is smaller than first-best profit of 5 obtained in section 2.4.3.

The agent’s expected utility is p,(w, — (7] /6,)* /2) + p,(w, —(7,/6,)’ /2 =
12/49 which is smaller than the 3/4 obtained in section 2.4.4, even though it is larger
than the reservation utility 0 obtained in the first-best case described in section 2.4.3. The
expected utility in this case is known as the agent’s limited liability rent in the contracting
literature. Compared to the case without limited liability, this rent is the additional

payment the principal must incur because of the conjunction of moral hazard and limited

liability.

2.4.6 Wealth and limited liability rents

An important generalization for the application in this dissertation is the case
where the agent must undertake a significant investment, such as in plant and equipment,
to facilitate production. Suppose the agent is required to have an asset holding

represented by @ in order to participate in the contract offered by the principal. Then the
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liability limit implies that the net transfer of the agent, taking into account his own asset

holding A, must be no smaller than —A4. If bad state occurs the agent will be paid w, while
his effort cost will be (z,/6,)* /2. He will have a deficit of (z,/6,)’ /2—w, in covering
his effort cost. He will have to use 4 of his own assets to cover this shortage. As a result,
his net transfer in the bad state is -4 if (z,/6,)* /2—w, > A. Limited liability clauses may

protect the agent by allowing bankruptcy in any state with a net transfer smaller than —A4.
In this case, the agent avoids bankruptcy even when he has to pay the optimal penalty (no
larger than A4) to the principal if a bad state occurs. The formulation in (2.20) has a zero
liability limit meaning that only non-negative net transfers are feasible. Therefore, the
model in (2.20) represents a contractual environment in which the agent is not required to
own any assets at the time of contracting with the principal.

Limited liability rent is increasing in the liability limit. As the agent is endowed
with more assets, the conflict between moral hazard and limited liability diminishes and
eventually disappears. For example, if the liability limit is —3 for the formulation in (2.20)

so that w, —(z,/6,)’/2>-3 and w, —(x,/6,)* /2> -3, then the agent will earn higher

rents compared with the zero liability limit. A liability limit of —3 means that the principal
cannot force the agent to bear any loss larger than 3 in any state. Within this limit, the
agent will honor a fixed fee contract even if he observes a bad state after signing the
contract. Otherwise, he can breach the contract with a penalty equal to 3 after observing
that the bad state has occurred.

A limited liability constraint on ex post rents may reduce the efficiency of ex ante
contracting. If the limited liability constraint on the net transfer in the bad state is

stringent enough, the principal must reduce the bad state’s output to meet the limited
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liability constraint. The bad state output is lowered to 16/7 in (2.20) from 4 in (2.19). By
doing so, the limited liability rent is reduced from 3/4 to 12/49. As the limited liability
constraint is further tightened, the principal must relax the agent’s ex ante individual
rationality constraint. More precisely, with a limited liability constraint, the optimal
contract behaves as if the agent had an infinite risk aversion below a wealth of —4. As a
result, the principal faces an incentive to select wealthy agents if multiple agents compete
for the contract.

Thus, designing the contract in such a way that the agent is compensated for
producing an inefficiently small output in the bad state, the principal reduces the

magnitude of the payment needed to induce a higher level of output in good state.
However, the principal weighs the expected benefits of setting ;" below 7z, against the
costs of inefficiency (costs which are borne if 6 = 6, is realized). As 8 = 6, becomes more

likely and & = 0, is less likely (i.e., as p,/p, becomes larger), 7z is set further below 7, in
the contract most preferred by the principal. Similarly, as the ratio of 912 / 4922 goes down,

z! is set further below 7, . Also, because the benefits associated with inducing an

inefficient output in any state are realized only when good state of nature occurs, the
principal has no incentive to induce an inefficient output in good state of nature. When

the technology is more general, the distribution of § may be such that in some states the

expected benefits of elevating 72 above 7z, outweigh the expected costs. Under such

circumstances, 75 and 7, will coincide and the limited liability contract offered to the
agent will be a “pooling” contract in the terminology of Stiglitz (1977).
Finally, it should be emphasized why the foregoing concerns are relevant only in

the presence of limited liability restrictions. Absent any floor on the payoff to the risk-
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neutral agent, any rent that the agent may gain when the principal expands 7" to its

efficient level 7, can be effectively negated by demanding that the agent pay a larger

lump sum payment in order to contract at all. Consequently, only when limited liability
constraints are binding are the maximization of social efficiency and private utility not
coincidental.

Throughout the foregoing analysis the agent is assumed to be risk-neutral. If the
agent is risk averse, the qualitative results described here are unlikely to change (Harris
and Raviv, 1979). Instead, there would be an additional reason for the principal to choose
something other than a first-best contract to take advantage of the risk-sharing
opportunities. Properties of such contracts are discussed, for example, by Holmstrom

(1979) and Shavell (1979).

