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Abstract

1 Introduction

It is a capital mistake to theorise before one has data.

Arthur Conan Doyle, A Scandal in Bohemia.

Since the early seventies, the development of the theoretical literature
on contracts has been nothing short of explosive. The study of more and
more sophisticated abstract models has gone hand in hand with the use of
the tools of the theory to better understand many fields of economics, such
as industrial organization, labor economics, taxation, insurance markets or
the economics of banking. However, it is only fair to say that the empirical
validation of the theory has long lagged behind the theoretical work. Many
papers consist of theoretical analyses only, with little attention to the facts.

*We thank our discussant Patrick Legros and Jeff Campbell, Lars Hansen, Jim Heck-
man, Rob Townsend and Bruce Shearer for their comments. This paper was written while
Salanié was visiting the University of Chicago, which he thanks for its hospitality.



Others state so-called stylized facts often based on fragile anecdotal evidence
and go on to study a model from which these stylized facts can be derived.
Until the beginning of the eighties, empirical tests using actual data and
econometric methods were very rare, even though the theoretical literature
had by then given birth to a large number of interesting testable predictions.

While such a long lag is not untypical in economics, it is clearly unfortu-
nate, especially when one compares our practice to that of other scientists.
To give only one example, the models of insurance markets under asymmetric
information developed at the beginning of the seventies were only extensively
tested (and found lacking) in the middle of the nineties. If this had been done
earlier, the twenty-year period could have been used to devise better models.

Fortunately, a number of empirical researchers have turned their atten-
tion to the theory of contracts in recent years, so that such long lags should
become less common. This survey will present a panorama of this burgeon-
ing literature. Because new papers are appearing every week in this field,
we cannot claim to be exhasutive. We just hope that we can convey to the
reader both a sense of excitement at these recent developments and an un-
derstanding of the specific econometric problems involved in taking contract
theory to the data.

A unifying theme of our survey is the necessity of controlling adequately
for unobserved heterogeneity in this literature. If it is not done properly, then
the combination of unobserved heterogeneity and of endogenous matching of
agents to contracts is bound to create selection biases on the parameters of
interest. This is given a striking illustration in a recent contribution by Acker-
berg and Botticini (1999). They consider the choice between sharecropping
and fixed rent contracts in a tenant-landlord relationship. Standard moral
hazard models stress the trade-off between incentives and risk-sharing in the
determination of contractual forms. Fixed rent contracts are very efficient
from the incentives viewpoint, since the tenant is both the main decision
maker and the residual claimant. However, they also generate a very ineffi-
cient allocation of risk, in which all the risk is born by one agent, the tenant,
who is presumably more risk averse. When uncertainty is small, risk shar-
ing matters less, and fixed rent contracts are more likely to be adopted. On
the contrary, in a very uncertain environment, risk sharing is paramount, and
sharecropping is the natural contractual form. This prediction can readily be
tested from data on existing contracts, provided that a proxy for the level of
risk is available. 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.

A number of papers have tested this prediction by regressing contract
choice on crop riskiness. The underlying argument, however, has an obvious
weakness: it takes contracts as exogenously given, and disregards any possible
endogeneity in the matching of agents to contracts. In other words, the
theoretical prediction described above only holds for given characteristics of
the landlord and the agents. It can be taken to the data only to the extent
that this “everything equal” assumption is satisfied, so that agents facing
different contracts do not differ by some otherwise relevant characteristic.
Assume, on the contrary, that agents exhibit ex ante heterogeneous degrees of
risk aversion. To keep things simple, assume that a fraction of the agents are
risk neutral, while the rest are risk averse. Different agents will be drawn to
different crops; efficiency suggests that risk neutral agents should specialize
in the more risky crops. But note that risk neutral agents should also be
proposed fixed rent contracts, since risk sharing is not an issue for them.
Thus given heterogeneous risk aversions, fixed rent contracts are associated
with the more risky crops, and the standard prediction is reversed.

Clearly, the core of the difficulty lies in the fact that although risk aver-
sion plays a crucial role in the story, it is not directly observable. Conditional
on risk aversion, the initial theoretical argument remains valid: more uncer-
tainty makes fixed rent contracts look less attractive. This prediction can
in principle be tested, but it requires that differences in risk aversion be
controlled for in the estimation or that the resulting endogeneity bias be
corrected in some way.

The paper is divided in two parts. In section 2, we study the effect of
contractual forms on behavior. This obviously comprises the measure of
the so-called “incentive effect”, i.e. the increase in productivity generated
by moving to a higher-powered incentive contract; but we adopt a more
general approach here. Thus we consider that the decision to participate
in a relationship or the choice of a contract in a menu of contracts all are
effects of contractual forms on behavior. Section 3 turns to the optimality
of observed contracts. The central question, here, can be stated as follows:
does the theory predict well the contractual forms that we actually observe?
Section 4 provides a brief conclusion.

Contract theory encompasses a very large body of literature, and we had
to make choices in order to keep a manageable length for this survey. First,
we only consider situations where contracts are explicit and the details of the
contractual agreement are available to the econometrician. In particular, we



do not cover the literature on optimal of risk-sharing within a group, that
has rapidly developped since the initial contributions of Cochrane (1991) and
Townsend (1994)!. There are also areas where excellent surveys of the em-
pirical literature have been written recently: such is the case for auctions
(Laffont (1997)) and for the provision of incentives in firms (Prendergast
(1999), Gibbons and Waldman (1998)). Thus we will not mention any work
on auctions in this survey, and we will only briefly touch on the topics that
Prendergast discusses. The reader is referred to these papers for more infor-
mation.

2 Contracts and behavior

Circumstantial evidence is a very tricky thing.
Arthur Conan Doyle, The Boscombe Valley Mystery.

Several papers aim at analyzing the links between the form of existing
contracts and observed behavior. A recurrent problem of this literature is
related to selection issues. Empirical observation provides direct evidence of
correlations between contracts and behavior. Theoretical predictions, on the
other hand, are concerned with causality relationships. Assessing causality
from correlations is an old problem in economics, and indeed in all of sci-
ence; but the issue is particularly important in our context. Typically, one
can observe that different contracts are associated with different behaviors;
this defines the so-called incentive effect of contracts, which a large num-
ber of papers have set out to estimate. One explanation is that contracts
induce the corresponding behavior through the incentive structure they in-
duce. However, an alternative, and often just as convincing, story is that
differences in behavior simply reflect some unobserved heterogeneity across
agents, and that this heterogeneity is also responsible for the variation in
contract choices.

Interestingly enough, this distinction is familiar to both theorists and
econometricians, although the vocabulary may differ. Econometricians have
for a long time stressed the importance of endogenous selection. In the
presence of unobserved heterogeneity, the matching of agents to contracts

!See the contribution by Attanasio and Rios-Rull in this volume.



must be studied with care. If the outcome of the matching process is related
to the unobserved heterogeneity variable (as one can expect), then the choice
of the contract is endogenous. In particular, any empirical analysis taking
contracts as given will be biased.

Contract theory, on the other hand, systematically emphasizes the dis-
tinction between adverse selection (whereby unobserved heterogeneity pre-
exists the contractual relationship and constrains its form) and moral hazard
(whereby behavior directly responds to the incentive structure created by
the contract). As an illustration, consider the literature on automobile in-
surance contracts. The idea, here, is to test a standard prediction of the
theory: everything equal, people who face contracts entailing more compre-
hensive coverage should exhibit a larger accident probability. Such a pattern,
if observed, can however be given two different interpretations. One is the
classical adverse selection effect a la Rothschild-Stiglitz: high risk agents,
knowing they are more likely to have an accident, self-select by choosing
contracts entailing a more comprehensive coverage. Alternatively, one can
evoke moral hazard. If some agents, for ezogenous reasons (say, picking up
the insurance company located down the corner), end up facing a contract
with only partial coverage, they will be highly motivated to adopt a more
cautious behavior, which may result in lower accident rates. In practice, the
distinction between adverse selection and moral hazard may be crucial, espe-
cially from a normative viewpoint.? But it is also very difficult to implement
empirically, especially on cross sectional data.

