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Learning objectives

• Understand differences between types of data

• Estimate first-difference regressions with time series and panel models

• Estimate and interpret regressions with fixed effects

• Understand the difference between fixed effects and pooled OLS estimates
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Types of data

• Cross-sectional

• Multiple units, one time period

• Time series

• One unit, multiple time periods

• Panel / longitudinal

• Multiple units, multiple time periods

• Same units over time!

• Repeated cross-section

• Multiple units, multiple time periods

• Different units over time!
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Examples! :)

• First: ssc install bcuse

• Cross-section: bcuse wage1

• Survey of 526 workers, with wage, educ, exper, others

• Time series: bcuse intdef

• Annual data (1948-2003), with 3-month T-bill rate, inflation, and deficit

• Panel: bcuse wagepan

• 545 individuals observed each year from 1980 to 1987, with wage, hours, educ, others

• Repeated cross-section: bcuse kielmc

• House sales before and after an incinerator was built, with square feet, age, rooms,

distance from incinerator
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Panels and repeated cross-sections

• Panel data

• Same entities over time

• Independent cross-sectionally: Bob in 1990 is independent of Jane in 1990

• Dependent temporally: Bob in 1990 is related to Bob in 1991

• Repeated cross-section

• Different entities over time. Optimally a random draw from the population at each

point

• Independent over time and cross-sectionally: Bob in 1990 is independent of Jane in

1990, and Bob/Jane in 1990 is independent of Charles in 1991

• Which one do we want? Depends on your question:

• We intend to estimate the effect of a new drug on individuals’ all-cause mortality

• We intend to estimate the effect of a zoning reform on the income distribution of a

neighborhood
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First differencing
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First differencing
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First differencing

• Instead of looking at the level of a variable, we are looking at the change in that

variable

• ∆xt = xt − xt−1

• How does the change in unemployment rate affect the change in crime levels?

∆ ̂crmrtet = 15.4 + 2.22∆unempt

• How does this differ from the not-differenced ̂crmrtet = β0 + β1unempt?
• They ask different questions:

• Levels: In periods when unmemployment is 1pp higher, crime tends to be β1

higher/lower

• Differences: When unemployment increases by 1pp from one period to the next,

crime tends to change by 2.22

• A note: if there is little variation over time, our first-differenced estimator will be

less precise
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Motivation for fixed effects

• Data on annual GDP and pollution levels of 27 European countries from 1990 to

2010

• pollutionit = β0 + β1GDPit + uit

• This asks: do countries with higher GDP have higher pollution?

• (this is called pooled OLS)

• But what if I want to know what the effect of a change in GDP is on pollution

within a country?

• Pooled OLS does not handle that there are 27 different countries

• Now what? Fixed effects!!!
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Fixed effects

• Data on annual GDP and pollution levels of 20 European countries from 1990 to

2010

• Unit fixed effects: pollutionit = αi + β1GDPit + uit

• Giving each country their own intercept

• Equivalent to centering each country at their mean: with FEs, we are looking at

deviations from their mean

• Now, β1 asks: on average, when a country’s GDP deviates from its mean by 1,

how much does pollution tend to deviate from its mean?
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Fixed effects estimation

• Pooled OLS: pollutionit = γ0 + γ1GDPit + uit

• γ1 =
cov(pollutionit,GDPit)

var(GDPit)
= E[(pollutionit−pollutionit,GDPit−GDP it)]

E[(GDPit−GDP it)2]

• Unit fixed effects: pollutionit = αi + β1GDPit + uit

• (pollutionit − pollutioni) = β1(GDPit −GDP i) + (uit − ui)

• β1 =
E[(pollutionit−pollutioni)(GDPit−GDP i)]

E[(GDPit−GDP i)2]

• Because αi − ᾱi = 0, the FE drops out

• What’s the difference?

• Pooled OLS looks at variations around overall mean

• Fixed effects look at variations around each unit’s mean

• animation
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Fixed effects example

Pooled OLS: Is sunny weather associated with more steps? (between-estimator, does

not control for individual mean)

Mon Tue Wed Thu Fri Mean

Weather Sunny Rainy Sunny Cloudy Rainy

Bob 8200 5100 7800 6400 5500 6600

Jane 12400 9800 12100 10500 9200 10800

Fixed effects: Is sunny weather associated with a person walking more steps than

that person’s average? (within-estimator, controls for individual mean)

Mon Tue Wed Thu Fri Mean

Weather Sunny Rainy Sunny Cloudy Rainy

Bob +1600 −1500 +1200 −200 −1100 0

Jane +1600 −1000 +1300 −300 −1600 0 15



Pooled OLS and fixed effects

• Pooled OLS is the “between” estimator: looks at variations between units

• Fixed effects is the “within” estimator: looks at variations within units
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Some notes

• Fixed effects control for factors which vary between units but not within units

• Only covers stuff that does not vary over time: absorbed by the fixed effect

• Fixed effects and pooled OLS can have opposite signs!! (Simpson’s paradox)

• You can use multiple sets of fixed effects (e.g., unit and time)

• Fixed effects cannot solve reverse causality/simultaneity
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How to read subscripts

• Cross-sectional: yi = β0 + β1xi + ui

• Time series: yt = β0 + β1xt + ut

• Panel: yit = β0 + β1xit + uit

• Panel with unit FEs: yit = αi + β1xit + uit

• With the person next to you,

• write a possible regression equation for your project, with subscripts!
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Does income affect democracy?
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Do unions increase wages?
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Did more equitable land ownership increase birth rates in 17-19th century

Japan?
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