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Regression with Time-Series Data: 
Nonstationary Variables and Panel Data Models

15 Aug 2022, 10 am - 12.30pm

Hock-Eam Lim

Outline:
1. A brief history of econometrics development

2. Unit root
3. Panel Data Models
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1. A brief history - Econometrics
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Empirical 
approach
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econometrics
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1. A brief history - Econometrics
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• W.S. Jevon
• Sunspot theory 

1875

• 1911: Henry L. Moore – wage 
regression & correlation

• 1928: Wesley C. Mitchell –
business cycle theory

• 1928: Henry Schultz –
economic cycles, theory to 
determine DV and IVs

Early 1900s • Ragnar Frisch & Jan 
Tinbergen: founders 
of econometrics; 
macro-econometric 
models

• Alfred Cowles III: 
Cowles Commission 
for Research in 
Economics

1930-60s

Until 15 Aug 2022…

2. Unit root 
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Unit Root
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2. Unit root 
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A time series – dgp – as a series of monomial

Each monomial corresponds to root

Root =1: the time series has a Stochastic trend

2. Unit root 
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Augmented 
Dicker 

Fuller test 
(ADF)
KPSS

ADF-GLS 
test

Phillips-
Perron test

etc

Test

Spurious 
problem

t-test 
distribution 

invalid

So what?

Stationary
Non-

stationary

A Time Series
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2. Unit root 
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use http://www.stata-press.com/data/r12/lutkepohl2
tsset qtr
tsline consump
dfuller ln_consump , lags(2) trend regress
gen dlnconsump=ln_consump-L.ln_consump
tsline dlnconsump
dfuller dln_consump , lags(2) regress
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dfgls ln_consump
dfgls dln_consump

kpss ln_consump
kpss dln_consump

More power of test

Ho: no unit root
Complement and a test for 
fractional unit root
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Panel data unit root test:
Panel unit root test:
• Levin-Lin-Chu (LLC)
• Harris-Tsavalis (HT)
• Breitung (Beritung)
• Im-Pesaran-Shin (IPS)
• Fisher-type (Fisher)
• Hadri LM (Hadri)

Unbalanced Panel?
IPS and Fisher allowed.

Entities (i) versus time periods (t)?
LCC (const/trend): t grows faster than i (macro)
LCC(noconst): t grows slower than i (micro)
HT (noconst): t fixed & i large (micro, no lags)
Breitung: large t & large/moderate i (higher power)
IPS: t & i fixed, t fixed & i large
IPS (with lags/trend): large t & large/moderate i
Fisher: t large & i large/finite
Hadri: large t and moderate/large i

Entity-specific unit root?
IPS and Fisher.
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use http://www.stata-press.com/data/r12/pennxrate
encode country, gen(country1)
xtset country1 year
xtunitroot llc lnrxrate if g7, lags(aic 10)
xtunitroot llc lnrxrate if g7, lags(aic 10) demean
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3. Panel Data Model 
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The similar entities (cross-sectional unit, panel unit, 
etc) is observed/followed over a period of time. 

Panel models

Fixed effect 
(FE)

Random effect 
(RE)

Others 
(dynamics etc)

Pooled 
regression
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Advantages Disadvantages
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A panel regression:

t = 2000, 2001, …, T; i = 1, 2, …,n 

On average, one unit increase in x will lead to 
B units increase/decrease in y, in all cases.

Two different entities 
with one-unit difference 

in x
(Between estimator)

A similar entity whose 
value of x increase by 

one unit over time
(within estimator)

A panel regression:
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• Within estimator
• Eliminate ai by individual-demeaned the variables
• Useful if cov(xij, ai) is nonzeroFE

• Demeaned as well, but the mean over time (not 
individual)

• Useful when Cov(Xbar, ai) is nonzeroBE

• Use within and between variation – more efficient
• Weighted average of FE and BE esitmator
• Useful if cov(xij, ai) equal to zeroRE
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Cov(x, a)=0 Cov(x, a) not =0

FE consistent Consistent 
(Clustered SE is 
needed)

RE Consistent and 
efficient 

Inconsistent

Thus, reject 
Ho (FE), Do 

not reject Ho 
(RE).

H1: correlate, 
RE 

inconsistent. 
FE consistent.

Ho: No 
correlation, 

RE consistent 
& efficient. FE 

consistent

Hausman test
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use http://www.stata-press.com/data/r12/nlswork
xtset idcode year
gen age2=age*age
xtreg ln_w grade age age2 tenure, fe
xtreg ln_w grade age age2 tenure, re
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FE? RE?
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xtreg ln_w grade age age2 tenure, re
estimates store RE
xtreg ln_w grade age age2 tenure, fe
estimates store FE
hausman FE RE
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OLS? RE?
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xtreg ln_w grade age age2 tenure, re
xttest0
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Journey to the west…
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GMM 
estimation 

method Other panel data 
models

Equilibrium
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Thank you

36

35

36


