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Overview

• Ex post vs. ex ante approaches to policy evaluation
• Use of behavioral models for ex-ante evaluation
• Parametric assumptions not necessarily required
• Static vs. dynamic frameworks
• Applications
• Model validation



Ex Post Evaluation

• Goal is to evaluate impacts of an existing program
• Data on a treated group and on a comparison group
• Alternative approaches

• Randomization
• Difference-in-difference
• Matching
• Regression-discontinuity
• Control function methods
• IV methods, MTE, LATE
• Estimation of a behavioral model



Ex Ante Evaluation

• Evaluate effects of changing parameters of an existing program
• Evaluate the impact of a new program prior to its
implementation

• Needed for optimal program design and placement, which
requires simulating program effects and costs

• Evaluate effects of longer terms of exposure to an existing
program than are observed in the data



Some Examples of Ex Ante Evaluations Using Static Models

• Forecast demand for a new good introduced into the choice set
• e.g. McFadden (1977) - BART subway

• Forecast effect of changing the characteristics of a good on
consumer demand

• Berry,Levinsohn and Pakes (1995) - changing car
characteristics (e.g. price, fuel efficiency)

• BLP model often used to analyze effects of mergers



Some Examples of Ex Ante Evaluations Using Dynamic
Models

• Wise (1985): Predict the effect of housing subsidy on housing
demand

• Lumsdaine, Stock and Wise (1992): Predict the effect of
retirement bonus on retirement patterns

• Lise, Seitz and Smith (2003) - Predict effects of welfare bonus
program on job search

• Todd and Wolpin (2006) - Predict effects of school subsidy
program on school attendance and work behaviors



The Importance of Economic Models in Ex Ante Policy
Evaluation

• Koopmans (1947), Marschak (1953), Hurwicz (1962)
• Recognize that an economic model provides a way of

extrapolating from historical experience
• Observe that it is not necessary to know the entire structure of

the problem to answer certain policy questions (e.g. tax
changes)



Evaluate Effects of School Attendance Subsidy with Partial
Observability of Child Wage Offers

static model

• A couple chooses between sending their child to
work (dit = 1 ) or school (dit = 0)

• Utility is

Uit = Cit + αit (1 - dit),

where Cit is household i’s consumption at period t.
• The utility the couple attaches to the child’s school
attendance, αit , is time-varying:

αit = xitβ + εit

• xit (⊆ Xit) include, perhaps, parents’ schooling or the child’s
gender.

• εit is an iid random preference shock to the utility of the
child’s school attendance (iid assumption can be relaxed)



• The child receives a wage offer of wit and the household
otherwise generates income yit .

• The budget constraint is

Cit = yit + witdit ,

where there are assumed to be no costs associated with
attending school.

• Wage offers only observed for children who work (partial
observability), so we also need a wage offer equation:

wit = zitγ + ηit ,

• zit (⊆ Zit) would contain, for example, the child’s age, gender,
or factors affecting the demand for child labor, such as
distance to a city.

• ηit is an iid wage shock
• We do not include the child’s current educational attainment
in z to maintain the static nature of the model.



• Alternative-specific utilities, U1
it if the child works and U0

it if
the child attends school as

U1
it = yit + wit ,

U0
it = yit + xitβ + εit.

• Substituting the wage equation yields U1
it - U0

it

v∗it(xit , zit , εit , ηit) = zitγ - xitβ + ηit - εit

= ξ
∗
it(Ω

−
it ) + ξit ,

where ξit = ηit - εit , ξ ∗it(Ω
−
it ) = zitγ - xitβ and Ω−it consists

of zit and xit .



Estimation: Likelihood Function

• The likelihood function, incorporating the wage information, is

L(θ ;xit ,zit) = ΠI
i=1Pr(dit = 1,wit |Ω−it )ditPr(dit = 0|Ω−it )1−dit



Ex Ante Evaluation: Predict Effects of a Subsidy

• Assume that f(ε , η) is joint normal with variance-covariance

matrix, Λ =

(
σ2

ε ·
σεη σ2

η

)
.

• Parameters to be estimated include β , γ , π, σ2
ε , σ2

η , and σεη .
• Joint normality is sufficient to identify the wage parameters (γ
and σ2

η) as well as (σ
2
η - σεη))/σξ (Heckman 1979).



