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Abstract

Financial constraints and entrepreneurship are among the key factors affecting eco-
nomic performance in developing countries. Emphasizing the link between the theory
microfoundations and the data, the paper considers a heterogeneous agents model of oc-
cupational choice with moral hazard under three Þnancial contract regimes differing in
their degree of market incompleteness: savings only, borrowing and lending, and insur-
ance. Using maximum likelihood estimation and statistical model comparison methods,
I Þnd evidence that the more advanced Þnancial contract regimes allowing for borrowing
or insurance provide a better Þt with cross-sectional and time-series data from Thailand
compared to the savings only regime. However, a direct comparison between the borrow-
ing and lending and insurance regimes shows that neither of them can be rejected in favor
of the other relative to the data. Augmenting the contracts with wealth-pooling lottery
redistribution arrangements improves further the explanatory power of the model. A
new numerical solution technique for incentive-constrained occupational choice models
based on non-linear optimization is also proposed.
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to Robert Townsend for extensive discussions and for his permission to use his Thailand project data in this
paper.



1 Introduction

Entrepreneurship is widely recognized as one of the engines of economic growth and develop-
ment1. Entrepreneurial activity typically involves investment in capital which can come from
two basic sources: own wealth or borrowed funds. Borrowing requires the existence of Þnancial
institutions and contracts and is usually subject to moral hazard as the lender cannot observe
perfectly the actions of the borrower. The relationship between entrepreneurship and wealth
is two-fold: on the one hand wealth inequality affects the pattern of agents� occupational
choices and on the other hand, assuming bequests exist, these choices affect next generation�s
wealth distribution. This implies that the distribution of wealth and the structure and level
of development of the Þnancial intermediation system are crucial determinants of the degree
of entrepreneurship.
The current paper proposes an occupational choice model of entrepreneurship combining

the necessary ingredients listed above: wealth heterogeneity, Þnancial intermediation, and
moral hazard. The goal is to identify the relationship among the structure of Þnancial con-
tracts, the wealth distribution, and the pattern of occupational choice in the economy by
taking the model predictions to the data. I use numerical simulation, structural maximum
likelihood, and calibration techniques to determine what types of Þnancial contracts produce
a mapping between wealth and occupational choice which Þts best developing country data.
The model in the paper is a substantially generalized version of Aghion and Bolton�s

(1997) occupational choice model. There is a continuum of risk averse agents who differ
in their wealth endowments and entrepreneurial ability and who can choose between two
possible occupations: �entrepreneur�, using effort and investment as inputs in production, or
�subsistence worker�2, using only effort. Output is stochastic. The effort levels supplied by the
entrepreneurs are unobservable to outsiders, which results in a moral hazard problem. The
agents can enter into contracts with a competitive Þnancial intermediary (a bank) subject to
incentive constraints. Each agent lives for one period in the end of which she bequests a Þxed
fraction of her wealth to a single child. Due to the indivisibility inherent in the occupational
choice, there will be a non-convexity in the agent�s indirect utility of wealth function. This
suggests that pooling resources among agents and redistributing them through a wealth lottery
can be efficiency improving. The mechanism is similar in spirit to the one of rotating savings
and credit associations (�roscas�3) observed in developing countries4.
Keeping the preference and technology structure of the model unchanged, I characterize

its implications under three Þnancial contract regimes: savings only (no credit), borrowing
and lending with bankruptcy, and insurance (contingent transfers to and from a Þnancial

1Knight (1921), Schumpeter (1934), Huff (1993), and Formaini (2001).
2Hereafter simply �worker�.
3Note, however, that the arrangement described here is technically not exactly the same as a �rosca� since

it is just a one-shot wealth lottery with winners and losers whereas roscas last for many periods and eventually
everyone wins the pot.

4See Besley, Coate and Loury (1993), Besley and Levenson (1996), Calomiris and Rajaraman (1998)
and Klonner (2002) for more detailed theoretical discussion and empirical evidence on roscas in developing
countries.
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intermediary)5. Within each regime I consider the effect of augmenting the contractual struc-
ture with wealth lotteries as described above. The resulting six contract types differ signif-
icantly in their assumed degree of market incompleteness, ranging from the very restrictive
savings only contract without lotteries which precludes any borrowing to the constrained
Pareto efficient insurance contract with lotteries.
The Þrst step in characterizing the model implications under the different regimes is solving

for the implied constrained optimal contracts, i.e. the optimal consumptions, investments,
efforts, and implied occupational choices as functions of wealth. Aiming for more generality
and having in mind that the ultimate goal of this paper is taking the model results to the data,
I adopt a numerical solution approach. So far the vast majority of the literature on numerical
computation of moral hazard models has used linear programming techniques to solve for the
optimal contract after transforming the commodity space into a probabilistic space6. While
having some advantages due to its generality, this method suffers from heavy computational
time and memory requirements. In contrast to the existing literature, I design and implement
a non-linear computational method based on the �Þrst order approach�7.
An important theoretical result of the paper is demonstrating the equivalence of lotteries

on consumption, investment, effort, and output which arise under the insurance regime to
an ex-ante lottery over wealth followed by a deterministic contract which takes as given the
optimal occupational choice implied by the wealth won in the lottery. This equivalence allows
separating the problem of solving for the optimal contract into two stages which, combined
with the use of non-linear optimization, leads to a substantial improvement in computational
speed8 and accuracy.
The results of the computation are used to perform static and dynamic characterization

and comparison of the model predictions under the different contractual regimes with special
attention to the effect of wealth lotteries. The static analysis demonstrates convincingly
that the model regimes have signiÞcantly different implications for agents� consumptions,
investments, efforts, and probabilities of starting a business given wealth. The differences
across the regimes are most pronounced at low wealth levels. Low wealth agents who need
to borrow to Þnance investment and become entrepreneurs beneÞt most from expanding the
contractual structure to include borrowing and/or insurance. Borrowing entrepreneurs with
low wealths supply more effort than their counterparts with the same wealth level under the
savings and insurance contracts. More generally, all differences between the savings only and

5The regime evaluation performed in the paper is similar in spirit to the work of Lehnert, Ligon and
Townsend (1997) who concentrate mostly on the theoretical implications of different regimes of Þnancial
constraints, and also that of Jappelli and Pistaferri (1999) who test the empirical validity of three models of
intertemporal consumption choice. However, up to the author�s knowledge no one has performed a contract
regime evaluation in a class of moral hazard problems.

6See for example Phelan and Townsend (1991), Lehnert (1998), Prescott and Townsend (2001a,b), and
Doepke and Townsend (2002).

7The �Þrst order approach� for solving incentive constrained problems consists of replacing the incentive
compatibility constraint by the Þrst order condition of the agent�s maximization problem. Some technical
conditions as exhibited in Rogerson (1986) are needed to ensure the validity of the approach to produce a
solution to the original principal-agent problem.

8Adopting the solution techniques proposed in this paper reduces computational time for the moral hazard
problem by a factor of 10 to 20 relative to the linear programming approach. With regards to the maximum
likelihood estimation of the model this amounts to waiting just one day for the program to Þnish instead of
two weeks.
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the borrowing and lending contracts occur for low wealth levels at which there is borrowing.
In addition, the main differences across the regimes in terms of the predicted probability of
being entrepreneur as a function of wealth also occur for low levels of wealth: the savings
only model predicts no entrepreneurship among poor agents as they cannot provide enough
investment, while the other two regimes allow a positive probability of starting a business for
such agents.
The main result from the dynamic simulation of the model is that while the higher degree

of Þnancial intermediation and insurance is welfare improving in a static sense, the low con-
sumption variability across good and bad states in the insurance contract may lead to lower
effort and/or investment, which can have negative dynamic implications for output levels and
growth9.
The welfare effect of wealth lotteries is always positive as they help some ex-ante poor

agents to become entrepreneurs and hence increase overall output, but this can be at the
cost of higher degree of wealth inequality over time. This result relates to the numerous calls
for poverty �safety nets� by policy makers and implies that static considerations need to be
carefully weighed against dynamic effects working through the wealth distribution.
The fact that the model implications for the relationship between wealth and occupational

choice differ signiÞcantly under the various contract regimes provides the basis for the em-
pirical strategy used in the paper. I use cross-sectional wealth and occupation data from
Robert Townsend�s Thai economic survey to identify which of the described Þnancial con-
tracts matches the data best. I perform a structural maximum likelihood estimation of the
model parameters in the six contract regimes which is supplemented by a statistical model
comparison test establishing whether one can reject one model speciÞcation in favor of an-
other. The maximum likelihood function for each regime is constructed by matching the
expected probability of becoming entrepreneur generated by the model at every given wealth
level in the sample with the corresponding household entrepreneurial status taken from the
data. The econometric analysis is performed for the whole sample, as well as for various data
stratiÞcations chosen on the basis of region, wealth, Þnancial participation and education.
The model comparison results show that the savings only regime is rejected in favor of both

the borrowing and lending and the insurance regimes across most data stratiÞcations, which
can be interpreted as evidence for the presence of some degree of borrowing and/or insurance
in the data. Nevertheless, the degree of insurance present is not necessarily the maximum
possible in the static sense as the restricted borrowing and lending regime cannot be rejected
in favor of the more general insurance regime. The importance of including wealth lotteries in
the contracts is demonstrated convincingly by the empirical analysis: the model speciÞcations
with lotteries provide signiÞcantly better Þt compared to their counterparts without lotteries.
The empirical evaluation of the contract regimes concludes by performing a dynamic cali-

bration of the model using macroeconomic data from Thailand for the period 1976-1996. The
results demonstrate that the insurance regime matches best the time paths of income growth,
wealth inequality, and the fraction of entrepreneurs in the data.
The model framework and implications described above relate to several branches of the

existing literature. The empirical development literature has argued that Þnancial constraints

9Notice that this is a second-best result as the insurance provided in the model is incomplete and it leads
to reduced effort due to incentive compatibility reasons.
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are among the key factors affecting economic performance in developing countries. Entrepre-
neurship is one of the main channels through which this effect works. Liquidity constraints
arising from credit market imperfections imply that the ability to borrow and hence the prob-
ability of becoming entrepreneur depends on agents� own wealth (Evans and Jovanovic, 1989;
Holtz-Eakin, Joulfaian and Rosen, 1994a and 1994b; Dunn and Holtz-Eakin, 2000; Paulson
and Townsend, 2002). On this basis, it has been argued that expanding the Þnancial interme-
diation sector facilitates economic growth (King and Levine, 1993; Greenwood and Jovanovic,
1990). Another branch of the empirical literature has focused on the degree of insurance
observed in development economies (Townsend, 1994; Udry, 1994; Jakoby and SkouÞas, 1998
and Amin, Topa and Rai, 1998). Most formal econometric tests of risk sharing reject the full
insurance hypothesis. To identify the reasons for this rejection, it is important to study the
underlying Þnancial contract arrangements. On the other hand, various theoretical models
of occupational choice have stressed the importance of incomplete information and borrow-
ing constraints in the credit markets in generating a developing process characterized with
inequality and, in some cases, �poverty traps� (Banerjee and Newman, 1993; Piketty, 1997;
Aghion and Bolton, 1997; Lloyd-Ellis and Bernhardt, 2000; Ghatak and Jiang, 2002; Gine
and Townsend, 2002; and Townsend and Ueda, 2002).
Unfortunately, in many cases the �communication� between the empirical and theoretical

literatures is weak, with empirical work being purely econometric and theoretical work being
purely abstract10. The present paper attempts to address this problem emphasizing the link
between the theory underlying the abstract models of economic development and the data.
The usefulness of this �meeting� of the theory with the data is two-fold: on the one hand it
identiÞes what type of theoretical models are empirically relevant, while on the other hand it
suggests directions for further improvements in our modeling of economic reality.
Apart from developing a two-stage non-linear method for solving incentive constrained

occupational choice models, the paper contributes to the literature in several other aspects.
First, I perform a systematic evaluation of distinctively different Þnancial contract regimes
which, however, share the same preference and technology structure11. This approach allows
an accurate and consistent assessment of the relevance of the contractual structure for the
mapping between wealth and occupational choice. Second, the paper introduces an empirical
evaluation of the role of wealth lottery arrangements in occupational choice, growth, and
inequality. The macro-level analysis of such Þnancial arrangements and their function in
facilitating entrepreneurship complements and extends the microeconomic insights from the
literature on �roscas�. Third, the existing literature on incentive-constrained occupational
choice models has been restricted mostly to static model evaluation. In contrast, the paper
also looks at certain dynamic implications of the three model regimes, employing a mix of
calibration and maximum likelihood estimation techniques using Thai national statistics data.
The rest of the paper is organized as follows. Section two describes the model and the

Þnancial contract regimes studied. It also contains a description of the numerical computation
techniques used to solve the model and a basic characterization of its static and dynamic
implications. Section three contains the results of a structural maximum likelihood estimation

10Albarran and Attanasio (2001) and Paulson and Townsend (2002) who develop and test the empirical
implications of structural models of limited commitment are notable exceptions.
11In comparison, Paulson and Townsend (2002) evaluate the empirical relevance of two structurally different

occupational choice models from the existing literature.
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of each of the model regimes, followed by statistical comparisons between them to establish
which regime Þts the data best. Section four studies the dynamics generated by the model
and compares them to the data using a mix between estimation and calibration of the model
parameters. Section Þve concludes and provides directions for future research.