Most empirical papers relating contracts and behavior face, at least im-
plicitly, a selection problem of this kind. Various strategies can be adopted
to address it. Some papers explicitly recognize the problem, and merely
test for the presence of asymmetric information without trying to be specific
about its nature. In other cases, however, available data allow to disen-
tangle selection and incentives. Such is the case, in particular, when the
allocation of agents to contracts is exogenous, either because it results from

20ne of the most debated issues regarding health insurance is the impact of deductible
on consumption. It is a well established fact that, in cross sectional data, better coverage
is correlated with higher expenditure levels. But the welfare implications are not straight-
forward. If incentives are the main explanation, deductibles or copayments are likely to be
useful, since they reduce overconsumption. However, should selection be the main driving
force, then limits on the coverage level can only reduce the insurance available to risk
averse agents with no gain in terms of expenditure. The result is an unambiguous welfare
loss.



explicit randomization, or because some “natural experiment” has modified
the incentive structure without changing the composition of the population.
In some cases, an explicit modelization of the economic and/or econometric
structure at stake leads to simultaneous estimation of selection and incen-
tives effects. Finally, a promising direction relies on the use of panel data;
the underlying intuition being that the dynamics of behavior exhibit specific
features under moral hazard.

2.1 Testing for asymmetric information

Several papers have recently been devoted to the empirical analysis of in-
surance contracts and insurees’ behavior®. Following initial contributions
by Dahlby (1983), Boyer and Dionne (1987) and Puelz and Snow (1994), a
(non exhaustive) list includes Chiappori and Salanié (1997, 2000), Dionne,
Gouriéroux and Vanasse (1998, 1999), Gouriéroux (1997), Richaudeau (1999),
Cawley and Philipson (1997) and Bach (1999)*. In most cases, the nature of
the test is straightforward: conditionally on all information that is available
to the insurance company, is the choice of a particular contract correlated to
risk, as proxied ex post by the occurrence of an accident?

This idea can be given a very simple illustration. Consider an automobile
insurance context where insurees choose between two types of coverage (say,
comprehensive versus liability only). Then they may or may not have an
accident during the subsequent period. The simplest representation of this
framework relies on two probit equations. One describes the choice of a
contract, and takes the form

yi = L[ X;8 4+ > 0] (1)

where y; = 1 when the insuree chose the full coverage contract at the begin-
ning of the period, 0 otherwise; here the X, are exogenous covariates that
control for all the information available to the insurer, and  is a vector of
parameters to be estimated. The second equation relates to the occurrence
of an accident:

zi =1 [ Xy +mi > 0] (2)

where z; = 1 when the insuree had an accident during the period contract, 0
otherwise and ~ is a vector of parameters to be estimated. In this context,

3See Chiappori (2000) for a recent overview.
1A related reference is Toivanen and Cressy (1998), who consider credit contracts.



asymmetric information should result in a positive correlation between y; and
z; conditional on X, which is equivalent to a positive correlation between
g; and n;. This can be tested in a number of ways; for instance, Chiappori
and Salanié (2000) propose two parametric tests and a non parametric test®.
Interestingly enough, none of these tests can reject the null hypothesis of zero
correlation (corresponding to the absence of asymmetric information). These
results are confirmed by most studies on automobile insurance®; similarly,
Cawley and Philipson (1997) find no evidence of asymmetric information
in life insurance. However, Bach (1999), analyzing mortgage-related unem-
ployment insurance contracts, finds that insurees who choose contracts with
better (in her case earleir) coverage are more likely to become unemployed.

This empirical literature on asymmetric information in insurance suggests
a few general insights. One is that asymmetric information may be an impor-
tant issue in some insurance markets, but not in others. Ultimately, this is an
empirical question, and the last word should be given to empirical analysis
instead of theoretical speculations. From a more methodological perspective,
the treatment of the information available to both the insuree and the insurer
appears as a key issue. Correctly controlling for this information is a crucial
but quite delicate task. It may be, for instance, that the linear forms used
above are not flexible enough, in the sense that they omit relevant non lin-
earities or cross effects’. Should this be the case, then the resulting, omitted
variable bias will result in a spurious correlation between contract choices
and risk, that could mistakenly be interpreted as evidence of asymmetric
information. A last conclusion is that static models may miss important di-
mensions of the problem. In automobile insurance, for instance, experience
rating is known to play an important role. Insurers typically observe past
driving records; these are highly informative on accident probabilities, and,

®One parametric test is based upon a computation of generalized residuals from inde-
pendent estimations of the two probits, while the other requires a simultaneous estimation
of the two probits using a general covariance matrix for the residuals. The nonparametric
approach relies on the construction of “cells” of identical profiles, followed by a series of
x? tests.

5One notable exception is the initial paper by Puelz and Snow (1994). However, sub-
sequent studies strongly suggest that their result may be due to a misspecification of the
model (see Chiappori and Salanié (2000) and Dionne, Gouriéroux and Vanasse (1999).

"Chiappori and Salanié argue that the use of simple, linear functional forms (such as
logit or probit) should be restricted to homogenous populations, such as “young” drivers.
An additional advantage of this approach is that it avoids the problems raised by experience
rating.



as such, are used for pricing. Again, omitting past history in the probit re-
gressions above will generate a bias towards overestimating the importance
of asymmetric information. However, in the presence of unobserved hetero-
geneity, the introduction of variables reflecting past behavior raises complex
endogeneity problems. In many cases, an explicit model of the dynamics of
the relationship will be required.

2.2 Experiments

The most natural way to overcome selection problems is to make sure that
the allocation of people to contracts is fully exogenous. Assume that dif-
ferent people are assigned to different contracts in a purely random way;
then differences in observed behavior can safely be analyzed as responses
to the different incentive structures at stake. Random assignment may be
seen as an ideal situation, a kind of “first best” context for testing contract
theory. Such situations, although infrequent, can however be found; their
analysis generates some of the most interesting and robust conclusions of the
literature.

The best example of a random experiment of this kind is certainly the
celebrated Rand Health Insurance Experiment (HIE)®. Between November
1974 and February 1977, the HIE enrolled families in six sites in the US.
Families participating the experiment were randomly assigned to one of 14
different insurance plans, involving different coinsurance rates and different
upper limits on annual out-of-pocket expenses. In addition, lump-sum pay-
ments were introduced in order to guarantee that no family would lose by
participating the experiment.

The HIE has provided extremely valuable information about the sensi-
tivity of the demand for health services to out-of-pocket expenditures under
a number of different schemes. The use of medical services was found to re-
spond to changes in the amount paid by the insuree. The largest decrease in
the use of outpatient services occurs between a free plan and a plan involving
a 25% copayment rate; larger rates did not significantly affect expenditures.
The impact of the various features of the different plans could be estimated,
as well as their interaction with such family characteristics as income or
number of children. Also, it is possible, using the regressions results, to es-
timate “pure coinsurance elasticities”, i.e. the elasticity of expenditures to

8See Manning et al (1987).



coinsurance rates in the absence of ceilings on out-of-pocket expenses.

It is fair to say that the results of the HIE study have been extremely
influential in the subsequent discussions on health plan reforms. The HIE will
probably remain as one of the best empirical studies ever made in that field, a
“Rolls-Royce” of empirical contract theory. However, quality comes at a cost.
That of the HIE ($130 millions of 1984 dollars) may not be totally prohibitive,
but is sufficient to severely hamper the repetition of such experiments in the
future.

Fortunately, not only academics (or government agencies) are willing to
run experiments of this kind. Knowledge about the incentive effects of con-
tractual forms is valuable for firms as well; as a consequence, they may be
eager to invest into acquiring such relevant information, in particular through
experiments. In a recent contribution, Shearer (1999) studies the case of a
tree-planting firm that randomly allocated workers to plant under piece rate
and fixed wage contracts under a subset of planting conditions. Daily produc-
tivities were recorded for each worker, and are used to measure the percentage
difference in average productivity under both types of payment. A simple
ANOVA analysis suggest an incentive effect of piece wages of about 20%. In
addition, Shearer estimates a structural econometric model of worker behav-
ior. This enables him to take into account non experimental data as well, to
impose non linear restrictions on the ANOVA model, and finally to extend
his conclusions to a larger set of planting conditions. The estimates appear
to be very robust; Shearer finds a lower bound of 17% for the incentive effect.