• The probability that the child works is

pr(dit = 1|zit ,xit) = Φ(zit(γ/σξ )− xit(β/σξ ))

where Φ is the standard normal cumulative distribution.
• Data on work choices identify γ/σξ and β/σξ .
• To identify σξ , there are three types of variables: - variables
only in z (in the wage function), - variables only in x (in the
utility function), and - variables in both x and z.

• Having identified the γ ′s, the identification of σξ (and thus
also σεη) requires at least one variable only in the wage
equation.

• For example, a variable that affects the demand for labor but
does not affect the utility value the couple places on the
child’s school attendance.



Predict effects of a subsidy

• Suppose the government wants to predict the effects of a
schooling subsidy

• With the subsidy τ

pr(dit = 1|zit ,xit) = Φ(zit(γ/σξ )− xit(β/σξ )− (τ/σξ ))

• It is necessary to have identified σξ to predict the effects of
the subsidy

• Government outlays on the program equal the number of
children times the probability of attending school.

• Can study effects of a range of subsidies.
• Exogenous variation in the wage (independent of utility) is
crucial for identification.



Ex Ante Evaluation Using Dynamic Models

• In the static model, there was no connection between the
current period decision and future utility.

• Suppose that child’s wage increases with work experience

wit = zitγ1 + γ2hit + ηit ,

where hit = ∑
τ=t−1
τ=1 diτ is work experience at the start of

period t.
• Alternatively, parents’ utility could depend on the number of
school years completed, so that current attendance affects
future utility.



Dynamic Model continued

• The couple maximizes the PDV of remaining lifetime utility
starting from t=1 and ending at T.

• Vt(Ωit) denotes the maximum expected present discounted
value of remaining lifetime utility at t given the state space
and discount factor δ ,

• The state space at t consists of all factors, known to the
individual at t, that affect current utility or the probability
distribution of future utilities.

Vt(Ωit) = maxditE (
T

∑
τ=t

δ
τ−t [U1

iτdiτ +U0
iτ (1−diτ )|Ωit ].

• With the wage equation, hit becomes part of the state space
and evolves according to hit = hi ,t−1 +di ,t−1



• The value function can be written as the maximum over the
two alternative-specific value functions, Vk

t (Ωit), k ∈{0, 1}

Vt(Ωit) = max(V 0
t (Ωit),V 1

t (Ωit))

each of which obeys the Bellman equation

V k
t (Ωit) = Uk

it + δE [Vt+1(Ωi ,t+1)|Ωit ,dit = k] for t < T ,

= Uk
iT , for t = T .

• The expectation is taken over the distribution of the random
components of the state space at t+1 conditional on the state
space elements (here the shocks are mutually serially
independent.)



• The latent variable in the dynamic case is V 1
t (Ωit)−V 0

t (Ωit):

v∗t (Ωit) = zitγ1 + γ2hit − xitβ − εit + ηit

+ δ ([E [Vt+1(Ωi ,t+1)|Ωit ,dit = 1]

− [E [Vt+1(Ωi ,t+1)|Ωit ,dit = 0])

= ξ
∗
it(Ω−it ) + ξit .

• A full solution of the dynamic programming problem consists
of finding E[max(V0

t (Ωit), V1
t (Ωit))] at all values of Ω−it ,

denoted by Emax(Ω−it ), for all t=1,...,T.
• Same as static case, except now includes the difference in the
future component of the expected value functions under the
two alternatives.



Estimation: Likelihood function

• Assume researcher has data from t1i to tLi .

L(θ ;xit) = ΠI
i=1ΠtLi

τ=t1i
Pr(diτ = 1,wiτ |Ω−iτ )diτ Pr(diτ = 0|Ω−iτ )1−diτ

• where Pr(diτ = 1, wiτ) = Pr( ξiτ ≥−ξ ∗iτ (Ω−iτ), ηiτ = wiτ -
ziτγ1 - γ2 hit) and Pr(diτ = 0) = 1 - Pr( ξiτ ≥−ξ ∗iτ(Ω

−
iτ)).

• If the error is not additive, then calculating the joint regions of
the error that determine the probabilities that enter the
likelihood can be done numerically.