2 Model Description

The model of the paper is an extended version of the models of Aghion and Bolton (1997)
and Lehnert (1998). There is a continuum of agents, i ∈ I who are heterogeneous in their
consumption good endowments (hereafter �wealths�), ai, and entrepreneurial abilities, θi, and
who have preferences given by u(c, z), where c is consumption and z is labor effort. The
utility function is assumed strictly increasing in its Þrst and strictly decreasing in its second
argument and concave. There are two available technologies in the economy through which the
single consumption and investment good is produced. The choice between the technologies is
interpreted as choosing between occupations. The Þrst technology involves investing a positive
amount, k, and can be written as pe(q|θ, k, z), i.e. the probability of achieving output level
q given effort z, investment k and the agent�s entrepreneurial ability θ. The probability pe

is assumed increasing in all its arguments. I call this technology �entrepreneurial� and the
agents who use it �entrepreneurs�. The second technology can be operated without making
any investment (i.e. k = 0) and can be represented as pw(q|z) - the probability of achieving
output q given effort z and no investment. The probability function pw is increasing in z.
The agents using this technology are called �subsistence workers� or, in brief, just �workers�.
This technology is meant to be interpreted as a subsistence agriculture technology, hence the
assumed stochasticity of output. This is a generalization of the Aghion and Bolton (1997)
and Lehnert�s (1998) models as they assume that zero investment leads to zero output with
certainty.
There exists a risk-neutral competitive Þnancial intermediary (bank) with which agents can

enter into Þnancial contracts involving borrowing, lending and/or insurance. Except in their
input requirements, the two technologies also differ in the information that they provide to
the intermediary, i.e. the degree of contractibility with respect to the inputs employed. More
speciÞcally, I assume that the effort levels supplied by the entrepreneurs are unobservable by
the bank, which results in a classic moral hazard problem in all non-autarkic settings. It is
assumed, however, that the intermediary can design contracts, taking ability into consideration
and thus disregarding potential adverse selection complications12. In contrast, workers� efforts
are assumed to be observable13 and hence can be stipulated directly and enforced through
an appropriate contract. Given their wealth, ability, and possible Þnancial contracts with the
bank, the agents choose the occupation which would provide them with higher expected utility.
Their maximization problem can be solved in two steps: Þrst, compute the expected utility
yielded by each occupation and, second, choose the occupation that yields higher expected

12Abbring, J., Chiappori, P., J. Heckman and J. Pinquet, (2002) discuss empirical strategies to jointly test
and distinguish moral hazard and adverse selection in the data. The current model can be extended to account
for adverse selection by adding the relevant constraints to the optimization problems.
13This assumption is not very crucial for the results and can be interpreted as stemming from the fact that

the subsistence technology involves performing some simple and easy to control tasks.

5



utility.
For analytical and computational simplicity I assume that there are two possible output

realizations for each occupation. For the entrepreneurs, output can take on two values: q = θqh
and q = θql, with qh > ql, whereas for the workers output is either wh or wl < wh. I further
normalize ql = 0 and wl = 0 which is interpreted as failure of the business project or the
agricultural crop. Finally, notice that higher entrepreneurial ability leads to higher output
levels, i.e. for the same levels of investment and effort, a more able entrepreneur would achieve
higher expected output.
The basic static model described above can be extended to study dynamics in the follow-

ing way: assume that the agents live for one period and leave a bequest equal to a constant
fraction s of their end-of-period wealth to their single child which becomes the latter�s wealth
endowment14. Thus there is no population or technological growth and all dynamics are tran-
sitionary. This is deÞnitely a shortcoming of the model, however, it is somewhat attenuated
by the fact that it is designed for studying developing economies which are presumably not
in a steady state.
As stated in the introduction, I am interested mainly in studying the static and dynamic

effects of varying the structure of the Þnancial contracts between the intermediary and the
agents. In particular, from a static perspective, I study how consumption, effort, investment,
and occupational choice depend on the contractual structure. From a dynamic perspective, I
look at the effects on inequality, income levels, growth rates, and the fraction of entrepreneurs.
The results are used to assess the empirical relevance of the studied contract types.
The model choice was motivated by the Þndings of Paulson and Townsend (2002) who

show that information constrained occupational choice models of the above type tend to Þt
developing country data better on aggregate compared to the alternative models of Evans and
Jovanovic (1989) and Lloyd-Ellis and Bernhardt (2000). Building on this knowledge, the paper
concentrates solely on the Aghion and Bolton (1997) model and focuses on investigating what
type of Þnancial contracts within its framework match best the occupational choice patterns
observed in the data.

2.1 Types of Financial Contracts

The paper concentrates on three alternative types of Þnancial contracts (regimes) which can
be signed between the agents and the intermediary, and which differ in their degree of market
incompleteness and ability to serve as consumption smoothing devices. The actual contract
structure in each of the three cases is imposed exogenously15.

14This is a standard, albeit admittedly quite restrictive assumption used in the occupational choice literature
(see Banerjee and Newman, 1993 or Piketty, 1997) which can be justiÞed formally by assuming �warm-glow�
preferences as in Andreoni (1989). Endogenizing the bequest/savings decision is therefore a fruitful venue for
future research.
15This is done for simplicity but may be justiÞed by transaction costs, lack of appropriate institutional

mechanisms, government intervention, etc. Such a justiÞcation, however, remains outside the scope of this
paper.
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1. Savings Only
The Þrst contract type is a savings (storage) only contract, i.e. no borrowing is possible.

Under this contract, agents can only deposit (store) any amount of the consumption good
with the intermediary earning a Þxed gross return of r in the end of the period. In the
static analysis, the interest rate r is taken as exogenously given but this assumption is relaxed
later in the paper when I compute model dynamics. Given the assumptions made above, the
maximization problem of an entrepreneur with wealth a and ability θ looks as follows:

max
z,k

pe(z, k)u(ch, z) + (1− pe(z, k))u(cl, z) (1)

s.t. ch = θqh + r(a− k)
cl = r(a− k)
0 ≤ k ≤ a

where ch and cl are the levels of end-of-period wealth
16 in the case of success or failure. The

last constraint states that no borrowing is possible, therefore all investment must be self-
Þnanced. Final wealth in each state of the world is simply the realized output plus any return
on savings. Despite the unobservability of effort, there is no moral hazard problem under this
type of contract as there is no borrowing.
Similarly, a worker solves:

max
z

pw(z)u(ch, z) + (1− pw(z))u(cl, z) (2)

s.t. ch = wh + ra

cl = ra

Since there is no investment, all wealth is deposited with the intermediary.

2. Borrowing and Lending With Bankruptcy
This contract represents a standard borrowing and lending arrangement between an agent

and the bank: the agent either deposits some amount of money in the bank in the same way
as in the savings contract above and earns r, or she can request a loan from the intermediary.
In the latter case, the bank announces a repayment amount for each state of the world,
which in general depends on the size of the desired loan. The agent takes the repayment
schedule as given and decides how much to borrow. I assume that there is limited liability,
i.e. consumption must be non-negative. This means that in the case of project failure (zero
output), the agent declares bankruptcy (default) and is unable to repay anything back to the
bank17. The bank takes this possibility into account by setting the required repayment under
failure to zero and adjusts the repayment due under success by raising the effective interest
rate on borrowing in order to break even on the loan. Clearly, the repayment in case of success
would depend on the probability of success of the agent�s project. Given a required repayment

16Notice that in the static case end-of-period wealth equals consumption hence the notation used. In the
dynamic extension of the model consumption equals (1− s) times the agent�s end-of-period wealth.
17See Dubey, Geanakoplos and Shubik (2002) for a discussion of the role of default in a general equilibrium

setting.
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interest rate under success of R, the maximization problem of a borrowing entrepreneur then
looks as follows:

max
k,z

pe(z, k)u(ch, z) + (1− pe(z, k))u(cl, z) (3)

s.t. ch = θqh −R(k − a)
cl = 0

Remember that effort is unobservable to the bank so it must be induced by stipulating the
repayment rate R accordingly. I assume that in equilibrium the bank must earn at least its
reservation return of r on each loan, i.e. R must solve:

R =
r

pe(�z(R), �k(R))

where �z(R) and �k(R) are the solutions of the entrepreneur�s problem, (3) taking R as given.
The interpretation of the above condition is that to offset the zero return it makes under
failure, the bank has to charge an interest rate higher than r in case of success, which happens
with probability pe.
The limited liability assumption introduces an asymmetry between the optimization prob-

lems of borrowers and lenders. A lending entrepreneur solves the problem (1) exhibited above
without imposing the constraint k ≤ a. To be consistent with lending, the optimal investment
amount k∗ at the solution to this problem must not be higher than the agent�s wealth a. The
workers also solve exactly the same problem (2) as before as they do not invest and thus do not
need to borrow from the intermediary. Obviously, the borrowing/lending contract provides
more opportunities for consumption smoothing for the agents who choose the entrepreneur-
ial occupation compared to the savings only contract. As such the former contract (weakly)
Pareto dominates the latter. However, this contract is also quite restrictive as it provides no
insurance in case of project failure.