2.5 Precontractual Information Asymmetry

To this point, the principal and the agent have been assumed to have symmetric
precontractual beliefs about the distribution of . I have considered cases (i) where the
agent first signs the contract, then exerts effort, and then finally observes 6, and (ii) where
the agent first signs the contract, then observes 6, and then finally exerts effort. This
section turns to case (ii1) where the agent first observes 6, then accepts or rejects the
contract offered by the principal, and then exerts effort if the offer is accepted. In cases (1)
and (i1), the principal and the risk-neutral agent share the same beliefs on 6 before signing
the contract, but this is not so in case (iii).

As described in the section 2.4, when the principal and the risk-neutral agent

share the same beliefs before signing the contract, the optimal contract will have the
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principal receive a lump sum payment (k") and the agent receive, w(m)=r — k', the
difference between the value of the output produced and the lump sum payment. Such is
the case whether or not the agent receives perfect information after signing the contract
(see, e.g., Harris and Raviv, 1979, Holmstrom, 1979, and Shavell, 1979). Because such
fixed fee contracts induce the agent to value output ex post exactly as does the principal,
the contract ensures that the agent supplies the level of effort that is Pareto efficient
conditional upon his private information. Only in case (ii), when the agent is protected by

limited liability clauses, does a fixed fee contract fail to achieve Pareto efficiency.

2.5.1 Problems created by precontractual information asymmetry

In case (iii), in the absence of symmetric precontractual beliefs on 6, the principal
and agent will not necessarily agree upon whether any particular contract (of the limited
liability variety or otherwise) provides a level of expected utility for the agent that
exceeds his reservation level. An analysis of this complication and related ones can be
found in Sappington (1980).

The exact details of the optimal sharing arrangement and the number of distinct
contracts the principal offers will depend on a number of factors, including the nature of
the agent's precontractual information and whether he subsequently acquires better
information. Precontractual information & in this case can represent the productivity or
innate ability of the agent, which may be known only to the agent. To illustrate, suppose
that at the time a contract is signed, the agent has better knowledge than the principal
about likely productivity and the agent's information on productivity is perfect.

Obviously, there is no opportunity for the agent to acquire better information after a
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contract is agreed upon in this case. When the agent's initial information about the
productivity is superior to the principal's information, the fixed fee contract creates a
problem similar to that of limited liability protection in section 2.4.

To see the connection, redefine the information structure of section 2.4 to
introduce precontractual information asymmetry. The agent in this case knows 6 even
before signing the contract. Suppose the principal offers a basic fixed fee contract with a
fixed fee, kK = 5, to an agent who has very accurate information about his productivity.
This fixed fee contract is characterized by the principal’s problem in (2.18). The agent
will reject this fixed fee contract if he knows that his productivity is low (i.e.,d0 = 6,)
because he can do no better under this contract than suffer a loss in utility, —3 below his
reservation utility level, 0.

The agent will accept the contract only when he knows 6 = 6,. In this state, the
agent receives 11 leaving a fixed fee of 5 to the principal. The principal’s expected
benefit is (1/2)(0) + (1/2)(5) = 5/2, whereas the agent’s expected utility is (1/2)(0) +
(1/2)(11 — 8) = 3/2. This is exactly the same outcome as when the agent is protected by a
limited liability clause but discovers the level of 8 only after signing the contract. In this
case, the agent rejects the contract when it is offered in the bad state. In the limited
liability case, since the contract is already signed, the agent breaches the contract when he
finds that the inferior state of nature has occurred. Anticipating this behavior, the
principal will again modify the contract by inducing some output from the agent even in
the inferior state, without granting the agent the entire realized profit. The upshot of such
arrangements is that the principal must ensure that the agent never expects to receive less

than his reservation utility level, 0, after signing a contract.
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2.5.2 Precontractual asymmetric information contracts

To ensure that the agent never expects to receive less than his reservation utility
level after signing the contract, the principal’s problem becomes