Ausubel (1999) analyzes the market for bank credit cards. A substantial
portion of bank credit card marketing today is done via direct-mailed preap-
proved solicitations; furthermore, several card issuers decide on the terms of
the solicitations by conducting large-scale randomized trials. Ausubel uses
the outcomes of such a trial to test for a standard prediction of adverse se-
lection theory, namely that high risk agents are more willing to accept less
favorable deals®. The trial is conducted by generating a mailing list of 600,000
customer names and randomly assigning them among equal market cells. The
market cells are mailed solicitations which vary in the introductory interest
rate, in the duration of the introductory offer and in the post-introductory

9Technically, the market for credit card exhibits non exclusive contracts. In particular,
the relevant theoretical reference is Stiglitz and Weiss (1981) rather than Rothschild and
Stiglitz (1976) as in automobile insurance. Also, note that the distinction between adverse
selection and moral hazard is not considered in Ausubel’s paper, which essentially focuses
on testing for adverse selection.



interest rate. Three tests can be conducted on these data. The first test re-
lates to a “winner’s curse” prediction: respondents should be worse borrowers
than non respondents. Ausubel indeed finds that respondents have on aver-
age shorter credit histories, inferior credit rating, and are more borrowed-up
than non respondents. Secondly, respondents to inferior offers (i.e., offers
displaying a higher introductory interest rate, a shorter duration of the in-
troductory period, or a higher post-introductory interest rate) are also worse
borrowers on average, in the sense that they exhibit lower incomes, inferior
credit records, lower balances on other credit cards and higher utilization
rates of credit lines on other credit cards. Note, however, that these two
tests involve characteristics that are observable by the bank and hence do
not correspond to adverse selection in the usual sense. On the other hand, a
third test looks for hidden information by checking whether, even after con-
trolling for the observable characteristics of respondents to inferior offers, the
latter still yield a customer pool which is more likely to default. The answer
is an unambiguous yes, which provides very convincing evidence supporting
the existence of adverse selection on the credit card market.

2.3 Natural experiments

Selection issues arise naturally in a cross-sectional context: if different people
are involved in different contracts, the mechanism that allocates contracts
to people deserves close scrutiny. Assume, however, that the same people
successively face different contracts. Then selection is no longer a problem;
in particular, any resulting change of behavior can safely be attributed to the
variation of incentives, at least to the extent that no other significant factor
has changed during the same period. This is the basic insight of natural
experiments: incentive effects are easier to assess when they stem from some
exogenous change in the incentive structure.

Changes in regulations constitute an obvious source of natural experi-
ments. For instance, the automobile insurance regulation in Québec was
modified in 1978 by the introduction of a “no fault” system, which in turn was
deeply restructured in 1992. Dionne and Vanasse (1996) recently provided a
careful investigation of the effects of these changes. They show in particular
that the average accident frequency dropped significantly after strong incen-
tives to increase prevention efforts were reinstored in 1992. They conclude
that changes in agents’ behavior, as triggered by new incentives, did have a

10



significant effect on accident probabilities'®. Another illustration is provided
by the study of tenancy reform in West Bengal by Banerjee, Gertler and
Ghatak (2000). The reform, that took place in 1976, entitled tenants, upon
registration with the Department of Land-Revenue, to permanent and inher-
itable tenure on the land they sharecropped so long as they paid the landlord
at least 25% of output as rent. The incentive impact of the reform is rather
complex, since it changes the respective bargaining powers of the parties and
the tenant’s incentives to invest while reducing the set of incentive devices
available for the landlord. To test for the impact of the reform, the authors
use two methods. One is to use the neighboring Bengladesh as a control; the
fact that the reform was implemented in West Bengal but not in Bengladesh,
the authors argue, was to a large extent due to an exogenous political shock.
The second method compares changes in productivity across districts with
different registration rates. Again, endogeneity might be a problem here; the
authors carefully discuss this issue. They find that the reform significantly
increased productivity.

Regulation is not the only cause of changes in incentive structures. Pe-
riodically, firms modify their incentive schemes, introduce new rewards, or
restructure their wage schedules. Natural experiments of this kind have been
repeatedly analyzed. To take only one example, Lazear (1996) uses data
from a large autoglass company that changed its compensation structure
from hourly wages to piece rates. He finds that, in accordance with the theo-
retical predictions, the productivity increases sharply, half of which is passed
on to workers in the form of higher wages.

A first potential limitation of any work of this kind is that, strictly speak-
ing, it establishes a simultaneity rather than a causality. What the studies
by Dionne and Vanasse or Lazear show is that, on a given period, outcomes
have changed significantly, and that this evolution immediately followed a
structural change in incentives. But the two phenomena might stem from
simultaneous and independent (or correlated) causes. The lower rate of acci-
dents following the 1992 Québec reform may be due, say, to milder climatic
conditions. Such a “coincidence” may be more or less plausible, but it is dif-
ficult to discard totally. A second problem is that the change in the incentive
structure may well fail to be exogenous. This is particularly true for firms,
which are supposed to adopt optimal contracts. The switch from fixed wages
to piece rates presumably indicates that, for some reason, fixed wages were

10See Browne and Puelz (1998) for a similar study on US data.

11



the best scheme before the reform but ceased to be by the time the reform
was implemented. If the factors that affected the efficiency of fixed wages
had an impact on productivity, then a direct regression will provide biased
estimates. Again, this type of explanation may be difficult to discard.

The “coincidence” problem can be overcome when the experiment pro-
vides a “control” sample that is not affected by the change, so that the effects
can be estimated in differences (or more precisely differences of differences).
In two recent papers, Chiappori, Durand and Geoffard (1998) and Chiappori,
Geoffard and Kyriadizou (2000) use such data on health insurance. Following
a change in regulation in 1993, French health insurance companies modified
the coverage offered by their contracts in a non uniform way. Some of them
increased the level of deductible, while others did not. The tests use a panel
of clients belonging to different companies, who were faced with different
changes in coverage, and whose demand for health services is observed be-
fore and after the change in regulation. In order to concentrate upon those
decisions that are essentially made by consumers themselves (as opposed to
those partially induced by the physician), the authors study the number of
physician visits, distinguishing between general practitioner office visits, gen-
eral practitioner home visits and specialist visits. They find that the number
of home visits significantly decreased for the “treatment” group (i.e., agents
who experience a change of coverage), but not for the “control” group (for
which the coverage remained constant). They argue that this difference is
unlikely to result from selection, since the two populations are employed by
similar firms, display similar characteristics, and participation to the health
insurance scheme was mandatory.

A paper by Dionne and St-Michel (1991) provides another illustration of
these ideas. They study the impact of a regulatory variation of the coin-
surance level in the Quebec public insurance plan on the demand for days
of compensation. The main methodological contribution of the paper is to
introduce a distinction between injuries, based on the type of diagnosis; it re-
flects the fact that it is much easier for a physician to detect a fracture than,
say, lower back pain. In the first case, moral hazard (interpreted, in the ex
post sense, as the tendency to cheat on the true severity of the accident) can
only play a minor role, whereas it may be prevalent when the diagnosis is
more difficult. In a sense, the easy diagnoses play the role of a control group,
although in a specific way: they represent situations where the moral hazard
problem does not exist. Theory predicts that the regulatory change will have
more significant effects on the number of days of compensation for those cases
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where the diagnosis is more problematic. This prediction is clearly confirmed
by empirical evidence. A more generous insurance coverage, resulting from
an exogenous regulatory change, is found to increase the number of days of
compensations, but only for the cases of difficult diagnoses. Note that the
effect thus identified is ex post moral hazard. The reform is unlikely to have
triggered significant changes in prevention; and, in any case, such changes
would have affected all types of accidents.

