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Overview

• Structural Modeling

• MoM and GMM

• Basic ML in econ (if time)

• Try to end early

1



Structural Modeling



Intro to Structural Modeling

• What is structural modeling?

• There is no formal definition but this is how I think about it

• Highly recommend Reiss-Wolak piece to get a more thorough overview

• Structural modeling consists of writing an economic model that specifies

relationships between certain variables (usually through equations) and then

making statistical assumptions on those equations to allow one to use the

data to give information
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Why use structural modeling?

• Why might we use structural modeling?

• Answer questions which cannot be answered with a single treatment or

regression model

• Ex: Moving from a la carte to bundled pricing in cable tv (Yurukoglu 2012)

• Precise quantification of a behavioral or other parameter

• Ex: Measuring digital addiction on social media (Allcott, Getnzkow, Song

2021)

• Compare to benchmark economic model

• Ex: Does a dating platform result in approximately stable or efficient

matches? (Hitsch, Hortacsu, Ariely 2011)

• Calculate welfare in a choice model

• Ex: What is welfare impact on consumers of introducing reviews and crowd

ratings? (Reimers and Waldfogel 2021) 3



Structural Model Example I

• Suppose that I am the DOJ and I am interested in estimating the impact of

a proposed merger on consumer welfare

• Difficult to do in reduced form: do we have similar mergers? What data to

use? Past mergers? Are they random?

• Instead, common methodology is to model and estimate both supply and

demand to back out underlying preference and costs parameters, and then

simulate in equilibrium how consumer welfare will change when we change

the competition structure

• However, still want to deal with endogeneity in estimating certain

relationships (example: price and demand)

• This is the foundation for a lot of work in Industrial Organization
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Structural Model Example II

• Demand side: consumers may have preferences over the goods the firm

produce j as

uij = xjβ + εij

where xj includes the price of the good

• Supply side: firms set prices in a Nash Equilibrium based on costs c and

competition structure

• If we estimate β and costs c consistently, then we can simulate the impact

of changing competition

• This specific circumstance and case has been studied very in-depth by IO

economists
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More Details on Structural Modeling

• The general formula is to first set up the economic model

• This will give relationships between the (potentially abstract) economic

objects of interest in your study

• Then one needs to take this economic system and pick what parts of the

data will be proxies or measures for different economic objects as well as

pick appropriate statistical assumptions to allow for estimation

• For example if people have linear preferences over prices saying that

consumption = βprice will be invalidated by data - need to add an error

consumption = βprice + ε

• This provides M(X , θ) where X is data and θ are the economic parameters

• Then estimate by optimizing M with respect to some criteria (ex: OLS)
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Pros of Structural Modeling

• Here is my take on structural modeling (I think I am somewhat negative

compared to median Stanford person who uses IO techniques)

• First I’ll go over pros

• Powerful in the sense that it opens up a lot more questions that can be

answered with somewhat limited data

• Especially useful when we want to move from estimating effect of certain

treatment to extrapolate to a policy

• More tightly links economic theory and econometrics (otherwise are we all

data scientists? sociologists?)

• Provides a lot of interesting econometric / modeling problems to study

(possibly a negative?)
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Cons of Structural Modeling

• Lack of transparency. Identifying assumptions become difficult to assess and

think about in large models, and also difficult to think about threats to

credibility and what would be impacts of these threats.

• For example, sensitive to functional form specifications, usually

• Can understand and assess assumptions of OLS, regressions much easier

than complicated structural models

• Sometimes distracts from what I think are the more “important” questions

• Sometimes literature and research seems to venture into “modeling for

modeling sake”
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MoM and GMM



Method of Moments Intro

• Method of moments and its generalization generalized method of moments

are popular ways to estimate structural models

• Another very popular way is maximum likelihood

• Method of moments starts by specifying moments from a function of a

sample

• For example E [x ] = µ, E [x2] = µ2 + σ2

• The idea is to set up a system of equations that has k unknown parameters

and k moments, and then solve for it using the sample analog of the

moments - the means

• Great because distribution free

9



Method of Moments Properties

• Consistency: follows from law of large numbers and consistency of means

• Asymptotic distribution: Will have an asymptotic normal distribution as in

OLS and other estimators (how to get? Taylor approximation to the system

of equations)

• Thus, can get asymptotic var-covar and do inference as usual
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Simple MoM Example

• Suppose want to estimate parameters from a normal distribition

x ∼ N(µ, σ2)

• 2 params so need 2 moments

• I’ll use simple moments: E [x ] = µ, E [x2] = µ + σ2

• Sample analogs are x̄ and x̄2

• Then solving gives µ = E [x ] and σ2 = E [x2]− E [x ]2

• Sample analogs are µ̂ = x̄ and σ̂2 = x̄2 − x̄2 = 1
n

∑
i(xi − x̄)2

• These end up being the classic “sample mean” and “sample variance”

• Note: biased but consistent!
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OLS as MoM

• Recall OLS formula: β̂ = (X ′X )−1X ′y

• The key identifying assumption in OLS is E [X ′ε] = 0

• Then

E [X ′ε] = 0⇒ E [X ′(y − Xβ)] = 0⇒ β = E [X ′X ]−1E [X ′y ]

• So OLS can be seen as a MoM estimator!