Max pl(”l_wl)+pz(7z'2_wz) (2.21)

s.t. (1) (w,—(7,/6)*/2)>0,

()  (w,—(7,/6,)°/2>0

(ii1) pl(W1_(7[1/01)2/2)+p2(W2_(7[2/‘92)2/220

Gv)  (w,—(m,/6,)° 12> (w —(n,16,)"12).
Constraints (i) and (ii) ensure that the agent receives at least his reservation utility level,
0, and, hence, accepts the contract irrespective of his precontractual information on 6.
Constraint (3) is the participation constraint that is trivially satisfied once the first two
constraints are satisfied. Constraint (iv) induces the agent not to lie about what
information he has on 6. Thus, the problem in (2.21) is the same problem the principal
solves in the case of limited liability. As a result, the principal faces the same qualitative
tradeoffs when the agent's initial information about the productive environment is
superior to the principal's information as she faces when the agent is protected by limited
liability covenants.
Thus, the solution of the precontractual asymmetry information case is exactly the same,
implying

xl =02 N+p,/ p(6,-607)01=n] <,

m =0 =m =m,
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where the P superscript refers to the precontractual asymmetric information case. There

is no distortion in the good-state output 7z when 6 = 6, compared to the good-state first-

best output 7, . But the bad-state output 7, is less than the bad-state first-best output 7z,

when 8 = 6,. As in section 2.4.5, the moral hazard model is thus turned into an adverse
selection model.

Applications of the asymmetric precontractual information model of this section
include problems of optimal taxation (e.g., Mirrlees, 1971), price discrimination (e.g.,
Goldman et al, 1984; Roberts, 1979; and Spence, 1977) and labor contracts (e.g.,
Azariadis, 1983, and Grossman and Hart, 1981). In these literatures, the agent
(representing the taxpayer, the consumer, or the worker) knows his type (i.e., his earning
ability, his reservation price, or the productivity of his labor), while the principal
(representing the government, a monopolist, or an employer) does not. There are
analogous models in the standard principal-agent literature (e.g., Sappington, 1983). The
distinguishing feature of these models is that only extreme types of the agents will be
given efficient incentives. The optimal contract will induce other types of agents to
realize outputs that are inefficient ex post.

So far I have discussed contract form when the agent's initial information about
the productive environment is superior to the principal's information in the case where the
agent’s information is assumed to be perfect. However, the results are similar for the case
where the agent’s information is superior but imperfect at the contracting stage of the

principal-agent relationship.
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2.6 Theoretical Predictions at Odds with Empirical Results

Whether risk aversion, limited liability restrictions, or precontractual asymmetric
information complicate the basic model of section 2.3, similar qualitative effects emerge.
The most important effect is that a fixed fee contract imposes too much risk on the agent
or delivers too great a share of the realized profit to the agent so that the principal resorts
to a "sharing" contract. Because the agent's compensation is less sensitive to his output
under a sharing arrangement than under a fixed fee contract, the agent exerts less effort.
This reduced effort results in loss for the principal relative to the benchmark optimality of
the first-best model.

Standard moral hazard models stress this trade-off between incentives and risk-
sharing in the determination of contractual forms. Fixed fee contracts are relatively
efficient from the incentives viewpoint because the agent is both the main decision maker
and the residual claimant. However, they also generate an inefficient allocation of risk, in
which all the risk is borne by the agent who is generally presumed to be more risk averse.
When uncertainty is small, risk sharing matters less and fixed fee contracts are more
likely to be adopted. On the other hand, in a very uncertain environment risk sharing is
paramount and a sharing contract is the natural contractual form. This prediction can be
readily tested using data on existing contracts provided that a proxy for the level of risk is
available.

This section discusses briefly the correspondence of these results with empirical
observations, first in the share cropping problem (which is the most common practical
problem in the literature and inspired the early work), and then in the context of the

parctial application in this dissertation to hog contracting.
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2.6.1 Evidence from share cropping

Several inconsistencies between theoretical predictions and observed facts have
been found for share cropping. The theory predicts that more risky crops are more likely
to be grown under sharecropping contracts in agriculture. For instance, if some crops are
known to be more risky than others, the theory predicts that these crops are more likely to
be associated with sharecropping contracts given that available growers have common
risk-averse preferences.

A number of papers have tested this prediction by regressing contract choice on
crop riskiness. Higgs (1973) finds weak evidence consistent with this implication for
corn and cotton in the early twentieth century in the southern United States. Rao (1971)
finds opposing evidence for Indian farms. More recently, Allen and Lueck (1992, 1999)
for farms and Leffler and Rucker (1991) for timberland find no relation between risk and

the nature of contracts chosen.

2.6.2 Evidence from hog contracting

While several factors are likely to influence decisions regarding hog contracting,
the most important reason cited by hog growers for choosing contract farming is risk
reduction (Rhodes, 1989; Rhodes and Grimes, 1992; Johnson and Foster, 1994;
Kliebenstein and Lawrence, 1995; Lawrence and Grimes, 2001). In their hog producers’
survey, Lawrence and Grimes (2001) found that producers cited financial risk reduction
as the key advantage of production contracts. Martinez, Smith, and Zering (1998)
analyzed the motivating factors behind increasing use of contracts and vertical integration

in the hog industry and concluded that risk reduction is the most important reason for
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contracting. The studies that emphasize the reduction of farmers’ economic risks view
contracts as a vehicle to shift risks to integrators, which appeals to the risk sharing
approach to modeling contracting.

