Panel Data Models

After finish this session, you should
understand:

- Characteristics of Panel Data.

- Panel data model ww@oncemmg

Var-Cov of error term) and how to solve™

ik - Concept of Fixed (specific) effects— VEE(r)
Endogeneity Biased. Fokk

- First Difference vs Mean leferené'éé(FE)
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Estimation methods. FE Tot

-/ F|Mects vs@dom eff@nodels
\ Hausman test ~ E(* Xib)= 0
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Panel Data Models
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Least Squares

/3. Fixed Effects Models

/4. Random Effects Models
/ 5.Advantage of Panel Data Models
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Characteristic of Data

Example:
id ,} time y mth size prof tang risk
1 1 . 7579437\/ 1.096261 18.84586 .0880269 .9177378 .0024175
2 ! :; . 742809 3/ 1.100189 18.87402 . 0756492 . 9061694 . 0001755
3 l\/ 3 .722805/ 1.051447 18.81043 .1115731 .9261793 .0018045
4 1 \/ 4 . 5370298/ 1.297697 18.97547 .1124983 .8920739 .0022579
5 1 \/ 5 . 5549089/ 1.139629 19.10716 .0981166 .8918622 .0003683
6 1 / 6 . 5262893/ 1.054489 19.01132 . 1045869 .9001783 . 0015503
7 1 / @ .4031329/ 1.181099 19.07588 .1209047 .8695951 .0032206
8 E_ _l' . 1214492J 2.170097 19.75014 .1962469 . 089559 .0247711
9 2 2 .2805595 1.694395 20.20486 .1025133 .1056814 .001609
10 2 _3- .3319133 1.422119 20.50326 .1768626 .1110374 .0116141
11 2 4 .145835 2.524653 20.5944 . 2298589 .1113212 .0271847
12 2 5 .0856535 3.04502 20.64201 .2727948 .7193236 .0375855
13 2 6 .0739597 3.087652 20.55656 .2425512 . 7179744 .0314487
14 2 7 .1260392 2.220203 20.49912 .2015931 .7302911 .0188894




e
True Panel vs{Pooled)Cross-section

Researchers mostly use the term panel data
to refer to any data set that has both a

cross-sectional dimension and a time-series

. . L — 0o
dimension. 2— 100 | 400 Crobe-sechiond

— 00

. . qul . Dat
More precisely, it is only data‘following thé:
same cross-section units over time.

Otherwise, the data should be considered as
a pooled cross-section — e.g. SES data.
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Pooled Cross-sections

Researchers pool cross sections just tctﬁgfj
. Sec|\

1~ 160 Cross-
@ 2 loo Z 400 Labors .
The main purposes are tgilivestigate the
effect of time and to test whether

relationships have changed over time.
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Time Series vs Cross Section Data

Time Series Data @-Sectional Dﬁ
P /

— Different time — Differences among
analysis — compare cross sectional unit
across different — compare across
times (e.g. different units (or

technology chan nge, flrms) (e g gcale of
impact from crisis)

— Properties of time- -< ﬁeteroscedasticit
series data — time- ifferent size

—_

series data A’VW“MM ~ Inconsistency o
problemes. data




Pooled Data vs Panel Data
Pooled Data (Panel Data ) % # %

—/Increase number of —/Larger number of

observation observation

— Treated each obs. Treated data as
as one Cross- same firm or same
sectional unit. period

imilar to cro — Combine both

sectional analysis time-series and

cross-sectional
analysis




Panel Data Models — no problem

The general model: 1P po fT'W

Qy=. 1 f
|t |t/8+ : -

Variance-Covariance Matrix (no problem):

0,82, 0,8, ... 0,8,

v
0382 082, ... 0,0,

=E(e)=
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Estimation Method
Panel Least Squared (POLYS):

\
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(X XXX

However, there will be just only one estimated
equation model for all n cross-sectional units.