Extension to Multinomial Choice

• If there are K>2 mutually exclusive alternatives, there will be
K-1 latent variable functions (relative to one of the
alternatives, arbitrarily chosen).

• Having to solve the dynamic multinomial choice problem, that
is, for the E[max(V0

t (Ωit), V1
t (Ωit),......, VK

t (Ωit))] function at
all values of Ω−it and at all t, is computationally more intensive.

• Defining dn
it as the discrete {0,1} choice variable corresponding

to the nth choice (n =1,..,N) and d̃it as the N element vector
of those choices, there would be at most K = 2N mutually
exclusive choices.



Allowing for Permanent Unobserved Heterogeneity

• Unobservables were iid, but serial dependence is feasible.
• A standard specification assumes agents can be distinguished,
in terms of preferences and opportunities, by a fixed number of
types. (Keane and Wolpin, 1997, similar to Heckman and
Singer, 1981, in duration analysis)

• If a family is of type j, the preference for school attendance
and the wage offer might be specified as

αijt = αoj + xitβ + εit

wijt = γoj + zitγ1 + γ2hit + ηit .

• The dynamic program must be solved for each type and the
likelihood is a weighted average over each type in the sample.



Applications in Development

• What policies are effective in increasing educational
attainment and improving school quality?

• Mexico: Todd and Wolpin (2006), Attanasio, Meghir and
Santiago (2012)

• India: Duflo, Hanna and Ryan (2008)
• Chile:Bravo, Mukhopadyay and Todd (2009)
• Malawi : Baird, Ozler, Shapira, Todd (2015)

• How do government pension programs affect household labor
supply?

• Indonesia: McKee (2006)
• Chile: Velez-Grajales (2009), Joubert (2010), Joubert and

Todd (2015)



Applications

• What policies are effective in increasing business
savings/investments by households?

• India: Rosenzweig and Wolpin (1993)
• Thailand : Kaboski and Townsend (2007), Wang (2015)

• How does immigration policy affect the flow of migrants?
• Mexico-U.S.: Colussi (2006)

• How does infant mortality and/or HIV risk affect life-cycle
fertility?

• Malaysia: Wolpin (1984)
• Malawi:Shapira (2013)



Application: How Universal School Vouchers Affect
Educational and Labor Market Outcomes: Evidence from

Chile (Bravo, Mukhopadhyay, and Todd, 2009)

• Chile adopted a nationwide school voucher program in 1981
• Part of broader market-oriented reforms led by military

government
• Chicago economists (incl Milton Friedman) played important

role in voucher program design

• Since then, Chile has a relatively unregulated, decentralized,
competitive market for private and public schooling

• Three types of schools: public, subsidized private,
nonsubsidized private

• Free entry into private sector
• "Funds follow child" voucher design"
• Teacher licensing requirements, publicized standardized test

results
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Goals of Paper

• Examine evidence for whether public or private schools
improved after the introduction of the voucher reforms

• Study effects of school vouchers on school choice, educational
attainment and on longer term earnings and labor market
outcomes

• Explore effects of the reforms on inequality
• Approach:

• Develop and estimate a dynamic model of schooling and
working decisions using data from the Enquesta Proteccion
Social (EPS) collected in 2002 and 2004

• No exogenous variation in the timing of the voucher reform but
exploit the fact that Chileans were differentially exposed to the
program, depending on their age at the time of introduction



Model

• Builds on long labor literature on schooling and occupational
choice models

• Roy, 1951, Heckman and Honore, 1990, Heckman and
Sedlacek, 1985 Ben-Porath, 1967, Rosen and Willis, 1979,
Keane and Wolpin, 1997

• Wage offers represent a price paid to human capital and better
schools augment human capital
Behrman and Birdsall, 1983, Card and Krueger, 1992,
Heckman, Layne-Farrar and Todd, 1996



Model Structure

• At ages 6-15, decide sequentially whether to continue in school
or stay at home

• Choose whether to attend public, private subsidized or private
nonsubsidized primary and secondary schools

• Can attend college for up to 5 years
• At age 16, start receiving wage offers and decide whether to
work (schooling and work mutually exclusive)

• Wage offers depend on type of schooling attended, years
attended, and whether attended during pre or post voucher
regime, and accumulated work experience

• After leaving school, decide whether to work up to age 65.