Additional evidence is provided by Fortin et al. (1994), who examine
how the Canadian Worker’s Compensation (WC) and the Unemployment
Insurance (UI) programs interact to influence the duration of workplace ac-
cidents. Here, the duration is estimated from a mixed proportional hazard
model, where the baseline hazard is estimated non parametrically, and unob-
served heterogeneity is taken into account using a gamma distribution. They
show that an increase in the generosity of Worker’s Compensation in Quebec
leads to an increase in the duration of accidents. In addition, a reduction in
the generosity of Unemployment Insurance is, as in Dionne and St-Michel,
associated with an increase in the duration of accidents that are difficult to
diagnose. The underlying intuition is that worker’s compensation can be
used as a substitute to unemployment insurance. When a worker goes back
to the labor market, he may be unemployed and entitled to UI payments for
a certain period. Whenever worker’s compensation is more generous than
unemployment insurance, there will be strong incentives to delay the return
to the market. In particular, the authors show that the hazard of leaving
WC is 27% lower when an accident occurs at the end of the construction
season, when unemployment is seasonally maximum?!!.

Finally, an interesting situation is when the changes in the incentive struc-
ture are random but endogenous. Take the example of mutual fund man-
agers, as studied by Chevalier and Ellison (1997). The basic assumption of
the paper is that fund companies have an incentive to increase the inflow
of investments. That, in turn, depends on the fund’s performance in an
implicit contract between fund companies and their customers. The authors
estimate the shape of the flow-performance relationship for a sample of funds
observed over the 1982-92 period, and find that it is highly non linear. Such
a nonlinear shape, in turn, creates incentives for fund managers to alter the
riskiness of their portfolios, and these incentives vary with time and past

HGee also Fortin and Lanoie (1992), Bolduc et al. (1997), and the survey by Fortin and
Lanoie (1998).
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performance. Examining portfolio holdings, the authors find that risk levels
are changed toward the end of the year in a manner consistent with these
incentives. For instance, the flow performance is convex for funds that are
ahead of the market; and as expected, these tend to gamble so as to increase
their expected inflow of investment!'?.

2.4 Explicit modelling

Econometric tools In the absence of (natural) experiments, the endoge-
nous matching problem is pervasive. Adequate theoretical tools may however
allow to tackle it in a satisfactory way. From the econometric perspective,
much attention has been devoted to exogeneity tests, which find a natural
application in our context. An illustration is provided by Laffont and Ma-
toussi (1995), who study a model of sharecropping with moral hazard. The
main prediction of this class of models is that production increases with the
share of the product kept by the tenant. Laffont-Matoussi use data collected
in 1986 on contracts and production in a Tunisian village to test that share-
cropping indeed reduces production. To do this, they estimate augmented
Cobb-Douglas production functions, adding contract dummy variables as ex-
planatory variables. They find that moving from a sharecropping contract to
a rental contract increases production by 50% on average. However, longer-
term sharecropping relationships, which allow for delayed retaliation, tend to
be much more efficient, as one would expect from the repeated moral hazard
literature in a context of missing credit markets (see Chiappori-Macho-Rey-
Salanié (1994)).

As presented above, the Laffont-Matoussi approach seems very sensitive
to the criticism of selection bias: if they find higher production in plots
with rental contracts, it may simply be that rental contracts are more often
adopted for more fertile plots. Their answer to this criticism is to test for
exogeneity of the contract type variables in production functions. This they
do, and they do not reject exogeneity, which validates their approach. One
problem with exogeneity tests is that they may not be very powerful. As we
will see, another solution to the selection bias problem is to use instruments.
In fact, the exogeneity test used by Laffont-Matoussi assumes that some

12Chevalier and Ellison (1999) extend this approach to study the impact of career con-
cerns on the investment decisions of mutual fund managers. For another, recent work on
the incentive impact of managerial contracts, see Lemmon, Schallheim and Zender (2000).

14



variables (such that the tenant’s age, his wealth and working capital) are
valid instruments for the contract variables in the production function.

Structural models of regulation under adverse selection Often, how-
ever, identification requires a full-grown structural model. Wolak (1994) pio-
neered the estimation of structural models with adverse selection. His paper
is set within the context of the regulator-utility relationship for California wa-
ter companies. However, it is simpler to present it for a price discriminating
monopoly (the principal) facing consumer (agents) with an unknown taste
for the good . Let X be the vector of exogenous variables that are observed
by both parties and by the econometrician, o be the vector of parameters we
want to estimate, and let ¢ be the quantity traded as per the contract. The
observational status of 6 depends on our assumptions. First consider model
S (for symmetric information), in which both Principal and Agent observe
. Then we obtain by maximizing the total surplus'® a likelihood function
1°(q, X, a;; ). Note that this is conditional on .

Now consider the more interesting model A (for asymmetric information)
in which only the Agent knows 6 and the Principal has a prior given by a
probability distribution function f and a cumulative distribution function
F. In that case, we know from the theoretical literature that under the
appropriate hazard rate condition, the solution is given by maximizing the
virtual surplus, which generates a likelihood function

(¢, X, 050, (1= F(0))/£(9))

Note that the latter is conditional both on 6 and on (1 — F(6))/f(6).

Assume that we have data on n relationships between Principals and
Agents that are identical except for the exogenous variables X, so that our
sample is (g;, X;)"_ ;. The difficulty here is that we do not know € or f, even
in model S in which both parties observe #. In econometric terms, # is an
unobserved heterogeneity parameter and we must integrate over it. To do
this, we must find a functional form for f that is flexible enough, given that
we have very little idea of what the Principal’s prior may look like. Let (f,)
be such a parameterized family.

We can now estimate all parameters of model S by maximizing over «

13 Assuming that the utilities are linear in ¢.
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and 7 the log-likelihood

Zlog/ls(qi,Xi,a; 6)f,(0)df
i=1

To estimate model A, we must first integrate f, to get F,; then we maximize

;log/l (qi, Xi, a3 0, 30 )f,(0)d6

These log-likelihood functions are obviously highly nonlinear and also require
a numerical integration in both models; however, modern computers make it
quite feasible to maximize them.

As pointed out before, Wolak (1994) introduced this approach to study
the regulation of water utilities in California in the 80s. He found that non-
nested tests a la Vuong (1989) favour model A over model S, indicating
that asymmetric information is relevant in this regulation problem. Wolak
also noted that using model S instead of model A may lead the analyst to
conclude wrongly that returns are increasing, whereas they are estimated to
be constant in model A. Finally, he was able to evaluate the underproduction
that is characteristic of adverse selection models to about 10% in the middle
of the # range.

One difficulty with Wolak’s method is that the econometrician only ob-
serves the conditional distribution of ¢ given X; thus identification of the pre-
ferred model heavily relies on functional form assumptions. Without them,
it is easy to find examples in which model S with parameters (a, F') yields
exactly the same likelihood function as model A with parameters (o/, F'), so
that there is no way to discriminate between these two models on the basis of
data. Of course, this problem is not specific to Wolak’s model; it is just the
usual identification problem in structural models, with the new twist that
the parameter F' is really infinite-dimensional.

Ivaldi and Martimort (1994) have used a similar approach in a model
that has both market power and asymmetric information. They study com-
petition through supply schedules in an oligopoly where two suppliers of dif-
ferentiated goods do not know the consumers’ valuations for the two goods.
They model this situation as a multiprincipals game where the suppliers are
the principals and the consumers are the agents. Assuming supply sched-
ules to be quadratic, they derive the perfect bayesian equilibrium in supply
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schedules and the corresponding segmentation of the market according to the
valuations of consumers for the two goods.

Ivaldi and Martimort apply this theoretical model to study energy supply
to the French dairy industry. The first supplier is the public sector monopoly
on gas and electricity, EDF-GDF. The second supplier consists of oil firms,
who are assumed to act as a cartel. Oil firms maximize profit, but EDF-
GDF maximizes social welfare. The authors use pseudo-maximum likelihood
(Gouriéroux, Monfort and Trognon (1984)) to estimate the structural equa-
tions derived from their theoretical model. They find that the estimated
variance of suppliers’ priors on the valuations of consumers is significantly
positive, so that there is evidence of asymmetric information in this market.
Obviously, our remark on identification in Wolak’s model also applies here.

