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Abstract

We study the impact that financial intermediation can have on productivity through the
alleviation of credit constraints in occupation choice and/or an improved allocation of risk,
using both static and dynamic structural models as well as reduced form OLS and IV regressions.
Our goal in this paper is to bring these two strands of the literature together. Even though,
under certain assumptions, IV regressions can recover accurately the true model-generated local
average treatment effect, these are quantitatively different, in order of magnitude and even
sign, from other policy impact parameters (e.g., ATE and TT). We also show that laying out
clearly alternative models can guide the search for instruments. On the other hand adding more
margins of decision, i.e., occupation choice and intermediation jointly, or adding more periods
with promised utilities as key state variables, as in optimal multi-period contracts, can cause

the misinterpretation of IV as the causal effect of interest.

Keywords: Contract Theory, Financial Intermediation and Econometric Policy Evaluation.



1 Introduction

This paper links contract theory models of financial intermediation to econometric policy evalua-
tion. We study a variety of static and dynamic models in which financial intermediation has an
impact on productivity through the alleviation of credit constraints in occupation choice and/or
an improved allocation of risk. These models of intermediation are structural choice models which
are known in the literature, and, more recently, estimated with cross sectional or panel data from
developing countries (e.g., Thailand). On the other hand there is a large empirical literature which
takes advantage of natural experiments, or instruments, to assess the impact that policy varia-
tion and financial institutions are having on incomes, occupations, risk sharing and a variety of
other variables (some also in Thailand). Our goal in this paper is to bring these two strands of
the literature together. Even though, under certain assumptions, an instrumental variable (IV)
strategy can recover accurately the true model-generated local average treatment effects (LATE),
these are quantitatively different, in order of magnitude and even sign, from other policy impact
parameters (e.g., treatment on the treated TT, the average treatment effect ATE, etc). We also
show that laying out clearly alternative models can guide the search for instruments. Mechanism
design can deliver natural lotteries or randomization that can be used as sources of identification
in empirical analyses. On the other hand, adding more margins of decision, i.e., occupation choice
and intermediation jointly, or adding more periods with promised utilities as key state variables,
as in optimal multi-period contracts, can cause the researcher to lose key identifying assumptions
associated with the IV strategy (e.g., uniformity), so that IV and LATE might no longer coincide.
Our objective is to help researchers and policy makers assess accurately the impact of financial
intermediation.

The models we use are simple models of discrete choice when there are credit constraints.
Typically some households are in financial autarky and others in a fully intermediated sector.
There is a cost to entering the financial system, and this is imagined to pick up both the actual
cost of traveling to a financial institution (bank) as well as policy distortions which limit access for
some agents. We imagine there is variation in the cost/policy in the data, so that some households
are financial sector participants and others are not. Indeed, we can generate cross sectional or panel

data from a given model (sometimes using parameters which have been estimated from emerging



market economies) and ask whether that data would allow an accurate quantification of the gain in
the population produced by different policy variations (that emerging market countries had actually
experienced). Of course in the model itself we implement the envisioned policy and compare various
techniques that assess impact.

A key ingredient in this exercise is heterogeneity in the population, both observed and poten-
tially unobserved. This means that there can be a nontrivial distribution of gains and/or losses
in the population, depending on the policy. This is what can make the LATE (identified using
the subsidy as instrument) different from TT and ATE, and at realistic parameter values, these
can be quite distinct. The logic of the models also makes clear why this is likely to happen. For
example, a subsidy can induce relatively inefficient households to enter business, whereas the larger
population of businesses consists of talented households who were not on the margin of decision.
This makes LATE negative and ATE positive. In other instances heterogeneity in one dimension
destroys monotonicity in another. A new, nearby branch of a bank can facilitate intermediation
by lowering costs, for those on the margin, and though some talented households will borrow to go
into business, other richer, inefficient households will withdraw from low return business and put
their money in savings in the bank. Talent is not observed. This makes it difficult without the
economic model to assess the impact of intermediation on profits of entrepreneurs. This also means
that widely used econometric techniques can potentially give misleading estimates, depending on
what one is willing to assume and what one is trying to measure.

In section 2, we focus first on observable and unobservable characteristics such as wealth and
talent in a simple model of occupation choice, to clarify some key issues. The credit constraint is
extreme: self finance only. The utility functions are linear, but the financing constraint (sale of
wealth), makes the problem non-linear. Indeed to guage the impact of this, and for expositional
clarity, we begin with exogenous variation in business subsidies for those in financial autarky,
computing various measures of welfare gains and comparing the numbers to IV estimates. Section
3 then introduces the full model with intermediation costs and policy variation, distinguishing
which instruments are valid for intermediation, and which are valid for occupation choice only.

In section 4 we adopt a long horizon dynamic programming formulation to study endogenous
financial deepening in a model with unobserved preferences and financial participation costs. We

show that unobserved preference heterogeneity can create the need for instruments, as the decision



to go to a bank and the outcome of being banked, and unbanked, can depend on what for an econo-
metrician would be a common error. Importantly, participation costs can be used as instruments.
Here IV and LATE coincide if policy variation on the participation costs comes as a surprise or if
the participation decisions are made initially and the unobserved shocks in the model are indepen-
dent and serially uncorrelated. But even in those cases, the identification of other treatment effects,
such as TT or ATE, require much more work. Of course anticipated policy changes lowering costs
cause the researcher to lose the validity of the instrument, as is well known, and we provide a clear
example of this.

Section 5 introduces a model of financial intermediation with moral hazard and unobserved
talent. In the model, unobserved talent is an input in the production technology, determining
(counterfactual) consumption levels and individual’s preferences for financial intermediation. The
key role played by unobserved heterogeneity, a feature shared by all the models considered in this
paper, generates heterogeneity in impact parameters. We discuss under what assumptions the eco-
nomic model generates instrumental variables that can be used to identify a causal effect of financial
intermediation on consumption. In other words, we use the model to discuss its consequences for
policy evaluations. We study its static and dynamic versions. We show how, in the static case,
random assignment of wealth through a lottery can help us to recover instrumental variables at
least over specified ranges of ex-ante wealth. Intuitively, we show how individual specific variables
affecting the probability of winning the lottery, but independent from potential outcomes associated
with intermediation (e.g., costs of entering the randomization), can be used to identify a causal
effect of financial intermediation on consumption. Section 5.2 shows however, that in dynamic
mechanism design problems the levels of promised utilities in the future matter for choices today,
and one so typically looses the availability of instrumental variables even with random assignment
of wealth. Essentially promised utilities for tomorrow depend on outcomes today, to induce proper
incentives, along with contemporary rewards today. But those promises for tomorrow vary with
the costs of intermediation, so we loose the independence of the outcomes from the instrument.

Section 6 presents our conclusions.



2 A Standard Model of Occupation Choice

We start the analysis with a static model of occupational choice without intermediation. We use
this simplified financial autarky framework to illustrate some of the general issues which arise later
in the paper. This occupation choice model originated with Lloyd-Ellis and Bernhardt (2000) and
has been used by Gine and Townsend (2004) and Jeong and Townsend (2008) to understand how
occupation choice and the spread of financial infrastructure can create growth in per capita income,
movements in inequality, and more generally, to quantify the welfare gains in the population from
the spread of financial intermediation.

Let us assume that the individual has linear preferences over current period consumption, of
the form u(c) = ¢, that is v/(¢) > 0 and «”(¢) = 0. The individual faces the budget constraint
¢ < W where end-of-period wealth W depends on the within-period occupational choice of the
agent.! The individual has beginning-of-period wealth b;, assumed to be observed perfectly by
the econometrician, so the initial distribution of wealth is known. This is the source of observable
heterogeneity. The individual has an unobserved (from the point of the analyst) business entry
cost 0F. Such entry costs are standard in the industrial organization literature. See Salop (1979)
for an early example. The individual also has an unobserved talent as wage earner GZW . These
two unobserved talents are as if randomly assigned in the population, again a source of unobserved
heterogeneity. For simplicity, we assume that #" and 6% are independent. We denote by f5; (-)
the density function of ¢/ with j = {E,W}, and we assume E (HW) = F (GE) = 0. We put
additional structure on these densities in future sections. The literature cited earlier did not
include unobserved talent in wage work.

The occupational choice of the individual is between enterprise and wage work. These two
alternatives can be described by their associated potential outcomes. Specifically, for individual 4

we have that end-of-period wealth is the sum of initial wealth plus within-period earnings,

w+ 0 +b; if wage earner
W; = (1)
7(0F b, w) 4+ b; if entrepreneur.

! This is easily modified to allow a choice between savings s and consumption ¢ where ¢+ s < W and preferences

are determined by a Cobb-Douglas utility function, giving a (myopic) savings rate.



Here w is the market wage for (unskilled) labor? and 7(6F,b;,w) represents the profit function
obtained after solving the production/profit maximization problem
(6, bi, w) = max f(k, 1) — wl —k—6f (2)

subject to 0 < k < b; — OZE (3)

The production function technology f(k,[) is common to all potential firms. Here labor hired [ is
measured in efficiency units, not number of people per se. k is the level of capitalization measured
in units of wealth. In financial autarky, the unobserved entry cost and capital k& must be self-

financed from wealth b;. A household is said to be constrained when capital is equal to total wealth

E

minus setup costs, i.e., k = b; — 0;”, and this is binding. Indeed in the original model, if GZE > b;
it is simply not possible to establish a business. In this case we can not ask what would be the
earnings of someone who has not entered business for that reason. We modify the model below to
take this into account. On the other hand, this constraint has been used in structural estimation
via likelihood methods as it provides a source of identification. We discuss this point in section 2.2
below.

The decision rule associated with this occupation choice model can be presented as:

If 7T(0iE Jbi,w) > w+ QZW , then the individual becomes an entrepreneur

If 7(0F,b;,w) < w+ 6, then the individual becomes a wage earner.

Therefore, if we denote by D a binary variable such that D = 1 if the agent becomes an
entrepreneur, and 0 otherwise, we can write

D6 by w) 1 if w(0F, b, w) > w+ 0
. . Z)w =

1271 )

0 if m(0F, bi,w) < w+ OV,

This model is standard in the development literature. The model can be interpreted more

generally as a Roy model (Roy, 1951) in which the occupational selection is based, given the

2 Although this wage w is taken as given for each individual choice problem, it is consistent with a market clearing

equilibrium wage.



individual’s talents HZE and QZW , and wealth b;, on the comparison of the potential gains.?

2.1 Standard Econometric Approaches for The Analysis of the Impact of Oc-

cupational Decisions

We focus on a simple issue: whether we can identify the effect of occupation choice on earnings
using a reduced form approach instead of the full structural model.

In this static model the econometrician observes either W(HZE ,bi, w)+b; or w—i—@zw +b;, depending
on whether the choice D; = 1 or D; = 0 is taken by the individual ¢. Thus, if we denote by Y; the

end-of-period observed outcome we have:
Y, =D, (W(QlE,bi,w) +bi) + (1 —Di) (w+0iW+b,~) .

where without additional structure profits are non-linear in entrepreneur talent (GZE ), wealth (b;),
and market wage (w) . However, the empirical literature primarily uses linear and separable models.