3. Insurance/Transfers
The third Þnancial contract regime allows all possible types of state contingent transfers

between the agent and the intermediary to achieve maximum consumption smoothing. It is
well known that, under full information, when the agent is risk-averse and the intermediary is
risk-neutral, the optimal contract will be the one providing equal consumption to the agent in
both states of the world (success or failure). This is achieved by the agent making a transfer
to the intermediary in case of success and the intermediary making a transfer to the agent in
case of failure. The contracts between the workers and the bank have this property. However,
since entrepreneurial effort is unobservable, full consumption smoothing is not possible for
the entrepreneurs as it is not incentive compatible. Indeed, if the agent is promised the same
transfers under success and failure, she will always choose the lowest possible level of effort
(zero) since effort is costly and output will be always zero. Thus the optimal contract in
this case has the bank providing less than full insurance. The insurance contract Pareto
dominates the borrowing/lending contract described above because it provides at least partial
consumption smoothing.
Because of the assumption of perfect competition in the credit market, the bank�s proÞts

must be zero in equilibrium. This allows us to think of the bank as maximizing the expected
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utility of its customers as a function of their wealth and ability subject to breaking even and
incentive compatibility (where applicable). What the bank actually does is set the investment
level, k, the transfer levels, ch and cl, and recommend an effort level z which maximize the
expected utility of the agent. If the bank Þnds optimal to set k > 0, the agent will be an
entrepreneur, while if it sets k = 0, the agent is assigned to be a worker. It is possible that the
bank�s choice of k take the form of a lottery, i.e. the bank may Þnd optimal to assign k = 0
with some positive probability and some positive level of k with the residual probability. In
general, the optimal contract might also involve similar lottery assignments of effort or transfer
levels for given occupation and state of the world, although it is easy to see that the assumed
concavity of the utility function would make such lotteries degenerate at the optimum.
The usual way of writing the insurance/transfers contract described above involves intro-

ducing new variables, π(c, q, z, k|a, θ)18, corresponding to the probabilities that a particular
transfer, c ≥ 0, output, q ≥ 0, effort, z ≥ 0 and investment, k ≥ 0 allocation is assigned as a
function of the agent�s wealth, a, and ability, θ. Due to the moral hazard problem, the transfer
level in such an assignment will be in general a function of the output level. Notice that these
probabilities can be also interpreted as lotteries over different transfer (consumption), output,
investment, and effort allocations that are being offered to the agent. Let us call this type of
lotteries �allocation lotteries�. Introducing such lotteries allows us to write the bank�s maxi-
mization problem for an agent with wealth a and ability θ as the following linear program in
the variables π(c, q, z, k)19:

max
π(c,q,z,k)≥0

X
c,q,z,k

π(c, q, z, k)u(c, z) (4)

s.t. X
c

π(c, q̄, z̄, k̄) = p(q̄|z̄, k̄)
X
c,q

π(c, q, z̄, k̄) for all q̄, z̄, k̄ (5)

X
c,q,z,k

π(c, q, z, k)(c− q) = r
X
c,q,z,k

π(c, q, z, k)(a− k) (6)

X
c,q

π(c, q, z, k)u(c, z) =
X
c,q

π(c, q, z, k)
p(q|z0, k)
p(q|z, k) u(c, z

0) for all k > 0, z, z0 (7)

X
c,q,z,k

π(c, q, z, k) = 1 (8)

and where

p(q|z, k) =
½
pe(z, k) if k > 0
pw(z) if k = 0

(9)

Let us describe the problem above in a more detailed way. The objective function is
simply the expected utility that an agent would get at the assigned allocation (c, q, z, k). The
Þrst constraint, (5), ensures that the probabilities constituting the optimal insurance contract,
π(c, q, z, k), are consistent in Bayes sense with the production technology p(q|z, k). The second
18See Prescott and Townsend (1984a and 1984b), Phelan and Townsend (1991), Lehnert (1998), Paulson

and Townsend (2002), and Karaivanov (2001).
19See Prescott (1999) for a detailed description and background information on this type of linear programs.
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constraint, (6), is the break-even (zero proÞt) condition, stating that, on average, all outgoing
transfers from the bank must equal all incoming transfers. The following constraint, (7), is the
incentive compatibility constraint which makes sure that the recommended effort level will be
implemented by the agent. Basically, it states that the expected utility of implementing the
recommended level of z (the left hand side) must be bigger or equal to the expected utility of
deviating to some alternative effort level z0. Finally, the last constraint, (8), ensures that the
probabilities sum to one.

2.2 Solution Techniques

This section describes the techniques used to solve the optimization problems for the three
Þnancial contracts described above. The problems are solved numerically since closed form
solutions cannot be obtained in general. As the purpose of the paper is comparing the impli-
cations of the Þnancial contract regimes and taking them to the data, I use more general and
ßexible parametrizations and functional forms for the fundamentals of the model, instead of
aiming for analytic simplicity and risking to obtain only restricted conclusions. The functional
forms used to compute solutions are as follows:

u(c, z) =
c1−γ1

1− γ1 − λ
zγ2

γ2

pe(z, k) =
kαz1−α

1 + kαz1−α
and pw(z) =

z

1 + z
(10)

The utility function, u(c, z), displays constant relative risk aversion in consumption rep-
resented by the parameter, γ1 ≥ 020. This is a generalization of the functional forms used in
Aghion and Bolton (1997) and Lehnert (1998) who impose risk neutrality (γ1 = 0). Allowing
for risk aversion has the important consequence of making the agents demand insurance in
case of failure, which not all of the Þnancial contracts described above are able to provide.
Thus their implications can be distinguished more easily. The other two preference parame-
ters, λ > 0 and γ2 ≥ 0, determine respectively the relative disutility of effort and the degree
of aversion to variations of effort and also represent a generalization of the quadratic effort
cost used in Aghion and Bolton or Lehnert. The production parameter α ≥ 0 provides further
ßexibility with respect to the relative importance of investment and effort for achieving the
high output level.
The production (probability of success) functions differ from the ones usually used in the

computational moral hazard literature by allowing effort and investment to be chosen on
the whole positive ray of the real line, [0,∞) instead of restricting them to lie on a closed
interval, e.g. [0, 1]. The advantage of this approach is that one need not worry about corner
solutions which can make the interpretation of the results complicated, and which may have
no economic meaning endogenous to the model.
Given the above functional forms, the optimization problems for each occupation in the

savings only and the borrowing/lending regimes are solved numerically employing non-linear

20As usual, the case γ1 = 1 is interpreted as ln c.
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techniques based on the quadratic programming approach. The relative simplicity of the prob-
lems allows substituting the constraints in the objective and transforming them to relatively
standard unconstrained optimization problems and systems of non-linear equations21.

2.2.1 Wealth Lotteries

After solving the utility maximization problem for the workers and entrepreneurs, we can
derive their indirect utility functions, vE(a, θ) and vW (a). In this section I assume that ability is
Þxed and interpret the indirect utility functions as functions of wealth only. Since consumption
depends directly on initial wealth, a in a linear way and since u(.) is concave in c, it is clear
that, by the envelope theorem, vE and vW are locally concave in a for both the savings only
and the borrowing/lending regimes22. Given her wealth level, a, an agent would choose the
occupation that provides her with higher indirect utility. Thus the utility realization she would
actually obtain lies on the outer envelope of vE(a) and vW (a), i.e. v(a) ≡ max{vE(a), vW (a)}.
Even though vE and vW are concave in wealth, v(a) will not be concave in general23. The
reason for the non-concavity is the indivisibility inherent in the occupational choice problem -
an agent is assumed to be able to hold only one occupation at a time, i.e. she cannot split her
time endowment between the two occupations. Clearly then, an ex-ante lottery in wealth can
restore concavity24. Basically, what such a lottery does for an agent with wealth a that puts
her in the non-concave region of v(a), is offer her, with some probability, a wealth level, a2 > a,
at which she would be on the right concave region of v and, with the residual probability, a
wealth of a1 < a, at which she would be at the left concave region of v (see Þg. A.1).
Obviously, the lottery would provide the agent with higher expected utility. A natural

counterpart for such wealth lotteries exists in various developing countries in the form of
the so-called �rotating savings and credit associations�, or �roscas�, which allow individuals to
pool their wealths and then assign the pooled wealth by a lottery to one of them to buy a
durable good or implement an investment project. Roscas have been studied extensively in the
development literature both theoretically and empirically25. Technically, the wealth-pooling
arrangement in the model is not a typical �rosca� as the latter usually lasts more than one
period. Nevertheless, I think that the parallel is useful and intuitive. In the model, we can
think of the wealth lotteries as having several individuals with a given wealth level, a, at which
v(a) is convex, pool their wealths and then some fraction of them is assigned via lottery to
a higher wealth level and the rest to a lower wealth level, such that the total pooled wealth
is exhausted. Notice that the wealth lotteries create inequality, i.e. if we take a number of
agents with equal wealths and they play the lottery, as a result they are split into two groups
(�losers� and �winners�) with potentially very different wealth levels. This shows that such type
of welfare improving arrangements can lead to increased inequality, i.e. equity and efficiency
do not align perfectly in this case.

21More details on the numerical computation methods used, including the actual Matlab codes used to
compute the solutions, are available from the author upon request.
22In the borrowing/lending regime a non-concavity may occur at the wealth level at which agents are

indifferent between being borrowers and lenders (see Þg. 2b).
23Unless one of the occupations provides higher utility for all wealth levels.
24Lehnert (1998) and Rosen (2002) also discuss this property of discrete choice models.
25See Besley, Coate and Loury (1993), Besley and Levenson (1996), and Calomiris and Rajaraman (1998).
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In the remainder of the paper, I look at the implications of the model regimes described
above when ex-ante wealth lotteries are or are not allowed. The no-lottery contracts simply
state that the agent chooses the occupation that provides her with higher utility given her
wealth but she does not have the opportunity to make this wealth higher by pooling with other
agents and entering a lottery. Thus, I am interested to see whether allowing for the agents to
participate in wealth pooling arrangements can help alleviate the constraints imposed by the
structure of the feasible Þnancial contracts with the intermediary. The welfare effect of the
lotteries and their effect on inequality are studied as well.

2.2.2 Equivalence of Allocation Lotteries and Wealth Lotteries

Let me now describe in more detail the technique used to solve the insurance/transfers problem
since it represents a new approach for solving moral hazard problems with lotteries. The
commonly used in the existing literature method of solving these types of problems numerically
is to choose discrete grids for the possible values that c, z and k can take and solve the resulting
constrained linear program with respect to the probabilities π(c, q, z, k). Although this method
is very general and does not rely on almost any assumptions about the functional forms used, it
has several major drawbacks. First, even with very modest grid sizes, e.g. 10 points each, the
dimension of the problem expressed in the number of variables and constraints is very high26.
This �dimensionality curse� requires a lot of computer memory and time, especially when one
wishes to use denser grids. On the other hand, if too coarse grids are used, the quality of the
solution deteriorates and the results may be unreliable. A second shortcoming of the linear
programming approach is that discretizing the problem using grids may introduce so-called
�grid-lotteries� which arise when the true solution is between two of the grid points. These
lotteries have no economic interpretation and may �contaminate� the solution. Finally, if the
grid end points turn out to be chosen incorrectly, it is possible to obtain a corner solution when
in fact the true solution is different. Because of these reasons, I use the particular structure
of the occupational choice model and propose a new method of solving such moral hazard
problems with lotteries.
The main innovation in my approach is that it transforms the original problem into an

equivalent one which involves solving two non-linear constrained optimization problems, one
for each occupation. The basic idea is to use a result similar to the one of Cole and Prescott
(1993) which shows that solving the linear program with lotteries, (4), is equivalent to the
two-stage process of solving the optimization problems for the two occupations separately and
then computing the necessary lottery over wealth only, as described above.
Under the insurance regime, the problem of the bank contracting with an entrepreneur

can be written as follows:

max
k,z,ch,cl

u∗(z, k) ≡ pe(z, k)u(ch, z) + (1− pe(z, k))u(cl, z) (11)

s.t. z ∈ argmax
z

u∗(z, k) (ICC)

pe(z, k)ch + (1− pe(z, k))cl = r(a− k) + pe(z, k)θqh (BE1)

26With 10 grid points each for c, z and k and 2 output levels, the number of variables in the program is 2000
and there are 1102 constraints.
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The interpretation is that the bank sets k, ch and cl and recommends an effort level z,
which maximize the expected utility of the entrepreneur subject to two constraints: Þrst, the
recommended effort level must be indeed the optimal one chosen by the agent given k, ch and
cl, and second, the bank must break even, i.e. the expected outlays (the left hand side of
(BE1)) must be equal to the expected income (the right hand side). Intuitively, what happens
is that the agent commits to giving all her wealth and output to the bank27 and in exchange
obtains transfers of ch or cl depending on the state of the world.
The problem of the intermediary contracting with a worker is similar, except that there is

no need of the incentive compatibility constraint (ICC) as effort is fully observable. Due to
the concavity of the utility function, it is optimal to set consumption and effort equal in the
two states. Thus we can write the problem of the bank simply as28:

max
z,c

u(c, z) (12)

s.t. c = pw(z)wh + ra (BE2)

The second constraint is simply (BE1) written for this problem since now ch = cl and k = 0.
The following result provides the basis of the method used to solve for the optimal contract

in the insurance regime.

