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Imbens and Angrist (1994) “Ildentification and
Estimation of Local Average Treatment Effects”

ConprTion 1 (Existence of Instruments): Let Z be a random variable such that (i) for
all we 3 the triple (Y(0),Y.(1), D{w)) is jointly independent of Z,, and, (ii) P(w)=
ElD;|Z; =w] is a nontrivial function of w.

ConpiTion 2 (Monotonicity): For all z,w €3, either D(z) > D/w) for all i, or
D.(z) < D{w) forall i.

TueoreM 1: If Conditions 1 and 2 hold, then we can identify the following average
treatment effect:

a.,,=E[Y(1) - Y(0)|D,(z) # Di(w)]

from the joint distribution of Y, D, and Z, for all z and w in the support of Z such that
ElY,|Z; = z] and E|Y,|Z, = w] are finite, and P(z) # P(w).
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“*Jeong and Townsend

++*Gine and Townsend
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“* Townsend, Robert M., and Sergio Urzua (2009) “Measuring the Impact of Financial
Intermediation: Linking Contract Theory to Econometric Policy Evaluation”

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 7

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

w + GL-W + b; 1f wage earner

W; = (1)

W(G?{g . bi,w) + b; il entrepreneur.

Here w is the market wage for (unskilled) labor? and W(H;-E . bi,w) represents the profit tunction

obtained after solving the production/profit maximization problem

T(0F b w) = i f(k.l) —wl —k —6F (2)
k.l
subject to 0 < k < b; — 6F (3)

.
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Theretore, if we denote by D a binary variable such that D = 1 if the agent becomes an

entrepreneur, and 0 otherwise, we can write

e AR w
DOF .6V by w) = 1 if w67, by, w) > w + 6;

0 if m(0F, b, w) < w+ 6.

Vi = Dy (7(6F bi,w) + ;) + (1 — Dy) (w+ 6" +b;) .

where without additional structure profits are non-linear in entrepreneur talent (HQE ), wealth (b;),

and market wage (w). However, the empirical literature primarily uses linear and separable models.

That is,

7(0F bi.w) o duw + dp8f + dubi. (4)

which can be expressed as a linear regression model
Yi = w + b + (dpbi + (pw — 1) w) D + (5)
where £; = )V + (gbgﬂf" — GZV) D;, and the term in parenthesis (¢pb; + (¢, — 1) w) represents the

gain in gross income that does not depend on unobserved talent.
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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 ¢ is a random variable With‘ 1 > 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 — #¥ is unaltered.

The policy distortion impacts the decision rule:

i i i, Wi, W) =

[

0 if 7(0F, b, w) + v < w4+ 6V
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Indeed, suppose that the subsidy can take on two values ¢ and ¢. In this case, and without imposing

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

B (Yily = 0.6 = b) = E (Yilvi = v, b, = b)

E (Difs = 0.6 =b) = B (Difus = . = b).

ATV @,@; b) =

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

P to E (the treatment here is to become an entrepreneur), or more formally
ARATE (35b) = B [7(60F biw) = w = 0 |Di(B) = 1.Di(e) = 0,6 = 0]

This parameter does not pick up the earnings difference for those who would be entrepreneurs,
versus wage carners, regardless of the value of the instrument. Instead. the local average treatment

offect ALATE paturally provides the answer to a policy experiment.”

AT by = E(m(0F. biow) — (w+0) |D;=1,b; =) (6)

ATE () = E(m(0F. b.w) — (w+0]") b =1b). (7)
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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

mdividuals.

Table 2. Sorting by Occupational Choices Table 3. OLS and TV Estimates

Model of Occupational Choice - Simulated Cross-sectional Data  Model of Occupational Choice - Estimates from Cross-sectional Data

Occupational Choice Sample Size Parameter Estimates
Wage Earners 6.109 AOLS AV
Entrepreneur 18,891 Ko 0.606™  1.189**
Constratned 14,519 K1 1.155%  1.142**
Unconstrained 4,372 K9 -0.136™  -0.082
Total 25,000 K3 0.457  -0.356"

Average Effect (ﬁgg-l- 53) 0.303**  -0.450

Y = ko + k1b; + kobiD; + k3D; + <
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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 ¢» = 0 to ¢¥» = 1) to compute the model generated local ajvera,ge treatment effect
(AFATE (1,0)) (i.e., the average effect of the treatment for those individuals switching occupations

as a result of a change in the instrument).
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
AFATE(0)  -0.459
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3 Occupational Choice Under Financial Intermediation

We denote by Q; the individual-
specific cost of using the intermediated sector. Examples of @QQ; 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 institutioﬁls which vary in effectiveness.