That is,

(07, bi, w) = dyw + de0 + Pubi. (4)

This set-up is particularly attractive if one notes that

Y; = Di[buw + ¢ebF 4+ dpb; + bi] + (1 — Dy)[w + 6}V + by

= wtbi+ (dbi + (b — 1w) Di+ 0 + (0007 —0;") Di
which can be expressed as a linear regression model
Yi=w+b; + (¢ubi + (pw — 1) w) D; +¢; (5)

where ¢; = QZ-W + ((]599? - HzW ) D;, and the term in parenthesis (¢pb; + (¢ — 1) w) represents the
gain in gross income that does not depend on unobserved talent. Notice that the random variable

D, is by construction correlated with €)i, so the OLS regression of observed earnings onto an

3See Rubin (1974) and Heckman and Honoré (1990) for a formal exposition of the Roy model.



occupational dummy (conditioning on wealth)

“OLS _ Cov (}/, D‘bz = b)
! Var (D|b; = b)

would provide a biased estimator of this gain, ¢pb; + (¢, — 1) w. We illustrate the consequences of
this selection problem below. Importantly, the interaction between unobserved talents, potential
outcomes and occupational choice that generates the selection problem is not a result of a linear and
separable profit function but a general consequence of the theoretical framework with unobserved
talent and endogenous selection.

A widely used alternative is the instrumental variable method. In order to consider this ap-
proach, we introduce a policy distortion (instrument) into the model. This distortion affects oc-
cupation choices in a simple way. Specifically, we assume the existence of an exogenous subsidy
that increases ex-post profits at the end-of-period by ). This subsidy is randomly assigned in the
population, so that v is a random variable with ¢ > 0 and known to the econometrician even if the
choices of the household is to be a wage earner. Intuitively, it can be interpreted as an experiment
or exogenous policy treatment affecting the occupation choices of the individuals but received only
if the choice is to setup a firm. However, this subsidy cannot be used to finance k£ and so the
constraint 0 < k < b — 6% is unaltered.

The policy distortion impacts the decision rule:

DOF.OY by ) 1 if m(0F, b, w) + b > w+ 0
i ; iy Yi, W) =

Y 0 if w(0F, bi, w) + b < w+ OV
where 1; represents the subsidy to agent ¢ in the event of becoming an entrepreneur. More simply,
and to emphasize the role of 1;, we use the notation D(1);) below but clearly this binary variable
is a function of other observable and unobservable variables. We assume that talents (,0") and
subsidy 1 are independent. Indeed, the government cannot see §¥ (or GW) but has total control
over the random subsidy. The subsidy v affects the decision rule, but not the potential outcomes
net of the subsidy, as it enters additively. Therefore, the maximization problem of the household as
a firm, if it becomes a firm, and its choice of k and [ are unaltered. It gets the subsidy independent

of the behavior as a firm.
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The subsidy ; appears to be a valid instrument. It influences choices but not the potential
outcomes.* Additionally, in this setup the subsidy satisfies the uniformity/monotonicity condition
(Imbens and Angrist, 1994; Heckman et al., 2006). That is, for each individual an increase (de-
crease) in the subsidy unambiguously increases (reduces) the chances of becoming an entrepreneur.
Indeed, suppose that the subsidy can take on two values 1) and E In this case, and without imposing

a linear separable model for profits, we can use the instrument v to estimate

E (Yl = b = b) — E (Yilwi = ,b; = )
B (Diltss = 6,6 = b) = B (Dilass = .6y = b)

ATV (E ¥; b) =

which, under the assumption of uniformity, identifies the local average treatment effect (LATE) in
income for those in the population induced to enter entrepreneurship due to the change of v from

P to E (the treatment here is to become an entrepreneur), or more formally

ALATE (E@; b) —E [W(QiE,bi,w) —w— 8 |D;(¥)) =1, Dy(¥) = 0,b; = b

This parameter does not pick up the earnings difference for those who would be entrepreneurs,
versus wage earners, regardless of the value of the instrument. Instead, the local average treatment
effect ALATE paturally provides the answer to a policy experiment.”

Given that the model features heterogeneous treatment effects, we can complete the analysis by
computing two alternative treatment effects: the treatment on the treated A”T (average benefits
of becoming an entrepreneur for individuals that actually decide to become entrepreneur) and the

AATE (

average treatment effect the earnings gain or loss of becoming an entrepreneur versus a

wage earner in the entire population). Specifically, and presenting the treatment parameters for a

4This since we assume that the subsidy 1 is not correlated with unobserved talents 8" and 6%.

5If the subsidy takes on a finite number of discrete values, and we order them according to their magnitudes
(o <Y1 < ... < k), then ATV can be written as a weighted average of ALATE (4, 4fpy1) with k = 1,.., K — 1,
where the weights are related to the probability of going into business at the various values of the subsidy (see
Yitzhaki, 1989; Imbens and Angrist, 1994). Additionally, if we take the limit as subsidy v approaches g1, this
delivers the marginal treatment effect (MTE) for those households just indifferent to becoming business (see Heckman

and Vytlacil, 2001).
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particular wealth level b, we have:

ATT () = E(7(0F,bi,w) — (w+0/) |D; =1,b; = b) (6)

AATE () = B (n(0F,bi,w) — (w+0[V) |b; =b). (7)

If there were no heterogeneity or all heterogeneity were observed, then all these effects (including
LATE) would be equivalent (see Heckman and Vytlacil, 2001). Otherwise, AT7 (b) and AATF (b)
depend on counterfactual wages and profits for a given wealth level b, and the estimation of these

parameters is not straightforward.

2.2 Parametric and Semi-Parametric Identification of Treatment Effect Param-

eters

Following Gine and Townsend (2004), we assume
L2 L o
f (k1) =ak— iﬂk + okl + &l — ipl ,
and the profit function can be written

7(0F w, k) = Co(w) + C1(w)k + Cok* — F (8)

where Cy(w) = %, Ci(w)=a—-1+40 <§77w), Cy=1 (f’% — ﬁ). The model delivers a quadratic

occupation partition as depicted in figure 1 (Panel A) and a nonlinear profit function.

For expositional simplicity, we set 6" = 0 and assume 7(6F, b;,w) = b; — 6F > 0 in figure 1A.
The points (GE*, b*) and (§E ,/b\) determine entirely the shape of the curves. These points can be
expressed as functions of Cy(w), C1(w) and Cs.

This framework also allows us to illustrate the effect of the subsidy. Panel B in figure 1 shows
the effect of moving v from ¥ to i This change essentially shifts the line of indifference vertically
upward as the subsidy simply adds to the net profits of entrepreneurs. (This upward shift is not
present when the household is constrained by beginning-of-period wealth). Now for every value
of wealth b there exists a group of #F households who weakly shift into business. The impact of

the subsidy is “uniform” (or monotone in the language of Imbens and Angrist, 1994), that is, the

12



movement is (at most) in one direction only. This is the group of individuals that provides the
source of variation used when estimating ALATE,

Finally, under the assumption 02/p = (3 and optimal capital (k* = b — ), we can obtain
linear profit functions. We want to emphasize that this approximation is not designed to exactly
characterize the economic model but to show how to link the theory with common econometric
practice. Therefore, from this point forward, we follow the traditional econometric approach and
assume a linear and additively separable approximation for the profit function.

By itself the assumption of linear and additive separable profit functions is not sufficient for
the computation of treatment effects. We need additional structure to deal with the selection
problems. Consider first the case of independent and normally distributed unobserved talents,
ie, 0 ~ N (0, a%;), oW ~ N (0,0‘2,[,). In this context, we can define the probability of being an

entrepreneur in our model as

Pr (w(07, b, w) + i > (w+0]")) = Pr(¢uw+ g0 + dpbi + i > (w+6]"))
(P — 1) w + gpb; + ;i

\/ o + gao,

where @ () represents the cumulative distribution function of a standard normal distribution.

= &

Therefore, given the normality assumption, the structure of this last expression and with infor-
mation on occupational choice (D), subsidy (¢), wealth (b), the observed average wage in the

economy (w) and profits (m) for those households with D = 1, we can use a probit model to

identify the parameters (¢, — 1), ¢y, and /0%, + ¢go .

The mean observed profit (conditional on b; and ;) can be written as:

E(n(0F b, w)|D; = 1,b;,9) = E (¢puww + ¢0F + dubi|pww + ¢e0F + dubi + i > (w+6}"))

= ¢uw + Ppb; + pgopE | -

g 2 2.2 2 2.2
B\ of + dho8 \ ow + 0%

W _$y0F .. .. .
b7 —00%_ are standard jointly normally distributed random variables, we have

V%

. oF
Given that o= and

13
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that

090k [ (B —1)w + dubi + s

VoW + 50k VoW + 0%

where A (+) represents the Mills’ ratio.® Expression (9) justifies the estimation of a linear regression

E (n(0F bi,w0)|D; = 1,b;,9;) = ¢ + dpbi — 9)

model of observed profits/earnings onto the wage w (intercept), wealth b; and the Mills’ ratio A (.),

to obtain qﬁg(y% (since \/O’%V + gbga?g is known from the probit), and also 0‘2,[,. The parameters ¢g

and 012,3 cannot be identified separately from this regression.
On the other hand, although unobserved, average wages among those choosing to be en-

trepreneurs can be written as

E(w+0]"|D; =1,bi,¢5) = E(w+0[pww+ e + dpb; +1b; > (w+6}"))

Ty A\ (Pw — 1) w + Ppb; + 1

Vo + 90k Vo + 950k

which depends only on identified parameters, so it can be constructed for any value of wealth and

:w—|—

(10)

subsidy. Thus, we can compute the treatment on the treated (AT7(b, 1)) as

ATT(b, ) = B (n(0F by, w)|D; = 1,b; = b,hy =) — E (w+ 0V |D; = 1,b = by, ¢ = )

Identified from expression (9) Identified from expression (10)

and, likewise, the average treatment effect A4TF (b;)

AYME®) = B (n(0F,bj,w) — (w+6) [b; = b)

= (¢w - 1)w + ppb.

5Formally,

A\ (Ppw — 1) w + dubs + s _ g 0} — g0 | 0;" — $obF S (Pw — 1) w + dpbi + s
Vo2 + d20% ok + d20% \/oh + P20 N
é (Gw=D)wtdpbitt;
N e

& [ (Yw—Dwtdpbiti;

where ¢ and ® represents the probability density and cumulative distribution functions associated with a standard

normal distribution, respectively.

14



The unconditional version of ATT(b,v;), i.e. ATT(b), can be obtained by simply integrating out
over the relevant region.

The normality assumption for the identification of treatment parameters can be relaxed at the
price of additional conditions. In particular, let ¥ and " be two independent random variables
distributed according to a (general) joint distribution function fye gw (-,-). Asshown in the context
of the economic model, these variables, which are unobserved by the analyst, determine profits,
wages and occupational choices.

On the other hand, and provided enough data variation, we can non-parametrically estimate
the probability of D; = 1 using information on b;, w, ¥; and actual choices D; (Matzkin, 1992).
Let p (w, b;, ;) denote this probability, also known in the literature as the propensity score. We
can then write the conditional expectation of observed outcome Y; as a function of the probability

of selection and wealth:

E (Yilp (w,bi,%:) ,bi) = w+b; + (dpbi + (dw — 1) w) E (Dj|p (w, b, ;) (11)
+E (0] + (607 — 0}") Dilp (w, bi, ;)

= w+ b+ (ppbi + (¢ — 1) w) pi + A (pi, b;)

where A (p;, b)) = F (HJ/V + ((;599? — QZW) D;|p (w, b;, ;) ,bl-) , and for notational convenience, we use
p; instead of p (w, b;, ;). As shown by Heckman and Vytlacil (2001) we can use this conditional
expectation to form ATT(b) and AATF(b), expressions (6) and (7), respectively, without imposing

normality. In particular, these authors show how by computing

OE (Yi|pi, b; = b)
Ipi Pi=p

AV (p,b) =

)

usually called the local instrumental variable estimator, the analyst can identify the treatment
parameter

AMTE (p b) = E (n(0F, bi,w) — (w+0}") |bi = b,0)" — ¢g0F = p)

where AMTE (p, b) represents the treatment effect for those individuals indifferent between occupa-

tions given a particular value (p) for the random variable 6}V — ¢»0F (conditional on wealth level

15



b).” Finally, Heckman and Vytlacil (2001) show that A4T#(h) and ATT(b) can be obtained as

weighted averages of AMTF (p b) according to the following expressions:

AT (b) = /AMTE (u, b) W™ (u,b) du

AATE (b) — /AMTE (u’ b) wATE (U) du

where wAT? (u) = 1, W7 (u,b) = Pr(p(w,b,v) >u)/ [ Pr(p(w,b,?)) > u)du. The argument of

integration u is associated with the random variable U = Fyw_ 4 or (HI/V —

P0F ) which is uniformly
distributed.®

The question then becomes how to compute AV (p,b). We can use formal semi-parametric
techniques to estimate E(Y;i|p;,b;) (expression (11)), and its derivative with respect to p. An
alternative and simpler way to estimate this function is by approximating it using a polynomial on

pi (see Heckman et al., 2006)."

