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Let us remember…

Predict 

A causal relation between 
two variables

A predicted value of a variable

… for answering 
numerically a 
theoretical question

Use 
statistical 
methods



Let us remember…
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Let us remember… 

Every random variable 𝑌 can be represented as
𝑌 = 𝐸 𝑌 𝑋 + 𝑢

where 
• 𝑌 is known as the dependent variable, outcome variable or 

regressand
• 𝑋 is usually know as independent variables or regressor

The linear regression model assumes a linear form for 𝐸 𝑌 𝑋 . That 
is

𝐸 𝑌 𝑋 = 𝛽0 + 𝛽1𝑋



Let us remember… 

We need an estimator for the linear regression model

where  ෠𝑌𝑖 ≡ መ𝛽0 + መ𝛽1𝑋𝑖. 



Let us remember

• Can OLS be use for any type of variables?
• Does it has to be always linear?
• Does it has to be only one 𝑋?



How good a model is will depend on our 
purpose

Predict 

A causal relation between 
two variables

A predicted value of a variable

… for answering 
numerically a 
theoretical question

Use 
statistical 
methods

How good is the fit?

Which are the properties of the 
estimator of the 𝛽 associated to 

the variable?



How good a model is will depend on our 
purpose
• How good is the fit? 

• R2: Variance of the variable 𝑌 that can be explained by the model’s 
predictions (i.e., ෠𝑌)

• Adjusted R2 to account for the effect of adding variables to the model

• Properties of our estimator? 
• Which are the properties of an estimator? 



Properties of the estimators

Then, መ𝛽 will be unbiased, efficient, consistent and we will know its 
distribution. 



The exogeneity assumption

We know that the population model can be written as:
𝑌𝑖 = 𝐸 𝑌𝑖 𝑋𝑖 + 𝑢𝑖

Under the linear regression model we assume a particular form for 
𝐸[𝑌|𝑋]. Let us called it 𝑚 𝑋𝑖 = 𝛽0 + 𝛽1𝑋𝑖,1 + 𝛽2𝑋𝑖,2 +⋯. 
Accounting for that 

𝑌𝑖 = 𝑚 𝑋𝑖 + 𝜖𝑖
We do not longer know the properties of 𝜖𝑖, although we can always 
build 𝑚 𝑋𝑖 so that 𝐸 𝜖𝑖 = 0.

When E 𝜖𝑖 𝑋𝑖 ≠ 𝐸 𝜖𝑖 we say that the model is endogenous. 



The exogeneity assumption

• Endogeneity is the same to say:
• … violation of the exogenity assumption
• … confoudedness
• … identification issues

• The main consequences of exogeneity are: 
• Bias
• Inconsistency
• … hypothesis testing

• The three main sources
1. Omitted variables
2. Simultaneity
3. Measurement error



Omitted Variable Bias

• Let us supposed you are interest in finding the effect of 𝑋1 in 𝑌
• You estimate a linear regression of 𝑌 on 𝑋1: 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋𝑖,1 + 𝑒𝑖
• But the real form for 𝐸 𝑌 𝑋 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2. 
• Notice that 𝑒𝑖 =𝛽2𝑋2 + 𝑢𝑖

If 𝑋1 is correlated with 𝑋2 it will introduce bias: 
𝐸 𝛽1 = 𝛽1 + 𝛽2𝑐𝑜𝑟𝑟(𝑋1, 𝑋2)

What if 𝑋1 is not correlated with 𝑋2? 



Example: Mendelshon, Nordhaus and Shaw 
(1994) 
• One of the first examples for quantifying 

the economic costs of Weather
• Furthermore, one of the first example of 

using an aggregate
• Data for the US’s 1982 and 1978 Census 

of Agriculture
• Unit of observation: US counties
• The outcome variable is the average 

farmland values 
• The independent variables of interest are 

temperature and precipitation
• Covariates: Soil characteristics and 

economic variables



Example: Mendelshon, 
Nordhaus and Shaw 
(1994) 



Example: Mendelshon, Nordhaus and Shaw 
(1994) 
• Paradoxically, they find that 

climate change could improved 
agriculture production. 
• It will be discredited 

• Still some ideas that remain 
even today: 
• Complex relations
• Winner and losers 