 

	  

	  
	  
	  
	  
	  
	  
	  
	  
	  

Table	  13	  
Simulated	  effect	  of	  voucher	  program	  on	  education	  outcomes	  

by	  family	  background	  status	  
	   Complete	  sample†	  

	  
Poor	  Subsample††	   NonPoor	  Subsample‡	  

	   With	  
Program	  

Without	  
Program	  

	  

Diff	   With	  
Program	  

Without	  
Program	  

	  

Diff	   With	  
Program	  

Without	  
Program	  

Diff	  

%	  Attending	  private	  
subsidized	  primary	  

26.1	   17.3	   8.8	   25.3	   16.7	   8.6	   26.5	   17.6	   8.9	  

%	  Attending	  private	  
nonsubsidized	  
primary	  

6.7	   9.4	   -‐2.7	   6.4	   8.9	   -‐2.5	   6.9	   9.6	   -‐2.7	  

%	  Attending	  private	  
subsidized	  
secondary	  

22.4	   13.0	   9.4	   21.6	   12.3	   9.3	   22.8	   13.2	   9.6	  

%	  Attending	  private	  
nonsubsidized	  
secondary	  

5.7	   5.5	   0.2	   5.3	   5.0	   0.3	   5.7	   5.6	   0.1	  

%	  Attending	  college	   30.1	   27.0	   3.1	   29.1	   25.8	   3.3	   30.9	   27.6	   3.3	  
	   	   	   	   	   	   	   	   	   	  
25%	  quantile	  years	  
of	  education	  

10	   10	   0	   10	   10	   0	   11	   10	   1	  

Median	  years	  of	  
education	  

12	   12	   0	   12	   12	   0	   12	   12	   0	  

75%	  years	  of	  
education	  

13	   13	   0	   13	   13	   0	   13	   13	   0	  

†Refers	  to	  sample	  of	  individuals	  exposed	  to	  voucher	  program	  at	  any	  point	  in	  their	  schooling	  careers.	  
††	  Refers	  to	  subsample	  that	  reported	  family	  background	  as	  indigent	  or	  poor.	  
‡Refers	  to	  subsample	  that	  reported	  family	  background	  as	  good	  or	  very	  good.	  



	  
	  

	  
Table	  15a	  

Voucher	  Program	  Impact	  on	  Labor	  Market	  Outcomes	  
(Earnings	  and	  Labor	  Force	  Participation)	  

	   Complete	  sample†	   Poor	  Subsample††	   NonPoor	  Subsample‡	  
	   With	  Program	   Without	  

Program	  
	  
	  

With	  
Program	  

Without	  
Program	  

	  
	  

With	  
Program	  

Without	  
Program	  

Earnings	  of	  Workers	  
	  	  	  	  	  ages	  16-‐25	  

3153	   3168	   3040	   3054	   3211	   3227	  

	  	  	  	  	  ages	  26-‐35	   4672	   4733	   4565	   4619	   4727	   4791	  
	  	  	  	  	  ages	  36-‐45	   5258	   5263	   5129	   5129	   5324	   5331	  
	  	  	  	  	  ages	  16-‐45	   4361	   4388	   4245	   4267	   4421	   4550	  
Percent	  of	  time	  
participate	  in	  the	  labor	  
force	  
	  	  	  	  	  ages	  16-‐25	  

	  
	  

58.3	  

	  
	  

60.2	  

	  
	  

59.6	  

	  
	  

61.5	  

	  
	  

57.6	  

	  
	  

59.5	  

	  	  	  	  	  ages	  26-‐35	   92.8	   92.7	   93.0	   93.0	   92.7	   92.6	  
	  	  	  	  	  ages	  36-‐45	   93.8	   93.5	   94.0	   93.7	   93.7	   93.4	  
	  	  	  	  	  ages	  16-‐45	   81.6	   82.1	   82.2	   82.7	   81.3	   81.8	  

†Refers	  to	  sample	  of	  individuals	  exposed	  to	  voucher	  program	  at	  any	  point	  in	  their	  schooling	  careers,	  over	  Ages	  16-‐45.	  
††	  Refers	  to	  subsample	  that	  reported	  family	  background	  as	  indigent	  or	  poor.	  
‡Refers	  to	  subsample	  that	  reported	  family	  background	  as	  good	  or	  very	  good.	  
	  