2.3 Measuring the Impact of Occupations on Income

We illustrate the importance of the previous discussion by computing and comparing different
estimates of the effect of occupational decisions on income. In order to do this we simulate data
from our model. We utilize the quadratic production function described above, and consider the

parameterization in table 1. These parameter values are taken directly from Gine and Townsend

"Notice that this parameter is the limit version of the average local treatment effect. More specifically,
AMTE (p,b) = limy/_.,, ARATE (p,p',b).

8This follows from the fact that
0] — 6007 < ($uw — 1) w + Gobi + i & U < p (w, by, i)

where U = Fyw _, or () represents the cumulative distribution function associated with the random variable 0y —

$e0; .

9The empirical implementation of the local instrumental variable estimator involves the non-parametric estimation
of the derivative of E(Y;|ps, b;) with respect to p;. Although the implementation of non-parametric techniques can be
considered standard, in small samples they can be infeasible. See Heckman et al. (2008) and Heckman et al. (2006)

for different empirical approaches when implementing the local instrumental variable estimator.
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(2004).1° We assume a discrete subsidy. Specifically, we assume that the subsidy ¢ can take two
values: 0 or 1. The value of the subsidy is randomly assigned in the population.

Wealth (b), talents (" and 6%) and the subsidy (1) are assumed to be distributed as follows:

b ~ LogN (0,1),
6" ~ N(0,1),0% ~N(0,1),

¥ ~ Binomial(0,1).

We first reproduce the analysis that a researcher could carry out using a cross-sectional data

set with information on wealth, occupation and observed (factual) incomes.

2.3.1 Using Cross-Sectional Information to Estimate the Effect of Occupational Choice

Table 2 presents the sorting into occupations obtained from model generated cross-sections of 25,000
individuals.

Consider an “agnostic” empirical approach in which the researcher tries to estimate the “effect”
of the occupational choice on outcomes using a simple regression model. In particular, suppose

that observed income (profits/wages) Y is written as:

Y = ko + k1bi + kabiD; + k3D + €

where D; takes a value of 1 if the individual 7 is an entrepreneur, and 0 otherwise.!! Notice that
in this equation we do not incorporate the talent explicitly. This because in practice the analyst
does not observe this variable so it must be excluded from the list of controls (and contained in the
error term).

Table 3 presents the estimated effect of D; on Y; obtained using OLS and IV.'? The results

1%Using data from Thailand, Gine and Townsend (2004) estimate a model with similar characteristics to the one
studied here.

1 Notice that this expression follows directly from the theoretical model (see equation (11)).

2 The average effects defined in table 3 comes from the following expression

AE (Y|D,b)
AD .

b=b

= KQB + K3
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show large differences between the two approaches. The results from IV deliver negative impacts
whereas OLS would suggest a positive impact. The large discrepancies are a clear manifestation
of the biases caused by the selection process. A researcher would draw dramatically different
conclusions depending on how she interpreted the policy impact coefficients in the IV regression.
In practice, likely instruments can show up as correlated with unobserved error producing the
misinterpretation of the results. The analyst must understand the economics behind the selection
mechanism before drawing conclusions.

Interestingly, the negative effect estimated by IV is intuitively correct since the individuals
switching occupations as a result of the variation in the instruments are those with lower profits
(and higher wages). That is, since the subsidy is not included in the income gains, it induces
inefficient choices. On the other hand, there are others who benefits from the subsidy but would
have chosen to be entrepreneurs in any event, and they had efficient rents which dominate wage

earnings.

2.3.2 Using the Structure of the Model to Generate Counterfactual Outcomes and

The Causal Effects of Occupational Choices

Given our knowledge of the model, we can study the consequences of exogenous policy changes.
Specifically, we provide individuals that did not receive a subsidy when it was originally assigned
with the subsidy. We then use the sample of individuals switching occupation due to the change in
subsidy status (from 1) = 0 to 1) = 1) to compute the model generated local average treatment effect
(ATATE (1,0)) (i.e., the average effect of the treatment for those individuals switching occupations
as a result of a change in the instrument). However, since occupation status also depends on wealth,
we first compute ALATE (1,0;b;,) where by, represent the k-th percentile of the wealth distribution,
and then we compute AYTF (1,0) as the (weighted) averages of AYATE (1,0;by,).13

As a result of our experiment 1,861 of our original wage earners become entrepreneurs. This is

precisely the group from which we can compute the model generated local average treatment effect.

where b represents the average wealth in the population. We use % to denote a change in Y due to a change in the
discrete variable D.
BFormally, from the model we can generate

E (Yi|i = 1,b; = b) — E (Yi|[yp = 0,b; = b)

LATE N
AT 00 = Ep 0 = 1,0 = b) — E (Dift = 0,6 = b)
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Additionally, from our knowledge of the model we can directly compute the average treatment effect
(ATE) and the treatment effect of those treated (TT).

Table 4 presents the model generated treatment effects. Notice the similarities between the
model generated LATEs (AX47F in table 4) and the IV effect estimated using the cross-sectional
data sets (A’Y in table 3). The discrepancies can be attributed to the linear approximation used
in the regression model. We relax this assumption in the next sections.'* In our model, AFATE g
negative as the subsidy induces low productivity individuals to enter business and the subsidy is
not counted as part of the gain. This is exactly the same conclusion draw in the context of table 3.

TT and ATE on the other hand are positive numbers indicating the positive benefits associated
with entrepreneurship.

Finally, figure 2 presents the local average treatment effects by percentile of the wealth dis-
tribution. The figure presents the model generated LATE (ALATE(L 0;b)) and the estimated IV
(Alv(w)(l,o;b)) by wealth level. As expected, although the model generated LATE fluctuates
across levels of wealth (a result of our sample size), on average it is close to what the standard
econometric technique delivers.

This example illustrates how the economic model delivers a valid instrument, how this instru-
ment allows the identification of a causal effect of interest, and how this causal effect can differ

from other relevant treatment parameters.

and then, we compute

AFATE (1 0) = /ALATE (1,0;t) dFy(t) (12)

where Fy(t) represents the cumulative distribution of wealth for those individuals switching occupations as a result
of the change in the value of the instrument.

Our linear regression model implies the following approximation for LATE (as a function of wealth):
AV (1,0;b) = k2b + K3,

and consequently, ATV (1,0) = k2b + r3 where b denotes the average wealth level. The comparison of A™Y (1,0) and

ALATE (1.0) in expression (12) illustrates the source of discrepancies between our estimates.
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3 Occupational Choice Under Financial Intermediation

The simple model presented in section 2, with the subsidy to firms, can be easily extended to
incorporate an intermediated sector. The analysis in Gine and Townsend (2004) does exactly that.
We follow their approach. The underlying model in this case is similar to the model in section 2,
but now there is borrowing and lending of capital and wealth. We denote by @); the individual-
specific cost of using the intermediated sector. Examples of @; include travel time to district
center or branch office, whether or not a particular intermediary has been active in a city or village
according to history, particular policies of financial institutions which vary in effectiveness, new
credit in a city or village divided by the number of households, etc. See Kaboski and Townsend
(2005, 2009) and Alem and Townsend (2008) for examples.

We take the initial distribution of Q) as given and, for simplicity, focus on a binary (). The
analysis can be extended directly to a continuous-valued ). We assume ) independent from 1,
and denote by r the (equilibrium) interest rate.

An entrepreneur using the intermediated sector solves the following problem

maxf(k,1,0F) —wl — (1 + 1) (k + 6F) (13)

)

There is a neoclassical separation between production and household wealth. In effect, the agent
can put all his wealth b; in financial markets and earn interest r. Meanwhile the firm (individual)
can borrow what it needs to finance k and set up cost 8. There is lot of indeterminacy in between,
in financing, i.e., self invest and borrow/lend the difference with wealth, but real quantities and
net income are all pinned down.

The wage is common to both sectors, as households are allowed to work wherever they prefer.
They can join an intermediary and put their money in a saving account if they do not become
firms.

As before, denote by D; a binary variable such that D; = 1 if agent ¢ decides to become an

entrepreneur, and 0 otherwise. Thus, the occupation choice when the agent is participating in the

20



intermediated sector can be described by:

1 if 708, w,r) +b;(1+7) — Qi+ >w+ 0V +b;(1+71) — Q;
DOF.6Y w.r) (0; ) +bi(1+7) - Qi+ ¢ i (I4+r)-Q |

1 7Y%
0 otherwise

where 7(0F, w, ) denotes the resulting profits after solving (13).
In this context, the researcher would observe (67, b;,w,r) + b;(1 + 1) or w + b;(1 + 1) + 6
depending on the value of D(8F,0V ,w,r). Thus, if we denote by Y7 (9E 0w b, w, r) the outcome

1271 ) (A

observed under intermediation, we have

1071 ) 7 2%,

Y; (GE oW bi,w,r) = D(GE oW w,r) (w(@f,w,r) +b;(1+ r))

+ (1= D(0F, 0 ;w,r)) (w+bi(1+7)+6") (14)

1 7Y
and the cost ); and the subsidy ); are not subtracted or added, respectively, from Y7, that is, we

have gross gains.

On the other hand, recall that without financial intermediation the occupation choice model is

D(HE 0w b, ) 1 ifﬂ(eiEﬂbiﬂw)'i_wi >w—|-91W
. . i?w —_—

R )
0 otherwise,

so that the observed outcome under financial autarky Y (Hf ,HzW ,bi,w) (and not counting the
subsidy) can be presented as:
Yo (08,0 i) = DIOE, 0 by, ) (w(05, by ) + 05) + (1 — DO, 0 by, w) (1 + 0 + 1)
(15)
In sum, the sub-index k in Y} indicated the sector (financial autarky A or intermediation I).
We use this notation in what follows.
The choice of sector, autarky versus intermediation, is made by a simple comparison of the

potential associated outcomes Y4 (9-E oW . b;, w) and Y7 (GiE, GZW, b, w, r) but adjusting in the choice

AR ]

oE oW

£,6Y) does not

for the subsidy %; and entry cost @);. Note that, in general, the heterogeneity (
enter additively into Y4 (HZE oW bi,w) or Yy (QE oW bi,w,r). Thus, let T; be a binary variable

yYg 1 271

that takes a value of 1 if the individual decides to use the financial intermediary, and 0 otherwise.
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Then,

[Y7 (0,01, bi,w,r) — Ya (6F,601Y,b;, w)]
T; (9E o b, w, r,Y; Qz) = b [ (0?,9@""7 w,r) = (elE’el ’b“w)]w =0 .
—Qi
0 otherwise

This simple framework allows us to analyze policies regarding the access to financial intermediation.

