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Time-invariant regressors in linear panel models

In many applications, important determinants of the outcome
variable can be time invariant.

Education, gender, nationality, ethnic and religious
background, and other individual-specific characteristics play
important roles in the determination of labor market or health
outcomes.
Institutional, socio-economic, and geographic factors matter in
convergence models of economic growth, and they are key
variables in gravity models of international trade and
investment flows.

A researcher might be particularly interested in their effects.
Yet, traditional “fixed-effects” procedures (xtreg, fe) wipe
out all time-invariant variables from the model. In contrast,
“random-effects” estimators (xtreg, re) rely on exogeneity
assumptions that are often too strong to be acceptable.
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Time-invariant regressors in linear panel models

Intermediate solutions include the correlated random-effects
model (Mundlak, 1978; Chamberlain, 1982) and similar
“hybrid” models (Allison, 2009). See Schunck (2013) for a
discussion. Schunck and Perales (2017) recently provided the
Stata implementation xthybrid.

If some time-invariant regressors are allowed to be correlated
with the unobserved effects while some time-varying regressors
are not, the Hausman and Taylor (1981) estimator might be
applicable, implemented in Stata as xthtaylor.

Both strategies can be manually implemented with xtreg or
xtivreg.
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Time-invariant regressors in linear panel models

All procedures so far rely on the assumption of strictly
exogenous regressors with respect to the idiosyncratic error
component. In the presence of predetermined variables (e.g. a
lagged dependent variable) or endogenous variables, additional
internal or external instruments might be needed.

In the context of dynamic panel models, generalized method
of moments (GMM) estimators in the spirit of Arellano and
Bover (1995) and Blundell and Bond (1998) are frequently
employed, implemented in Stata as xtdpd, xtdpdsys, and the
user-written command xtabond2 (Roodman, 2009).

If the interest is on the coefficients of time-invariant
regressors, the Arellano and Bond (1991) GMM estimator
(xtabond) is not helpful because all time-invariant variables
are removed by a first-difference transformation.

Sebastian Kripfganz (2017) xtseqreg: Sequential (two-stage) estimation of linear panel data models 4/23



Motivation Two-stage estimation Stata syntax Example Conclusion

Time-invariant regressors in linear panel models

To identify the coefficients of time-invariant regressors, the
assumption that a sufficient number of regressors (or excluded
instrumental variables) is uncorrelated with the unit-specific
error component cannot be avoided.

Incorrect assumptions about the exogeneity of some variables
may cause inconsistency of all coefficient estimates.

A sequential procedure can provide partial robustness to such
misspecification. In a first stage, only the coefficients of
time-varying regressors are estimated. In a second stage, the
coefficients of time-invariant regressors are recovered.

⇒ New Stata command: xtseqreg
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Two-stage estimation

Linear panel data model with time-invariant regressors and
error-components structure:

yit = x
′

itβ + f
′

i γ + ui + eit

Sequential estimation procedure:
1 Estimation of the coefficients of time-varying regressors:

yit = x
′

itβ + ũi + eit , ũi = f
′

i γ + ui

2 Estimation of the coefficients of time-invariant regressors:

yit − x
′

it β̂ = f
′

i γ + ui + ẽit , ẽit = eit − x
′

it(β̂ − β)

Conventional standard errors at the second stage are incorrect
and often far too small.

⇒ xtseqreg computes proper standard errors with the analytical
correction term derived by Kripfganz and Schwarz (2015).
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Stata syntax of the xtseqreg command
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Stata syntax of xtseqreg postestimation commands
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Empirical example: distance and FDI

Estimation of a gravity model for U.S. outward FDI.

Annual data, 1989–1999, for 341 bilateral industry-level
relationships, compiled by Egger and Pfaffermayr (2004).
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First-stage system GMM estimation
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First-stage system GMM estimation

Replication with xtabond2:
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How (not) to do xtabond2: Always double check!

The first two specifications yield identical estimation results.
The results from the last specification differ (but should not):
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Second-stage 2SLS estimation
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Second-stage 2SLS estimation

Replication with ivregress (incorrect standard errors):
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One-stage GMM estimation
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How (not) to do xtabond2: Remember the assumptions!

Instruments for the first-differenced equation are uncorrelated
with time-invariant variables by construction, first-differenced
instruments for the level equation by assumption.

⇒ Difference-in-Hansen tests might be based on asymptotically
incorrect (or at least debatable) degrees of freedom:
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Alternative first-stage QML estimator

First-stage QML estimator of Hsiao et al. (2002):
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Alternative first-stage GMM estimator

First-stage GMM estimator of Ahn and Schmidt (1995):
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Time effects
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How (not) to do xtabond2: Beware of the dummy trap!
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How (not) to do xtabond2: Always specify equation()!

Instruments for the time dummies should only be included for
the level equation. Asymptotically, the additional instruments
for the first-differenced equation are redundant.

⇒ Hansen’s J-test is based on incorrect degrees of freedom:

Never use the iv() option without suboption equation()!
It is not equivalent to the joint specification of
iv(, equation(diff)) and iv(, equation(level)):

Sebastian Kripfganz (2017) xtseqreg: Sequential (two-stage) estimation of linear panel data models 21/23



Motivation Two-stage estimation Stata syntax Example Conclusion

Summary: the new xtseqreg package for Stata

Sequential estimation can provide partial robustness to model
misspecification.

Is is important to compute corrected standard errors at the
second stage that account for the first-stage estimation error.

The new xtseqreg Stata command implements this standard
error correction for two-stage linear panel data models.

The two-stage procedure is particularly relevant in the
presence of time-invariant regressors, but it can be easily
applied to more general settings.

Kripfganz, S., and C. Schwarz (2015). Estimation of linear dynamic panel data models with time-invariant
regressors. ECB Working Paper 1838. European Central Bank.

net install xtseqreg, from(http://www.kripfganz.de/stata/)

help xtseqreg

help xtseqreg postestimation
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