	  
Table	  15b	  

Voucher	  Reform	  impact	  on	  the	  Earnings	  Distribution	  (for	  working	  persons)	  
Percentile	   With	  	  

reform	  
Without	  	  
Reform	  

Decomposition	  
#1:	  Only	  returns	  
changed	  

Decomposition	  
#2:	  Only	  costs	  
changed	  

1	   1960	   1899	   1993	   1895	  
5	   2491	   2438	   2426	   2513	  
10	   2833	   2798	   2751	   2881	  
50	   4526	   4515	   4447	   4610	  
90	   5794	   5914	   5787	   5914	  
95	   6183	   6312	   6182	   6313	  
99	   6696	   6839	   6695	   6838	  
	  

Mean	  
	  

4361	  
	  

4388	  
	  

4310	  
	  

4444	  
S.D	   1105	   1145	   1113	   1137	  

90-‐10	  ratio	   2.04	   2.11	   2.10	   2.05	  
50-‐10	  ratio	   1.59	   1.61	   1.61	   1.60	  

	  
	  
	  

	  
	  

	  



	  

	  

Table	  16	  
Voucher	  Reform	  Impact	  on	  Present	  Discounted	  Lifetime	  	  

Earnings	  and	  Utility	  	  
	   Discounted	  

lifetime	  Earnings	  
(from	  age	  16	  to	  
age	  45)	  

Discounted	  
Lifetime	  Utility	  
(from	  age	  6	  to	  	  
age	  45)	  

Percentile	   With	  	  
Reform	  

Without	  	  
reform	  

With	  	  
reform	  

Without	  	  
reform	  

1	   11138	   10980	   9625	   8309	  
5	   11797	   11663	   10741	   9382	  
10	   12231	   12122	   11430	   10048	  
50	   13760	   13542	   13049	   11640	  
90	   17844	   18015	   15870	   14675	  
95	   18397	   18568	   16507	   15271	  
99	   19381	   19689	   17625	   16322	  
	  

Mean	  
	  

14679	  
	  

14646	  
	  

13510	  
	  

12217	  
S.D	   2223	   2360	   1766	   1851	  

90-‐10	  ratio	   1.46	   1.49	   1.39	   1.46	  
50-‐10	  ratio	   1.12	   1.12	   1.14	   1.16	  

 

	  
	  



How the Design of a Pension System Influences Old Age
Poverty and Gender Equity (Joubert and Todd, 2015)

• Population aging is threatening traditional pay-as-you-go
pension systems around the world (e.g. US social security
system)

• Chile has been at the forefront of pension system reform,
having switched from a pay-as-you-go system to a privatized
account system in 1980.

• Chile’s pension system has been a model for other pension
systems around the world.



Chile’s privatized pension system

• Main features of the individual pension accounts:
• Mandatory monthly contributions (10% of wages in a

tax-deferred pension account)
• Private pension fund managers (the Administradoras de

Fondos de Pensiones (AFP))
• Restricted access to funds until retirement (age 60 for

women, 65 for men)

• A minimum pension guarantee (MPG) provides insurance
against lifetime income risk and asset return risk.



Perceived shortcomings of Chile’s system

• Low projected benefits for workers with discontinuous
contribution histories

• Average replacement ratio: 28% for women (vs. 51% for men))
• Only 37% of women above the MPG (vs. 67 % of men).
• Few women eligible for the MPG (20 years of contributions

required)

• 2008: Major reform of the safety net with strong emphasis on
reducing gender gaps.

source: Arenas de Mesa et. al. (2007)



Pre vs. post-2008 minimum pension benefits
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Pre vs. post-2008 minimum pension benefits
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2008 pension reform: other relevant features

• Per child pension supplement for mothers:“Bono por hijo”
(Child bonus)

• Pension asset division upon divorce or annulment:
• Up to 50% of one of the spouse’s pension balance can be

transferred to the other spouse’s account.

• Premium for disability and survivorship benefits made
actuarially fair for women (not modeled).