3.1 Identifying the Effects of Financial Intermediation

In the context of our model, the effect of having access to financial intermediation at the individual
level (agent ) is defined as

AL =Y7 (08,01 b, w,r) — Ya (6F, 01 b;,w),

1271 0 7,727

the average treatment effect (ATE) associated with financial intermediation is

E(A]) =B (Y7 (08,0} by, w,r) — Y4 (6F,0] b, w)) ,

ARRE ] (A

and the average effect of the treatment on those treated (TT) equals

E(Af|Yi=1)=E (Y7 (67,0)Y b, w,r) —Ya (0F, 00, b;,w) |T; = 1)

v 071 1 2%

where again for simplicity we use Y; instead of T (9E oW . b;,w, T, Qi) . Additionally, in what follows

071 )

we use D; and D; (r) to denote the occupation choices D(6F, 01V w,b;) and D(6F, 0V w,r) under
financial autarky and the intermediated sector, respectively.
In order to analyze whether conventional econometric methods (OLS and IV) allow the identi-

fication of any of these effects, we first denote by &; the observed outcome, i.e.,

AR ] 1071

&G =" x Y7 (0F,0 b,w,r) + (1 —0;) x Ya (67,0, b;,0)
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which after substituting expressions (14) and (15) can be written as:

D;(r) (w(@iE,w,r) +b;(1+ r)) D; (ﬂ'(HlE, bi, w) + bi)
§i=Ti x + +(1-T1) x + . (16)
(1= Dy(r)) (w—+ 6 +bi(1+7)) (1—D;) (w+ 6 +b)

This expression illustrates the fact that all potential choices and outcomes play a role even when
the researcher is only interested in the impact of having access to financial intermediation.

Following the conventional empirical strategy, we assume profit functions of the form:

m(0F,bi,w) = Yow+wb; + 707  (Financial Autarky)

m(0F w,r) = Spw+ 6,7 + 6p0F (Intermediation)
Substituting these expressions into equation (16), and after some algebra, we obtain

& = w+b+rLb;
+ (Y — D) w)D; (1 —Y5) +wbiD; (1 —15)
-+ ((5w — 1) w + 5r7°) TZDZ(T) + 5bbiTDi(T')

i (ezEv GZ/V’ T, Ql) ) (17)

where 7; (0E oW r. Qi) = (599? — GZW) Y;D;(r) — (’ygﬁf — HJ’V) Y,D; + (’ygﬁf — HJ’V) D; + HZW SO

A

7; (9{5 , HZW, T, Qi) contains all the terms involving unobserved talents GZ-E and GZW . Using expression
(17), we can define the individual effect of having access to financial intermediation, AY, as

A
AT = =
i AY;

Anl (91E7 ‘9@14/7 T, QZ)

= 7bi+ (6w = D w+8) Di(r) = (yw — 1) w = wbi) Di + AY;

(18)

Notice that AY (conditional on wealth b) depends on the occupation of the individual under each
regime and the unobserved talents.
On empirical grounds, expression (17) suggests the estimation of the parameters defining AiT

through a regression of & on b;, Y;b;, D;(1 —Y;), D;(r)Y;, b;D;(1 — ;) and b;Y;D;(r). However,
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since unobserved talents (contained in the error term) affect both choices and potential outcomes,
without further assumptions, conventional OLS estimates will not provide unbiased estimates of
the parameters in the model.

An alternative approach is the instrumental variable method. The economic model provides
one natural instrument for T;, namely ;. The cost @Q); affects the choice of sector but does not
affect the potential outcomes. In addition, notice that changes in @; produce uniform (mono-
tonic) responses in choice Y;. Consequently, given two values for the instrument Q;, @ and 5

<lowering the cost so that 5 < @) and conditioning on wealth b, we can estimate

E(&1Qi = Q.bi=b) - F (&]Qi = Q,b: = b)
B (TilQi = Qb = b) — E (Ti|Q; = Q.b; = b)

AIV(@) (5, 0 b) — (19)

to identify the local treatment effect of financial intermediation on income
ALATE(Q) (57@) b) =FK ( (ezEaez ablaw T) - (GZEaez abivw) ‘bl = by Tz (5) = 17TZ (@) = 0) (20)

where T (Q) = T (0F,6W,b;,w,7,1;, Q) and T (5) - (ef,eyV by, w, 7, %5) . Intuitively, in
this case the local IV (expression (19)) identifies the gains in outcomes (including profits and wages
but not the subsidy nor the intermediary cost) for those individuals induced to join the financial
system as a consequence of the reduction in intermediation cost.

Importantly, one cannot interpret this parameter as the effect of financial intermediation on
profits for entrepreneurs or on income for wage earners. This is because the change in () also induces
changes in occupational decisions in a non-uniform way. That is, changes in () may endogenously
induce individuals to switch from the wage sector to entrepreneurship and vice-versa.

Additionally, although in principle the analyst could use the information on occupations to
compute versions of ATV(@) (5, Q; b) among wage earners and/or entrepreneurs, in general, these
estimates would not identify the local causal effects of financial intermediation (as defined in (20))
in those populations. This is again a consequence of the non-uniform responses in occupational
decisions induced by the changes in Q. Intuitively, by restricting the estimation of ATV(Q) to

entrepreneurs (wage earners) the analyst would be erroneously excluding the gains on outcomes

from those initial entrepreneurs (wage earners) who would become wage earners (entrepreneurs)
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as a result of the change in (). In other words, the analyst would conceptually identify the effect
of financial intermediation for those entrepreneurs (wage earners) who would not have switched
occupations as a result of the change in the instrument. Given the economic incentives operating
in the model, the A’V(@) estimated in this way would only provide a partial response to the question
of the effect of financial intermediation among entrepreneurs (wage earners).!® We illustrate this
point below.

We can use the same logic to identify the local average treatment effect of occupation (en-

trepreneurship) on income through the following local IV estimator:

E (&l = 0,6 = b) = B (&l = ,bi = b)
E (Dl = 9,6 = b) — B (Dilups = 9,55 = b)

ATV (§,5p) =

where D; is D; (r)Y;+ D; (1 —Y;). Under uniformity of ¢ on 15, this parameter identifies the local
treatment effect of occupation on income.

Analogously to the case of financial intermediation, one cannot use A/V(®) <E, ; b) to deter-
mine the gains in income for those induced to enter to the financial system as a result of the
subsidy. This is because the change in the subsidy does not produce necessarily uniform (or mono-

tonic) movements with respect to intermediation choice.!

15Under particular populations in which the occupational decision becomes irrelevant, we can use this method
to determine the gains in profits for entrepreneurs induced to use the financial system. Suppose that the random
assignment of v is such that there exists a population for which the subsidy is so high, ¥*, so that there are only

firms regardless of the assigned values of the @. In this case, we can estimate the local average treatment effect as:

E(61Qi = Qb = b = ") = B (&1Q: = Q,b: = b thi = v°)

I

which (under uniformity) identifies the income gains associated with intermediation for those who are isolated from

the wage sector, or

E(w(@iE,w,r) —W(Gf’bi,w) bi = b, =", Y5 (Q) =1,7:(Q) :0)'

®However, as in the case of financial intermediation, under particular populations we can use the local treatment
effect to identify the effect of entrepreneurship for individuals under financial autarky. Specifically, suppose that the

random assignment of @ is such that there exists a population for which the costs of using the financial intermediary
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The complications of identifying ALATE(Q) (5, Q; b) by occupation or ALATE®) (E, ; b) by
status of financial intermediation are due to the presence of two margins of choice in the model.
Strictly speaking, the model includes four categories or possible treatments: wage sector and fi-
nancial autarky, wage sector and financial intermediation, entrepreneurship and financial autarky,
and entrepreneurship and financial intermediation. Indeed, we could phrase our discussion in the
context of a model with multiple treatments and multiple instruments. In this framework, the
definition of treatment effects is not as straightforward as in the binary case. Specifically, the pair-
wise comparison of the outcomes associated with different alternatives needs to be supplemented
by considerations of the alternatives left out from the comparison. This adds a new level of com-
plexities to the definition of treatment effects. As an example, notice that we can define the effect
of financial intermediation on profits (i.e., the effect of intermediation among businesses) but for
individuals effectively participating in the wage sector. This is not an intuitive treatment effect,
but it is well defined in the context of a model with multiple treatments.

Heckman et al. (2006) analyze the identification power of instrumental variables in the context
of models with multiple treatments and unobserved heterogeneity. They show that provided a
variable (instrument) determining the preferences for a particular alternative but excluded from
its potential outcome (e.g., instrument Z’ determining utility associated with alternative/option
J, Vj), in models such as the one considered in this section, a local IV strategy (using Z; as the
instrument and based on a regression of observed income on dummy variables describing individual’s

observed decisions) would identify the effect of option j versus the next best alternative.!” This

are too high, Q*, so that regardless of the assigned values of the subsidy they choose to be in financial autarky. In

this case, we can use the instrument ¥ to compute:

E (&l = 6,60 =5,Q: = Q") = E (&l = §,bi = b,Qi = Q")
B (Diltbs =,b: = b,Qi = Q) — B (Dulws = .b: = b, Qs = Q)

which (under uniformity) identifies
B (w07 biw) — (w+0!" ) b = .Q = Q" Di (¥) = 1.0 (¥) = 0)

which is the income gains associated with entrepreneurship for those individuals isolated from financial intermediation.
" Formally, suppose individuals decide among J different options. Each option has associated a utility level V;

for j =1,...,J. Let D; = 1 if the individual selects the j-th alternative, and 0 otherwise. Furthermore, as in the
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result complements our discussion about the difficulties of further interpreting ATV(@) or ATV(¥) 18

See Heckman et al. (2006) for additional discussion.

3.2 Example

Following the same logic utilized in our previous example (section 2.3), we investigate the conse-
quences of using different econometric techniques when estimating the effects of financial interme-
diation and occupational choices. We use the parameterization presented in table 1. Our main
results are robust to different parameterizations. In addition to the structure presented in table 1,
we assume

Q; ~ Binomial(0.25,1)

with @; independent of ¢;, 67, !V and b;. Table 5 presents the sorting simulated from the model
for a sample size of 25,000 individuals. Given our parameterization, approximately one fourth of
the individuals become wage earners (most of them working under financial autarky), more than
half of the individuals are entrepreneur under autarky (most of whom are unconstrained), and the

rest are entrepreneurs with access to financial intermediation.

3.2.1 Using Cross-Sectional Information to Estimate the Effect of Financial Interme-

diation and Occupational Choices

Suppose the econometrician focuses first on the impact of financial intermediation proposing the
following linear model:

Yi = ko + k1bi + kab i + k3T + €4 (21)

model of this section, assume D; = 1 if V; = max{Vi,...,V;} for j =1,...,J. Let Y; denote the potential outcome
associated with option j. Valid instruments affect choices but are independent from potential outcomes. Let Z;
denote the instrument associated with option j. We present the relationship between instrument and options as
Vi(Z;), i.e., instrument Z; determines the utility level V. V; also depends on unobserved components which can be

correlated with potential outcome Y;. For notational simplicity we leave this dependence implicit. Observed outcome

. J IV (Z; E(Y|Z=2z)—E(Y|Z=%
Y can be written as Y = 3 7, D;Y;. Heckman et al. (2006) shows that A Zi) = Pr(Dj(:1IZ:zg—Pr((D‘j:1|Z>:z’)
where z = (z1,...,2j,...,27) and z = (z1,...,2},...,%s), so that only the variation from Z; is utilized to compute
A™V(Zi) identifies the effect on outcome of option j versus the next best option.

¥Notice that when phrasing our model as a model of multiple treatments, intermediation costs Q and subsidy ¥

are not valid instruments, in the sense of Z; entering only V; (see previous footnote), for any of the four alternatives.
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where T; takes a value of 1 if the individual ¢ has access to financial intermediation, and 0 otherwise.
Table 6 presents the results from OLS and IV on equation (21). The results suggest positive av-
erage effects of financial intermediation. However, because of the selection bias, the effect suggested
by OLS is almost double the effect estimated by IV.
On the other hand, suppose that the analyst proposes the following linear model to investigate

the effects of occupation on income.