If wealth is taken as a proxy for risk-aversion, then poorer growers are more
likely to be more risk averse (under decreasing absolute risk aversion) and thus more
likely to be under a sharing contract for a given production uncertainty. But the facts
from contract hog growing do not support this theoretical prediction if risk sharing is the
main motivation for contracting. If risk aversion is the main motivation, then more small-
scale hog producers should be contract growers. But, in fact, more large-scale producers
are contract growers. Furthermore, this is a growing trend (MacDonald et al, 2004).
Thus, risk reduction does not appear to be the main motivation for contracting in hog
production.

However, as in share cropping, this simple casual observation of facts does not
confirm that the theoretical predictions are altogether wrong. As explained in section 2.4
and 2.5, sharing contracts emerge not solely because agents are risk-averse. Risk neutral
agents may have wealth constraints that lead to sharing contracts because of necessary
limited liability protection. Even when wealth constraints are not binding, precontractual
information asymmetry may lead to sharing contracts. A more plausible motivation for
hog contracting may be found from limited liability and wealth issues or from
precontractual asymmetric information issues. Thus, this inconsistency of theoretical
predictions and observed facts does not necessarily imply that the theory is irrelevant.
Rather, it suggests that generalizations in the theory may be necessary to better match the

conditions of observed facts. These possibilities are explored in chapter 3.
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Chapter 3:

Gains from Contracting in a Model with Heterogeneous Agents

3.1 Introduction

The fundamental model described in chapter 2 has an obvious weakness for
application in problems where principals face many potential agents. It disregards
endogeneity in matching agents to principals. In other words, the theoretical predictions
described in chapter 2 hold only when the characteristics of the principal and the agent
are given. Such a model is appropriate only if the agents facing different contracts do not
differ by relevant characteristics."

This chapter examines contracting when agents facing different contracts differ in
their characteristics. Heterogeneity in agents’ characteristics is incorporated into the basic
model explored in detail. Because the agents are heterogeneous, an important issue is
whether all the agents gain from contracting, or whether some agents can find only
negative gains from contracting. The models presented in the literature do not consider
the possibility that part of the agents may lose while others gain. Part of the literature
ignores this possibility by assuming agents are homogeneous in characteristics. When
agents are homogeneous, the same contract can be offered to all agents and no agent will
receive less than his reservation utility under the conditions of chapter 2. For this reason
the models of chapter 2 cannot explain negative gains among only a share of contracting

agents.

' Of course, such a model is also appropriate only with a single principal. The case with multiple principals
(who possibly differ in characteristics) is not considered here for reasons given in the application to hog
contracting in chapter 5.
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Another reason the possibility of negative gains for a share of contracting agents
is not considered is that, even when heterogeneity is assumed say in agents’ ability;
agents are assumed to have complete knowledge of their ability. Results in this chapter
(sections 3.3.2 and 3.4.2) show that when the agents know their ability perfectly they
never receive less than their reservation utilities on average. But when agents have no
knowledge of their ability or have partial knowledge of their ability, then the potential for
some agents to lose from contracting becomes relevant. I explore this issue in detail in
this chapter. I adapt existing models for different information structures and determine
whether agents gain or lose from contracting.

Section 3.2 describes how standard theoretical predictions are modified or
reversed once agential heterogeneity and transaction costs are introduced. The transaction
costs considered in this chapter are incentive cost required to induce a given effort from
an agent. They include negotiation, supervision, monitoring, and enforcement costs as
well as costs associated with asset specific investment. Section 3.3 presents the formal
theoretical model with agential heterogeneity and the theoretical predictions regarding
agents’ gains from contracting under different information structures. Section 3.4
examines contracts under an alternative form of technology and ensures that the results in
section 3.3 are not driven by the specific functional form of the technology that is
assumed. Section 3.5 discusses the issue of whether agents know their ability or
productivity parameters perfectly before they enter a contract and examines contracting

when agents know their ability only imperfectly before they enter a contract.
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3.2 Agential Heterogeneity: Basic Theoretical Issues

Intuition suggests that endogeneity occurs in the matching of agents to contracts
in reality. In chapter 2, theoretical predictions of contract choice were derived for a given
principal with particular characteristics (degree of risk aversion, = 0) and a given agent

with particular characteristics (degree of risk aversion, 5 > 0, randomness of output o >

0, and cost of effort ¢). Optimal solutions given all these characteristics then determined
the optimal contract form (e.g., the share of output to be given to the agent as a function

of these characteristics.