Example: Schlenker, Hanemann, and Fisher
(2005)
• A critic to Mendelsohn and coauthors
• A missing variable: irrigation

In a simplified structure: 
𝐿𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑒𝑖 = 𝛽0 + 𝛽1𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖,1 + 𝑒𝑖

But if the real model is 
𝐿𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑒𝑖 = 𝛽0 + 𝛽1𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖,1 + 𝛽2𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛𝑖 + 𝑢𝑖

Then the bias is given by
𝐸 𝛽1 − 𝛽1 = 𝛽2𝑐𝑜𝑟𝑟 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, 𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛



What to do against omitted variables

• Look for the missing variables (?)
• Look for other data structures: Panel model

𝑌𝑖𝑡 = 𝛽0 + 𝛽1𝑋𝑖𝑡,1 +⋯+ 𝑒𝑖𝑡
• The advantage is that the error can be seprarated in three parts

𝑌𝑖𝑡 = 𝛽0 + 𝛽1𝑋𝑖𝑡,1 +⋯+ 𝜇𝑖 + 𝛾𝑡 + ǁ𝑒𝑖𝑡
If the missing relevant part is (1) constant in time, (2) or a common temporal 
shock, the panel data will be able to capture it. 



How to estimate a panel model?

• If we are interest on using panel data to prevent omitted variables 
we usually use two estimations strategies

Option 1 – differentiate
𝑌𝑖𝑡 = 𝛽0 + 𝛽1𝑋𝑖𝑡,1 +⋯+ 𝜇𝑖 + 𝛾𝑡 + ǁ𝑒𝑖𝑡

(substract 𝑌𝑖,𝑡−1)
𝑌𝑖𝑡 − 𝑌𝑖,𝑡−1 = 𝛿0 + 𝛽1 𝑋𝑖𝑡,1 − 𝑋𝑖,𝑡−1,1 +⋯+ 𝜀𝑖𝑡

Δ𝑌𝑖𝑡 = 𝛿0 + 𝛽1Δ𝑋𝑖𝑡,1 +⋯+ 𝜀𝑖𝑡

Estimate through OLS (with corrected errors)



How to estimate a panel model?

• If we are interest on using panel data to prevent omitted variables 
we usually use two estimations strategies

Option 2 – Fixed effect
𝑌𝑖𝑡 = 𝛽0 + 𝛽1𝑋𝑖𝑡,1 +⋯+

1 𝐼𝑛𝑑 = 𝑖 +
1 𝑡𝑖𝑚𝑒 = 𝑡 +

Estimate through OLS



Example: Hsiang (2010)

• How short-run weather 
shocks affect economic 
output using panel data

• Main conclusion: A 
temporary increase of 1 °C 
in temperature reduces 
economic output by about 
2.5%. 



Example: Hsiang (2010)

• Main conclusion: A 
temporary increase of 1 °C 
in temperature reduces 
economic output by about 
2.5%. 

• Largest impacts occur 
outside agriculture

V it

= 𝜌1V i,t−1 + 𝜌2V i,t−2 + 𝛽TT it + 𝛽CC it + 𝛽RR it

+ 𝑓𝑖𝑥𝑒d effects + 𝜀 it



Will panel always work?

• Short answer, NO. But it helps
• There are cases where it would not work

• For example, what if your variable of interest is constant in time.

• … there are other forms of endogenity anyway. 
• Other risks under panel: 

• Eliminate to much of the variance -> Therefore, the specification of the 
Fixed Effects matter



Why address endogeneity is so important? 

It will allow us to claim causality!!

• What is causality?
• Moving 𝑋 will move 𝑌, just because the movement of 𝑋. 
• It requires 

1. The ability to manipulate 𝑋
2. Temporality: I move 𝑋 then 𝑌 moves
3. Correlation

• Different operator
𝐸 𝑌 𝑋 ≠ 𝐸[𝑌|𝑑𝑜(𝑋)]



Carleton and 
Hsiang (2016)



Last message

For your projects, you could consider statistical models to estimate an 
uncertain number that you need for the technology evaluation. 

My suggestions: 
• Can this uncertain number be express as the correlation between two 

variables? Are them observable? 
• Can you estimate this with cross-sectional or a panel data?
• Can you write their relation in the form of al linear regression?
• What will be the ideal unit of observation? 
• Will this regression violate the exogeneity assumption? 
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