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Stationarity Review

For a first-order spatial lag model,

y = ρWy + Xβ + ε,

stationarity requires 1/ωmin < ρ < 1/ωmax.

For the first-order temporal lag model,

yt = φyt−1 + βx + ε

stationarity requires 1 < φ < 1.
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Stationarity Conditions for Spatiotemporal Models

For a first-order spatio-temporal lag model,

y = φLy + ρWy + Xβ + ε,

stationarity requires

|φ| < 1− ρωmaxifρ ≥ 0

|φ| < 1− ρωminifρ < 0

If the spatial and temporal dependence are positive, the
requirement is simply φ+ ρ < 1.
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Do FEs account for Spatiotemporal Dependence?

It is common to see researchers use unit and (or) period
fixed-effects to ‘account for’ spatial or temporal dependence.

Unit indicators absorb long-run, time-invariant spatial
clustering in outcomes, plus any other time-invariant
unobserved unit-specific factors.

Period indicators account for ‘global’ shocks:
spatially-invariant, uniform common across all units, additive
mean-shifts.

Fixed effects are rarely (if ever) good substitutes for spatial and
temporal lags; they can be used together, but one has to be careful
in small samples.
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The Nickell Bias

Figure: Nickell Bias in Small Samples
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The Nickell Bias

Figure: Best Practice
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Smith’s Bias

Figure: Smith Bias in Small Samples (SAR)
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Smith’s Bias

Figure: Smith Bias in Small Samples (SEM)
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