For example, the optimal contract form, s = 1/(1+cy o), in section 2.3.4.2 of
chapter 2, implies that, if risk effects are an important determinant of contract choice,
then risky crops (i.e., those with large o) will more likely to be associated with

production contracts (i.e., 0 <s* <1) than with fixed fee contracts (i.e., s = 1). Allen, and
Lueck (1992) examine whether the inherent riskiness of a crop affects the type of
contract used for that crop. Empirically, they do not find this correlation and conclude
that risk sharing is not an important determinant of contract choice. In this chapter, I
suggest that one reason a correlation of risk and share cropping is not found may be that
heterogeneity of agent’s characteristics is missing in their study.

Suppose agents have heterogeneous degrees of risk aversion. For simplicity,
assume that a fraction of the agents are risk neutral while the rest are risk averse.
Different agents will then be drawn to different crops. Efficiency suggests that risk
neutral agents should specialize in the more risky crops. But risk neutral agents are also
best suited to fixed fee contracts since risk sharing is not an issue for them. Thus, given

heterogeneous risk aversion, fixed fee contracts are conceivably associated with more
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risky crops so the standard prediction is reversed (Ackerberg, and Botticini, 2002). This
extreme example has an empirical implication that is exactly the reverse of Allen and
Lueck’s(1992) arguments where fixed-fee contracts are found on the risky crops. The
problem here is that while the “crop riskiness” may be exogenous to the landlord who
owns the land, it is endogenous through principal-agent matching to the tenant.

With two types of agents characterized by high and low risk aversion, both types
prefer a sharing contract, all else equal. However, the preferred piece rate, s =

1/(1+cn o), varies negatively with the degree of risk aversion. But in many cases the

more risk-averse agents may not enter sharing contracts at all. This might occur because
other differences between low and high risk-averse agents are not incorporated into the
contracts.

On the other hand, a higher piece rate with lower base pay may discourage the
more risk-averse agents from entering the contract. If this is the case, more low cost and,
hence, less risk averse agents are likely to be contract growers. As a result, heterogeneity
among growers can drive some seemingly peculiar contractual arrangements reversing
the standard theoretical predictions. Also if low cost growers are risk neutral, they will
prefer fixed fee contracts unless restricted by wealth constraints, all else equal, but a fixed
fee contract may not be offered by contractors who cannot separately distinguish risk
preferences. So agents may choose sharing contracts even though they are risk neutral,

which is contrary to the standard theoretical prediction.
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3.2.1 Multiple agents and matching

Preserving the risk sharing role of the payment scheme, Wright (2004) provides
another reason why a positive relationship between risk and incentives might be
observed. He argues that crucial factors are the existence of agents with different degrees
of risk aversion and competition between principals for these agents. It is less costly for
principals to induce a given effort from a less risk-averse agent than from a more risk-
averse agent because less has to be paid to compensate the less risk-averse agent for the
risk he bears. Hence, identical principals prefer to select agents with low risk aversion, all
else equal, by offering contracts with a high piece rate that discourages high risk-averse
agents from contracting.This kind of selection is not considered in the standard model of
chapter 2 because only one agent (or, implicitly, many similar agents) are considered.
Selection preferences are considered in this chapter in the case of multiple heterogeneous

agents.

Also, provision of incentives to a high risk agent is costly when o is large.

Under certain conditions, principals who operate in a riskier environment are prepared to
pay more for the services of less risk-averse agents than principals operating in a less
risky environment. Therefore, competition ensures that less risk-averse agents are hired
by principals operating in riskier environments. This result carries over to the case of
asymmetric information about agent types. Such matching of less risk-averse agents to
riskier principals was hypothesized in an empirical paper by Ackerberg, and Botticini
(2002) and further argued to be reasonable by Prendergast (2002).

Although, all else equal, the more risky the environment the less intense are the

incentives, it is also true that the less risk averse the agent the more intense are the
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incentives. If the latter effect dominates the former, then principals in riskier
environments will offer compensation schemes with more intense incentives than those
offered by principals in less risky environments. As a result, an observed positive
relationship between risk and incentives is consistent with agency theory. With this
approach, Ackerberg, and Botticini (2002) find support for agency theory after
controlling for endogenous matching.

These examples mainly consider matching based on risk and risk aversion. But
many other characteristics can also lead to matching between heterogeneous principals
and heterogeneous agents. For example, principals with higher ability to monitor or
measure output might prefer low-share, high-rent contracts and thus match up with agents
with more risk aversion, more credit constraints, or a higher cost of effort (who would
also prefer low-share or wage contracts, all else equal). This type of matching minimizes

transaction costs associated with risk aversion.