Y, =19+ nb; + mb;D; + 13D; + €5

where D; takes a value of 1 if the individual ¢ is an entrepreneur, and 0 otherwise. These model
follows closely the one presented in section 2.3. Table 7 presents the IV and OLS of the “effect” of
D; on Y; from our model generated data. As in the previous section, the OLS estimate delivers a

positive effect whereas the IV suggests a negative effect of occupation on income/profit.'?

3.2.2 Using the Structure of the Model to Generate Counterfactual Outcomes and

the Causal Effect of Financial Intermediation and Choices

Table 8 presents the model generated local average treatment effects (LATE). These LATEs
are not obtained using econometric techniques, but generated using the structure of the model.
The table displays both AFATEW)(1,0) (LATE associated with the effect of occupation) and
ALATER)(0.25,1) (LATE associated with the effect of financial intermediation).

Importantly, our knowledge of the model allows us to generate not only an overall local average

treatment effect (bold numbers in table 8) but also the local effects of the treatment for specific

190ne could present the following regression model for the simultaneous analysis of the effects of occupation and

financial intermediation:

W, = ko + Kk1bi + k2 Libi + ksDi (1 — X3) + kabi D; (1 — Y5)

+r5TiDi(r) + kebi TiDi(r) + &5 (22)

In this case, the information from both instruments (¥; and @Q;) should be used to control for the endogeneity provoked
by the selection processes. As previously explained, this model, in which the two margins are simultaneously modeled,
has additional complications that go beyond the scope of our analysis in this paper. See Heckman et al. (2006) for

an analysis of this case.
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groups of individuals. For example, in the case of financial intermediation, we obtain the local
treatment effects for individuals switching from “wage-earner under autarky” to “wage-earner with
access to financial system” (as a result of the exogenous change in the instrument) as well as the
local effect for those “wage-earners under autarky” becoming “entrepreneurs under intermediation”
(also as a result of a change in the instrument). This analysis cannot be done without a structural
analysis.

Notice, as expected, the model generated overall local treatment effects are very close to the
effects estimated using the IV strategy (tables 6 and 7).

Table 8 also displays how the individuals in our model react to changes in the instrument.
Interestingly, we observe how changes in () induces people to move away from entrepreneurship
and into the wage sector. In particular, and given our parameterization, 75 entrepreneurs would
have become wage earners as a result of a change in ). This illustrates our previous comment
about the difficulty of interpreting A/V(Q) as the effect of financial intermediation on profits for
entrepreneurs and income for wage earners. The change in @ induces (non-uniform) changes in
occupation. A similar logic prevents interpreting AV(%) as the effect of occupation on income for
individual using the financial system or for individuals under financial autarky. As table 8 shows, a
change in 1) induces (non-uniform) changes in the financial participation decisions of the individuals
in the model.

Finally, table 9 presents the model generated ATE and TT for the effect of financial intermedi-
ation and occupational choice. These causal parameters are presented for all the different groups of
interest. It is worth noting the significant differences between these treatment effects and the local
effects reported in table 8. This illustrates the potential discrepancies between the different treat-
ment parameters. All these parameters represent causal effects, but in our model with selection

based on unobserved talents and gains, they all answer different economic questions.

4 Dynamics, Risk Sharing, Unobserved Heterogeneity and Occu-

pational Choice

In this section we follow the analysis of Greenwood and Jovanovic (1999) (from hereafter GJ),

Townsend and Ueda (2006, 2009), Jeong and Townsend (2008), and Felkner and Townsend (2007)
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with additional modifications. This literature discusses endogenous financial deepening and how
well it fits both mmicroeconomic and macroeconomic data, examining for targeting of government
development banks and interest rate distortions that created a crisis and increased government
involvement in the banking sector.

Consider a dynamic problem with an infinite horizon. Household ¢ maximizes discounted ex-

pected utility
oo
Eo» Blu(c)
t=0

where u(-) is strictly concave and initial wealth is k; o = b; 0. Ep(-) denotes the expectation given
the information available at ¢ = 0. We incorporate unobserved heterogeneity by allowing the
individuals to differ in their discount factors. Specifically, we assume 3; = (3 + 6;, where 6; is an
individual specific component known to the agent only, and 3 is common knowledge.

In autarky there is a law of motion for wealth as a function of savings, investment in specific
occupations, and an exogenous random endowment. Let s;; denote the savings rate of household 7
at date ¢ expressed as a fraction of wealth k;; at date t. Let W7 be the proportion of the savings
invested in a risky enterprise sector and \I/XV be the proportion invested in wage sector activities.
Additionally, one unit of wealth invested in enterprise E yields 0Z + e units of capital (wealth),
whereas one unit invested in wage activity W yields an ex-post rate of return of 8" + z-:g/. The
returns 67 and 6}V are realized at the end of date ¢ and are unknown when within-period decisions
are made.

The law of motion for wealth in autarky is thus
kiter = sip X [VF x (0F +€8) + 0V x (6;V +¢el})] x k. (23)

Consumption in autarky at ¢ cﬁ is the residual, i.e., ci‘; = (1 — s4i¢) kit
The value function Wy associated with financial autarky, A, exists under standard regularity

conditions. It satisfies the Bellman equation:

Wo(kit,0;)) =  max  u(ciy) + BiE (Wo(kits1,0:))

E
VE OW cit,sie

subject to (23). The function Wy (ki 0;) is strictly concave in k;;. Under general preferences,
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the saving and investment policies are functions of wealth k;;. However, for CRRA preferences

(u(eit) = ¢},) they are constant. More precisely, under these preferences
A_ ~A ~A(E W
i = Q5 kiv = & (it +vit )

where &f‘ = (1 — ), yZ is the income from enterprise, 3!} is the labor income, i.e.,

yi = U7, (5£1 + 5571) kit—18it—1
yit = WY (6 el 1) kit—1si—1.
Therefore, and since by definition 3; = § + 6;, we can write the equation describing optimal

consumption in autarky A as:

i = (1=B—0;)yu

A A
= o Y+

where y;; is the sum of all sources of income (yit = yg + yxtv ), at=1- 3, and where sﬁ = —0;y;it
is the unobserved component.

Participation in the intermediated sector on the other hand, allows household to share any
idiosyncratic shock and, as in GJ, get perfect advanced information on aggregate shocks 67, 6}V .20

The bank directs all investment as if each household were exchanging shares in its own return

stream for shares in a common mutual fund. The law of motion for wealth is then
kit+1 = Sitkit max {(52/[/, (StE} (1 — 7’) (24)

where 7 is the marginal intermediation transaction cost. The value function V7 for those in the

intermediated sector, I, satisfies the Bellman equation

Vi(kit, 60;) = max [u (cit) + B E (V1 (Kit11,605))]

Cit;Sit

20The risk sharing role of formal financial institutions is tested in Alem and Townsend (2008).
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subject to (24). Again V7(kj, 0;) is strictly concave in k;;. Policy s;; might be a nonlinear function
of ki, but again under CRRA preferences, s;; is linear in k;;. Thus,
ciIt = ~iI Ay

where the aggregate shock A; is equal to max {5XK1, (551} (1-7), and &iI is equal to (1 -3 - 6?,-).

Following our previous analysis, we can write:

I _ 1 1
Cit = At+€it

where of =1 — 3 and 61-It = —0;A; is the unobserved component.

4.1 Once-And-For-All Participation Decisions and Participation Costs as In-

struments

In this section we extend the analysis of GJ. In particular, while GJ has endogenous entry deter-
mined by the solution to a dynamic programming problem with a period-by-period decision, we
consider the special case of a once-and-for-all entry decision at an initial date. For an empirical
application of this idea see Alem and Townsend (2008).

Initially at ¢t = 0, given k;g, the household decides whether to participate in the financial sector
or not. Once decided there is no going back. Let Z; denote an individual specific participation
costs. This subtracts from wealth k;g. Again this cost is meant to capture exogenous variation in the
ability to access intermediation, through either policy variation of physical infrastructure. These
can be thought of as household specific transaction costs (with any correlation across individuals
taken into account by other control variables, which is the way we treat wealth below). In the
original GJ model, these costs are subtracted upon entry to the financial system. These are also
transaction costs models in the finance literature, e.g. Vissing-Jorgensen (2002).

Then, with V; and Wy strictly concave in k;;, the decision to participate depends on participation

cost Z; and wealth k;g. More precisely, if we denoted by I;o the participation decision, we can write

Lio =1 < Vi (kio — Zi, 0;) > Wy (Kio, 0;) .
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Additionally, we can write observed consumption at ¢ as a function of potential consumption levels

(ck, ) and the participation decision I;:

civ = cii (1—1I) + chli

ci = oty + (ol Ay — ayy) Lo + v (25)

where vy = & + Lo (], — £4}). Equation (25) shows how, if intermediation is effective for those

who choose it, idiosyncratic income %;; should not determine consumption.

Notice that the error term in (25), v;;, depends on the decision made at t = 0, I;o, so there is
a selection bias argument that prevents the researcher of using OLS in the estimation of (25). In
this context, an IV strategy becomes an appealing alternative.

The obvious issue is then how to come up with a valid instrument. Interestingly, the economic
model delivers a natural instrument, namely Z;. In order to see this, notice that under autarky and
the assumption of CRRA preferences, optimal saving rates and proportions of savings invested in
each sectors do not depend on k;;. As a result of this, potential consumption in the intermediated
and autarky sectors do not depend on the choice of intermediation other than at ¢ = 0 (when the
costs are paid). Consequently, although Z; affects the initial choice of intermediation sector versus
financial autarky, for all time periods ¢ > 0 the individual participation cost does not affect the
potential levels of consumption cﬁ and c{t. These two conditions make Z; a valid instrument for
the effect intermediation on consumption.

Using the instrument Z; the researcher can identify LATE, a causal relationship between finan-
cial intermediation and consumption.

Estimating the average treatment effect (ATE) or the treatment effect on those treated (TT)
is more delicate. Notice that due to the role of 6; in the model, I;y is correlated with each of the
components of v;¢, namely 83 and I; (E{t — 51‘2). This structure is similar to the one discussed in the
context of the models introduced in sections 2 and 3. As in those cases, the presence of unobserved
components and the endogenous selection of the individuals into sectors (based on the comparison
of counterfactual outcomes affected by unobserved variables) produces heterogeneity in treatment
effects. In this context, we can show that under the assumption of a uniform response of I;y to

changes in Z; (for all 4), the instrumental variable estimator will indeed identify a causal effect of
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I;p on ¢y (see Heckman et al., 2006; Imbens and Angrist, 1994). But the causal effect identified by
IV might be different from, for example, ATE or TT. Only under the special case of no selection
on unobserved gains IV, ATE and TT would be identical. However, the presence of unobserved

components and the endogenous selection process make this case unlikely.?!

4.2 Sequential Participation Decisions

Now suppose the choice of sector takes place each period t, not just initially. Then for those not
yet in the intermediated sector at ¢ > 0, but may choose so at t 4+ 1, the value function satisfies the

Bellman equation

Wo (kit,0;)) =  max  {U(cir) + i E max {Wo(kity1,6:), Vi(kiey1 — Zi, 6i)}}

E
VEOW cir,si

subject to kipy1 = sit X [WF x (6F + &) + 0V x (6}V +€l})] x ki

There is a critical family of values k* (Z;, ;) which define thresholds for participation. Under
some regularity conditions entry is permanent. However, saving s;(k;;) and investments ¥F (k;;),
U (ki) are generally functions of wealth k; even with CRRA utility. It can be established, in
fact, that savings and investment in risky assets will rise with k;; as that wealth approaches critical
entry k* (Z;,60;). See Townsend and Ueda (2006).