• Non-workers can make pension contributions as a "voluntary
affiliate" (not modeled).



Goals of paper

• Evaluate the shorter-term and longer-term effects of the
2008 pension reform:

• Impact on stated policy goals: poverty and gender gaps,
• Potential distortions on labor supply and formality,
• Program costs, net of changes in tax revenue.

• Compare to alternative reform designs.



Methodology

• Develop a dynamic model of the lifetime labor and saving
decisions of single and two-person households.

• Estimate the model’s parameters using a simulated method
of moments on panel data on Chilean households.

• Compare the model predictions to post-reform (2009) data
not used in estimation.

• Simulate the short- and long-term impacts of the actual
reform

• Conduct policy experiments on the reform design.



Key Model features

• Life-cycle model of singles and married couples with
endogenous saving and employment decisions:

• Potential shortage of formal jobs
• Endogenous retirement and early benefits claims.
• Exogenous risks: divorce, widowhood, fertility

• Individual heterogeneity:
• observed (gender, age, schooling, experience, assets, pension

savings, kids)
• unobserved (two discrete “types” affect productivity and

preferences permanently)

• Rich model designed to capture heterogeneous responses to
policy.



Data sources and empirical strategy

• EPS (Encuesta de Proteccion Social) - longitudinal survey
(2002, 2004, 2006, 2009 rounds), 16,150 respondents

• Linked administrative records of pension balances and
contributions to retirement accounts, obtained from the
Chilean regulatory agency

• Time series on the returns of Chile’s pension fund
administrators (Administradoras de Fondos de Pensiones firms)



Long-run impact of the pension reform
∆= Reform - No reform

Men Women

∆ Years worked 0.40 -0.06
∆ Years formal 0.53 -0.07

Government receipts
∆ Taxes collected† 0.58 0.05

Government outlays
∆ Old MPG† -0.06 -0.01
∆ Old PASIS† -0.16 -0.2
∆ New Minimum Pension† 1.83 1.41
∆ Child bonus† 0.00 0.66
∆ Net Gvt. outlays† 1.62 1.86

† in million Chilean pesos per capita (2009 present discounted value).

Source: Simulations based on estimated model



Results

• In the short-run (5 years), the model predicts:
• large reductions in old-age poverty and gender inequality in

pensions.
• modest short-run decrease in labor supply and formality.

• Long-run simulations suggest:
• Labor supply distortions do not persist in the long run.
• Poverty and gender inequality reduction goals could be

achieved at lower cost by using a simpler minimum pension
formula.



Alternative designs - no tapering

Assume policy goal is to provide consumption floor equal to the
poverty line in old age, at the lowest cost to the government Take
into account impact of distortions on tax revenue

YEARS OF CONTRIBUTION

PE
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Alternative designs:
LFP and government costs

∆= Reform - No tapering

Men Women

∆ Years worked -0.01 -0.02
∆ Years formal -0.12 0.07

Government receipts
∆ Taxes collected† -0.11 0.01

Government payments
∆ Old MPG† 0.00 0.00
∆ Old PASIS† 0.00 0.00
∆ Child bonus† 0.00 0.00
∆ New Minimum Pension† 1.07 0.88
∆ Total Gvt. payments† 1.07 0.88

† in million Chilean pesos per capita (2009 present discounted value).

Source: Simulations based on estimated model



Conclusions

• A major benefit of the structural modeling approach is that it
allows for ex ante evaluation of policy interventions

• However, models rely on extra-theoretic modeling and
distributional assumptions, so model validation is an important
concern

• Different approaches to Validation
• Check robustness to alternative modeling assumptions
• Examine within sample fit
• Examine out of sample fit to data that were not used in

estimation



Conclusions

• Randomized social experiments provide special opportunities
for model validation

• Can estimate the behavioral model on the control group and
predict the behavior of the treatment group (or vice versa)

• Randomization ensures that unobserved heterogeneity
distribution same across groups that differ in the treatment

• Other applications: Todd and Wolpin, 2006, Duflo, Hanna,
and Ryan, 2008, Kaboski and Townsend, 2007

• Exploiting the natural synergy between field experiments and
structural approaches requires collecting rich data under the
experiment of the type needed to estimate a behavioral model.