3.2.2 Transaction costs in principal-agent problems

One of the simplifications of standard neoclassical marginal analysis is the
assumption that supervision, monitoring, inspection, and enforcement are costless in spot
markets. However, spot market transactions involve significant costs. These costs can be
reduced or avoided if firms choose to internalize certain activities. Thus, it might be
efficient for disparate activities to be combined within a given firm. The transaction costs
approach of Coase (1937) was a first step in seeking to understand why this happens. As
elaborated later by Coase(1960), transaction costs can be minimized by expanding a firm

to internalize externalities otherwise imposed on it by the actions of others.
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However, activities intended to avoid transaction costs carry their own costs
because spot market attributes of clarity and focus are often obscured or absent in
dealings within a firm. Internal costing and pricing can be problematic, so the
management of these internalized activities can become as costly as their purchase or
sale. Whenever transaction costs of internal (e.g., vertically integrated) organizations are
smaller than those of spot market, vertical integration is preferred. A production contract
is an intermediate form between the cases of vertical integration and spot markets. Thus,
transaction costs provide a useful perspective for examining the choice among spot
markets, production contracts, and vertical integration as devices to organize production
(Williamson 1975, 1979; Alchian and Demsetz 1972; Joskow, 1987).

In a principal-agent setting, choices are made between fixed rents (i.e., markets),
fixed wages (i.e., internal organization), and production contracts. Transaction costs arise
because of the conflicting interests between parties (the principal and agent) when the
agent's efforts cannot be easily monitored by the principal and where the output is not
influenced by the agent's effort alone but by factors beyond the control of the agent.

Stated succinctly, with transaction costs and a risk averse agent, the production
contract is chosen because it distributes the variance of the output among the contracting
parties. But if savings in transaction costs from alternative contracts outweigh risk
sharing benefits, then alternative contracts would be preferred. Thus, in the choice of
contracts, a trade-off exists between risk aversion and transaction costs associated with
different types of contracts. The choice of contractual arrangement is made so as to
maximize the gain from sharing risk subject to the constraint of transaction costs. While

the constraint of transaction costs was not absent in the theoretical analyses of chapter 2,
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it was assumed identical for all agents, thus ignoring the potential impact of its
heterogeneity on contract choice.

When transaction costs associated with various contracts vary across agents and
agents are heterogeneous in risk aversion, more low risk-averse than high risk-averse
agents are likely to be observed in production contracts because of their relative
efficiency in transactional costs. Inducing a given effort from a low risk-averse agent is
less costly for the principal than from a high risk-averse agent because less is required to
compensate the low risk-averse agent for the risk he bears. Thus, the transaction costs of
effort from a low risk-averse agent are lower. Accordingly, given heterogeneous
transaction costs and risk aversion, production contracts conceivably can be associated
with less risk-averse agents, thus reversing the standard prediction. In the extreme, agents
may choose production contracts even though they are risk neutral, which is contrary to

the standard theoretical prediction.

3.2.2.1 Production contracts versus spot markets and vertical integration

The choice of contract depends on how transaction costs associated with
negotiation, supervision, and enforcement as well as risk vary across contracts. In
considering the three contract forms—wage, share (of production), and fixed rent—
negotiation costs are unlikely to vary across contracts. On the other hand, supervision
costs are likely to vary significantly by contract type. For example, supervision costs
likely decrease as effort is more closely linked with payment. Since a tenant with fixed

rent receives all the benefit from extra effort, incentives under fixed rents are superior to
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those of production contracts, and hence, less supervision is required than for production
contracts.

In fact, supervision costs are least under a fixed-rent contract because the
principal receives her fixed fee regardless of the length and intensity of the agent’s effort,
provided that the payment is made before the agent exerts effort or that the effort is
certain to yield a sufficient output to the principal. For the similar reason, supervision
costs are greatest under wage contracts because the payment is based on the amount of
effort an agent spends rather than on his output. Since an agent under a production
contract receives only a share of his marginal product, supervision costs of production
contracts less than for wage contracts but greater than for fixed rent contracts. However,
this simple ordering of contracts might not hold if other factors such as underreporting of
output are considered.

In addition to supervising agents’ effort, the principal has an incentive to monitor
the use of any other inputs that she supplies to the production process. Careless or
excessive use of the principal’s work stock or equipment would result in the depreciation
of such assets. The more inputs and the more valuable are the inputs that the principal
supplies, the greater is the incentive to monitor. However, the marginal cost of
monitoring inputs decreases as the number of inputs supplied increases. For example, the
marginal cost of supervising agents’ effort may be small if the principal already monitors
the use of her work stock by the agent.

