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Topic 4: An empirical example for the dynamic panel
regression

Recall, we consider the following augmented dynamic panel AR(1)
panel as an example before

∆Git = β0 + γ∆Git−1 + β1∆Cit + β2∆Kit + β3∆Pit + αi + ε it .

∆Git is the economic growth rate

∆Cit is the consumption growth rate

∆Kit is the investment growth rate

∆Pit is the population growth rate
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Topic 4: Stata command for first-differenced GMM and
system GMM

To perform the Arellano and Bond GMM estimation,
xtabond2 depvar varlist [if] [in] [weight], [, level()

twostep robust cluster nonconstant small nolevel]

ivstyle() gmmstyle()

To perform the system GMM estimation,
xtabond2 depvar varlist [if] [in] [weight], [, level()

twostep robust cluster nonconstant small nolevel]

ivstyle() gmmstyle()
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A Stata example: Arellano and Bond estimator

xtabond2 lrgdpnagrowth L.lrgdpnagrowth lccongrowth lckgrowth

lpopgrowth, gmm(L.lrgdpnagrowth) nolevel robust small
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A Stata example: Blundell and Bond system GMM
estimator

xtabond2 lrgdpnagrowth L.lrgdpnagrowth lccongrowth lckgrowth

lpopgrowth, gmmstyle(L.lrgdpnagrowth) robust small

Instructor: Chaoyi (NJE & MNB) Panel Data May 16, 2023 5 / 19



Topic 5: Panel unit root test

Considering the following AR(1) model

yt = γyt−1 + εt , ε ∼ WN(0, σ2).

If |γ| = 1, yt is a unit root. One can apply ADF (Augmented
Dicky-Fuller) test to test the unit root.

However, for the dynamic panel AR(1) model

yit = γyi ,t−1 + αi + ε it .

We wish to test if γ = 1.

However, it is well established that the ADF test shows a significantly
low power.

Need to develop panel unit root test!
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Topic 5: First-generation panel unit root test

Earlier studies on panel unit root tests assume cross-sectional
independence. That is ε it is independent across i .

Among the all first-generation panel Unit root tests in the literature,
we will focus on following two testings:

1 LLC test (Levin et al. 2002)
2 IPS test (Im et al. 2003)

Consider the hetetrogeneous dynamic panel model

yit = γiyit−1 + αi + ε it .

Subtracting both sides by yit−1 yields

∆yit = δiyit−1 + αi + ε it , δi = (γ − 1).

LLC and IPS tests examine H0 : δi = 0 for all i against Ha : δi ≤ 0.

However, they differ in whether the alternative holds for all i .
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Topic 5: LLC test

LLC focus on the following generalized equation:

∆yit = δyit−1 + αi +
pi

∑
j=1

ρij∆yi ,t−j + θt + βi t + ε it

Remark 1: LLC assumes all δi = δ for all i .

Remark 2: LLC assumes the errors are independently distributed
across panels.

Remark 3: Similar to ADF test, LLC propose different specifications,
allowing additional lags of dependent variables and the time trend.

LLC propose the following hypothesis testing:

H0 : δ = 0

Ha : δ < 0
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Topic 5: LLC test in practice

LLC propose using a two-steps to contruct the test statistic (w.l.o.g. we
assume no time trend and no time fixed effects):

1 Step 1: conduct the first-stage regression and generate orthogalized
residuals

1). ∆yit = αi +
pi

∑
j=1

ρij∆yi ,t−j + eit , 2). yit = γi +
pi

∑
j=1

ϕij∆yi ,t−j + vit .

Then standardize the residuals: ẽit =
êit
σ̂εi

, ṽit =
v̂it
σ̂εi

.

2 Step 2: Using the normalized residuals to run the pooled ADF
regression

ẽit = βṽit−1 + wit .

Therefore, testing the null hypothesis is the same as testing if β = 0.