Proposition 1 (Equivalence Between Allocation Lotteries and Wealth
Lotteries)

Assume that the agent�s utility function is separable in effort and consumption,
strictly concave in consumption and strictly convex in effort. Then the optimal
effort, investment, and consumption levels29 corresponding to the solution of the
linear moral hazard program (4) (the �allocation lottery problem�) coincide with
the solutions of the optimization problems (11) and (12) combined with an ex-ante
lottery over wealth only (the �wealth lottery problem�).

Proof:
The idea for the proof is based on Proposition 5 in Cole and Prescott (1993). Basically,

we need to show that for any given wealth level, a, the contract (c, q, z, k) resulting from
the solution of the allocation lottery program can be mapped into the solutions of the opti-
mization problems (11) and (12) combined with an ex-ante lottery over wealth. The unique
(because of concavity) solution to the allocation lottery program is the set of probabilities30

{π∗(c, q, z, k|a) > 031} satisfying the constraints in (4), whereas the solution to the wealth
lottery problem can be written as (c∗j(a1), z

∗(a1), k∗(a1)), j = l, h and (c∗j(a2), z
∗(a2), k∗(a2)),

j = l, h together with a probability µ∗(a) such that

a1(1− µ∗(a)) + a2µ∗(a) = a (13)

27Output and wealth are observable and it is assumed that it is not possible to hide any of them.
28Note that I could have written the problem in its general form as in (11) and then show that the solution

satisÞes ch = cl. I take a shortcut instead and impose the latter condition to make the problem simpler.
29I.e. the optimal contracts between the agents and the intermediary.
30I will refer to this set as the set of optimal contracts.
31I disregard zero probability contracts as they have no economic interpretation.
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and where c∗j , k
∗ and z∗ are the solutions to (11) and (12). It is also clear that q in π∗(c, q, z, k|a)

can take only the values 0, θqh and wh due to technological feasibility.
Notice that, given our assumptions about the preferences (separability plus strict concav-

ity) and the production function, the problems (11) and (12) have unique solutions in terms
of c, z, k for any given value of a. Also, by the envelope theorem, the indirect utility func-
tions vE(a) and vW (a) are concave, thus when wealth lotteries are used for convexiÞcation the
losers and the winners of the lottery would have different occupations. Suppose that, without
loss of generality, an agent with wealth a2 would optimally choose to be an entrepreneur (i.e.
vE(a2) > v

W (a2)), whereas an agent with wealth a1 would optimally choose subsistence work.
Let us denote Π1 ≡ {π∗(c, q, z, k|a) | k = 0}, to be the set of contracts under which the agent
is a worker and Π2 ≡ {π∗(c, q, z, k|a) | k > 0}, to be the set of contracts under which the
agent would be an entrepreneur32.
Suppose that there exist two optimal contracts π∗1(c1, q1, z1, k1) and π

∗
2(c2, q2, z2, k2) in Π2,

such that their corresponding effort/investment assignments are not the same, i.e. (z1, k1) 6=
(z2, k2). As u and p are concave in z and k, this would imply that a linear combination
of the two would achieve higher utility for the entrepreneur and still be feasible which is a
contradiction. Thus it must be the case that z1 = z2 = z

1 and k1 = k2 = k
1 implying that

there are only two elements in Π2, π
∗
21(c

1
h, θqh, z

1, k1) and π∗22(c
1
l , 0, z

1, k1). Similarly, there are
only two elements in Π1 : π

∗
11(c

2
h, wh, z

2, 0) and π∗12(c
2
l , 0, z

2, 0).
Now we only have to show that (cij, z

i, ki) = (c∗j(ai), z
∗(ai), k∗(ai)) for j = l, h, i = 1, 2

to Þnish the proof. DeÞne �π11 = (1 − µ∗(a))p(wh|z∗(a1), 0), �π12 = (1 − µ∗(a))p(0|z∗(a1), 0),
�π21 = µ∗(a)p(θqh|z∗(a2), k∗(a2)), and �π22 = µ∗(a)p(0|z∗(a2), k∗(a2)). It can be seen imme-
diately from (BE1), (BE2) and (ICC) together with (13) that the vector (�π11, �π12, �π21, �π22)
satisÞes (6) and (7). It also satisÞes (5) and (8) by construction thus it is feasible for

the linear program (4). Conversely, (5) implies that
π∗11

p(wh|z2, k2) =
π∗12

p(0|z2, k2) ≡ µ1 and

π∗21
p(θqh|z1, k1) =

π∗22
p(0|z1, k1) ≡ µ2. Then from (8) we have that µ1 + µ2 = 1, i.e. it is clear

that (zi, ki), the implied cij, and µ1 and 1 − µ1 satisfy the constraints of (11) and (12) to-
gether with (13) and thus are feasible for the wealth lottery problem. Finally, suppose that
(c∗j(ai), z

∗(ai), k∗(ai)) together with µ1 and 1−µ1 is not maximizing for the wealth lottery prob-
lem, i.e. some agent can achieve higher utility. But then the mapping of (c∗j(ai), z

∗(ai), k∗(ai))
and µ∗ into the π-contracts described above would produce an allocation in which all agents
are at least as well off as in (π∗11,π

∗
12,π

∗
21,π

∗
22) which is a contradiction.¥

The proposition states that under some mildly restrictive assumptions we can replicate
the solution to the allocation lottery problem (4) by using only a wealth lottery among the
agents with a given wealth level, a. This implies that the only contribution of the allocation
lotteries is to allow agents to engage in implicit lotteries over wealth. The agents Þnd it
optimal to participate in such wealth lotteries as their indirect utility of wealth has convex
regions induced by the indivisibility of occupational choice.
Showing the equivalence between the solutions of the allocation lottery and the wealth

32It can never be optimal to assign k = 0 for an entrepreneur as this implies zero output at any effort level,
whereas if the agent were assigned to be a worker at the same effort level, she would produce positive output.
Thus all agents assigned entrepreneurship will have k > 0.
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lottery problems as described above is the Þrst step of the computational algorithm used to
solve for the optimal insurance/transfers contract. The main purpose of this step is to reduce
the dimensionality of the problem by making possible to solve the problems of agents of
different occupations separately. Moreover, it was demonstrated that under our assumptions
wealth lotteries are sufficient to reproduce the optimal contracts, i.e. we can disregard any
other types of possible allocation lotteries.
The next question is how to solve the problems (11) and (12) and how to compute numer-

ically the wealth lottery which is equivalent to convexifying the v(a) function. One possibility
is to use the linear programming approach separately for each occupation but this has all the
disadvantages discussed above. Instead, I solve the problems in their non-linear form. The
worker�s problem (12) is a standard non-linear maximization program and can be solved by
conventional optimization methods. To solve the entrepreneur�s problem (11), however, we
need to transform the incentive compatibility constraint (ICC) into a more manageable form.
The standard way to do this is to replace it by the Þrst order condition of the maximization
problem with respect to effort. This is known as the �Þrst order approach�. As demonstrated
by the literature33, this approach is by no means universally valid and requires some restric-
tive properties to be satisÞed by the probability function deÞning output as a function of
effort. The next result shows that the Þrst order approach is valid under our assumptions,
i.e. the solution obtained by replacing the maximization problem in (ICC) with its Þrst order
condition is a maximum of the objective function of (11).

Proposition 2 (Validity of the First Order Approach)

The production function pe(q|z, k) satisÞes the monotone likelihood ratio property
(MLRP) and the convexity of the distribution function condition (CDFC) implying
that the Þrst order approach is valid.

Proof:

Let us Þrst verify the MLRP which means that we need to prove that
∂pe(q|z, k)

∂z

1

pe(q|z, k)
is non-decreasing in q. Since there are only two possible levels that q can take in the model,
we simply need to show that:

∂(1− kαz1−α
1+kαz1−α )

∂z

1

1− kαz1−α
1+kαz1−α

≤ ∂( kαz1−α
1+kαz1−α )

∂z

1
kαz1−α
1+kαz1−α

which is obviously true as the left hand side is negative and the right hand side is positive.

Now let us verify the CDFC which is equivalent to showing that
∂2pe(q1|z, k)

∂z2
and

∂2pe(q1|z, k)
∂z2

+
∂2pe(q2|z, k)

∂z2
are non-negative where q1 and q2 are the two possible output

levels and q1 < q2. The Þrst expression is equivalent to:

∂(− (1− α)k
αz−α

(1 + kαz1−α)2
)

∂z
=
α(1− α)kαz−α−1(1 + kαz1−α) + 2(1− α)2k2αz−2α

(1 + kαz1−α)3
> 0

33See for example Mirlees (1975) and Rogerson (1985).
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We also have:

∂2pe(q2|z, k)
∂z2

=

∂(
(1− α)kαz−α
(1 + kαz1−α)2

)

∂z
= −∂

2pe(q1|z, k)
∂z2

thus the second expression is non-negative as well. Given these results, Proposition 1 in
Rogerson (1985) implies that the Þrst order approach is valid in our setting.¥

The proof of the sufficiency of the MLRP and CDFC for the validity of the Þrst order
approach is due to Rogerson (1985). In general, in a setting with more than two output levels,
the two conditions become more restrictive but they can still be satisÞed by carefully specifying
the production function. Notice that the numerical solution method proposed in the paper
does not necessarily require the use of the Þrst order approach since a signiÞcant improvement
in computational speed and memory usage is achieved already by decomposing the problem
into two smaller problems, one for each occupation. Using the Þrst order approach, however,
allows us to speed up the computation even further and to abstract from grid issues.
Having shown that the Þrst order approach is valid, we can replace the (ICC) by the

Þrst order condition
∂u∗

∂z
= 0 which is a non-linear equality constraint in z, c and k and

use non-linear optimization methods to solve the problem. The only remaining issue is the
wealth lottery, which is equivalent to convexifying v(a) = max{vE(a), vW (a)} by taking its
upper convex hull, vC(a). This step is performed by choosing a dense discrete grid on wealth a,
computing the value of v(a) at the grid points by solving directly the non-linear problems (11)
or (12), and then computing the upper convex hull34 of the points with coordinates (aj, v(aj))
where aj, j = 1, ..n are the points in the grid. After the convex hull is computed, we can
evaluate it at any wealth level a by using a cubic spline approximation35. Knowing the convex
hull of v, however, gives us only the indirect utility value obtained by an agent with a given
wealth a. To get the actual optimal contract between the agent and the bank, we also need
to know at which values for a (if any) wealth lotteries will be used at the optimum. This
amounts to solving for the points A and B on Þg. A.1. In the numerical algorithm these two
points are found by comparing the values of the convex hull function vC(a) with the maximum
function v(a) and taking the Þrst and last grid point at which they differ. Once A and B are
computed, we know that all agents with a ∈ (a1, a2) optimally participate in a wealth lottery
with payoffs the wealth levels a1 and a2. The probabilities of getting each level are backed out
from the distances among a, a1 and a2. The rest of the agents do not participate in wealth
lotteries as the indirect utility function is concave at their wealth endowments.
The proposed method of solving for the optimal insurance/transfer contract described

above has the following advantages over the standard linear programming method used in the
existing literature. First, no grids are used in the optimization, which reduces the memory
and computational time requirements. The relative performance in terms of computational
speed is about ten to twenty times higher for the non-linear approach proposed here compared
to the linear programming approach using standard non-commercial maximization routines