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

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

intermediated sector can be described by:

. g E W
DOF. 0V w.r) = Lot a0 w,r) +0:(1+7) = Qi+ > w+ 60" +b;(147) —Q;

1 ? 1 bl
0 otherwise

Y7 (05,01 b, w,r) = D(OF, 01 w,r) (m(0F w,r) + bi(1+ 1))

[ [ A

+ (1 - DOF. 6 ,w,r)) (w+b;(1+7)+6;") (14)

e A

.
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where again for simplicity we use Y; instead of Y (Gf . GZ-W, bi.w,r, Qi) .

&=0 x Y7 (0F,01 bi,w,r) + (1= 0;) x Y (0F, 0]V, b, w)

[ A

AIV(@) (5’ 0: b) _ E (5i|@i =Q.b = b) — E(§|Qi=Q.b; =)

— (19)
B (TilQs = Qb =b) = E(T.|Qi = Q.b = b)

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 Q may endogenously

induce individuals to switch from the wage sector to entrepreneurship and vice-versa.
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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 Entreprencur 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 v/, 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

I .
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4 Dynamics, Risk Sharing, Unobserved Heterogeneity and Occu-

pational Choice

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

Townsend and Ueda (2006, 2009), Jeong and Townsend (2008), and Felkner and Townsend (2007)

Household 7 maximizes discounted ex-

pected utility
0o
EoY fBlu(es)
t=0

where u(-) is strictly concave and initial wealth is k; 9 = b; 9. 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 + 0;, where #; is an

individual specific component known to the agent only, and /7 is common knowledge.
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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 i
at date t expressed as a fraction of wealth k; at date t. Let UF be the proportion of the savings
invested in a risky enterprise sector and ¥}" be the proportion invested in wage sector activities.
Additionally, one unit of wealth invested in enterprise E yields 6F + £ units of capital (wealth),
whereas one unit invested in wage activity W yields an ex-post rate of return of cﬁ V4 ELV. The

returns 0F and ;" are realized at the end of date t and are unknown when within-period decisions

are made.

The law of motion for wealth in autarky is thus
kit = si X [WE x (0F +2B) + UV 5 (6} +el)] x ke (23)

Cohlsumption in autarky at t ¢4 is the residual, i.e., c¢f = (1 — 54¢) ks
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The value function Wy associated with financial autarky, A, exists under standard regularity

conditions. It satisfies the Bellman equation:

H:T(} ( -I‘-"-it \ 91' ) = max u (C*?lt) + J;EE (H:TD (-I‘-"-it +1. f i ) )

11!511,21; 1Cit St

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

(u(c;t) = ¢},) they are constant. More precisely, under these preferences

Savings = f,
Therefore, and since by definition 3; = 3 + #;, we can write the equation describing optimal
consumption in autarky A as:
¢ = (1— 53— 6:)yit

A A
= Q7 Yit T &

where y;; is the sum of all sources of income ( Yit = yw + ylt ) a? =1 — /3, and where ¢ bzf = —b;yit

I 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, §/V.%0
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
147
kit+1 = sithi max {GP ,5}5} (1—7) (24)

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

intermediated sector, I, satisfies the Bellman equation
Vi(kie, 0;) = max [ (eit) + GiE (VT (kit+1, 0;:))]
subject to (24).

Following our previous analysis, we can write:

I I g
i = Ay + g5

where of =1 — 3 and »-:_{t — —0; A is the unobserved component.

I I I I Massachusetts Institute of Technology



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

struments

Initially at ¢+ = 0, given k;p, 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;5. 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

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

cost Z; ajnd wealth k0. More precisely, if we denoted by I;o the participation decision, we can write

Liop =1 < Vi (kio — Z;,6;) = Wo (Ko, 0;) -

I I I .
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Additionally, we can write observed consumption at ¢ as a function of potential consumption levels

(f:.'_{t_. cﬁ) and the participation decision [;:

Cit — (_iﬁ (1 — Iﬂj) + (ﬁ.{tf@'{]

Cit = @A?}it + (&'Iﬂt - ﬂA;ffJ-it) Lo + v (25)

where vy = ¢ + Lo (bff — bé) Equation (25) shows how, if intermediation is effective for those

Notice that the error term in (25), v;, depends on the decision made at t = 0, [;p, 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 kj. 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

-— —— — B L I T e ]



Using the instrument Z; the researcher can identify LATE, a causal relationship between finan-

cial intermediation and consumption.

effects. In this context, we can show that under the assumption of a uniform response of [;p to
changes in Z; (for all i), the instrumental variable estimator will indeed identify a causal effect of

L;0 on ¢4

I I I .
I I Massachusetts Institute of Technology



4.2 Sequential Participation Decisions

Now suppose the choice of sector takes place each period ¢, not just initially.