Model with Heteré&skedasticity,
GEAuUtocorrelation and C,FQSS-
sectlonal Correlation —

|t |tIB+ g CYOS‘S' secﬁ O‘nlﬂl

Variance- Covarlance Matrix:

V = E(gg’) =




Estimation Method
Panel Cieneralize Least Squared (PGLYS):

-1
X )t X! Y
nT xk kxnT nT x1

"=\VM—Cov maifcix
However, there will be just only one estimated
equation model for aII N cross-gectional units.
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Unobserved Fixed Effects

Suppose tge population model is

' |t18 +@+ Sit End ogene ﬁ/
Here we have added a time-constant\ Bace

component to the error: (Uy)

\A
In scalar form

7/ Res Sib\]ffy
V=B B+ A%, @

If o is correlatedlwmh the x s, OLS will be
biased, since « is part of the error term.

With panel data, we can difference-out the
unobserved fixed effect.



. ) Ral Pund Data.
v FlrSt lefme /Unbﬂ?:mau Bmd Ddda.

First difference method can to
dlfference out th unobserved fixed effects
—+(1) +/82X2|t + "l_/ixkut +\
2 o (2) y|t 1 +ﬂ2 2|t 1+ +ﬂk kit 1®+ glt -1
(1) (2) |t y|t—9 (ﬁ/ﬂl) + :82 2it 2|t 1) teret ﬂk (Xk|t klt—l)

it — & 1)

,,(Ay.t = B+ AR +Ae]

This model has no correlation between the xs
and the error term, so no bias.

Need to be careful about organization of the
data to be sure compute correct change.




Differencing with Multiple Periods

We can extend this method to more periods.
Simply difference adjacent periods.

If 3 periods, then subtract period | from
period 2, period 2 from period 3 and have
2 observations per individual.

Simply estimate by OLS, assuming the Ag, are
uncorrelated over time.

However, the problem with this technique is
that it cannot be used in case of unbalance
panel data cases.




//Fixed Effects Estimation
W!%T 6“0:3% Mean ]%\‘;ﬁmwae,. .
When thereis an observed fixed effect, an

alternative to the first differences is fixed

effects estimation é

Consider the deviation from average cross-

sectional group mean over time m)%;é!‘%l.g\
Yo N B 06—+ + B (% =%V £ (5 —5)
The average of & will be &, so if you subtract

the mean, &; will be differenced out just as

when doing first differences.
= Mean DLH-. Fetimalion Mthod. @

— Wilin EsT wation -




Fixed Effects Estimation

Example:
id time y mth

1 1 ‘ 1 .7579437-; 1.096261
2 1 2 .7428093 1.100189
3 1 3 . 722805 ‘yJ AL1447
4 1 4 .5370298 —]@697
5 1 5 .5549089 15559629
6 1 6 .5262893 1.054489
7 1 7 .4031329‘) 1.181099%
8§ 2 \/ .1214492 2.170097
9 2 2 .2805595 1.694395
10 2 3 .3319133 1

11 2 4 .145835

12 2 5 .0856535

13 2 6 .0739597 3.087652
14 2 7 .1260392 2.220203

=

size

18.
18.
18.
18.
19.
19.
19.
19.
20.
20.

84586
87402
81043
97547
10716
01132
07588
75014
20486
50326

20.5944

20.
20.
20.

64201
55656
49912

prof

. 0880269
.0756492
.1115731
.1124983
.0981166
. 1045869
.1209047
. 1962469
.1025133
.1768626
. 2298589
.2727948
.2425512
.2015931

tang

.9177378
.9061694
.9261793
.8920739
.8918622
.9001783
.8695951

.089559

.1056814
.1110374
.1113212
.7193236
. 7179744
. 7302911

risk

.0024175
.0001755
.0018045
.0022579
.0003683
.0015503
.0032206
.0247711

. 001609

.0116141
.0271847
.0375855
.0314487
.0188894



Fixed Effects Estimation

If we were to do this estimation by hand, we
would need to be careful because we would
think that df = NT — Kk, but is N(T —1) —k
because wé-uséa_upafs calculating means.

—» Most statistical software can estimate fixed
effects. STATA

e

—=This method is also identical to including a
separate intercept for every individual.




First Differences vs Fixed Effects

First Differences and Fixed Effects will be
exactly the same when T = 2.

For T > 2, the two methods are different.

—_———

—

Probably we might see fixed effects (within)
estimation more often than first differences
— probably more because it is easier than
that it is better.