34The convex hull computation method is based on the Quickhull algorithm (see Barber, Dobkin and
Huhdanpaa, 1996).
35The full details of the numerical algorithm plus the program codes that implement it are available from

the author upon request.
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and average grid sizes. Second, using non-linear methods improves the solution precision as
the optimization is done on continuous as opposed to discrete sets of values. Third, lotteries
are used only and exactly when they are needed, in contrast to the allocation lottery formu-
lation in which grid lotteries are prevalent and can affect the results. Finally, the results of
the optimization do not come out in the form of the artiÞcial objects π(c, q, z, k) which are
harder to interpret from an economic point of view. Instead, we directly obtain the assigned
consumption transfer, investment and effort levels. A potential disadvantage of the proposed
method is that it relies on more restrictive assumptions compared to the linear programming
method which could limit its applicability in some particular settings.
As in the savings only and the borrowing/lending regimes, it is also possible to solve for

the optimal insurance contract when wealth lotteries are not present (i.e. when the agents
or the intermediary cannot implement rosca-type arrangements). In the allocation lottery
interpretation this is equivalent to restricting the possible allocation lotteries to the values of
one and zero only36. Thus, in total, there are six possible Þnancial contract regimes which are
studied in the paper37:

1. Savings only contract without wealth lotteries (SNL)
2. Savings only contract with wealth lotteries (SL)
3. Borrowing and lending contract without wealth lotteries (BNL)
4. Borrowing and lending contract with wealth lotteries (BL)
5. Insurance contract without wealth lotteries (INL)
6. Insurance contract with wealth lotteries (IL)

2.3 Model Implications

This section describes the results of a numerical simulation of the model using the functional
forms described above. All six types of Þnancial contracts are considered. I start with some
static properties of the model solution and then turn to the model�s dynamic implications. The
main purpose of the section is to demonstrate the salient features of the model and to provide
a clear picture of the differences among the contract regimes with regards to consumption,
investment, effort, and occupational choice from a static point of view and output, inequality,
and the level of entrepreneurship from a dynamic point of view. Table B.1 lists the parameters
at which the model is simulated for each contract type. The parameter values correspond
to the maximum likelihood estimates of the parameters of the insurance with lotteries (IL)
contract which is found to Þt the data best. A detailed description of how these estimates
are obtained is available in the next section. The fact that the model is simulated using the
estimated parameter values allows us to be more conÞdent of the empirical relevance of the
results.

2.3.1 Statics

Let us Þrst look at the static implications of the model. Figures A.2, A.3 and A.4 characterize
the model solution for the three contract types. In the top panels of Þg. A.2, we see the

36For more details see the discussion in Lehnert (1998) who follows this approach using the linear program-
ming solution method.
37The abbreviations in the brackets refer to the regime names used in the empirical section and the tables.
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indirect utility functions for workers and entrepreneurs in each of the three regimes. They
are all globally concave with the exception of the one for the borrowing entrepreneurs which
consists of two concave parts. The non-convexity occurs at the point where agents shift from
being borrowers to lenders. The graphs illustrate clearly the case for Pareto improving wealth
lotteries as described above. Notice also the potential role of lotteries in convexifying the
non-concave portion of the borrowing/lending (B/L) indirect utility function.
Consumption is depicted in the second and third rows of graphs in Þg. A.2. We see that,

under the insurance contract, the gap between consumption in the high and low states is the
smallest. Under the B/L contract consumption in the zero output state is zero for low wealth
levels. The insurance contract provides positive consumption under failure for the low wealth
entrepreneurs and full consumption smoothing for the workers which is efficiency improving.
Notice the discrete jump in consumption under success in the B/L contract when agents shift
from borrowing to self-Þnancing and the effective interest rate faced by them drops from R to
r.
Fig. A.3 shows the behavior of effort, investment, borrowing, and the probability of

being entrepreneur as functions of agent�s wealth. Entrepreneurial effort and investment
are both increasing in wealth due to their complementarity in production and the fact that
investment becomes relatively cheaper as more wealth is accumulated. Notice that low wealth
entrepreneurs exert more effort and invest more relative to the levels they would have supplied
under self-Þnancing. The intuition is that these agents are borrowers and they have bigger
incentive to exercise more effort as they become able to invest more since they want to minimize
the probability of bankruptcy and getting zero consumption. The limited liability clause in
the borrowing and lending contract and the higher repayment rate charged by the bank as a
result induce a higher effort level from such agents. Worker�s effort decreases in wealth in all
model regimes implying a strong wealth effect - the richer the workers become, the less they
have to work and the higher their demand for leisure. Once again, notice the discontinuous
drop in effort and investment when agents shift to self-Þnancing in the B/L contract and no
longer face the incentive compatibility constraint.
Looking across the contract types, observe that entrepreneurial effort is on average highest

under the borrowing and lending regime and lowest in the insurance one. This is due to the
fact that, given the consumption smoothing provided by the intermediary, the agents do not
have to work as hard to avoid the bad state of the world. By construction, no borrowing
is possible in the savings only setup, whereas agents with low wealths are being lent money
by the intermediary under the insurance and the B/L contracts and can potentially become
entrepreneurs at lower wealth levels. Borrowing is decreasing in wealth as agents turn to
self-Þnancing trying to decrease the impact of the incentive compatibility constraint.
The six model regimes have signiÞcantly different predictions about the expected prob-

ability of being entrepreneur38 as a function of wealth (see the bottom panels of Þg. A.3).
The main differences occur for low wealth levels. We see that the SNL regime predicts zero
entrepreneurs for all wealth levels up to .2, whereas the corresponding cutoff is only .05 for
the BNL regime and all agents may become entrepreneurs with positive probability in the in-
surance setting. Augmenting the Þnancial contracts with lotteries helps the low wealth agents

38The probabilities were computed by integrating over the talent distribution instead of holding θ Þxed in
order to be more consistent with the empirical part of the paper.
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by giving them the opportunity to become entrepreneurs if they win the lottery. The effect
of adding lotteries is strongest in the insurance regime. Notice also that increasing the level
of Þnancial intermediation by moving across the three contracts increases the probability of
starting a business. The probability is increasing in wealth in general due to the existence of
Þnancial constraints in the model.
Figure A.4 depicts the differences in the indirect utilities achieved under the three Þnancial

contract regimes, including the cases when wealth lotteries are and are not allowed. We see
that, once again, the biggest differences occur for the low wealth Þnancially constrained agents,
especially in the savings and borrowing/lending settings. As expected, allowing for wealth
lotteries improves the welfare of only the agents with wealths in the non-concave portion of the
upper envelope of the indirect utility functions for the two occupations. The insurance contract
provides strictly higher indirect utility for both occupations (especially at low wealth levels)
due consumption smoothing. The borrowing/lending contract also dominates the savings only
contract for the entrepreneurs, with this effect being strongest at low wealth levels as agents
are allowed to borrow.
To measure in real terms the magnitude of the differences in utility obtained under the

various contractual structures at the given parameters, I compute the utility equalizing con-
sumption supplements which would make an agent indifferent between two contractual regimes
(see Table B.2). For example, we see that banning wealth lotteries in the insurance setup would
require a 0.06% raise in consumption on average (over all wealth levels) and 0.85% for the
agent who is most affected, to make her indifferent to the case when lotteries are allowed.
The same numbers are two to three times lower for the other regimes. We see that the direct
welfare improving effect of lotteries is not very strong at the chosen parameter values but
alternative simulations show that this effect can be much stronger, especially if risk aversion
is higher. The comparison across the three types of Þnancial contracts reveals larger utility
differentials. On average, to move an agent from a borrowing and lending to a savings only
world would require an average consumption supplement of 0.1% (0.58% maximum), whereas
the same shift starting from the insurance contract would require 2.8% additional consump-
tion on average, but more than 13% for the worst affected agents39. These numbers imply
that more complex Þnancial contracts have the potential to lead to signiÞcant welfare gains
at least in a static sense.

2.3.2 Dynamics

Let us now move to the dynamic implications of the model40. To characterize the dynamics,
I have simulated the model economy under the six different contractual regimes listed in the
previous section. The parameters used are again the ones from Table B.1. The only difference
is that the interest rate, r, is now taken as endogenous in the simulations, i.e. it is chosen to
make borrowing equal to lending in each of the regimes in order to get more realistic dynamics.
The savings rate, s, is set to .25 which is in the ballpark of the levels observed in Thailand.
All agents (500 in the simulation) start with zero wealth.

39The compensating differentials can be signiÞcantly higher (up to 70%) for other parameter conÞgurations.
40Since the model lacks realistic dynamic elements like endogenous savings rate or capital accumulation, the

resulting dynamics are quite simplistic and are provided mainly as an illustration.
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Looking at Þgures A.5-A.7 we observe rising income, investment, consumption, and num-
ber of entrepreneurs over time which matches qualitatively the patterns observed in growing
developing countries. Investment is lowest in the savings only regime as all of it is self-Þnanced.
Allowing for wealth lotteries makes the most dramatic difference to the results in the savings
only setup - without lotteries, output converges to a lower level, investment is signiÞcantly
reduced and fewer agents become entrepreneurs. This implies that, apart from their static
welfare effects, wealth lotteries can be also welfare improving in a dynamic sense. This is
demonstrated in the average utility panel on Þg. A.5 as well. This improvement, however,
comes at the cost of a higher wealth inequality level. Comparing the Gini coefficients in the
lottery and no-lottery economies, we see that inequality is about 10% higher in the former.
The intuition for this result is that lotteries create inequality by shifting agents with ex-ante
equal wealths to different wealth levels.
Under the borrowing/lending and insurance contracts (Þg. A.6-A.7), we observe an in-

crease in borrowing over time, as well as an increase in the ratio of borrowing to output (not
depicted) especially in the early periods. This implies an increase in the degree of Þnan-
cial intermediation in the model economy which matches stylized development facts. Wealth
inequality is also rising as the economy grows, matching the Thai experience. The wealth lot-
teries do not seem to have a dramatic effect on the results for these two contract types, perhaps
because few agents fall into the relevant wealth range. Nevertheless, the lottery economies do
perform slightly better than the no-lottery ones, especially in the insurance case.
Comparing across the contractual regimes we see that the highest output and investment

levels are achieved under the borrowing and lending contract and the lowest are observed
under the savings only regime. The difference in the maximum levels of output attained is
around 20% with lotteries and 30% without lotteries. In contrast, the average utility level
is the highest in the insurance contract, followed by the B/L and savings only ones. These
results come to warn us that the highest output levels are not always equivalent to the highest
welfare levels. Thus economic policies aimed solely at raising output may actually lead to
lower utility on average. The reason for this misalignment of what we usually believe to be
equivalent policy objectives is that the average effort and investment levels under the insurance
regime are lower compared to the B/L regime as agents� incentives to work hard are mitigated
by the consumption smoothing provided by the intermediary. This leads to a lower probability
of success and, hence, lower achieved output levels. I conclude that enriching the Þnancial
contracts structure is welfare improving in the dynamic sense41 as well, although it may not
necessarily lead to maximum output.
Entrepreneurship is also strongly affected by the form of the Þnancial contract available

in the economy. The borrowing and lending contract gives rise to the highest levels of entre-
preneurship (30%), closely followed by the insurance contract (25%), while the SNL regime
features much less businesses (10%). With regards to inequality, both the savings only and
the B/L regimes have much higher Gini coefficients (0.66 to .76) compared to the one observed
under the insurance contract which peaks at 0.25. The reason for this result is the consump-
tion smoothing inherent in the insurance regime which brings the levels of consumption and
savings (and hence next period�s initial wealths) of successful and unsuccessful agents closer

41Note, however, that one must take these results with some caution as the model in the paper is not a
full-blown dynamic model but rather a dynastic model with exogenously Þxed saving rate.
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to each other. The different degree of consumption smoothing across the contracts can be
seen also in the consumption panels of Þgures A.5-A.7.
To summarize, I have shown that the three contract types have signiÞcantly different

implications with respect to various economic variables including the probability of entrepre-
neurship as a function of wealth. The differences are most pronounced at low wealth levels.
These results provide the basis for the next section in which I perform a maximum likelihood
estimation and statistical comparison tests of the model regimes aiming to identify which of
them Þts best the wealth-occupation pattern observed in the Thai data. The fact that the
regime predictions differ mostly for low wealth agents is helpful as the wealth distribution in
the data is heavily skewed to the right.