Bellman equation

Wo (kit.0;) =  max  {U(cit) + GiE max {Wo(kitw1.60:), Vi(kits1 — Zi, 0;)}]

II;tE' J.‘IIEP ?Cit J‘Sit

subject to ki1 = sit ¥ [llff’ (5E Lit) IIFH (Jl’v :EE)} X kgt

There is a critical family of values £* (Z;, 0;) which define thresholds for participation. Unde
some regularity conditions entry is permanent. However, saving s;(k;) and investments UF (k;;)
UMW (k) are generally functions of wealth k;; even with CRRA utility. It can be established, ir
fact, that savings and investment in risky assets will rise with £;; as that wealth approaches critica
entry k* (Z;,6;). See Townsend and Ueda (2006).

Thus variation in Z; determines both £* and pre participation outcomes. Therefore, Z; cannof

be considered as a potential instrument. Careful researchers do take into account the impacts o
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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

linear in wealth kj;). At period t* we have pre-established positions for those not yet in, and the

participation decision for them is:
Lip= > 0= Vi (k= — Z;,6;) = Wy (ki=, ;)

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
_ A I
cit = Cip X (1 —Iy) + ¢ X Iy

Then, if the agent enters at *, 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 ¢ > ¢*.22
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Reduced Form Evidence

@ What are the effects of introducing a:

© Financial Service Provider in a region?
@ New screening system to remove selection on observables?

@ Data on =~ 500 villages, half randomly receive a new FSP

e 70 Small and Medium Enterprises per village, ~ 35,000 HHs
e ~ 100 in both Control and Treatment had no FSP before intervention.

@ For those with some FSP in baseline (300 Villages), half randomly receive the
screening system
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Reduced Form Evidence

@ What are the effects of introducing a FSP in a region?

Table: Qutcomes: Treatment - Control

No FSP baseline Had FSPs baseline

A Avg. Expedinture (C + /) -0.0745%** 0.6008***
(0.0216) (0.0074)
A Std. Dev. Expedinture 0.2810%*** 0.6169***
(0.0290) (0.0088)

A Avg. Production 3.8775%*** 0.0176
(0.0652) (0.0250)

A Std. Dev. Production 4.4624%** -0.0055
(0.0830) (0.0323)

@ Expenditure Puzzle?
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Reduced Form Evidence

@ What are the effects of introducing village wide a screening system?

@ Given previous table, model of welfare based on expenditure-production.

@ Two subsamples: New FSP Treatment/Control, Screening Treatment/Control.

@ Difference is in screening system.

Got new FSP  Didn’t get new FSP
A Welfare 0.0940*** 0 2662%**
(0.0106) (0.0113)

@ Information Structure puzzle.
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Puzzles Resolved

@ Experiment is done in the environment of a model.

@ Expenditure-production Puzzle

@ Information Structure Puzzle

e Differences in welfare due to competition in intermediation.
e Screening with little competition allows FSPs to extract rents, welfare of HHs |.s
o FSPs does not know how to differentiate agents, it cannot extract rent — AdS is

welfare improving.
e Experiment changing obstacles, the information structure for contracts, depends on

existing degree of competition.

@ This paper adds both ingredients: contracting + market structure model
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Motivation
Motivation

o Difference-in-Differences (DID) is a very popular method to estimate
the effect of policy interventions

@ ldentifying assumption is that potential outcomes of treatment and
control groups have parallel trends

@ DID relies heavily on additivity and linearity assumptions

@ Athey and Imbens (2006) seek to generalize DID to nonlinear
environments: Changes-in-Changes (CIC) estimator

e Allow outcomes to evolve non-linearly over time
o ldentify the entire counterfactual distribution of the treatment group

e Model in which outcomes are determined by a monotone “production
function” of unobservables

Tiago Flérido (Harvard) Nonlinear DID and Noisy Trends March 2017 2 /24



Motivation

What | do/My contribution

@ | show that CIC can suffer from severe bias when there are random
shocks to the trend

e Not really a generalization of the standard linear DID; trends can be
noisy as long as they are parallel

o Likely to be an issue in applications

@ | compare the CIC with Quantile DID (QDID):

o [radeoff between non-monotonicity caused by noisy trends and non
linearity

@ | propose a deconvolution approach which may identify
counterfactuals in nonlinear environments with random time shocks

o | need at least two control groups (common in empirical work)

e | assume the time shock has the same distribution across groups

Tiago Flérido (Harvard) Nonlinear DID and Noisy Trends March 2017 3/24
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