Thus variation in Z; determines both k* and pre participation outcomes. Therefore, Z; cannot
be considered as a potential instrument. Careful researchers do take into account the impacts of
anticipated policy when designing experiments. Subjects are not given full information of what is

to happen step by step. See Olken (2007).

4.3 The Identification Power of Policies

Interesting, the existence of unanticipated policies can allow us to identify the effect of financial
intermediation on consumption. For example, assume a once-and-never-more policy shifting at
some date t* the cost of participation Z;. Then period t* can be interpreted as period zero and the

earlier analysis applies (except we have pre-intervention data, and savings and investment are non

2INotice that if the individual does not know her unobserved preference parameter 6; or, alternatively, if she
knows 6; but for some reason does not act on it, then the selection process would not be based on unobserved gains.

Formally, in this case F (E{t - Eﬁ\fio) = 0, and the model would produce homogeneous treatment effects.
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linear in wealth k;). At period t* we have pre-established positions for those not yet in, and the

participation decision for them is:

Lip» > 0 < V1 (kipe — Z;,60;) > Wy (kig=, 0;)

In effect, the policy change can be interpreted as a once-and-for-all wealth shock in the event of

joining the financial sector. Consumption equations are as before. For ¢t > t*, we have

Cit = Cﬁ X (1 — Izt) + CiIt X Lt

Then, if the agent enters at t*, induced by the sudden and temporary policy change, we can analyze
this decision as if it would have been a “once for all” decision. In this case, the policy changes the
entry decision, but it does not affect the potential outcomes at t > t*.22

However, if the policy is permanent, then the policy is subject to the same qualifications as the
case when choice of sector takes place each period. Subsequently, pre entry behavior for those not

yet entering at period t* will be altered.

5 A Model of Financial Intermediation with Moral Hazard and

Collateral Constraints

5.1 Statics

In this section, we study the consequences for impact evaluation of a model with financial inter-
mediation with moral hazard. Our model is similar to the one discussed in Paulson et al. (2006)
estimated using data from Thailand. This follows the tradition of the earlier literature on occupa-
tion choice but attempts to estimate the financial regime in place, i.e., moral hazard versus limited
commitment. Here we focus on moral hazard and the endogeneity of the intermediation decision.
We first introduce the static version of the model though for simplicity we suppress the oc-
cupation choice and focus on firms. We also focus our interest on the empirical consequences of

randomized contracts. We then go to the dynamics.??

22 A literature on sudden devaluations causing wealth losses from dollar denominated loans is not unrelated.

238ee Karaivanov and Townsend (2009) for further work with the Thai data and the estimation of financial regimes

35



We denote by u(c;, e;) the utility function associated with individual i. This function is increas-
ing in consumption ¢; and decreasing in effort e;. The technology in the model is described by a
stochastic production function Pr(g;|e;, 0;) where g; denotes outcome and 6; represents individual’s
talent or type.

The individual as firm must decide whether or not to participate in a lottery determining
who gets intermediated. If participating in the lottery, she must pay an amount b; to the bank
and, as a results of this, she gets a randomized contract determining if she will have to run her
business in autarky or if her output will depend on a transfer agreement associated with credit
and insurance. The entry into randomization has a fixed and individual-specific costs Z;. However,
Z; produces a natural source of variation that can be used to identify and estimate the effect of
financial intermediation on consumption. We illustrate this point in our example.

Overall, the timing of the model is as follow. First, wealth b; is transferred to the bank. Then,
the outcome of the lottery is revealed. If the result is autarky, some wealth may be transferred from
bank to the individual before she “opens” her business. This amount is such that the on average
the individual ends up with the same wealth level as autarky. Let wa; denote the optimal transfer
and IT4 (way, i, €;) be the joint distribution of the transfer, production and effort.

Here IT4 (w44, gi, e;) allows non trivial probabilities but much of the outcomes can be deter-
ministic. The IT4 (was, i, €;) makes the problem linear. The following expressions characterize the

problem of determining the optimal transferred level w 4;, for each 6; type;

max Z 4 (wais Gis i) u(qi + was, ;)
A WA;,q9i,€4
s.t.

ZHA (wAi,(ji,éi) = Pr ((Yz|émez) Z T4 (wAia(Iiaéi) Vg, € (26)

WAq WA
> Ta(waige)wa = b (27)

WA;,qi,€5
II4>0 and Z g (wai,gisei) = 1 (28)
WAi,9i,€i

The first constraint in this program implies that, regardless of the initial transfer, the distribution

in a dynamic context.
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of output given the effort level is consistent with the production function associated with the
individual’s type 6;, Pr(g;|e;,0;). The second constraint gives back to the agent his wealth in
expectation.

On the other hand, if the outcome of the lottery is “intermediation”, the contract defines
first a recommended level of effort, and then a distribution of consumption conditional on output.
These choices are described by the joint distribution of consumption, output and effort under
intermediation (I17(c;, gi,€;)). Again, e; may be deterministic and ¢; a non trivial function of ¢;.
Additionally, we assume the existence of an individual-specific utility cost xj; in case of being
intermediated, as otherwise intermediation would always dominate autarky.

Since effort is only known by the individuals, we need to add the following constraint that makes
recommended effort e; weakly dominate any é;:

> T (ciy gi €0) ulciy e5) > mﬂf (cirgi €i) ulci, &) Ve e (29)

Ciyqi Ciyqi

Additionally, the joint distribution of consumption, output and effort under intermediation

must be consistent with the production technology Pr(g;|e;, 8;). Thus, we require
> 1y (ciyGiy &) = Pr(gile:, 0:) Y TIr (ci g5, ) VG, & (30)
C; Ciyqs

In sum, the contract can be characterized by the joint distribution of transfer, output and effort
under financial autarky I14 (w4, gi, ;) and by the joint distribution of consumption, output and
effort under intermediation II;(¢;, g;, €;).

We must impose:

;104 >0 (31)

> Milei,gie)+ Y Ta(waigie) =1 (32)

Ciyqi,€4q WAi,qi)€q

Finally, we impose a zero expected profit condition to our bank. Therefore, the following
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constraint must hold for each 6; type:

> Mileogne)(G—a)+ Y, Ta(wai g e)wai = b — 7 (33)

Ciyqi,€4 WAi»qi€q

This constraint implies that the net expected amount of transfers to the individuals (under both
regimes) equals the initial transfer received by the bank.

Program 1 describes the efficient arrangements given b;.

Program 1

U(bis 0, Zi) = maxi, 1y D oe, q,.00 L1 (Cis @i €3) [ulcis €) — Krl + 320, 4 La(Wais @i, €5)ulgi + wai, ;)

st (26),(27),(28),(29),(30),(31),(32),(33).

The outcome of this program U (b;;0;, Z;) is the indirect utility from the contract given a wealth
level b;, the individual’s type 0; and cost Z;. Notice the important role of ky;. If kr; < 0 we will have
intermediation with probability one. On the contrary, a non-negative kj; will make intermediation
more attractive for low values of wealth b;. Therefore, the possibility of randomization will occur

only for non-negative values of ky;.

5.1.1 The Role of Lotteries and Z as a Valid instrument

Random assignments of wealth can help us to recover instruments at least over specified ranges of
ex-ante wealth. Figure 3 illustrates this point.

For values wealth between by, < b; — Z; < by a lottery puts mass on participation and autarky
points in proportion to the utility distance. That is, suppose that an individual with initial wealth
b; in this range forfeits Z; in wealth and enters the lottery with b; — Z;. Then, the effect of cost
Z; is to shift ex-ante wealth to the left and increased the probability of loosing the lottery, that is
becoming poor and needing the financial system.

Figure 3 shows that when b; < by, intermediation is chosen with probability one, and those
agents do not play the lottery (and do not pay costs Z;).

The point is that in the relevant range of wealth (and only in that range) costs Z; affect the

probability of participation without changing outcomes associated with the participation decision.
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This logic produces the instrument. Additionally, changes in the instrument produce uniform or
monotonic responses in the chances of getting access to the financial system. Therefore, even under
the presence of unobserved talent driving consumption levels and probabilities of intermediation,
the IV strategy will identify a causal effect associated with financial intermediation.

We note that ex-ante expected utility is a function of the instrument and we come back to this

in a consideration of dynamics.

5.1.2 Example

In order to understand the consequences of our analysis for the impact evaluation of financial inter-
mediation, we generate data from our theoretical model and estimate what the effect of financial
intermediation would be using different econometric techniques. Specifically, we use our model to
generate data on consumption, wealth and financial intermediation for a sample of approximately
1,800,000 individuals.?* As previously explained, talent plays a critical role in our theoretical model,
but since talent is observed only by the individual, we do not condition on it.

Table 10 presents our parameterization of the theoretical model. In our data, we observe 67.90%
of the individuals (endogenously) reporting financial intermediation. Notice that wealth (b) and
the instrument (Z) are defined as continuous random variables. However, once we identify the
region in which randomization is non trivial, we solve the model for a set of discrete values of
b and Z. Specifically, we work with ten values for both wealth (b1,...,b19) and the instrument
(Z1,y..., Zlo).25 This not only allows us to make the numerical solution of the theoretical problem
feasible but also to mimic what an analyst would face in reality.

First, we estimate the effect of financial intermediation using OLS and IV techniques. We denote

241t is worth mentioning that experimenting with different sample sizes suggests that reducing the number of
observations produces significant losses in the accuracy of the local IV estimates.

2More precisely, we work with (b1, be, b, ba, bs, bs, bz, bs, by, b1o) = (10.5,10.6,10.7,10.88,10.9,11.1,11.2,11.3, 11.4,
11.5), and (Z1, Z2, Zs, Za, Z5, Zs, Z7, Zs, Z9, Z10) = (0,0.03,0.06,0.1,0.13,0.16,0.2,0.23,0.26,0.3). Given the struc-
ture of the model and our ordering, the resulting probabilities associated with the lottery is increasing in Z;
and decreasing in by. We also consider a discrete grid for talent 6. Specifically, we solve the model for
(01,02,03,04,05,06,07,08,09) = (0.6,0.7,0.8,0.9,1,1.1,1.2,1.3,1.4). The distribution of talent and wealth gener-
ated using the discrete grids respects the joint distribution associated with these random variables presented in table

10.
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by ¢; and D; observed consumption and financial intermediation (dummy variable), respectively.
b; denotes individual’s wealth level. We carry out the estimation considering two different models
of consumption, as illustrative:

¢ = a+BD;+ b+ ¢ (34)

c; = oz(bk) + ﬁ(bk)DZ + € for bk = bl, et b10 (35)

where, in (35), the dependency of the coefficients a and 3 on values of wealth (by) indicates that
the equation is estimated for each b;. In this manner, the second equation represents a more
flexible functional form than the first (and standard) model. The needs for instruments comes
from the fact that intermediation D; is an endogenous variable. Additionally, given the presence of
unobserved talent and the endogenous selection mechanism driving the intermediation decisions,
behind expressions (34) and (35) we have a model with heterogeneous treatment effects.

We denote by A9L9(by,) and AV (by) the effect of financial intermediation on consumption
(conditional on wealth) obtained from model (35). Table 11 presents our results. The results are
ordered increasingly on wealth (i.e., by < be < ... < byp). The last two rows of table 11 present the
overall effects obtained from (34) and (35) (across wealth levels). The comparison of these columns
illustrates the empirical consequences of imposing a priori the restricted functional form (34), i.e.,
a(br) = a(by,) and B(by) = B(b},) for all (k, k'), and the biased results delivered by OLS.