3 Structural Maximum Likelihood Estimation

To broaden our understanding of how differences in the structure of the available Þnancial
contracts affect agents� occupational choices, I make an empirical evaluation of the goodness
of Þt of the six model regimes presented above using data on village households in Thailand.
First, I perform a structural maximum likelihood estimation of each regime and obtain es-
timates for the parameters used. The estimation is done for the whole sample and also for
various sub-samples of households. The parameter estimates are then analyzed in terms of the
implied relationship between the model and the data. Next, the six contractual structures are
compared pairwise in order to identify the regime that comes closest to the data generating
process.
Here is the place to acknowledge the potential limitations of the structural estimation

method: in some cases it may be hard to distinguish testing of the imposed model structure
versus testing the actual relationships between the data variables we are interested in. The
paper tries to address these concerns by using ßexible functional forms and by imposing a
consistent preference and technology structure across the model regimes. Nevertheless less
structural semi- or non-parametric methods of looking at the data, as well as various other
robustness checks, should deÞnitely be of high priority on the future research agenda.

3.1 Data and Estimation Methodology

To perform a maximum likelihood estimation of the model, I use data from Robert M.
Townsend�s socioeconomic survey of Thai villages42. The survey was Þelded in 1997 in four
provinces located in different regions of Thailand. The sample used in this paper consists of
2313 households, about 14% of which run a business. Consistent with the model, a business is
deÞned as basically anything different from subsistence farming. The households in the sam-
ple originate from two distinct parts of the country: the rural and semi-urban central region
close to the capital and the much poorer and more traditionally rural northeastern region.
The survey data includes information on household wealth, occupational history, access to
and use of various formal and informal Þnancial institutions, and detailed demographic and
educational characteristics. Economic theory suggests that characteristics of this type are

42For a more detailed description of the data see Paulson and Townsend (2002), Binford, Lee and Townsend
(2001), and also Robert Townsend�s website: http://www.src.uchicago.edu/users/robt
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important determinants of the household�s decisions regarding supply and demand of credit
and choice of occupation. The paper uses the variability in household characteristics to test
the relative performance of the model regimes, anticipating that different model setups will
perform best in the different data stratiÞcations.
The sample focuses only on businesses started within a Þve-year period prior to the survey,

which was done to obtain a more accurate assessment of the process of transition into entre-
preneurship. Consistent with that, the household wealths in the data correspond to six years
prior to the survey date, i.e. to wealths prior to choosing whether to become an entrepreneur.
All non-positive wealth observations, as well as the outlier observations from the top wealth
percentile were removed from the original dataset.
Table B.3 presents a statistical summary of the data, with separate sections for the central

and North-East regions. We see that the distribution of household wealth is highly skewed
to the right with the median much lower than the mean. Thus the sample is characterized
with relatively few very rich households and many relatively poor ones. This would help us
distinguish better among the model regimes since the biggest differences in their implications
occur exactly at low levels of wealth. The fraction of entrepreneurs is 14% for the whole sample
and it crucially depends on education, with only 9% of the low education agents running a
business, while this number among the ones with more than 4 years of education is 21%. The
mean wealth of agents with Þnancial access is about two times higher than that of agents
without Þnancial access which can be treated as evidence for borrowing being dependent on
wealth and/or for the existence of borrowing constraints for poorer households. The agents
with Þnancial access are also characterized with a higher fraction of entrepreneurs (16%)
compared to the ones without Þnancial access (12%). Finally, entrepreneurs are on average
two times richer than workers. As already mentioned, the North-East region is much poorer
than the central one (the mean wealth is 3.5 times lower) and features very high skewness of
the wealth distribution. There are also much less entrepreneurs in the North-East compared to
the central region (9% versus 19%). As in the aggregate data, in both regions entrepreneurship
is strictly increasing in the level of education and access to credit.
Figure A.8 which is taken from Paulson and Townsend (2002) displays the results of a

non-parametric regression of the probability of starting a business on wealth. We see that
the relationship between wealth and the probability of becoming entrepreneur in the data
is positive in general which is a symptom of Þnancial constraints. We already saw that the
model in the paper is able to provide such a relationship. Two effects working in opposite
directions can be responsible for the particular shape of this relationship. On the one hand,
an increase in wealth allows higher investment and makes entrepreneurship more attractive
since a higher probability of success can be achieved. On the other hand, however, higher
wealth means that the agent can consume out of her interest income and does not have to put
in high effort so she may choose to be a rentier �worker� instead (wealth effect). Depending
on which of the two effects dominates, entrepreneurship can potentially decrease or increase
with wealth.
Apart from wealth, the other important determinant of the probability of starting a busi-

ness is the agents� entrepreneurial ability. The model accounts for ability through the para-
meter θ which has been held constant so far, but which is allowed to vary in the estimation
procedure below. More speciÞcally, I assume that talent is unobserved by the econometrician
but follows a known distribution characterized by parameters which are to be estimated. For-
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mally, the talent variable, θ, is assumed to be continuously distributed on the unit interval
[κ,κ + 1] with a probability density function η(θ) = 2m(θ − κ) + 1 − m, where κ ≥ 0 and
m ∈ [−1, 1] are parameters which will be endogenously determined during the estimation.
The parameter m characterizes the shape of the talent distribution. When m is equal to zero,
talent is uniformly distributed. When m is one, more mass is put on high ability agents,
whereas for m equal to -1, most of the mass is put on low-talent agents. Notice that despite
the model assumption that talent is independent of wealth, we can still study the interaction
between these two variables by looking at different data stratiÞcations, taking wealth as given.
The independence assumption is without doubt restrictive but notice that even if wealth is en-
dogenous (e.g. if we assume that high ability agents have accumulated more wealth), Þnancial
constraints would still matter and the results would still differ across the contract types.
I test the empirical relevance of the model by performing a maximum likelihood estimation

of the probability of being entrepreneur generated by the model and the observed household
occupational status from the data. The log-likelihood function can be written as:

L(φ) ≡ 1

N

NX
i=1

Ei lnH(ai|φ) + (1−Ei) ln(1−H(ai|φ))

where N is the number of observations, Ei is a binary variable which takes the value of 1 if
agent i is an entrepreneur in the data and 0 otherwise, ai is the wealth of agent i in the data,
φ is a vector of model parameters as described below, and H(ai|φ) is the expected probability
of being entrepreneur generated by the model for an agent with wealth ai integrated over the
unobserved talent variable.
The probability of being entrepreneur generated by the model, H(ai|φ), is a function of

the following parameters which are the elements of φ43:
γ1 - the coefficient of risk aversion;
γ2 - a curvature parameter of the disutility of effort;
λ - a multiplicative constant governing the relative weight of utility derived from

consumption or leisure;
q - a parameter determining the higher value of output for the entrepreneurs;
α - the investment share in the probability of success function;
m - a parameter governing the shape of the talent distribution;
κ - a parameter determining the support of the talent distribution;
w - a parameter determining the higher value of output for the workers;
r - the interest rate;

The Þrst eight parameters are estimated, meaning that the log-likelihood function is max-
imized with respect to them. The interest rate is set to 1.25 as found in the Thai data. The
likelihood maximization is performed separately for each of the six model regimes described
above as the implicit function H(ai|φ) differs across them. Given a wealth level a = ai, the
model generates a value for the probability that a person with such wealth is an entrepre-
neur. Maximum likelihood estimation is then used to recover the model parameters which
provide the best match between these generated probabilities and the actual occupation sta-
tus observed in the data. To ensure identiÞcation, the wealth levels from the Thai data were
normalized to lie on the interval (0, 1].
43See also the description of the model above.
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The numerical procedure used to solve the likelihood maximization problem comprises
of the following steps44. First, for any parameter vector, φ, and any given values for θ and
a, we need to solve the relevant non-linear optimization program and compute the implied
probability of being entrepreneur, h(a|φ, θ). In this step, I use extensively the results of
Propositions 1 and 2 to optimize the numerical solution procedure using the proposed two-
stage non-linear computation method. Second, since θ is assumed to be unobserved by the
econometrician, we need to compute the expected value of h(a|φ, θ) integrating over θ, i.e.
he(a|φ) ≡

1+κR
κ

h(a|φ, θ)η(θ)dθ. The method used is Gauss-Legendre quadrature with 5 nodes for
θ (see Judd, 1998). It represents a commonly used numerical integration technique performed
by evaluating the integrand at suitably selected nodes in the support. The method was chosen
because it minimizes the number of function evaluations and also because of its nice asymptotic
properties.
Due to computation time considerations, I cannot afford to compute he(a|φ) at all data

points for wealth (2313 in the whole sample), so I construct a 20-point non-uniformly spaced
grid45 on [0,1] and compute he(a|φ) only at the grid points. In order to be able to compute
the probability for all wealth points in the data, I use a cubic spline interpolation on the grid,
which generates the probability of being entrepreneur predicted by the model for given wealth
level a, H(a|φ).
The actual maximization of the log-likelihood function, L(φ), is done as follows. First, in

order to ensure that a global maximum is reached, I perform an extensive grid search over the
eight parameters and pick the parameter conÞguration which maximizes L as the vector of
initial parameter values for the actual optimization procedure. Second, given this initial guess,
I solve the non-linear optimization problem of maximizing L to obtain the maximum likelihood
estimate φ∗. The solution procedure represents a generalization of the polytope method using
the Nelder-Mead simplex algorithm. It was chosen because of its high reliability, relative
insensitivity to different initial values, and good performance with low-curvature objective
functions, such as those that usually appear in multivariate likelihood maximization problems.
The standard errors for the parameter estimates are computed by taking an approximation

of the parameter covariance matrix, using the outer product of gradients (OPG) method,

M = SS0/n, where S denotes the n × 8 matrix of score vectors, S.j = ∂L(φ)

∂φj
, j = 1..8

with respect to the estimated parameters. The standard errors of the estimated parameters
are then the square roots of the main diagonal elements of the matrix M−1/n. The score
vectors themselves are computed using one-sided numerical differentiation of L(φ) around

the maximizing parameter values with tolerance of 10−3, i.e. the actual derivative
∂L(φ)

∂φj
is

approximated by
L(φ0)− L(φ)

h
, where h = 10−3 and φ0 = (φ1, ..φj + h, ..φ8).

44Paulson and Townsend, 2002 (see the appendix) use the same numerical estimation algorithm which was
designed and implemented by the author.
45The unequal spacing between the grid points is needed since the wealth data is heavily right-skewed.
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3.2 Estimation Results

The results of the structural maximum likelihood estimation of the six model regimes are
presented in tables B.4 - B.9. I have chosen to report results for the eight most important
data stratiÞcations: by region, wealth, and education, although numerous others were also
estimated as a robustness check.
Looking at the parameter estimates, we see that, in the cases when standard errors are

low, risk aversion γ1 tends to be lower for high-wealth stratiÞcations in most model regimes.
Risk aversion also tends to decrease with education although there are some exceptions. In
most of the cases the parameter is fairly accurately estimated, implying that its variations
across the data stratiÞcations are statistically signiÞcant. With the exception of the SL case,
the estimated risk aversion for the whole sample is relatively low - around .1. It is much
higher, however, for some of the low wealth and North-East stratiÞcations, as well as for the
SL regime.
In most of the model regimes the effort disutility curvature parameter γ2 is increasing in

the level of education indicating higher aversion to changes in the effort level. In the lottery
regimes, γ2 is also increasing in wealth. Interestingly, the estimated value for γ2 in the whole
sample increases as we move towards Þnancial contracts providing more insurance and credit:
it is around .25 in the savings only contracts, .6 in the borrowing and lending ones, and 1.5
in the insurance setup. This is another illustration of the structural differences across the
three basic regimes: different parameters values are needed to produce occupational patterns
similar to the ones in the common data. Allowing for wealth lotteries does not seem to affect
signiÞcantly the curvature parameter estimates.
The effort disutility parameter λ tends to increase on average with education although the

direct effect of wealth on it is not very signiÞcant in most of the cases. The results demonstrate
that there is variation in the preference parameters of the model across the different data
stratiÞcations, which is used to uncover the inherent relationship between wealth, ability and
Þnancial constraints in the data.
The production function parameter α is, in most cases, estimated to be slightly higher

for high wealth agents, showing that they use investment to a greater extent since it is rel-
atively cheaper for them compared to effort. Notice that the estimated investment share in
production, α, is also generally increasing in education. In most cases the ratio between the
high output levels for the entrepreneurs and the subsistence workers, q/w is estimated to be
around or above 2, which is consistent with the data for the mean wealths of entrepreneurs
and non-entrepreneurs exhibited in table B.3.
Finally, let us look at the two parameters in the model, m and κ, which govern the support

and shape of the talent distribution. For the whole sample in the B/L and the savings only
with lotteries regimes, m is close to zero, implying a uniform talent distribution. In contrast,
in the remaining cases, m is strongly negative, implying that more mass is being put on low
talent agents. However, many of the standard errors for m are quite large so these conclusions
are not always statistically signiÞcant. Looking at the results for κ, we see some conÞrmation
of the intuitive trend for higher parameter estimates as education increases, although the
non-monotonic relationship between wealth and entrepreneurship in the data may force the
optimal values of k to go in a different direction. In most cases the parameter is also increasing
in wealth.
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Looking at the likelihood values, we see that all models achieve best Þt in the North-East
region and among the low education households, while worst Þt is achieved in the central
and the high education stratiÞcations. This is mainly due to statistical reasons as the model
performs better in stratiÞcations with fewer entrepreneurs due to the lower degree of variation
in the data.