Structural models involving moral hazard and selection Structural
models can be used in a more specific way to disentangle selection from in-
centive effects. Paarsch and Shearer (2000) analyze data from a tree planting
firm, where some workers receive a piece rate whereas others are paid a fixed
wage. In their model, the decision to adopt a piece rate or a fixed wage is
modelled as resulting from the observation of the planting conditions by the
firm. The endogeneity problem arises from the fact that neither the plant-
ing conditions nor the individual-specific cost of effort are observed by the
econometrician. According to the structural model developed in the paper,
fixed wages are efficient under poor planting conditions and for less produc-
tive employees, whereas piece rates work well in more favorable contexts. A
direct comparison of observed productivities under each type of contract thus
is biased, because the estimated difference results partly from the incentive
effect of piece rates, and partly from the selection effect. Hence observed
discrepancies in productivity provide an upper bound of the incentive effect.
Conversely, differences in real earnings provide a lower bound for the incen-
tive effect. This simple idea can be taken to the data quite easily; the authors
find an upper (resp. lower) bound of 60% (resp. 8%). Finally, a paramet-
ric version of the structural model is estimated. The authors conclude that
about half of the difference in productivity is due to incentive effects and half
to selection. Interestingly enough, these non-experimental findings are fully
compatible with the experimental results in Shearer (2000)".

4Paarsch and Shearer (1999) use a similar model, where the firm, having observed the
planting conditions, chooses a specific piece rate. Again, the structural model allows to
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A related approach is adopted by Cardon and Hendel (1998), who con-
sider employer-provided health insurance. As argued above, a contract that
involves a larger copayment rate is likely to correspond to smaller health
expenditures, either because of the incentive impact of the copayment rate
or because high risk agents self-select by choosing contracts entailing more
coverage. The main identifying assumption used by Cardon and Hendel is
that agents do not choose their employer on the basis of the health insurance
coverage. A consequence is that while the allocation of individuals among
the various options of a given plan typically reflects adverse selection, the
differences in behavior across plans must be due to incentive effects. Again,
a structural model is needed to disentangle the two effects; the authors find
that selection effects are negligible, whereas incentives matter!®.

2.5 Using behavioral dynamics

If selection and moral hazard are difficult to disentangle in a static context,
a natural response is to turn to dynamic data. Adverse selection and moral
hazard indeed induce different behavioral dynamics, which provides a new
source for identification. An illustration of this line of research is provided
by a recent work by Chiappori, Heckman and Pinquet (2000). They consider
a French data base provided by an automobile insurer. A particular feature
of automobile insurance in France is that pricing relies on experience rating
(i.e., the premium associated to any particular contract depends, among
other things, on the past history of the relationship) but the particular form
experience rating may take is strongly regulated. All companies must apply
the same “bonus/malus” system, according to which the premium is decom-
posed as the product of a “basis” premium, freely set by the insurer but
independent of past history, and a bonus coefficient, the dynamics of which
is imposed by law. Specifically, the coefficient is decreased by a factor p < 1
after each year without an accident but increased by a factor A > 1 after
each year with an accident'®. The authors show that this scheme has a very
general property, namely that each accident increases the marginal cost of

take into account the endogeneity of the rate.
15Q0ther references include, among others, Holly (1998) and Ferrall and Shearer (1999).
16Currently, ¢ = .95 and A = 1.25. In addition, the coefficient at any time is capped
anfd floored (at 3.5 and .5 respectively). Note that the strict regulation avoids selection
problems, since the insuree cannot choose between menus involving different bonus/malus
coefficients, as it is often the case in other countries.
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(future) accidents. Under moral hazard, any accident thus increases preven-
tion efforts and reduces accident probability. The conclusion is that for any
given individual, moral hazard induces a negative contagion phenomenon:
the occurrence of an accident in the past reduces accident probability in the
future. The tricky part, however, is that this prediction holds only condi-
tional on individual characteristics, whether observable or unobservable. As
it is well known, unobserved heterogeneity induces an opposite, positive
contagion mechanism: past accidents are typical of bad drivers, hence are
a good predictor of a higher accident rate in the future. The problem is thus
to control for unobserved heterogeneity. This problem is fairly similar to an
old issue of the empirical literature on dynamic data, namely the distinction
between pure heterogeneity and state dependence. The authors show that
non parametric identification can actually be achieved under mild identify-
ing restrictions, even when the history available to the econometrician about
each driver only consists of the number of years of presence and the total
number of accidents during this period.

3 Are contracts optimal?

We now turn to tests of contract optimality. The papers we are going to
survey all focus on the same question: do observed contracts have the prop-
erties predicted by contract theory? There is a sense in which the answer is
always positive: given any contract, a theorist with enough ingenuity may
be able to build an ad hoc theory that “explains” it. The operative word
here is “ad hoc”. Clearly, there is no precise definition of what constitutes
an ad hoc assumption, but there may be accepted standards. So we can
rephrase the optimality question thus: do the properties of observed con-
tracts correspond to those that the currently standard models of contract
theory predict? This new formulation makes it clear that a negative answer
may only be temporary, as better models with new predictions are developed
(ideally, in response to such rejections of currently standard models).

3.1 Static, complete contracts
3.1.1 Managerial Pay

The standard model of moral hazard implies that managers’ pay should be
sensitive to their firms’ performance. The “pay-performance sensitivity” has
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been estimated by many papers (for a recent survey of the evidence, see
Murphy (1999)). The seminal contribution is that of Jensen-Murphy (1990);
using data on CEOs of US firms from 1969 to 1983, they obtained what
seemed to be very low estimates of the elasticity of executive compensation
to firm performance. Their oft-quoted result was that when the firm’s value
increases by $1,000, the (mean) manager’s wealth only increases by $3.25.

The early reaction to Jensen and Murphy’s result was that they in-
dicated inefficiently low incentives for top management (see for instance
Rosen (1992)). However, Haubrich (1994) showed that even fairly low lev-
els of manager’s risk aversion (such as a relative index of risk aversion of
about 5) were consistent with this empirical result. The intuition is that
for large companies, changes in firm value can be very large and imply large
swings in CEO wealth even for such lowish pay-performance sensitivity lev-
els. Moreover, more recent estimates point to much higher elasticities. Thus,
Hall-Liebman (1998) use a more recent dataset (1980 to 1994). They show
that the spectacular increase in the stock options component of managers’
pay has made their pay much more sensitive to firm performance. Their
mean (resp. median) estimate of the change in CEO wealth (salary, bonus,
and the change in value of stocks and stock options) linked to a $1,000 in-
crease in firm value indeed is about $25 (resp $5.3). Much of it is due to the
change in value of stocks and stock options.

Another testable implication of the moral hazard model is that pay-
performance sensitivity should be inversely related to the variance of the
measure of performance used (typically firm value for managers). Aggarwal-
Samwick (1999) show that the data strongly support this prediction: CEO
pay can be an order of magnitude less sensitive to performance for firms
whose stock returns are less volatile!.

3.1.2 Sharecropping

Many papers have tested the moral hazard model of sharecropping, and we
will only quote a few recent examples. Ackerberg-Botticini (1999) regress
the type of contract (rental or sharecropping) on crop riskiness and tenant’s
wealth. As explained above, theory predicts that more risky crops are more
likely to be grown under sharecropping contracts. If wealth is taken to be
a proxy for risk-aversion, we would also expect that richer (and therefore

17 Aggarwal and Samwick use panel data and include fixed CEO effects, which allows
them to control for CEO risk aversion.
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less risk-averse) tenants are more likely to be under a rental contract. Now
wealth only is an imperfect proxy for risk-aversion, and as explained earlier,
the unobserved component of risk-aversion is likely to be correlated with crop
riskiness. This implies that the error in the contract choice equation is corre-
lated with one of the explanatory variables, and the estimators of such a naive
regression are biased. To remedy this endogenous matching problem, Acker-
berg and Botticini instrument the crop riskiness variable, using geographical
variables as instruments. They find that the results are more compatible
with theory than a naive regression would suggest. Moreover, the implicit
bias in the naive estimators goes in the direction implied by a matching of
more risk-averse tenants with less risky crops: it leads to overestimating the
effect of crop risk and underestimating the effect of wealth.