Along with supervision and monitoring costs, enforcement costs also vary across
contracts. Enforcement cost ensures that an agent honors the length of the contract, i.e.,

that he does not breach the contract before it expires. The greater the opportunity cost of
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breaking a contract, the less likely a breach will occur. For a competitive labor market, an
agent’s expected wage is larger under a fixed-rent contract than a production contract
because fixed rent requires lower costs of supervision than production contracts. The
agent receives a risk premium for bearing more risk. Since opportunity costs increase
with the expectation of a larger ex post payment, a fixed rent contract is more likely to
dominate. Similarly, a production contract gives the agent a higher expected payment
than a wage contract because the opportunity cost (reflected by the expected ex post
payment) of leaving the contract exceeds that of a wage earner who is paid on the basis of
time, bears no risk, and requires considerable supervision.

Another source of transaction costs is also worth explaining. Transaction costs of
markets may be high if there is opportunistic behavior by any of the transacting parties.
The principal and agent might have the ability and the incentive to be opportunistic in
misrepresenting their type and other transaction related information, for example, by
hiding intentions on contract renewal. The principal can be opportunistic and take
advantage of an agent’s immobility or asset specific investment. Such specific investment
may inflict high transaction costs on the parties. This, in turn, would play a role in

influencing the type of contract.

3.2.2.2 Asset specificity and the holdup problem

Research since Coase’s (1937) seminal paper on the nature of the firm has
inspired many modifications in economics, but all contributors thus far apparently agree
upon the fact that asset-specific investment is one of the main contributing factors to a

high level of transaction costs as defined by Williamson (1975, 1985). Williamson
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(1975) and Klein, Crawford, and Alchian (1978) reinvigorated the transactions costs
approach by studying asset specificity and investments. Specificity arises when assets are
much less useful and, hence, less valuable in any other use. Williamson (1979) defined
asset specificity as the magnitude of economic costs associated with redeploying an asset
to its best alternative uses and by best alternative users. An extension of the specificity
notion is that of relation-specific investment, where an investment is more valuable in
one business relationship than in alternative relationships.

Where the principal or the agent makes sizable investments in assets specific to an
ongoing supply relationship, spot markets are unlikely. Although relation-specific
investments facilitate total value added, the incentive structure for such investments can
be weak. When production requires an agent to invest in an asset that is specialized to a
particular principal, any deal made prior to investing in the specialized asset may not be
enforceable once the investment is made. Thus, agents become vulnerable to being held
up by the principal for shares of the quasirent once specific investments have been made.

The quasirent of an asset is the difference between the ex ante best alternative
return on the capital invested in an asset and the ex post return it must receive to prevent
alternative use of the capital invested in the asset (Klein, Crawford, and Alchian,1978).
Thus, relation-specific investments create a divergence between the rate of return that an
agent must expect in order to be induced into the relationship and the rate of return below
which the agent will exit the relationship.

A holdup involves opportunistic behavior of one or both of the parties in a
transaction, the intent of which is to capture quasirents arising in relation-specific

investments or other specialized assets. Once the contract is signed and the assets are
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deployed one of the parties may threaten to pull out of the arrangement, thereby reducing
the value of the specific assets unless a greater share of the quasirents of joint production
find their way into the threat-maker’s pockets. Thus, the non-investing party can seek to
extract quasirents by use of the market power arising from the difficulty of the relation-
specific asset holder in exiting the contract and entering another relationship.

Wary of such opportunism, investing parties—especially parties with low
bargaining power—might choose to invest less in such assets than is socially optimal.
Also, they may choose less specific, i.e., less specialized and less productive, technology.
One way to mitigate this hold-up problem is to vertically integrate the agent and the
principal. If they pool their capital into a single enterprise for which profits are jointly
shared, then the incentives for quasirent-seeking activities are attenuated. Because such
integrated enterprises would choose more productive specialized technology, they would
perform better than the contractual alternative.

Another way to address the holdup problem is to sign a long-term contract before
the irreversible, asset-specific investment is made. As Williamson (1975) suggests, this
type of solution, which is based on vertical integration, depends as much on bounded
rationality as it does on opportunism. Opportunism serves little when information is
perfect. In a world of certainty and unrestricted cognitive ability, enforceable long-term
contracts could be written that preempt unproductive ex post rent-seeking behavior and
thus obviate vertical integration. Thus, to prevent opportunism and ensure adequate
investment in relation-specific assets, either long-term contracting designed to discourage
opportunism or vertical integration, which eliminates the incentive for opportunism, is

the preferred approach for organizing production (Williamson, 1979).
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This discussion of transaction costs based on relation-specific assets offers both
insight into the organization of production and a puzzle. While relation-specific
transaction costs provide a convincing explanation for the lack of spot markets, it seems
unable to explain why one or the other (production contracts or vertical integration) is
preferred. The choice between production contracts and vertical integration depends
largely on the anticipated need to adapt to a changing technology or uncertain future and
other related characteristics of the technology and the parties. As more change is
anticipated or the future is more uncertain, contracts must either become more complex
or less complete. Complexity adds to the cost of writing and enforcing a contract, and
incomplete contracts retain some incentive for opportunism. The result is that vertical
integration becomes the likely choice to organize production (Williamson, 1979).