• Shows that really only important assumption in OLS estimation for

recovering parameters is the exogeneity condition
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IV as MoM

• Recall just identified IV: β̂IV = (Z ′X )−1Z ′Y

• The key identifying assumption is E [Z ′ε] = 0

• Then doing same algebra get:

βIV = E [Z ′X ]−1E [Z ′y ]
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Intro to GMM

• GMM is a natural extension of MoM when you have more moments than

parameters to be estimated

• GMM refers to many different things in this case, but usually it refers to

when you use the moments “in the most efficient way”

• The problem: now no exact solution, so idea is to maximize some function

of the moments

• We choose the function: M(X , θ) = m(X , θ)′W (θ)m(X , θ) where W is

some weight matrix and m(X , θ) = 0 is the vector of moment conditions

• This is quadratic form: natural generalization of minimizing
∑

wix
2
i over xi

• Major metrics development: there is an “optimal” weight matrix W which

depends on the moments (read Greene or other metrixs textbook for more

details on this) 14



GMM Example

• Suppose that x ∼ exp(λ)

• Then single parameter

• Use E [x ] = λ and E [x2] = λ + λ2

• How to use both of these moments to estimate?

• One idea: minimize

(x̄ − λ)2 + (x̄2 − λ− λ2)2

which uses equal weighting of the moments and does not look at any

cross-relationship

• This uses the identity matrix as W

• Can use other weighting matrices, but there is an optimal one!
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Basic Properties and Estimation of GMM

• Assume all the moment conditions specified hold

• For any weighting matrix W , the GMM estimator is consistent

• The GMM estimator has an asymptotic normal distribution (this is where

optimal weighting matrix helps)

• To do optimal GMM or two-step GMM, usually do first step with W = I ,

then gives Ŵ , and re-run
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Basic ML in Economics



ML in Econ

• ML is a huge field that has broken into economics

• Big difference: ML mainly cares about prediction, econ cares about causal

effects (usually a single parameter)

• So, econometrics and economists use ML to deal with predictive parts of the

problems they solve

• Examples

• The first stage in an IV is a pure prediction problem: can apply machine

learning to the first stage to find the best instruments! (Belloni et al. 2012)

• Extracting insights from text (newspapers, etc.) to measure political

sentiment (Gentzkow, Kelly, Tady 2019)

• Characterizing heterogeneity in treatment effects using random forests

(Wager, Athey 2018)
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Differences between ML and Traditional Econ Techniques

• ML models generally require tuning: we need to pick parameters for the

model before we actually run the model

• This adds work to our plate, as we want to pick good parameters (otherwise

the models may not work well!)

• We almost always split data into train and test, so that we do not “cheat”,

and can objectively evaluate the model we come up with

• If our model will see new data in the future, this is a much better estimate!

• Usually these more complex ML models only outperform simple stuff (OLS)

with lots of data (lots of observations and lots of variables)
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Examples of Popular ML Models (Algorithms)

• Similar to regression and used for prediction: LASSO, Ridge and Elastic Net

• These are similar to OLS, but have extra penalty parameters, penalize

coefficients that are too large

• Popular for prediction: regression trees and random forests

• Iteratively split the data based on variables to make predictions

• Deep learning: neural networks

• These are very large parametric models that can be used for tasks like facial

recognition, image classification, etc.

• Can be helpful for economists that want to extract features of images,

include them as variables, for example (Hu and Ma, 2021)
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Wrap-Up

• Structural modeling is cool but challenging

• MoM and GMM are other ways to estimate parameters, particularly useful

for structural modeling

• There are lots of cool uses of ML in economics, but different priorities

• Any other things we want to discuss as a group? Ask questions? RF

program? Classes to take in GSB or Econ department?
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Thanks!

Hope this bootcamp was helpful! Feel free to reach out over email if you ever

want to meet to discuss logistics, graduate school, research, etc.!
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MoM and GMM in R



MoM and GMM in R

• I usually do MoM and GMM manually in R (helps me think through the

model)

• Requires specifying the sample moments and the appropriate functions of

the parameters, and then using some optimization function manually

• optim() works well in R for optimization - this requires a starting value, so

might want to try different starting values (can also play around with

different algorithms)

• There is also a gmm package and function that works well
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