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• Estimate time-demeaned equation by OLS
• Uses time variation within cross-sectional units (= within estimator)

• Fixed effects estimation
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• Fixed-effects estimation using the years 1987, 1988, and 1989:

• Example: Effect of training grants on firm scrap rate
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• Discussion of fixed effects estimator
• Strict exogeneity in the original model has to be assumed.
• The R-squared of the demeaned equation is inappropriate.
• The effect of time-invariant variables cannot be estimated.
• The effect of interactions with time-invariant variables can be estimated (e.g. 

the interaction of education with time dummies).
• If a full set of time dummies are included, the effect of variables whose change 

over time is constant cannot be estimated (e.g. experience).
• Question: why time dummies is needed?

• Degrees of freedom have to be adjusted because the N time averages are 
estimated in addition (resulting degrees of freedom = NT-N-k).
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• After fixed effects estimation, the fixed effects can be estimated as:

• Interpretation of fixed effects as dummy variable regression
• The fixed effects estimator is equivalent to introducing a dummy for each 

individual in the original regression and using pooled OLS:

• Estimator above is called least square dummy variable (LSDV) estimator.
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• Fixed effects or first differencing?
• Remember that first differencing can also be used if T > 2.
• In the case T = 2, fixed effects and first differencing are identical.
• For T > 2, fixed effects is more efficient if classical assumptions hold(what 

assumptions?).
• First differencing may be better in the case of severe serial correlation in the 

errors, for example if the errors follow a random walk.
• If T is very large (and N not so large), the panel has a pronounced time series 

character and problems such as strong dependence arise.
• In these cases, it is probably better to use first differencing.
• e.g. The Effect of Newspaper Entry and Exit on Electoral Politics

• Otherwise, it is a good idea to compute both and check robustness.

Advanced Panel Data Methods (5 of 15)



Introductory Econometrics: A Modern Approach (7e)

©  2020  Cengage.  May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part, except for use as permitted in a license distributed with a certain product or service or otherwise on a 
password-protected website or school-approved learning management system for classroom use. 7

• Unbalanced panels
• An unbalanced panel is when not all cross-sectional units have the same 

number of observations.
• Dropping units with only one time period does not cause bias or inconsistency.

• Fixed effects (FE) or First Differencing (FD) with unbalanced panels
• FE will preserve more data than FD when we have unbalanced panels, since FD 

requires that each observation have data available for both t and t-1.
• For example, consider a scenario in which we have seven years of data, but data 

is missing for all even numbered years. Thus, we observe t=1,3,5,7. 
• FE will use time periods 1,3,5,7 
• FD will lose all observations.
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• The composite error ai + uit is uncorrelated with the explanatory variables but it 
is serially correlated for observations coming from the same i:

• Random effects (RE) models
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• Estimation in the random effects model
• Under the random effects assumptions explanatory variables are exogenous so 

that pooled OLS provides consistent estimates.
• If OLS is used, standard errors have to be adjusted for the fact that errors are 

correlated over time for given i (= clustered standard errors).
• For robustness, clustered standard errors should also be used in FE models.

• But, because of the serial correlation, OLS is not efficient.
• One can transform the model so that it satisfies the GM-assumptions:
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• The quasi-demeaning parameter is unknown but it can be estimated.
• FGLS using the estimated λ is called random effects estimation.
• If the random effect is relatively unimportant compared to the idosyncratic 

error, FGLS will be close to pooled OLS (because λ goes to 0).
• If the random effect is relatively important compared to the idiosyn-cratic term, 

FGLS will be similar to fixed effects (because λ goes to 1).
• Random effects estimation can be used to estimate the effect of time-invariant 

variables.

• Estimation in the random effects model (cont.)
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• Random effects or fixed effects?
• In economics, unobserved individual effects are seldomly uncorrelated with 

explanatory variables so that fixed effects is more convincing.

• Example: Wage equation using panel data
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• An advantage of CRE is that it allows for estimation of the effects of time-
constant explanatory variables, not possible using FE.

• Estimating this equation by RE (or even just pooled OLS) yields:

• Correlated Random Effects (CRE)
• When using CRE to choose between FE and RE, we must include any time-

constant variables that appear in RE estimation:
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• To allow wit to be systematically related to the unobserved fixed effect ai, we 
estimate the regression with either FD or FE, using cluster-robust standard errors.

• We can also include lags of the policy intervention: wit-1, wit-2,…

• General policy analysis with panel data
• The two-period, before-after setting is a special case of a more general policy 

analysis framework when T ≥ 2.
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• This is known as a “falsification test.”
• If the forward policy variable is statistically significant, there is potential feedback 

from the error term to the policy variable.

• If we have at least three time periods, we can test for feedback

• Testing for feedback from the error term to the policy variable
• We need to be careful if the policy variable wit it reacts to past shocks. 
• Example: yit is the poverty rate and wit is some measure of government 

assistance.
• A large shock to the poverty rate in year t could prompt an increase in 

government assistance the following year.
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Estimate by FE., though we need to ensure we have T ≥ 3 

• This allows the policy intervention to not only be correlated with level 
differences among units (captured by ai), but also by trend differences.

• We can estimate this model by taking first differences:

• The heterogeneous trend model
• What if time trends are unique across individuals?
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• Applying panel data methods to other data structures
• Panel data methods can be used in other contexts where constant unobserved 

effects have to be removed.
• Example: Wage equations for twins
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