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Université Laval
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14 juillet 2022



Why invite me???

What do economists do?

1. For social scientists, Economists = Social Engineers (pejoratively)

2. For hard science, Economists 6= Mathematicians (or failed), 6= Statisticians (or failed),
6= Computer scientists (or failed) . . .

3. Who is right?



Why invite me???

What is economics?

• Social science

• Optimal allocation of scarce resources to satisfy (unlimited) needs.
• What?
• How?
• For whom?

• Market system, most efficient. But distributional issues⇒ Government
interventions.



So, why invite me?

Show links between economics and Math/Stat/Computer science :

Economics benefits from the above, but the reverse can also be true. . .

My presentation :

• (too brief) overview of mathematical foundations of economics

• Statistical problems raised (and solved) by economic models

• Machine learning : Contributions of economics

Evaluation of public policies

• Rests upon economic models

• Statistical and mathematical issues



Economic theory of consumer behaviour

Axiomatic Approach

Let the consumption set, X, represent the set of complete consumption plans, that the
consumer can conceive

• X ⊂ Rn
+

• X is closed

• X is convex

• 0 ∈ X



Economic theory of consumer behaviour

Assumptions

1. Completeness : ∀x1,x2 either x1 � x2 or x2 � x1

2. Transitivity : ∀x1,x2,x3, if x1 � x2 and x2 � x3, then x1 � x3

3. Continuity : ∀x ∈ Rn
+, the “at least as good as” set, � and the “no better than” set �

are closed in Rn
+

4. Local Non-satiation : ∀x0 ∈ Rn
+ ∧ ∀ε > 0, ∃x ∈ Bε(x

0) such that x � x0

5. Convexity : x1 � x0 ⇒ tx1 + (1− t)x0 � x0 for all t ∈ [0, 1]

Research

• Behavioural economics, psychology, experimental economics, neuronomics

• Herbert A. Simon, Bounded Rationality , 1975 Turing Award in computer science
and 1978 Nobel Memorial Prize in Economic Sciences



Economic theory of consumer behaviour

Consequences

1. Assumptions 1-5 imply there exist a real-valued continuous (C2) and quasi-concave
(utility) function U : Rn

+ → R representing the preference relation �, such that for all
x0,x1 ∈ Rn

+, u(x
0) ≥ u(x1) ⇐⇒ x0 � x1. Of course, U(·) is unobservable.

2. Maximization of U(x) under a convex (budget) constraint yields a continuous demand
function x(p,y). Of course, x(·) is observable.

3. Everything above boils down Slutsky’s Matrix being negative and semidefinite. Often
referred to as “Fundamental Equation of Demand Theory”.

4. If Slutsky satisfied, then observed behaviour can be represented by the maximization
of U(x) under a convex constraint.

5. By a duality theorem, U(x) ⇐⇒ x(p,y).



Economic theory of consumer behaviour

What if there are 8 Billion consumers?

• Market (Walrasian) equilibrium :
• There exists a vector of prices, p∗, that ensures all markets clear.

Fixed point (Brouwer, Kakutani), Morse–Sard, Baire category theorems, etc.
• p∗ is unique.

Sonnenschein–Mantel–Debreu theorem.
• The equilibrium is stable.
• The equilibrium is optimal.

Weierstrass Theorem.

• Adam Smith’s (1776) invisible hand.



So?

Government interventions implicitly based on the above

maxU(x) such that p · x = income

⇒ x = x(p, income)

⇒ x̃ = x((1+ t)p, (1− τ)income)



1970–1985

Problem : Slutsky not always (seldom) satisfied

1. Measurement errors.

2. Optimization errors.

3. Non-convex budget sets.



1970–1985

Net hourly Wage Rate : 7.50$ - 25$
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1970–1985

Solutions

1. Instrumental variables.

2. Convexification of budget sets.

3. Econometrics of kinks, corners, bunching and holes . . .



1985–2000

Efficiency and Causal Effects of Public Programs

1. Fight against poverty.

2. Training of the disadvantaged.

Causal effect

• n iid samples (Xi, Ti, Yi(1), Yi(0)) ∈ Rd × {0, 1} × R× R

• Individual causal effect of treatment : ∆i , Yi(1)− Yi(0)

• Fundamental evaluation problem : ∆i never observed !

We need a counterfactual !



1985–2000 : The problem

Problem : Self-Selection

Yi = α+ τTi + εi

ATE = τ , E(Yi|Ti = 1)− E(Yi|Ti = 0)

But E(εi|Ti) 6= 0 ⇒ E(τ̂) 6= τ



1985–2000 : The solutions

Design-Based Evaluation :

How can we estimate a causal effect using observational data?

Find a counterfactual !