3.3 Model Comparisons

In this section, I build upon the maximum likelihood results from above by performing a
formal statistical test of how well the six model speciÞcations Þt the occupational choice
pattern in several stratiÞcations of the data. The six regimes are compared against each
other in pairs using the Vuong likelihood ratio test for non-nested models (see Vuong, 1989).
The main advantage of the method is that it does not require that any of the models which
are being compared be the true model that has generated the data. The null hypothesis of
the test is that the two compared models are equally likely to have generated the observed
data. The Vuong method involves computing a likelihood ratio test statistic which, under
certain conditions that we assume to hold and after a suitable normalization, is distributed
as a standard normal random variable.
The results of the model comparisons are exhibited in table B.10. I consider 14 data

stratiÞcations 46. I have added a few more household groups to the eight discussed above,
dealing mostly with access to different types of formal and informal Þnancing and debt. The
purpose is to try to distinguish better the implications of the different model regimes about
how occupational choice varies with wealth, education, and access to different forms of credit.
The table contains the results of ten bilateral comparisons across the six model speciÞcations.
First, I compare all no-lottery and all lottery models between each other, which is followed
by a test of the effect of including wealth lotteries within each of the three basic Þnancial
contract regimes. We see that the savings only with no lotteries setup (SNL) is rejected to be
equally likely to have generated the data when compared to both the borrowing and insurance
regimes in the whole sample and four other data stratiÞcations. This provides evidence that
the extreme form of Þnancial restrictions which it imposes is far from the data generating
process. The savings only regime also provides worse Þt with the data when compared to
borrowing and insurance in virtually all of the remaining data categories47. This is an evidence
that households in the data do have some ability to borrow or obtain insurance transfers from
Þnancial intermediaries, unlike the assumption of the savings only setup. A similar result is
true for the saving only contract with lotteries although the comparison statistic is signiÞcant
for fewer data categories. The rejection of the savings only regime by the data is intuitive:
remember that it predicts that, since no borrowing is possible, investment is limited and all
low wealth agents must be workers. In contrast, the other two regimes allow borrowing, hence
entrepreneurship might be preferred even at low wealths.
In general, the test cannot reject the null hypothesis that the borrowing/lending and the

insurance contracts are equally likely to have generated the wealth-occupation pattern ob-

46Fifty data stratiÞcations in total were estimated to check the robustness of the reported results.
47The only exception is the group of agents with education >4 years, where the comparison statistic is

insigniÞcantly positive. A possible explanation is that these agents are also among the richest and thus are
able to self-Þnance investment and save.
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served in the data in virtually all stratiÞcations. This implies that my results differ somewhat
from those of Paulson and Townsend (2002) who Þnd that limited liability constraints as in
the borrowing model are more important (i.e. provide better Þt with the data) at low wealth
levels, while constraints due to moral hazard as in the insurance contract are more important
at higher wealth levels. Of course, no direct parallel between the results in the two papers can
be drawn as Paulson and Townsend compare two models with completely different structure
in terms of production functions, preferences, etc. (the Evans and Jovanovic, 1989 and the
Aghion and Bolton, 1997 models) while the model regimes evaluated in the present paper
are much closer to each other and all feature asymmetric information, unlike the Evans and
Jovanovic model.
The fact that we cannot reject any of the borrowing and lending and insurance regimes

in favor of the other can be interpreted as evidence for incomplete insurance in the village
economies, which is consistent with the Þndings of Townsend (1994). The results suggest that
the degree of insurance in the economy observed through its effect on occupational choice
is higher than what is implied by the savings only contract but lower than the maximum
possible level which would prevail under the insurance/transfers contract. Another important
implication of the model comparison results is that the borrowing and lending and the in-
surance contracts seem to have similar ability to provide agents with credit and consumption
insurance at least measured by the likelihood of the predicted occupational choice pattern48.
Notice, however, that the savings only contract without lotteries is not rejected in the low

wealth stratiÞcations with fewer entrepreneurs (Wealth below median, North-East, Education
< 4 years and North-East, access to BAAC49). This can be interpreted as indirect evidence for
the existence of more restrictive Þnancial constraints operating for these groups of households.
It is also an evidence that a lower degree of development as in the North-East region is
more likely to be characterized with a lower degree of insurance and more restricted Þnancial
contracts.
Three of the model comparisons in table B.10 study the effect of adding lotteries to each

of the Þnancial contracts. From the theoretical results above, we know that allowing wealth
lotteries has the potential to change substantially the model implications about occupational
choice at different wealth levels. In particular, agents with wealth levels at which the upper
envelope of their indirect utility functions for the two occupations is convex can be assigned
to each occupation with some positive probability in a lottery regime, whereas if no lotteries
are present they would be assigned to just one of the occupations with probability one. The
table shows that there is considerable evidence that contracts with lotteries provide better Þt
with the data compared to their counterparts without lotteries. The result is most evident
for the savings only contract. Although quite a few of the Vuong likelihood ratio statistics
for the borrowing and insurance setups are not signiÞcant at the 10% level, the vast majority
of the signs are negative, indicating that lottery contracts achieve better Þt with the data.
An exception is the group of households from the North-East with access to BAAC Þnancing
for which the contract without wealth lotteries performs better, albeit non-signiÞcantly. The
reason for this may be the speciÞc lending practices employed by the BAAC in this region

48Dubey, Geanakoplos and Shubik (2002) show that allowing for default in Þnancial contracts like the B/L
regime can increase the dimension of the asset span thus moving the allocation closer to the constrained Pareto
optimum corresponding to the insurance regime in the current paper.
49The Bank for Agriculture and Agricultural Cooperatives (BAAC) is a dominant lender in Thai villages.
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as discussed in Paulson and Townsend (2002). We see a similar result in the SNL vs. INL
comparison as well: while the restrictive SNL contract is rejected in the central region, it
cannot be rejected in the North-East, showing once again that stronger Þnancial constraints
are likely to be more relevant for the poorer households of the North-East. The SNL regime
is also strongly rejected for agents holding debt but not for the ones with no debt, which is
consistent with the fact that no borrowing is possible in the savings only setup. A similar
result holds in the SL vs. BL comparison.
Here is the place to emphasize that one should not take the above results as direct evidence

that there should necessarily exist rosca-type wealth lottery arrangements which operate in
the Thai villages. Remember that I have shown in the theoretical section of the paper that
such lotteries can be equivalent to allocation lotteries over consumption, investment, effort
and output, i.e. what the estimation procedure picks may be the latter Þnancial arrangements
instead of wealth lotteries.
The last comparison in table B.10 looks at borrowing and lending with lotteries (BL)

versus insurance without lotteries (INL). The idea is to test whether the strength of the
effect of adding lotteries on the probability of starting a business differs between the two
types of contracts. The results show that the INL regime is rejected in favor of the BL
one in the rich central region and for agents with wealth above the median. In contrast,
the insurance regime provides better Þt (albeit insigniÞcantly) in the low wealth North-East,
Wealth below median and North-East, BAAC stratiÞcations. These Þndings suggest that more
formal contracts, such as borrowing and lending, have more explanatory power in accounting
for the occupational choice patterns for richer households, whereas informal arrangements
featuring insurance are more important for poorer households.
An alternative way to compare the model regimes� ability to Þt the occupational choice

pattern observed in the data is to generate the predicted number of entrepreneurs at different
wealth levels for each regime evaluated at the respective estimated parameter values and
compare these predictions with the actual numbers from the data. This method gives us more
descriptive information than that contained in the likelihood value by indicating why and for
what wealth levels the alternative model regimes succeed or fail in matching the data50. Table
B.11 exhibits the actual and predicted number of entrepreneurs for each of the six regimes
computed by wealth quartiles. For example, the numbers in the data column imply that there
were 80 actual entrepreneurs among the poorest quarter of the agents, 67 among the next
quarter, etc. We observe that the SNL and SL regimes fail to match the data for different
reasons - the former matches well the Þrst quartile but then greatly overpredicts the number
of entrepreneurs, while the latter severely underpredicts the degree of entrepreneurship in the
last quartile. ConÞrming the likelihood comparisons, the borrowing and lending and insurance
regimes do a much better job in matching the data although none of them seems to be able
to replicate the decline in the actual number of entrepreneurs in the second and third quartile
at the estimated parameters.

50However, notice that the method is used only for illustrative purposes since it does not provide us with
a way to statistically compare across the model regimes and, in addition, the objective of the likelihood
maximization is different and more complex than simply matching the four numbers in the data column
of Table B.11. For example notice that the INL regime matches the total actual number of entrepreneurs
perfectly but nevertheless achieves only the third highest likelihood value.
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4 Dynamics and Calibration

This section performs an empirical analysis of the dynamic implications of the model under
the different Þnancial contract regimes. The goal is to evaluate the Þt between the time
series of output growth, wealth inequality and entrepreneurship, generated by the model and
their counterparts from the Thai data. This would supplements the results from the cross-
section obtained above and show to what extent the model can explain dynamic patterns in
the data in addition to static ones. Because of the overly simplistic and mechanical way the
model dynamics are generated, the results in this section should be taken with some caution
but nevertheless should provide a useful starting point for a more complete and realistic
dynamic analysis of entrepreneurship featuring optimal endogenous savings and/or capital
accumulation decisions.
The maximum likelihood estimation performed in the previous section provides estimates

only for the static parameters of the model - the preference parameters, γ1, γ2 and λ, the
production parameters α, q and w, and the talent distribution parameters m and κ. However,
to study the capability of the different model regimes to match the dynamics of the Thai
economy, we also need to pin down certain dynamic parameters. More speciÞcally, in this
section I assume that q grows at a net rate of g each period thus the two dynamic parameters
of the model are g and the savings rate s. The method used to determine these two parameters
is calibration, i.e. I search for the best (g, s) combination which, combined with the maximum
likelihood estimates of the static parameters, produces dynamics that come closest to the
data, according to a suitably chosen metric51. The calibration process matches the following
three time series generated by each of the model regimes with Thai macroeconomic data:

- the growth rate of output,
- the Gini coefficient of wealth inequality,
- the fraction of entrepreneurs in the economy.