Additionally, and following Imbens and Angrist (1994), we can decompose the IV estimates

(ATV(by,)) presented in table 11 into its local components. Specifically, we can write:

9
AV (b)) =D A™Y(Zigr, Zib) (k) Vb with E=1,...,10,
=1

I X E(ci|Z=2Z141,b=by)—E(c;|Z=2;,b=b .
where ATV(Z, 1, Z;;br) = Pr(Di(ziIZ:Zji,b:bzg—Pﬁ(lD‘izl\é:Zlfb)zbk)’ and the weights are such that

Ai(bg) > 0 and >, N(by) = 1 for all by with k& = 1,...,10. Table 12 presents the estimated

AT V(ZIH, Z;by,) obtained using data generated from the model, whereas table 13 presents the
associated weights. The variability of A™Y(Z;,1, Z;;bx) demonstrates the presence of unobserved

heterogeneity in our model across levels of wealth. The IVs presented in table 11 gives a partial

26 A more complicated version would include risk sharing. See Alem and Townsend (2008).
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picture of the local effects contained in the data.?”

Importantly, the local IV estimates presented in table 12 have a causal interpretation. Specifi-
cally, they identify the effects of the treatment for those individuals induced to switch regime as a re-
sult of a change in the instrument. In other words, A’V (Z,1, Z;; by) identifies ALATE(ZZH, Zp bk =
E(c! — c|Di(Z41) — Di(Z;) = 1,b = by,) where ¢! and ¢! denote the consumption levels under
intermediation and autarky, respectively, and D;(Z;) denotes the value for the dummy variable as-
sociated with intermediation when individual ¢ faces Z = Z;. This causal interpretation of IV comes
from the fact that Z is a valid instrument and from the assumption of a uniform (or monotonic)
effect of Z on D (from the lottery). In the next section, we show how this causal interpretation of
local IV breaks down in the context of a dynamic model.?®

As previously discussed, in the context of models with unobserved heterogeneity, reduced form
approaches (including IVs) might not give estimates of the average effect of the treatment (ATE)
or the treatment effect on those treated (TT). This is because each of these parameters depend in
one way or another on counterfactual outcomes, and therefore, their estimation requires additional
structure. Fortunately for us, full control of our model allows us to generate these counterfactual
states, and consequently, all the treatment parameters. Table 14 presents these treatment param-
eters. It also presents the average treatment effects for those untreated or TUT. We immediately
observe that there are differences among the treatment parameters, which is again a manifestation

of the presence of unobserved heterogeneity.

5.2 Dynamic Mechanism Design

Suppose now there are two time periods in our contract model. We continue defining Z; as a cost
of entering the lottery which is subtracted from wealth b;.

We denote by b the wealth level in the second period which is a “decision” variable in the
context of the first period. Individuals in our model are allowed to switch from intermediation

today to autarky tomorrow, and also the opposite.

2TThe numbers presented in table 11 are obtained using AIV(ZZ_H, Z1;br) and the IV weights presented in tables
12 and 13, respectively.

28We do not present the model generated LATE in this case. This is because, as in the previous examples of a
valid instrument satisfying uniformity, they will be close to the estimated local IV estimates, and so we prefer not to

repeat the argument.
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The program introduced in section 5.1 already determined the optimal arrangement in the
second period. Importantly, in the first period, not only consumption but also the characteristics
of the future arrangement are used to reward individuals. But indirect utility U(b}; 0;, Z;) carries
all the information from the second period arrangement that is relevant for the characterization of
the optimal contract in the first period as only utility matters for incentives. We use this fact in
what follows.

When the result of the lottery is autarky in the first period, a particular distribution of transfer
to the individual, w;, is determined. Then, the individual decides the amount of effort, the output
level is obtained, and finally, the individual decides how to split his resources ¢; + wa; between
consumption today and wealth level for the second period. Thus, the program determining the
optimal policy given the available resources b; can be written as:

Uai(bi;0:, Z;) = max Z T A(b, waiy g, €;) [u(ql +wa; — b, e;) + U(b;0;, ZZ)]

I
b, wA¢,qiei

s.t.

> A, wai, @i, &) = Pr(Giles, 6:) Y Ta(b), wai, G, &) Vi, e (36)

bl wa; bl w A,

> Ta(, wa, @i, e)wai = by (37)
bl wAi,gisei
T4 > 0 and Z L4 (b}, wais girei) = 1 (38)

/
b}, wAi,qi,ei

In this dynamic version of the model, the contract under intermediation can be characterized by
the joint distribution of next period’s wealth, and the first period levels of consumption, production
and effort, IT; (¥}, ¢;, i, €;).

The incentive constraint under intermediation in the first period is,

Z HI(b'ILaCiaqi,ei) [U(Ci,ei) + U(b;aglazl)] Z

’
bi7ci’qi

Z HI(b;a Ciy qis 67,')

’
bi ,Ciy44

Pr(q;|é;, 0;)

i 1 b R . B Q. 7. B s
Pr(qile;, 0;) [u(ci &) + U (b3 05, Zi)] - Ve, e (39)
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and the constraint securing that II7 (b}, ¢;, ¢;, ;) be consistent with the stochastic technology is

> 1Y ci @i @) = Pr(gles, 0:) Y T(b,ci g6, @) Vi, & (40)

/ /
bei b;:Ci54i

Finally, the probability constraints are:

7,114 >0 (41)
Z H[(b{ivchqiaei) + Z HA(bgawAiaqi,ei) =1 (42)
bl,ci,qi,€ bl wA4,qi €4
The bank faces the following zero expected profit condition:
> W cnane)(c+bi—a)+ Y Tallh,wai, g, e)wa; = bi— Zi (43)

/ /
b;,Ci,qis€i b}, wAi,qi,€i

This constraint assures that the amount initially given to the bank equals the expected amount
transferred for the individual either under intermediation or autarky, plus the cost of intermediation
Z;. (A similar constraint is already imposed in the second period).

Therefore, given the initial promise U (b}; 6;, Z;), the first period program describing the efficient

allocation of resources becomes:

Program 2
MAXII; [Ty Db c;,q;,e, 11 (05 Cir @i €0) [U (B33 03, Zi) + ulci €3) — ki
20 wangies LA(0G wais iy €0) [U (b5 05, Zi) + ulgi + wai — b, €)]

s.t. (36),(37),(39),(40),(41),(42),(43).

Our main interest in this model is the critical role of ex-ante promise utility in the second
period U (};0;, Z;). This variable determines the incentives in the first period, and this fact has
consequence for the interpretation of Z; as a valid instrument. Note from our earlier discussion
that expected utility in the static problem depends on Z;. Now the static problem is the second

period problem, and so one sees the intuition that varying levels of utility depend on Z through
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these second period promised utilities. These promises thus impact current period incentives and
so vary with Z. In order to see this, notice the higher is Z; the less surplus there will be during
the second period to maintain a given level of promise utility U(b};6;, Z;). As a result of this, we
might expect U(-) to be a monotone decreasing function of Z;. On the other hand, assignment to
intermediation in the second period when Z; is high (low) allows the assignment of a low (high)
promise as a threat for bad outcomes in the first period. Therefore, either way the level promise
U(-) depends on the instrument Z;. Thus, we lose the desirable properties of the Z; as a potential
instrument. Promised utility in the second period depends on Z; and promised utility determines

current period incentives

5.2.1 An Example

As in the static case, we study the differences between the model generated treatment parameters
and the estimates obtained by a researcher using observational data on consumption, wealth, and
intermediation. We use the same parameterization as in the previous case (see table 10, and equa-
tions (34) and (35)). In this case, we observe 33.10% of the individuals (endogenously) reporting
financial intermediation.?’

Table 15 presents the IV and OLS estimates (overall and by level of wealth). In general, the
differences between IV and OLS are larger than what we computed in table 11. Table 16 on the
other hand, presents the local IV estimates A’V (Zy41, Zy;by) for k = (1,...,9), which - jointly
with the weights presented in table 17 - produce the IV estimates reported in table 15. We again
observe a larger variability in IVs (across wealth levels) compared to the results in table 12. This
fact reflects the strong selection process driving the decision into intermediation.

Tables 18 and 19 present the model generated treatment parameters. The numbers in these
tables are obtained using the counterfactual consumption levels delivered by the model, which

would not be available in observational data (as the one used to generate the numbers in tables 15,

16, and 17).

2Here we work with the following values for wealth and the instrument (by,bs,bs,ba,bs,bs,br,bs,bo) =
(18.25,18.33,18.41,18.5,18.58, 18.66, 18.75, 18.83,18.91), and (Z1,Z2,Z3,Z4,Z5, Zs, Z7, Zs, Zo, Z10) =
(0,0.03,0.07,0.1,0.14,0.18,0.21,0.25,0.29,0.32).  Given the structure of the model and our ordering, the re-
sulting probabilities associated with the lottery tends to be increasing in Z; and decreasing in b;. For talent 6, we

solve the model using (01, 02,03, 04,05, 06,07,0s,09) = (0.86,0.88,0.9,0.92,0.93,0.95,0.97,0.98, 1).
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The results in table 18 show important differences between the average treatment effect (ATE),
the treatment effect on the treated (TT), and the treatment effect on the untreated (TUT). These
differences illustrate how the presence of unobserved talent and the sorting mechanism into financial
intermediation generate heterogenous treatment parameters. In this context, the analyst must first
state the question she wants to answer, and then use the appropriate empirical approach to identify
the treatment parameters of interest.

Table 19 on the other hand, presents the model generated local average treatment effects
AMATE( 7y 7 bF) = E(cf — ¢ |\Di(Zi41) — Di(Z)) = 1,b; = bg). Given the problematic defi-
nition of Z; as a proper instrument, the model generated LATE (table 19) and the estimated local
IVs (table 16) are now different. Table 20 summarizes these large differences. In our dynamic model

with dynamic incentives, local IVs would not identify the well-defined causal parameter LATE.

6 Conclusions

This paper links contract theory models of financial intermediation to econometric policy evaluation.
We have discussed a variety of economic models with unobserved heterogeneity and endogenous
decisions involving financial intermediation. We also analyzed econometric techniques and policy
evaluation which are appropriate or inappropriate, depending on the vision of the underlying model,
the assumptions one is willing to make, and the data at hand.

Even though, under certain assumptions, an IV strategy can recover accurately a true model-
generated causal effect (LATE), these are quantitatively different, in order of magnitude and even
sign, from other policy impact parameters (e.g., treatment on the treated and the average treatment
effect). We also show that laying out clearly alternative models can guide the search for instruments.
Mechanism design can deliver natural lotteries of randomization that can be used as sources of
identification in empirical analyses. On the other hand adding more margins of decision, i.e.,
occupation choice and intermediation jointly, or adding more periods with promised utilities as
key state variables, as in optimal multi-period contracts, can cause the misinterpretation of the IV
estimates as the causal parameter of interest (e.g., uniformity), so that IV and LATE might no
longer coincide.

Our objective is to help researchers and policy makers assess accurately the impact of financial
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intermediation. In order to identify the impact of financial intermediation, researchers and policy
makers need a clear understanding of the role of unobserved heterogeneity (coming from preferences,
costs or talents) and the economic mechanisms driving individual’s endogenous decisions. A limited
understanding of the economic fundamentals could result in a misinterpretation of policy parameters
estimated from observational data. The good news is that there is a wide array of options, so it is

a matter of choosing carefully.
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Table 1. Parameter Values

Parameter Value

o 0.54561
B -0.39064
o 0.1021
I3 0.2582
p -0.03384
w 0.048

Note: The numbers in this table are obtained from Gine and Townsend (2004). Using data from
Thailand, Gine and Townsend (2004) estimate a model of occupational choice with similar charac-

teristics to the one studied in this paper.