1. Randomized fields experiments (numerous).

2. (Parametric) Self-selection models (Heckman correction)

3. (Non-parametric) Propensity score matching (Rosenbaum & Rubin, Statisticians,
Heckman, Economist)

4. Difference in differences (Card & Kruger, Economists)



Randomized Controlled Trials : Esther Duflo, 2019 Nobel Memorial Prize in Economics



Randomized Controlled Trials : Esther Duflo, 2019 Nobel Memorial Prize in Economics

Identifiability Assumptions :

• Yi = TiYi(1) + (1− Ti)Yi(0)
• Ti ⊥ {Yi(0), Yi(1), Xi}

Hence, τ = E[∆i] = E[Yi(1)]− E[Yi(0)]

= E[Yi(1)|Ti = 1]− E[Yi(0)|Ti = 0]

= E[Yi|Ti = 1]− E[Yi|Ti = 0]

Drawbacks

• Expensive, time-consuming

• Small samples, different from population

• External validity?



Propensity Score Matching : Rosenbaum and Rubin (1983), Statisticians



Propensity Score Matching : Rosenbaum and Rubin (1983), Statisticians

CIA : Conditional Independence Assumption

• {Yi(0), Yi(1)} ⊥ Ti|Xi

• {Yi(0), Yi(1)} ⊥ Ti|P(Ti|Xi) [Rosenbaum and Rubin (1983)]

• Propensity score : e(xi) , P(Ti|Xi = xi)



Difference in differences : Card & Kruger, 2021 Nobel Memorial Prize in Economics



Difference in differences : Card & Kruger, 2021 Nobel Memorial Prize in Economics



Regression Discontinuity Design : Thistlethwaite and Campbell (1960), psychologists



Regression Discontinuity Design : Thistlethwaite and Campbell (1960), psychologists

“Where there’s government, there’s discontinuity”



2015 – Causal Machine Learning, Susan Athey, JCBM 2007, Guido Imbens, 2021 NMPE



2015 – Causal Machine Learning, Susan Athey, JCBM 2007, Guido Imbens, 2021 NMPE

Why Machine Learning?

• Availability of huge administrative data files.

• Non-parametric approach.

• Heterogeneous treatment effects (τi).

• Athey : Asymptotic theory of causal estimates.

Machine Learning Good :

• For macroeconomic forecasting.

• For predicting interest rates.

• But not in a causal fashion . . .



2015 – Machine Learning, Program Evaluation, Causality

“That correlation is not causation is perhaps the first thing that must be said”
– George Alfred Bernard, Statistician, 1982

• Should we increase university
fees in Québec?

• Should we decrease police
force?



2015 – Machine Learning, Program Evaluation, Causality

Generalized Random Forests (Athey & Imbens)

We have data on (Xi, Yi). We want µ(x) = E[Y |X = x]. Neighbourhood averaging :

µ̂(x) =
1

|S(x)|
∑

{i:Xi∈S(x)}

Yi

Extension: Generalized Random Forests
In order to present forest-based R-learning, we first review the
regression forest. For now, we have data (Xi , Yi ), want
µ(x) = E

[
Y
∣∣X = x

]
, and start with neighborhood averaging:

µ̂(x) =
1

|S(x)|
∑

{i :Xi∈S(x)}
Yi .

k-NN neighborhood. Tree-based neighborhood.



2015 – Machine Learning, Program Evaluation, Causality

Random Forest Kernel
The random forest kernel

· · ·

=⇒

Forests induce a kernel via averaging tree-based neighborhoods.
This idea was used by Meinshausen (2006) for quantile regression.



2015 – Machine Learning, Program Evaluation, Causality

Algorithm (CIA)

1. Grow a forest composed of B trees to get the weights.

• For each candidate “left-right” split, do :

τ̂L ← OLS : (Yi − m̂(−i)(Xi)) on (Ti − ê(−i)(Xi))

τ̂R ← OLS : (Yi − m̂(−i)(Xi)) on (Ti − ê(−i)(Xi))

• Split to maximise nLnR(τ̂L − τ̂R)2

2. Compute causal parameter :

τ̂(x) =

∑n
i αi(x)(Yi − m̂(−i)(Xi))(Ti − ê(−i)(Xi))∑n

i αi(x)(Ti − ê(−i)(Xi))2

3. Policy analysis :

• Heterogeneous treatment effects ;
• Who benefits from intervention, who does not?



Conclusion

Questions :

1. What is the impact of subsidized daycare on female labour supply, wages, promotions . . .?

2. What is the impact of the father quota (“daddy leave”) of the QPIP on household sharing?

3. What is the impact of prison rehabilitation programs on recidivism?

4. What is the societal cost/benefit of grade retention ?

5. What is the impact of the Quebec tax credit for senior workers?



Conclusion

Questions :

1. What is the impact of subsidized daycare on female labour supply, wages, promotions . . .?

2. What is the impact of the father quota (“daddy leave”) of the QPIP on household sharing?

3. What is the impact of prison rehabilitation programs on recidivism?

4. What is the societal cost/benefit of grade retention ?

5. What is the impact of the Quebec tax credit for senior workers?

Answers :

1. Need theoretical models.

2. Need data.

3. Need statistical estimators. In other words :

4. Need : Mathematics, statistics, and computer (data) science, psychology . . .



Thank you!
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