Laffont-Matoussi (1995) test a different variant of the moral hazard share-
cropping model. In their story, tenants are risk-neutral; but they are facing
financial constraints that limit how much risk they may take. This model
predicts that tenants with less working capital tend to work under sharecrop-
ping or even wage contracts. They find that their Tunisian data supports
this prediction.

In either of these variants, the theory used is drastically simplified. Em-
pirical work must often extend the theory to take into account features of
real-world applications. Dubois (1999) makes a step in that direction by
taking into account landlords’ concerns that tenant effort may exhaust the
soil and reduce future land fertility and hence future profits. This is a prob-
lem because contracts are incomplete: they cannot be made contingent on
land fertility. Moreover, many contracts extend over only one season and
so long-term contracts are not feasible. Then sharecropping may be optimal
even with risk neutral tenants, as it improves future land fertility by reducing
tenant effort. This “extended model” of sharecropping has some predictions
that differentiate it from the “canonical model” of Stiglitz (1974) and that
seem to fit Dubois’s Philippines dataset better. For instance, the data shows
that incentives are higher-powered for more valuable plots of land. This is
incompatible with most versions of the canonical model; on the other hand,
it is quite possible under the extended model. Moreover, observed incentives
are lower-powered for crops such as corn that tend to exhaust the soil, as the
extended model predicts.

Finally, when long-term contracts are available, they are effective in pro-
viding incentives for non-contractible investment. If incentive provision is
costly because of information rents, long-term contracts will be employed
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only when maintenance benefits are large enough. This idea is exploited by
Bandiera (1998) in her study of agricultural contracts in 19th century Sicily.
She finds that long-term contracts were indeed used for crops requiring higher
maintenance efforts.

There are still some features of sharecropping contracts that are harder
to explain. One of them is that the share of output that goes to the tenant
is not as responsive to economic fundamentals as theory predicts it should
be. Young-Burke (1998) show that in their sample of Illinois farms, almost
all contracts have the same tenant share for all types of crops, and this share
is one-half for 80% of the contracts. They argue that such inflexible terms
are due to local custom: while shares do vary across regions, they are almost
constant within regions. Young and Burke put this down to fairness concerns.

3.2 Multitasking

Both the managerial pay and the sharecropping literature test traditional
versions of the moral hazard model; but more recent variants have also been
tested. Slade (1996) tests the multitask agency model of Holmstrom-Milgrom
(1991) on contracts between oil firms and their service stations in the Van-
couver area. Service stations do not only deliver gasoline; they may also
act as convenience stores and/or repair cars. In multitask models, the form
of the optimal contract crucially depends on complementarity patterns be-
tween tasks: incentives should be lower-powered when tasks are more com-
plementary. Slade argues that the convenience store task is likely to be more
complementary to the gasoline task than the repairs task. Thus the theory
predicts that service stations that also do repairs should face higher-powered
incentives than those who run convenience stores. Slade tests this predic-
tion by running Probits for contract type: service station operators may be
lessee dealers (with high-powered incentives) or commissioned agents (with
low-powered incentives). She finds that as predicted by the theory, doing
repairs increases the probability of running a lessee dealership, while having
a convenience store reduces it.

3.3 Incomplete contracts/transaction costs

The formal literature on incomplete contracts is still rather young, and to
the best of our knowledge, it has not been submitted yet to econometric
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testing'®.  On the other hand, a number of papers have tested the main
intuitions from the transactions costs literature as developed by Williamson
(1975, 1985, 1996). We will only give a few examples; the reader can refer to
more detailed surveys such as Shelanski-Klein (1995).

Perhaps the best known result from the transactions costs literature,
following Williamson, is that when relationship-specific investments matter
more, contracts will have a longer duration (so as to avoid hold-up problems).
This has been tested by Joskow (1987). He studies the relationship between
coal suppliers and electric plants that burn coal in the US in 1979.

Williamson distinguishes four types of specificity. Joskow uses three of
them to construct testable predictions:

e site specificity: some electric plants are “mine-mouth”, i.e. located
close to the coal mine that supplies them.

e physical asset specificity: electric plants are designed to burn a specific
type of coal (but not necessarily from a specific supplier). Joskow
argues that this consideration matters most in the West, less in the
Midwest, and least in the East.

e dedicated asset specificity: this holds when large annual quantities are
contracted for.

Thus transaction cost theory predicts that contracts should have longer
duration when they involve mine-mouth plants, when the firms are in the
West, and when large annual quantities are contracted for. Joskow runs a
simple regression of contract duration on the three specificity variables and
finds that all three hypotheses are robustly validated by the data.

Crocker-Masten (1988) also test whether the determinants of contract
duration conform to what transactions costs theory predicts, with one inter-
esting twist. This goes back to the difficulty for the analyst to know whether
actual contracts optimally maintain incentives for efficient adaptation, while
minimizing need for costly enforcement. They argue that sometimes there is
external interference from courts or government which makes contract terms
deviate from the optimal trade-off in predictable ways, and this can be used
by the econometrician. They use the example of natural gas, where wellhead
regulation at times imposed price ceilings at the producer level. When such a

18We will discuss a descriptive study of Kaplan-Stromberg (1999) below.
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price ceiling is binding, contracts should stipulate higher damages or take-or-
pay rates so as to protect producers. Then the contract is less efficient, and
the contract duration will be shorter—unless the seller fears that the next
renegotiation will lead to much lower prices. Crocker and Masten indeed find
that when the price ceiling is much lower than the notional price (estimated
as the latent variable in a Probit model), contracts have a shorter duration.
This effect is highly significant and matters a lot: price regulation may have
shortened contract duration by half.

Transactions costs theory also predicts that when quasi-rents are large,
sometimes even long-term contracts won’t suffice and vertical integration will
take place. A number of papers have tested this prediction and generally
found good support for it. An early example is Monteverde-Teece (1982).
They looked at the “make or buy” decision in the automobile industry:
should components be produced in-house or should they be obtained from
outside suppliers? They argued that the answer depends on whether making
a particular component involves much or little engineering specific knowledge.
Then they ran a Probit of the make-or-buy decision on a set of variables that
included a measure of engineering specific knowledge provided to them by an
independent engineer. They found that as predicted by the theory, compo-
nents tend to be made in-house when they involve more specific knowledge.

Some less obvious results from transactions costs theory have also been
tested. Thus Crocker-Masten (1991) look at the provisions for adjusting
prices during the lifetime of contracts. Some contracts rely on “redetermi-
nation provisions”: price adjustment is predetermined through a more or
less contingent price adjustment formula. Others emphasize renegotiation
provisions, which more or less structure the process of renegotiating prices.
Crocker and Masten argue that renegotiations provisions are more useful
when the environment is more uncertain or the contract has a longer dura-
tion. To test this, they examine a 1982 sample of natural gas contracts in the
US. The observed price adjustment provisions are very diverse, but a Probit
model for renegotiation vs redetermination validates the predictions of the
theory.

Transactions costs theory has also been tested against other theories. For
instance, Hubbard-Weiner (1991) use natural gas contracts in the US in the
50s to examine whether considerations of market power or of efficient con-
tracting matter most. Market power is often invoked in this market, because
switching contracting parties is difficult and thus there is an element of bilat-
eral monopoly. A linear regression for contract prices (paid by the pipeline to
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the gas producer) indeed appears to show some evidence for pipeline monop-
sony power: prices are higher in regions with more pipelines. However, Hub-
bard and Weiner show that this is due to a spurious correlation: growing
markets have more pipelines, but they also exhibit larger quasi-rents. The
existence of these quasi-rents motivates the use of a most-favoured-nation
clause according to which a pipeline that has a contract with producer A
and signs a new contract with producer B at a higher price must grant that
new price to producer A. Because the most-favoured-nation clause tends to
be associated with higher prices, this generates the positive correlation be-
tween prices and the number of pipelines. That correlation thus appears to
be due to efficient contracting considerations and not to market power on
either side.