Due to computational reasons, I restrict attention to time series of six periods generated
by each of the model regimes52 which are matched with Thai National Statistics data from
the period 1976-1996. Thus, one period in the model is assumed to be equivalent to four
years in the data. The data for the income growth rate, Gini coefficient, and the fraction
of entrepreneurs in Thailand were taken from successive rounds of the national income and
expenditures Socio-Economic Survey (SES) conducted by the Thai government. A more
detailed description of this dataset can be found in Gine and Townsend (2002), Jeong (1999)
and Jeong and Townsend (2002).
To perform the calibration, I use as a metric the normalized sum of period by period

squared deviations of the three time series generated by the model from the actual Thai data.
The normalization is done by dividing the deviations by their means from the data. Formally,
I use the following metric, proposed by Gine and Townsend (2002):

1

3

3X
j=1

1996X
t=1976

(
zsimst − zdatast

µzdatas

)2

51The approach is similar to the one used in Gine and Townsend (2002).
52To keep the setup as general as possible, I concentrate only on the regimes with wealth lotteries.
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where zst denotes the variable s (one of the three time-series being matched) at time t and
µzdatas

is the mean of the variable zdatas .
In order to be able to simulate the model, I also need data for the initial wealth distribu-

tion. This data comes from the 1976 round of the SES. I use only young households data53

as suggested by the structure of the model. The sample size is 1,325 observations. Some de-
scriptive statistics of the data are exhibited in table B.12. We see that they are qualitatively
similar to those of the Townsend dataset. The wealth Þgures are lower in nominal terms since
the data is for 1976 rather than 1997 as in the Townsend survey.
Finally, to be consistent, I need to re-estimate using maximum likelihood the eight �static�

parameters listed above from the 1976 SES data54. These parameters are needed to generate
the simulated time series for income growth, inequality and the fraction of entrepreneurs.
The results of the estimation are reported in table B.13. A signiÞcant difference from the
previous results is the good Þt achieved by the savings only model speciÞcation which cannot
be rejected by the Vuong test at a 10% conÞdence level. Moreover, the savings only contract
achieves a slightly, albeit insigniÞcantly better, likelihood value compared to the two other
regimes (see table B.14). Of course, we should not forget that this data refers to 1976 when
the Þnancial intermediation sector in Thailand was much less developed compared to 1997 so
perhaps this result should not come as a surprise55.
The parameter values from table B.13, together with the initial wealth distribution in 1976,

are used to simulate the three lottery model speciÞcations, SL, BL and IL for Þve four-year
periods which correspond to 1980-1996. The results of the calibration can be found in table
B.15 and Þgure A.9. In terms of the chosen metric, the best Þt is achieved by the insurance
speciÞcation, followed by the borrowing/lending one. Both of them match relatively well the
initial pattern of the income growth rate, although the growth rates achieved in the later
periods of the simulations are lower than the ones in the data56. The BL model matches quite
well the degree of wealth inequality but predicts no entrepreneurs. In contrast, the IL model
matches well the fraction of entrepreneurs but underestimates the degree of wealth inequality
over time. For most of the time periods, the SL model predicts zero entrepreneurs at the
estimated and calibrated parameters which is below the actual fraction in the data and it also
predicts a slightly lower inequality than observed. The parameter estimates for the savings
rate range between .29 and .46 (see table B.15), which is relatively close to the actual savings
rate of 22-33% in Thailand for the period. The parameter g has no direct counterpart in the
data and does not seem to play an important role in the calibration at least for the given
values of the �static� parameters.

53I.e. data on households who might have become entrepreneurs only recently.
54As a robustness check, I have also simulated the model dynamics, using the parameter estimates obtained

in the previous section from the 1997 Townsend data. As expected this produced signiÞcantly worse Þt.
55Indeed, when the estimation is done using 1996 SES data the BL regime provides the best Þt, which is

consistent with the Þnancial deepening process observed in Thailand.
56This is an inevitable deÞciency of the model as decreasing returns set in at high output and investment

levels.
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5 Conclusions

The recent negative economic experiences of some Asian and Latin American developing
countries who have seemed to follow the �right� macroeconomic policies have called for a
reconsideration of the way policy recommendations are made. The focus has shifted towards
studying the microeconomic underpinnings of such economic crises and identifying the key
ingredients of the economic development process operating at individual or household level.
Particularly important issues are the effects of these events on wealth inequality versus growth
and on the welfare of the poorest part of the population.
Financial constraints, wealth inequality, and differences in entrepreneurial talent are some

of the most important factors inßuencing economic development. This paper uses a model
of occupational choice under moral hazard featuring agents, heterogeneous in wealth and
ability to analyze the implications of differences in the degree of Þnancial intermediation
available in the economy on consumption, investment, effort, income growth, inequality, and
entrepreneurship. Three Þnancial contract regimes were studied and compared: a savings only
regime, a borrowing/lending regime, and an insurance/transfers regime. The regimes differ in
their assumed degree of Þnancial markets incompleteness, and thus in their ability to serve as
consumption smoothing devices.
Agents in the model can choose between two occupations, which amounts to operating one

of two different technologies. The indivisibility inherent in the occupational choice generates a
non-convexity in the indirect utility function, which makes pooling wealth among agents and
then redistributing it via lottery efficiency improving. The mechanism underlying these wealth
lotteries is similar to the one of the rotating savings and credit associations (roscas) operating
in many developing economies. To account for the existence of such informal institutions,
the paper considers the effects of including wealth lotteries in each of the three regimes listed
above.
I have analyzed the implications of differences in the structure of Þnancial contracts on

the model economy from both a theoretical and an empirical point of view, using advanced
numerical solution techniques. The model simulations show that while the insurance regime
achieves the highest utility in any given time period, it is also characterized by lower levels
of effort, which can potentially have negative dynamic effects on output. I have also demon-
strated that it is possible to achieve huge gains in income and/or welfare by switching to more
advanced Þnancial contracts. This suggests that institutional improvements in the Þnancial
intermediation sector of developing countries can have dramatic effects on the well-being of
their citizens. Allowing for wealth lotteries also leads to welfare improvements in both static
and dynamic sense, however, this may be at the cost of increased wealth inequality.
The main theoretical result of the paper is demonstrating the equivalence of lotteries on

consumption, investment, effort and output in the insurance regime to an ex-ante lottery over
wealth followed by a non-probabilistic insurance contract given the optimal occupational choice
implied by the wealth won in the lottery. This equivalence allows a signiÞcant simpliÞcation
of the numerical computation method for incentive-constrained occupational choice problems
over the commonly used in the literature linear programming approach. In addition, this
method can be easily applied to any similar type of discrete choice problems.
Entrepreneurship, viewed as an engine of economic growth, is one of the main points of

interest in the present paper. The model simulations show that entrepreneurship is strongly
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affected by the form of Þnancial contracts available in the economy. More restrictive Þnancial
regimes limit considerably the fraction of agents that become entrepreneurs due to borrowing
constraints. The potential of the model to generate differences in its implications with respect
to occupational choice under the three Þnancial contracts is used extensively in the empirical
part of the paper where I perform a maximum likelihood estimation of the various model
regimes matching the generated occupational choice patterns with those observed in the Thai
data. One of the main empirical results is the rejection of the savings only contract in favor
of the more general borrowing and lending and insurance contracts. This is an evidence for
the existence of consumption smoothing contractual arrangements in the data although not
necessarily at the incentive constrained Pareto optimal level. This is true since the Vuong
likelihood ratio test cannot reject the null hypothesis that the more limited borrowing/lending
regime is equally likely to have generated the data as the more general insurance/transfers
regime.
Testing formally for the empirical relevance of including versus not including wealth lot-

teries in the Þnancial contracts represents a contribution to the existing literature. The paper
demonstrates that augmenting each of the three contract regimes with wealth lotteries im-
proves the Þt with the data. The effect is especially strong for the savings only contract,
providing some indirect evidence for the existence and importance of asset pooling arrange-
ments in developing countries, such as Thailand.
The results described in the paper give rise to some important policy implications. We saw

that increasing the degree of Þnancial intermediation in the economy is unambiguously welfare
improving with the biggest gains achieved by low wealth households. Expanding the existing
Þnancial contracts available to the poor to include credit and insurance would help some
of them start businesses, which can raise aggregate output and consumption and improve
allocative efficiency. The theoretical and empirical Þndings also demonstrate that wealth
lottery arrangements similar to roscas can contribute in increasing welfare and efficiency as
well. Providing institutional and Þnancial support to such informal organizations in developing
countries should then prove to be beneÞcial.
Some caution must be exercised with regards to the above policy implications of the

model. Technically they would be valid only if the assumptions I have made about the source
of information incompleteness are correct, i.e. if the main problem preventing the attainment
of the Þrst best allocation is moral hazard. For instance, if limited commitment were the
predominant information imperfection in Thai villages, it may be unwise to extend credit to
poor individuals given that they may be likely to renege on the loan contract.
Several potential directions exist in which the results presented above can be improved

and extended. First, I have considered only three of the numerous possible types of Þnancial
contracts. Although they were carefully chosen because of their similarity to many Þnancial
arrangements observed in developing countries, other types of contracts do exist and deserve
attention. Second, the type of Þnancial contract present in the model economy at any given
time is exogenously set. Certainly, a more general framework allowing for endogenous changes
in the level of Þnancial intermediation over time as in Townsend and Ueda (2002) would move
the analysis closer to reality. Allowing the agents in the model to sign multiple contracts of
different types at the same time would further improve the model. Third, in the empirical part
of the paper I have used only wealth and occupational status data to perform the structural
maximum likelihood estimation of the model. Incorporating data on business income and
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wages can undoubtedly enrich the current results. Fourth, in the present model I assumed
for simplicity�s sake that entrepreneurial talent is unobservable to the econometrician and
thus I let the estimation procedure determine if any correlation between wealth and talent
exists. An alternative methodology would be to impose some structure on this relationship and
use the implied wealth-talent feedback in the estimation. Finally, semi- and non-parametric
estimation methods can be used as a robustness check of the results.
To summarize, in this paper I analyzed various static and dynamic implications of different

Þnancial contracts for the process of economic development and evaluated which contractual
structures are best suited to explain the patterns observed in the data. This �marriage�
between theory and data should be able to enhance our ability to make better empirically
backed policy recommendations based on the microeconomic underpinnings of the economic
processes involved.
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Figure A.1: Wealth Lotteries
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Figure A.5: Dynamic Model Implications, Savings Only
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Figure A.9: Model Calibration, SES Data (Best Overall Fit)



 
 
 
 
 
 
 
 

 
  

Parameter Value 
  
γ1 0.1012 
γ2 1.5167 
λ 0.3934 
α 0.8088 
q 1.0017 
θ 2.3000 
w 0.5034 
s 0.2500 
r* 1.2500 
    
  

* The interest rate r is endogenously determined in the dynamic simulations.
 
 

 
Table B.1: Simulation Parameters 
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Required Increase in Consumption 

 
 Average Maximum 

No Lottery vs. Lotttery   
Insurance 0.06% 0.85% 
Borrowing/Lending 0.03% 0.24% 
Savings Only 0.03% 0.23% 
   

Contract Comparison   
Savings Only vs. B/L 0.10% 0.58% 
Savings Only vs. Insurance 2.80% 13.56% 
B/L vs. Insurance 2.73% 13.21% 
      

 
 
 
 

Table B.2: Utility Equalizing Consumption Supplements 
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Stratification  BL v SL SL v IL BL v IL 
       

Whole sample -0.2297* 0.7722 0.5865 
Wealth below median -0.4875 0.3914 0.1179 
Wealth above median -1.1841 0.3729 -0.7878 

              
       

*The reported values are Z-statistics.      
 
 

Table B.14: Model Comparisons, 1976 SES Young Household Data 
 
 
 
 
 
 

 
              

Model logL s 1+g Metric 
       

SL -0.3647 0.3221 1.0000 1.6921 
BL -0.3654 0.4672 1.0000 1.4672 
IL -0.3682 0.2928 1.0000 1.3296 

              
 
 

Table B.15: Dynamic Parameter Estimates, 1976 SES Young 
Household Data 
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