Table 2. Sorting by Occupational Choices

Model of Occupational Choice - Simulated Cross-sectional Data

Occupational Choice Sample Size

Wage Earners 6,109
Entrepreneur 18,891
Constrained 14,519
Unconstrained 4,372

Total 25,000

Note: The number of observations in each occupation is the result of the endogenous decision

process faced by each of the 25,000 simulated individuals.
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Table 3. OLS and IV Estimates

Model of Occupational Choice - Estimates from Cross-sectional Data

Parameter Estimates

AOLS AIV

K 0.606™*  1.189**
K1 1.155*%  1.142**
K2 -0.136™  -0.082

K3 0.457**  -0.356*

Average Effect (k2b+ r3) 0.303"*  -0.450

Note: This table presents the parameters obtained from a linear regression of observed income
(profits or wages depending on individual’s occupation) on wealth, the occupational dummy, and
the interaction between wealth and occupation (dummy). In addition, the column ATV presents
the estimates when 1 is used as instrument. Overall these results illustrate what the analyst can
obtain using information produced from the model (observed outcome, wealth, and occupation)
using a reduced-form strategy. (*) denotes statistical significance at 5%; (**) denotes statistical

significance at 1%.
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Table 4. Model Generated Treatment Paramaters

Model of Occupational Choice - The Causal Effects of Occupation on Income

Parameter Value

AATE 0.619
ATT 1.270
ALATE(1.0)  -0.459

Note: The numbers in this table represents the model’s underlying treatment parameters associated
with the effect of occupation on income (or model-generated treatment parameters). In order to
obtain them, we use the structure of the model to simulate data on wages, profits and choices for
25,000 individuals. The analyst would need to characterize the structure of the model (counter-
factual outcomes and decision rule) before producing these treatment parameters (as opposed to a

reduced form strategy).
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Table 5. Sorting by Occupational Choices and Access to Financial Intermediation
Model of Occupational Choice and Financial Intermediation

Simulated Cross-sectional Data

Occupational Choice Financial Intermediation Autarky
Wage Earners 940 5,072
Entrepreneurs 2,678 16,310
Constrained - 14,015
Unconstrained - 2,295

Note: The number of observations in each cell is the result of the endogenous decision process faced

by each of the 25,000 simulated individuals.

Table 6. OLS and IV Estimates of the Effect of Financial Intermediation on Income

Model of Occupational Choice and Financial Intermediation

KQ K1 K9 K3 Average Effect (/@5 + /-13)
ACLS 1015  0.954** 0.313** 0.227** 0.585**
AV@)  0.933 1.071** 0.076* 0.236** 0.323*

Note: This table presents the parameters obtained from a linear regression of observed income
(profits or wages depending on individual’s occupation) on wealth, the financial intermediation
dummy, and the interaction between wealth and financial intermediation (dummy). In addition,
the row AV(@) presents the estimates when Q is used as instrument for endogenous financial
intermediation. Overall these results illustrate what the analyst can obtain using information
produced from the model (observed outcome, wealth and financial intermediation) using a reduced-

form strategy. (*) denotes statistical significance at 5%; (**) denotes statistical significance at 1%.
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Table 7. OLS and IV Estimates of the Effect of Occupation on Income

Model of Occupational Choice and Financial Intermediation

T0 T T T3 Average Effect (7'25 + 7'3)
AOLS 0578  1.259** -0.146**  (.433** 0.266**
ATVE) 1.2192% 1177 -0.027  -0.426** -0.458*

Note: This table presents the parameters obtained from a linear regression of observed income
(profits or wages depending on individual’s occupation) on wealth, the occupational dummy, and
the interaction between wealth and occupation (dummy). In addition, the row AV(®) presents the
estimates when v is used as instrument for the endogenous occupational decision. Overall these
results illustrate what the analyst can obtain using information produced from the model (observed
outcome, wealth and occupation) using a reduced-form strategy. (*) denotes statistical significance

at 5%; (**) denotes statistical significance at 1%.
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Table 8. Model Generated Local Average Treatment Effects

Model of Occupational Choice and Financial Intermediation

Parameter Value | Number of Direction
Movers
ALATE®)(1,0) -0.466 2,219 From Wage Earner to Entrepreneur
-0.444 1,548 From Wage Worker under Autarky to

Entrepreneur under Autarky

-0.278 278 From Wage Worker under Autarky to
Entrepreneur under Financial Intermediation
-0.724 322 From Wage Worker under Financial Intermediation
Entrepreneur under Autarky

-0.519 71 From Wage Worker under Financial Intermediation

to Entrepreneur under Financial Intermediation

ALATE@)(0.25,1) | 0.388 3,757 From Autarky to Financial Intermediation

0.355 911 From Wage Worker under Autarky to
Wage Worker under Financial Intermediation
-0.203 176 From Wage Worker under Autarky to
Entrepreneur under Financial Intermediation
0.752 75 From Entrepreneur under Autarky to
Wage Worker under Financial Intermediation
0.430 2,595 From Entrepreneur under Autarky to

Entrepreneur under Financial Intermediation

Note: The numbers in the table are obtained using the factual and counterfactual information on income generated
by the economic model. Specifically, for each individual in the sample we analyze the consequences of modifying
the values of the instruments initially assigned. We study the individual’s changes in occupational choices as well as
the changes in decisions involving the financial system. Then, for each individual modifying her decisions as a result
of the changes in @ or 1, we compute the associated effects on income. This table presents the average effects on
income generated using this logic. It also displays the number of individuals switching decisions as a result of the

changes in the instrument (column Number of Movers).
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Table 9. Model Generated Treatment Parameters associated with

Occupational Choices and Financial Intermediation

Treatment Parameter Alternatives Considered in the Comparison Value
AATE Entrepreneurship vs. Wage Sector under Financial Autarky 0.619
AATE Entrepreneurship vs. Wage Sector under Financial Intermediation 0.607
AATE Financial Intermediation vs. Autarky for Wage Earners 0.227
AATE Financial Intermediation vs. Autarky for Entrepreneurs 0.215
ATT Entrepreneurship vs. Wage Sector under Financial Autarky 1.205
ATT Entrepreneurship vs. Wage Sector under Financial Intermediation 1.734
ATT Financial Intermediation vs. Autarky for Wage Earners 0.364
ATT Financial Intermediation vs. Autarky for Entrepreneurs 0.433

Note: The table presents the treatment parameters associated with the pairwise comparison of
different alternatives in the model conditional on a specific alternative for the margin not considered
in the comparison. For example, the first row presents the mean difference between profits and
wages for individuals not participating in the financial system. The other rows can be interpreted

using the same logic.
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Table 10. Model of Financial Intermediation with

Moral Hazard and Collateral Constraints

Parameterization

Utility Function
Dis-utility of Effort
Probability of High Output
Effort Grid
Output Grid

Cost of Intermediation

Talent (6) and Wealth (b)

Instrument (Z)

u(e,e) = —100c~ 1 — v(e)
v(0.06) = 2.9, v(16) = 3
Pr(qule, 0) = Lguers

e € {0.06, 16}
q € {0.5,15}
kr=0.1
1 0

(0,b) ~ N |(0,0),
0 1

Z ~U(0,1) with Z independent from 6 and b
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Table 11. IV and OLS Estimates computed by Wealth Level - Static Model

Wealth ATV (b))  A9LS(by) | % Difference
Level (1) (2) (ﬁg;ﬁ))
b1 -0.91 -0.87 -4.8%
bo -2.02 -1.85 -8.9%
by -2.92 -2.83 -3.1%
ba -3.97 -3.92 -1.4%
bs -4.80 -4.91 2.3%
be -5.76 -5.97 3.5%
by -6.91 -7.00 1.3%
bs -7.91 -8.04 1.7%
bo -9.09 -9.04 -0.5%
bio -9.75 -10.05 3.0%
Overall Effect-Restricted Model (Equation (34)) | -5.40 -5.72 5.6%
Overall Effect-Full Interactions (Equation (35)) -5.38 -5.45 1.3%

Note: All estimates are statistically significant at 5% level.
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Table 14. Model Generated Treatment Parameters: ATE, TT and TUT, by Wealth Level

Static Model

Wealth | AATE(b)  ATT(b,)  ATUT(b) | Consumption Under
Level Financial Autarky

b1 -0.81 -0.81 -0.83 22.92

ba -1.83 -1.84 -1.82 23.95

bs -2.85 -2.87 -2.79 24.97

by -3.87 -3.88 -3.86 25.99

bs -4.89 -4.90 -4.87 27.01

bs -5.91 -5.92 -5.91 28.03

by -6.93 -6.93 -6.94 29.05

bg -7.95 -7.93 -7.99 30.07

bo -8.97 -8.97 -8.98 31.09

bo -9.99 -10.00 -9.99 32.11
Overall -5.40 -5.17 -5.90 27.52
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Table 15. IV and OLS Estimates computed by Wealth Level - Dynamic Model

Wealth ATV (b))  A9LS(by) | % Difference
Level (1) (2) (ﬁg;ﬁ))
b1 -1.85 -1.48 -25.0%
ba -2.59 -2.16 -19.7%
bs -3.08 -2.86 -7.8%
by -3.77 -3.95 -6.1%
bs -4.46 -4.24 -5.2%
b -5.14 4.92 4.4%
by -5.70 -5.61 -1.6%
bg -6.42 -6.30 -1.9%
bg -7.16 -6.97 -2.8%
Overall Effect-Restricted Model (Equation (34)) | -4.74 -4.33 -9.5%
Overall Effect-Full Interactions (Equation (35)) -4.70 -4.50 -4.5%

Note: All estimates are statistically significant at 5% level.
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Table 18. Model Generated Treatment Parameters: ATE, TT and TUT, by Wealth Level

Dynamic Model

Wealth | AATE(b)  ATT(b,)  ATUT(b) | Consumption Under
Level Financial Autarky

b1 -1.49 -1.47 -1.51 22.00

ba -2.18 -2.17 -2.19 22.69

bs -2.87 -2.84 -2.89 23.38

by -3.56 -3.52 -3.58 24.07

bs -4.25 -4.22 -4.26 24.76

be -4.94 -4.92 -4.95 25.46

by -5.63 -5.99 -5.64 26.17

bg -6.32 -6.30 -6.32 26.87

by -7.01 -7.05 -7.00 27.57
Overall -4.51 -4.17 -4.69 25.04
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Table 20. Model Generated Local Average Treatment Effect versus Estimated Local IVs, by Wealth Level

Dynamic Model

Wealth | AMTE () ATV(by) | % Difference
Level (1) (2) (qgég?)
b1 -1.55 -1.85 16.2%
ba -2.17 -2.99 16.0%
bs -2.85 -3.08 7.6%
ba -3.93 -3.77 6.4%
bs -4.27 -4.46 4.2%
be -4.92 -5.14 4.2%
by -5.62 -5.70 1.4%
bs -6.27 -6.42 2.4%
bg -7.00 -7.16 2.3%
Overall -4.50 -4.70 4.3%

68



0 A
Wage Earner 6*-|—\|/
e*
N
o0ty
Unconstrained A
0
Entrepreneur
Cons .
Entre /
> 0 R >
N
v - b bty B By

A. Without Subsidy B. The Effect of the Subsidy

Figure 1: Occupational Choice Maps and The Effect of the Subsidy

69



LATE

TSLS->

\ \
0 20 40 60 80 100
Wealth (Percentiles)

LATE

TSLS ‘

Figure 2: Model Generated and Estimated Local Average Treatment Effect by Percentile of the
Wealth Distribution

Expected Utility

b
Wealt%

Figure 3: Random Assignments of Wealth as a Source of Instruments
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