Most of the empirical tests of transactions costs theory have been im-
plemented on data from relatively thin markets, where quasi-rents are large.
An interesting question is whether these intuitions extend to thicker mar-
kets. This has been studied by Hubbard (1999) for the trucking industry.
This is an industry in which assets are not very specific, even less so when
local markets are thick. Still, there is some variation on how thick local mar-
kets are, and transactions cost theory then predicts that spot arrangements
should be more likely when the local market is thicker. Hubbard runs an
ordered logit on the various contractual forms in the industry that confirms
this prediction.

It is fair to say that most of the empirical literature has been supportive
of the basic ideas of transactions costs theory. Nevertheless, it is hard to
feel completely satisfied with the methodology of these studies. One first
problem is a consequence of the somewhat vague character of some of the
concepts in the theory: because quasi-rents or uncertainty are such broad
categories, it is very difficult to find good proxies for them. Besides, it is not
always clear what the observability/verifiability status of these variables is.
Consider uncertainty for instance; in this literature, it is often proxied by the
volatility of a price index. But this is certainly verifiable information, so one
still has to explain why the contract is not made contingent on the value of
that price index.

A second problem with this literature is that it usually does not control for
the possible endogeneity of right-hand side variables. Consider for instance
Joskow’s 1987 study described above. One of the right-hand side variables
is a dummy variable for a mine-mouth location. But we are not given any
evidence on the determinants of the decision to site a plant mine-mouth; and
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that may certainly depend on unobserved factors that also influence contract
duration, making the mine-mouth variable endogenous in the regression of
contract duration. Because Joskow does not attempt to correct for endo-
geneity or to test for it, the estimates may be biased. A related point is
that Joskow does not condition on the fact that these firms are not vertically
integrated!®, whereas the decision to not vertically integrate again may be
correlated with contract duration. Clearly, these two points exemplify the
endogenous matching problem that we mentioned repeatedly: regressions of
contract variables on characteristics of the parties are fraught with selection
bias and endogeneity problems.

Finally, what does this tell us about the more recent theory of incom-
plete contracts that started with Grossman-Hart (1986)7 Since many of
the underlying ideas started with transactions costs theory, one might think
that the relative empirical success of the older theory somehow validates the
newer one. However, this would certainly be premature, as argued by Whin-
ston (2000) for vertical integration theories. One first point is that because
incomplete contracts theory is more formalized, it has a much richer set of
predictions than transactions costs theory does. By implication, it exposes
itself more to empirical refutation. A second point is that testing incomplete
contracts theory is bound to be a much more demanding task. While we
have argued that transactions costs theory relies on quasi-rents that may be
difficult to proxy properly, the situation is even worse for incomplete con-
tracts theory, as its predictions rather precisely depend on how the marginal
returns to non-contractible investments are distributed among the parties.
Measuring these marginal returns reliably enough to test the predictions of
the theory will require much more highly detailed information on contracting
environments than is usually present in our datasets.

Of course, one may forgo econometrics for the moment and take a more
descriptive look at the data. A first attempt to do this is the work by Kaplan-
Stromberg (1999), who analyze a large number of venture capital contracts.
The authors argue that venture capitalists (VCs) are real world entities who
most closely approximate the investors of theory; hence, relating theoretical
predictions to real-life VC contracts will provide precious insights about the
relevance of theory. Indeed, some of their findings tend to support stan-

Tn a separate paper, Joskow (1985) explores the determinants of vertical integration
for this same sample; but what we would want is a joint modelling of contract duration
and the decision to vertically integrate.
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dard predictions of the incomplete contract literature. Separate allocation
of cash-flow and control rights is a standard feature of VC contracts. The
allocation of rights is contingent on observed measures of financial and non
financial performance, especially at early stages of the relationship. Existing
contracts are consistent with a basic prediction of the theory, namely, that
control should be left to the manager in case of success (then the VC keeps
cash-flow rights only), whereas it shifts to the venture capitalist when the
firm’s performance is poor. Finally, the importance of non-compete and vest-
ing provisions suggests that inperfect commitment and hold-up problems are
indeed an important aspect of VC contracts. However, some theories appear
to fare less well than others. “Stealing” theories a la Hart and Moore (1998)
or Gale and Hellwig (1982), for instance, rely on the impossibility of making
contracts contingent on profits (or other measures of financial performance),
an assumption that is not supported by the data. Finally, several problems
are left open by the empirical investigation. For instance, existing theories
cannot explain why we observe in these contracts that control rights are allo-
cated across a number of dimensions — voting rights, board rights, liquidation
rights. Similarly, the variety and the complexity of the financial tools used
to allocate rights - convertible securities (with specific strikes), common and
preferred stocks,... - have little to do with the simple settings (typically, debt
versus equity) considered so far.

Finally, two recent studies by Banerjee-Duflo (1999) and Baker and Hub-
bard (1999) usefully reminds us that there may be more to incomplete con-
tracting than transactions costs theory or the more recent approach. Baner-
jee and Duflo focusses on the Indian customized software industry, which
writes specialized software for (usually) foreign clients. In this industry, the
product is very difficult to describe ez ante; the client writes a vague de-
scription of what he wants, software firms bid by announcing a price and
a time schedule, and the client chooses who he will contract with. Much
of the process of describing the functions of the software is interactive and
takes place after the contract is signed. Therefore the contracts are highly
incomplete and cost overruns are frequent: three-quarters of the contracts
have cost overruns, of 25% of planned costs on average. Because the initial
description of the software is so vague, it would be impossible for a court to
decide in what proportions the overruns are due to the firm or to the client.
In practice, the contracts are often renegotiated in case of cost overruns, so
as to increase the price the software firm is paid. Banerjee and Duflo find
that the client is more generous in these renegotiations when he faces an
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older firm, especially if he has already contracted with that firm in the past.
Banerjee and Duflo put it down to reputation effects: they argue that older
firms have shown in the past that they were reliable, all the more so if the
client has already dealt with them. They show that alternative explanations
fit the data less well?’. Baker and Hubbard (1999) investigate the impact on
asset ownership of technological changes that modify the contractibility of
actions. They consider the U.S. trucking industry, where the introduction, in
the late 1980s, of on-board computers allowed contracts to be made contin-
gent on various operating parameters of trucks (speed, etc.). Because of the
exogenous enlargement of the space of feasible contracts, suboptimal behav-
ior becomes monitorable, and the need for powerful incentive schemes (such
as ownership by drivers) is reduced. Using a survey of the nation’s trucking
fleet, they actually find that OBC adoption leads to less driver ownership,
and that non-owner drivers with OBC drive better than those without them.

3.4 Dynamics of contracts

Finally, a few papers have tried to take the predictions of dynamic contract
theory to data. This is a difficult task, if only because theory is often incon-
clusive, or relies on very strong assumptions that are difficult to maintain
within an applied framework?!. Still, interesting insights have emerged from
this line of work.

Three types of models have been considered in the literature. One is the
pure model of repeated adverse selection; a second one considers repeated
moral hazard; finally, a couple of papers have recently been devoted to em-
pirical testing of models entailing symmetric learning.

Dynamic models of asymmetric information An important contribu-
tion is due to Dionne and Doherty (1994), whose model of repeated adverse
selection with one-sided commitment transposes previous work by Hart and

20Tn particular, this cannot be optimal risk sharing as younger firms tend to be smaller
than older firms.

21 For instance, most papers in the field assume that agents cannot freely save or borrow,
so that the dynamics of their consumption can be fully monitored by the principal (whether
the latter is an employer, a landlord or an insurance company). When this assumption is
relaxed, the models typically use very specific preferences (such as CARA with monetary
cost of effort) in order to guarantee that income effects do not matter. For a detailed
discussion in a moral hazard context, see Chiappori et al (1994).
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Tirole (1988) to a competitive framework. The key testable prediction is the
presence of “highballing”: in a repeated adverse selection framework of this
kind, optimal contracts are such that the insurance company makes positive
profits in the first period, compensated by low, below-cost second period
prices. Dionne and Doherty test this property on Californian automobile
insurance data. According to the theory, when various types of contracts
are available, low risk agents are more likely to choose the experience rated
policies. Since these are characterized by highballing, the loss to premium
ratio should rise with the cohort age. If insurance companies are classified
according to their average loss per vehicle (which reflects the “quality” of
their portfolio of insurees), one expects the premium growth to be negative
for the best quality portfolios; in addition, the corresponding slope should be
larger for firms with higher average loss ratios. This prediction is confirmed
by the data. Insurance companies are classified into three subgroups. The
slope coefficient is negative and significant for the first group (with lowest
average loss), positive and significant for the third group, non significant for
the intermediate group. They conclude that the “highballing” prediction is
not rejected.