Fixed effects easily implemented for
unbalanced panels, not just balanced panels.



Test for Fixed Effects

Ry "éﬁ‘if= % =@)>

Unrestricted Model: y,. = o + BXo; ...+ BX + &

Restricted Model: vy, = a+ X, +...+ BXi + &

Unrestricted-Restricted F-test or Chi-squares
test can be applied.

(RSS, —RSS,3)/ ¢ X Rejeet —+ FE

RSSyr /(N—-k-1) |} Tait 4o rgtc,f—?No weed
odo FE.

[F-statist_ic =

Chi-squares Test = 2(Lx —Lz)




Random EffeCtS Ervor Componedat Mod

Start with the same basic model with a
composite error
"

Yie =4+ X+ + AXar ﬂﬁg_kgit

In FE model, we assumed that « was
correlated with the x’s, but what if they are
not correlated?

OLS would be consistent in that case, but

com error will be serially correlated
N /@



Random Effects ‘fi A

. POLS FE
To estimate the model, researchers need to

transform the model and do GLS to solve
the problem and make correct inferences.

End up with a sort of weighted average of
OLS and Fixed Effects — use quasi-demeaned
data.

i — /61 (1_/{)"‘:82 (XZit _Zyzi)jL--- +:Bk (int _zzki)_l_(uit _XU.)

P A where: u, =Q- e + (e, - 12) s iid.

a Y

l’ i 1) Vawr €
= A=1— 'l|_ @ J Wﬁio,-:}»NDFE
2 7 >
- pylo? + T2




Random Effects

If A =1, then this is just the fixed effects
estimator. N
If A =0, then this is just the OLS estimator.

Thus, the bigger the variance of the
unobserved effect, the closer the model is

to fixec effe@

The smaller the variance of the unobserved
effect, the closer it is to OLS.

——




Fixed or Random Effects

In most cases, fixed effects model seem to be
more appropriated, since it is more likely
that unobserved variables are correlated
with the independent variables x .

To determine whether to apply fixed effects
or random effects, researchers sometimes
apply Hausman test.

If Hausman test is reiected,@hould be
applied. If not, it should be RE.




Fixed or Random Effects
Hausman Test; LHO :,Bi: ,BFEJ

Hausman Statistic = (,BRE - IéFE ) (VRE _\7FE )1 (BRE - :i:E ) - Z(zk—l)

_— = _—_— = e———

where:

5. is coefficient vector of RE.

b is coefficient vector of FE.

N

V.. is covariance matrix of RE.

Vo

V.. is covariance matrix of RE.

If Hausman test is rejected, hould be

applied. If not, it should

Ta\ 1o I-%Ld'




sk Panel Data Analysis

X Fixed Effects There s FE (SFW)C"‘/ U“mofvds‘h,)
Test. /|« existy.

ail to
Reject H F
(v

whdhe}
? POLY " @ FE highly comlalg
N Test Wt X5
, J[ ’TU Fail to ;!ﬁjq,
r 0l abi |7 Reject I-/ \e%ectﬂ
;z“ » o Random Effects Fixed Effects
el Model / vV Model




Advantages of Appling Panel Data

|. Addition of observations.

2. Additional aspects — Both cross-sectional
aspect (differences according to individual

or firm) and time-series aspect (differences
according to time).

#&#%3. Solving endogeneity bias from
unobservable fixed effects — especially

from cross-sectional aspect (individual or
firm specific characteristics).




Other Issues

How to test and correct for heteroscedasticity
and serial correlation in the errors?

How to estimate standard errors robust to
both problems? | vee(vobust)

J¢ Additional issue to think of whether both
cross-section and time series data should be
applied as panel data:

Whether the data should be pooled —Panel

fkPoolability (Chow) Test?




Panel Poolability Test

Hot n=r,==r,=0

Unrestricted:

Restricted:

Yit = Xitﬂ""ze[i_xiﬂ/i T &
i=1
Yie = XitIB T &

Chow-similar dummy F-test can be applied.

Rejection of the null hypothesis means data

cannot be pooled together athus,

mpdels should

be separated.

Fail to reject im
applied.

blies panel data model can be