However, in certain cases, asset-specific investments by agents establish
supremacy of production contracts over vertical integration. This supremacy can result
from lower supervision, monitoring, and enforcement costs with contracts than with
vertical integration. An important function of an agent’s investment in specific assets is
the inducement for self-selection by high-ability agents. Requiring agents to invest in
specific assets acts as an entry fee and can be used in conjunction with an adjustment of
the piece rate to discourage low-ability agents from signing contracts while
simultaneously attracting high-ability agents. High-ability agents will remain highly
motivated because they will find their investment more profitable than low-ability agents,
and thus will not require much supervision and monitoring.

Because monitoring maintenance of specific assets is difficult, an additional

benefit of contracts arises from providing proper maintenance incentives to agents. The
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performance of a hired agent managing a principal-provided asset will not be assured as
in the case where the same asset is owned by the agent unless the agent’s performance is
supervised or/and monitored (Alchian and Demsetz, 1972). Production contracts
requiring agents to provide these assets (or a faction of these assets) provide proper
incentives for maintenance without any need for expensive supervision or/and
monitoring.

Also, when agents do not provide these assets, discontinuance is not onerous to
the agent, and thus enforcement costs are larger. Agent provision of assets creates a bond
that assures better performance and makes the relationship a long-term one. Another
advantage is that agent provision of these assets increases the financial leverage of the
principal due to the substitution of agent capital for that of the principal. Reasons for
preferring long-term contracts to vertical integration are discussed further in chapter 5 in
the context of hog contracts. Since long-term contracts are preferred to vertical
integration in the hog sector, the theoretical analysis in this chapter focuses only
production contracts.

Because the preferred approach is long-term contracting, the imperfect
information about agents’ productive capabilities or efficiencies becomes relevant. This
can occur because the productivity of an agent depends on the asset-specific investments
or because the agent has no experience with some technology-imbedded inputs supplied
by the principal. Thus, it is not possible for an agent to know his productive capability
before signing the contract. As will be shown in this chapter, if agents do not know their
abilities either completely or partially, some low-ability agents earn less than their

reservation utilities from operation under contracts. But in the case of large asset-specific



84

investments, agents earning less then their ex ante reservation utility may have no
alternative but to continue to produce in order to recover at least part of the fixed
investments.

Turning to hog contracting, in particular, competition among principals by agents
is not practical (as explained in chapter 5). Therefore, I limit discussion to the single
principal case. An interesting question is whether a principal will offer a single sharing
contract with the intent that more able agents will self select it. Also, I explore the
important issue of whether all the agents gain from contracting, or whether some of them
are left with only negative gains from contracting. This issue has not been explored

previously in the literature.

3.3 Contracting with Heterogeneous Agents

Suppose an agent’s output is given by 7 = e + a + 6 where expected output is the

sum of the effort of the agent e and his ability a. As in chapter 2, 6 is the state of nature
where 6 ~ N(0,5>). But suppose now following Prendergast (1999) that the principal
faces multiple heterogeneous agents where agents’ heterogeneity is captured in ability o

where o ~ N(0, 5 ). Assume that all the random variables are uncorrelated with one

another. Also assume that the certainty equivalent of u is 0 where u is the reservation
utility of an agent.

Two cases are discussed: one where agents have no knowledge of their ability
(section 3.3.1) and one where they have complete knowledge of their ability (section
3.3.2). The intermediate case when agents have partial knowledge of their ability is

addressed later in section 3.5.
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3.3.1 The case where agents do not know their ability

This section assumes that abilities are unknown to both the agents and the
principal. But the ex ante distribution of abilities is known to all contracting parties.
Therefore, contracting takes place under symmetric information. In this case, symmetric
distributional knowledge of a drives some of the interesting theoretical predictions about
agents’ ex post gains from contracting. Again, the principal and agent are assumed to
write a linear contracts of the form w(x) = ¢ + s7 where the base pay is ¢ and the piece rate

(i.e., the marginal payment or bonus) is s per unit of 7 produced.

3.3.1.1 Risk neutrality

Again, the risk neutral case can serve as a useful benchmark. As described in
section 2.2 of chapter 2, solving the problem as if the agent himself is the principal and is
maximizing his own profit and then transferring the expected profit to the principal is one
way to find the solution for the risk neutral case. Profit from an agent with ability a is
IH=n—-wr)=e+o+60—t—s(e+a+ ) because of t=e+ a+ 0 and w(z) =t + sz
Expected profit over all o is E(I/T) = (1 — s)e — t. Surplus for an agent with ability « is
S=w(r)— Cle) =t + st —ce’/2 =t + s(e + a + 0) —