In a recent contribution, Margiotta and Miller (1998) analyze a dynamic
model of managerial compensation under moral hazard. Their framework is
reminiscent of that introduced by Fudenberg et al. (1990); the manager’s
utility function exhibits constant absolute risk aversion, so that wealth ef-
fects do not make the analysis untractable. They estimate the model from
longitudinal data on returns to firms and managerial compensations. Obvi-
ously, the dynamic nature of the data introduces more robustness into the
estimations, as compared to simple cross-sectional analysis. In particular,
it allows to mitigate an obvious selection problem with cross-sectional data:
the level of incentives provided by the manager’s contract should be endoge-
nous to the firm’s situation, and the latter may impact the outcome in a non
observable way. The conclusions drawn by Margiotta and Miller are partic-
ularly interesting in view of the Jensen-Murphy controversy. They find that
although the benefits of providing incentives are large, the costs are small, in
the sense that even a relatively small fraction of the firm’s shares is generally
sufficient to induce the required level of effort.

Symmetric learning Finally, several works test a model of symmetric but
incomplete information and learning. The basic reference, here, is the labor
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contract paper by Harris and Holmstrom (1992), in which the employer and
the employee have identical priors about the employee’s ability and learn
at the same pace from the employee’s performance. This setting has been
applied with success to labor contracts, but also to long-term insurance re-
lationships.

An application to internal labor markets is proposed by Chiappori, Salanié
and Valentin (1999). Their model borrows the two main ingredients of the
Harris and Holmstrom framework, namely symmetric learning and down-
wards rigidity of wages (the latter being explained either by risk sharing
considerations as in the initial model, or by hold-up problems and contrac-
tual incompleteness). They show that optimal contracts should then exhibit
a ’late beginner’ effect: if two agents, A and B, are at the same wage level
at date 0 and at date 2, but A’s wage at date 1 was higher, then B has better
future prospects for date 3 and later. They test this prediction on data on
contracts and careers within a French public firm. Interestingly enough, car-
reers, in this context, must be analyzed as sequences of discrete promotions,
a feature that requires specific econometric tools. The results very strongly
confirm the predictions: the ’late beginner’ effect appears as a crucial feature
of carreers in the context under consideration.

Recently, the same type of model has been applied to life insurance con-
tracts by Hendel and Lizzeri (2000). They exploit an interesting data base
of contracts, that includes information on the entire profile of future pre-
miums. Some contracts involve commitment from the insurer, in the sense
that the evolution of premia will not be contingent on the insuree’s health
status, whereas under the other contracts future premiums are increased if
the insuree’s health condition deteriorates. According to the theory, commit-
ment implies front loading (initial premiums should be higher than without
commitment, since they include an insurance premium against the reclassifi-
cation risk) and a lower lapsation rate (a fraction of the agents whose health
has actually deteriorated, would be strictly worse off if they were to change
company); in addition, the average quality of the insurer’s client portfolio
should be worse for contracts with commitment (since the worse insurees are
the ones who do not leave), a fact that should be reflected in higher total
present value of premiums. All these predictions are satisfied by existing
contracts. Even more interesting is the fact that this confirmation only ob-
tains for general life insurance. Accidental death contracts exhibit none of
the above features, as one would expect given that learning considerations
are much less prominent.
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Finally, in such a context, any friction that limits the agent’s mobility
between contracts is welfare improving, since the precommitment of insurees
to stay in the pool helps mitigate the uninsurability of the reclassification
risk. This idea is exploited by Crocker and Moran in a recent (1997) study
of employer provided health insurance contracts, for which precommitment
is proxied by the difficulty for workers of switching jobs. They show that
when employers must offer the same contract to all of their workers, then
the optimal contract exhibits a coverage limitation that is inversely propor-
tional to the degree of employee job lock. If on the other hand employers
are able to offer multiple contracts which experience-rate the insurees, then
the optimal contract exhibits full coverage of medical expenditures, albeit
at second period premiums that partially reflect each individual’s observ-
able health status. Crocker and Moran confirm these predictions on data on
insurance coverages using proxies for job lock: the insurance contracts asso-
ciated with firms who offer a single policy exhibit coverage limitations which
are decreasing in the amount of employee job lock, and those firms offering
multiple plans to their workforce have higher levels of coverage which are
insensitive to the degree of job lock.

4 Conclusion

“Data! data! data!” he cried impatiently. “I can’t make bricks
without clay.”
Arthur Conan Doyle, The Adventure of the Copper Beeches.

We hope this survey has shown that the econometrics of contracts is a
very promising and burgeoning field. While empirical testing of the theory
of contracts started in the eighties, most of the papers we have surveyed
were indeed written in the last five years. For a long time, econometricians
could be heard echoing Sherlock Holmes’s complaint about lack of data on
contracts. It is true that some researchers have gone far to find their data
(as far as Renaissance Tuscany for Ackerberg-Botticini (1999)). Still, it has
proven much less difficult than expected to find data that is amenable to
econometric techniques. In fact, we draw the impression from Bresnahan’s
(1997) earlier World Congress survey that the situation is somewhat worse
in industrial organization.
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It is still true that many papers in this field use similar data and/or focus
on similar problems, as shown by the number of papers on sharecropping
or natural gas we surveyed. We would certainly want to see wider-ranging
empirical work in the future. Insurance data is very promising in that respect,
as it is fairly standardized, comes in large data sets and can be used to test
many different theories. It can also be hoped that in the future, firms will
be less averse to opening their personnel data to researchers, as they did to
Baker-Gibbs-Holmstrom (1994a, 1994b).

Our conclusion on the importance of incentive effects echoes that of Pren-
dergast (1999) for incentives in firms: the recent literature, as surveyed in
section 2, provides very strong evidence that contractual forms have large
effects on behavior. As the notion that “incentives matter” is one of the
central tenets of economists of every persuasion, this should be comforting
to the community. On the other hand, it raises an old puzzle: if contrac-
tual form matters so much, why do we observe such a prevalence of fairly
simple contracts? More generally, the question asked in section 3 is whether
observed contracts take the form predicted by the theory. As we have seen,
the evidence is more mixed in that regard. However, it is reassuring to see
that papers that control adequately for selection and endogeneity bias have
generally been more supportive of the theory.

Throughout the survey, we emphasize the crucial role of the selection,
matching and contract endogeneity issues. These problems are prevalent in
the two approaches we distinguish - i.e., whether one is testing for the opti-
mality of contracts or for the behavioral impact of given contractual forms.
It can be argued that selection issues are probably even more difficult to
address in the first case, because our theoretical understanding of situations
involving “realistic” forms of unobserved heterogeneity is often very incom-
plete. To take but one example, Rothchild and Stiglitz’s celebrated model of
insurance under adverse selection (1976) assumes identical preferences across
agents. Should risk aversion differ across insurees as well, then the shape of
the equilibrium contract is not fully known for the moment??. It is however
safe to predict that where the theory cannot be reconciled with the facts,
new and improved models will emerge. Thus we hope that some econometri-
cians will be inspired by this survey to contribute to the growing literature
on testing of contract theory, while negative empirical findings may prompt
some theorists to improve the theory itself. As an example of this potentially

22Gee, however, Landsberger and Meilijson (1999).
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fruitful dialog between theorists and econometricians, the empirical findings
by Chiappori-Salanié (1997, 2000) and others that the standard models of
insurance do not fit the data well in some insurance markets has led Chas-
sagnon and Chiappori (1997), de Meza and Webb (2000) and Jullien, Salanié
and Salanié (2000) to propose new models of insurance that are based on a
combination of moral hazard and adverse selection. Similarly, new tools
have recently been developped, that allow to tackle the possible coexistence
of several types of unobserved heterogeneity?*. We hope to see more of this
interplay between theory and testing in the future.
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