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Fixed Effects Estimation

Alternative to first differencing
Model

yit = β0 + β1xit + ai + uit

Averaging over each i

y i = β0 + β1x i + ai + ui

Subtracting
yit − y i = β1(xit − x i ) + uit − ui

..
y it = β1

..
x it +

..
uit
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Fixed Effects Estimation (cont.)

Example
crimeit = β0 + β1unemit + cityi + uit

Averaging over time

crime i = β0 + β1unemi + cityi + ui

Subtracting

crimeit − crime i = β1(unemit − unemi ) + uit − ui
..

crime it = β1
..

unemit +
..
uit
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Fixed Effects Estimation (cont.)
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Fixed Effects Estimation (cont.)

Time-demeaned variables:
..
y it ,

..
x it , and

..
uit

▶ Also called the

OLS estimator based on the time-demeaned variables:
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Fixed Effects Estimation (cont.)

Note
▶ Fixed effects estimator allows for
▶ Fixed effects transformation eliminates
▶ Strict exogeneity ⇒ uit should be uncorrelated with each xijt across all

time periods
⋆ Example

crimeit = β0 + β1unemit + cityi + uit
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Fixed Effects Estimation (cont.)

Note (cont.)
▶ Dummy variable regression

yit = β0 + β1xit + ai + uit

⋆ Include a dummy variable for
⋆ Results in the same estimates of
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Fixed Effects Estimation (cont.)

Note (cont.)
▶ Fixed effects versus first-differenced estimators

⋆ For T = 2, both are identical
⋆ For T ≥ 3, the two are not identical, but both
⋆ Inference (standard errors)
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Fixed Effects Estimation (cont.)

Note (cont.)
▶ Balanced versus unbalanced panel

⋆ Unbalanced:
⋆ Balanced:

▶ Unbalanced panel:
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Random Effects Models

Model
yit = β0 + β1xit1 + ...+ βkxitk + ai + uit

ai assumed to be
Composite error: vit = ai + uit -
Estimation via feasible generalized least squares (FGLS)
Note: allows
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