However, the studentized coefficient τ = β̂ ∑n
i=1 ∑T

t=1 ṽit−1

σ̂2
w

is not

asymptotically standard normal. LLC propose to use a complicated
adjustment to the standard t-test. (see (Levin et al. 2002) for more
reference)
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Topic 5: IPS test

IPS focus on the following generalized equation:

∆yit = δiyit−1 + αi +
pi

∑
j=1

ρij∆yi ,t−j + θt + βi t + ε it .

IPS focus on the following hypothesis testing:

H0 : δi = 0 for all i,

Ha : δi < 0, for i = 1, 2, . . . , n1, δi = 0, for i = n1 + 1, . . . , n.

Remark 1: IPS relaxes the assumption of common δ.

Remark 2: In fact, the IPS test allows for some fraction (n1) of the
individual series to have unit roots.

Remark 2: IPS assumes the errors are independently dtrsibuted across
panels.
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Topic 5: IPS test in practice

IPS test is based on a combination of the individual unit root tests for
the N crosss ectional units.

Given each i , the model inherently becomes a time-series model thus
one can apply ADF test and obatin the t statistic, ti , for i = 1, . . . , n.

For E [ti ] = µ and var(ti ) = σ2, IPS propose using the following test
statistic:

t̄ =
1

n

n

∑
j=1

ti .

Under some regularity assumptions, IPS show

√
n
t̄ − µ

σ

d−→ N(0, 1).

IPS compute µ and σ2 by Monte Carlo simulations and report critical
values for various values of n and T .
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Topic 5: Second-generation panel unit root test

Many panel data are cross-sectionally dependent. However, all
first-generation tests do not allow for this dependent structure.

A number of panel unit root tests are developed that allow for
cross-section dependence. These tests are called “second-generation”
panel unit root test.

Among the all second-generation panel unit root tests in the
literature, we will introduce the CIPS test proposed by
(Pesaran 2007).
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Topic 5: CADF regression

Pesaran considers the following dynamic panel model with
cross-sectional dependence:

yit = γiyit−1 + (1− γi )ai + uit ,

uit = ϕi ft + ε it .

Therefore, we can rewrite the above model as an ADF type equation

∆yit = βiyit−1 + αi + ϕi ft + ε it , where αi = (1− γi )ai .

Assuming ϕ̄ = n−1 ∑n
i=1 ϕi ̸= 0, we can write the cross-sectional

mean of yit as

ȳt = ȳt−1 + ϕ̄ft + 0.

Thus, Pesaran bases his test on the t-ratio of the OLS estimate bi in
the “Cross Sectional Augmented Dickey Fuller” (CADF) regression,

∆yit = ai + biyit−1 + ci ȳt−1 + di∆ȳt + eit .
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Topic 5: CIPS test

The exact null distribution of the t-ratio, ti (n,T ) will depend on
nuisance parameters (although not asymptotically), and Pesaran
conducts simulations to derive the critical values.

By using each t-ratio obtained from the CADF regression, Pesaran
considers the following cross-sectionally augmented version of the IPS
test,

CIPS(n,T ) =
1

n

T

∑
i=1

ti (n,T )

ti (n,T ) is the CADF statistic for the i th cross-section unit given by
the t-ratio of the coefficient on yit−1 in the CADF regression.

Pesaran also considers an average of the truncated version of the
CADF to help deal with the problems created by a lack of
independence of the individual CADF statistics. (see more reference
on section 4 of (Pesaran 2007)).
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Topic 5: Stata command for panel unit root tests

To perform the LLC test,
xtunitroot llc varname [if] [in], [, LLC options]

LLC options: trend, noconstant, demean, lags, kernel

To perform the IPS test,
xtunitroot ips varname [if] [in], [, IPS options]

IPS options: trend, demean, lags.

To perform the CIPS test,
xtcips varname [, CIPS options]

CIPS options: maxlags, bglags, trend, noc
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Topic 5: LLC test Stata example
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Topic 5: IPS test Stata example
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Topic 5: CIPS test Stata example
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