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e A=

JHEHER ES =552 7| Zholl ==&t
= Longitudinal data2ll= &
= = HALG, t)

0f: =3ulE, SXME, XI9E g, VB Hlid S



PANEL DATA SET BE=S 7|

. use quarterly

. *encode countryname, gen(id)
. egen id = group(countryname)

. order id, after(countryname)
. gen time = (year-1962)*4+qtr

. order time, after(qtr)

. su 1id time

variable ‘ Obs Mean Std. Dev. Min Max
id 10327 63.42549 37.13958 1 127
time 10327 134.6049 41.56707 1 192

. xtset id time

panel variable: 1id (unbalanced)

time variable: +time, 1 to 192, but with gaps
delta: 1 unit




MsS g:l

e © =l

"yie=at+b*X; + vy, Xy = [X;, Zi]
X7t 2’ 4= CIX] L 2lx|of w2t 2|2 o] E2tA
= 2| Mol o|nof?
voll 718 = F0{5101 2= CI=E + AUA
= MYH,O| LHHAH S ol Z
= ZH}E standard errorE A A

b7F homogenous or heterogenous?

o}

| B



== Strictly exogenous > Predetermined == Endogenous



= X7} strictly exogenouso}™

Strict exogeneity= SIS x= & H 17{2] v(=F y0il Clist S24)2 F
Ztet= 2|o| gl

atm
= X7t exi2e| vel F2tstal 1t712| vofl 2lsl HeksS B
“predetermined” 21l &

= X7F &7l vol SlSHA{ = A sF= =Ll M (simultaneity) vOil CH5}04
“contemporaneously endogenous”StCtal &

= OLS (pooled OLS)= unbiased/consistent&h
m 5= 7}X| issue

Standard error8| A&k

GLS

CiE vofl CHstod

rir



QJAMIZEIOl XOIA] OLS E=2 X}

= Conventional
iZHfl= SE(0|2&FY = US), SLst iLfoflM
EME 4 U=s U2 1Y
reg y x1 x2, vce(cluster id)
ZFO: “robust” FMS St i LHYIME X7 & 20| g1E S 71Es6i=
2

rir

212l2] x| &k2ko]

= Cross sectionally dependent errors: xtpcse, c(i); xtscc
“xtpcse, i c(i) nmk” = “reg”

“xtpcse, het c(i)"2 =2 iLHO|A{ iid0| 12 iZH0j| hetd =S 7}H.
“reg, robust” (2= il tOlA{ het) QI CIS

xtscc: Newey-West2| I BH{&



QJAMIZEIOl XOIA] OLS E=2 X}

est tab ols ols_r ols_c pcse_i pcse_h pcse scc, b(%6.4f) se stats(N r2_a)

variable

ols

ols_r

ols_c

pcse_1

pcse_h

pcse

5CC

.0460
.0271

.0460
.0521

.0460
.1180

.0460
.0269

.0460
.0350

.0460
-0566

.0460
-0604

.2935
-1969
.2894
.1492
-1496
.0411
.0756
.0286
.0358
.0349
.0484
.0244
0.4315
0.2474

CO0000O000OROHOO

CO0000O000OROHOO

.2935
.1919
.2894
.1838
-1496
.0374
.0756
.0257
.0358
.0349
.0484
.0197
0.4315
0.2506

CO0000O000OROHOO

.2935
.5392
.2894
.3378
-1496
.0274
.0756
.0563
.0358
.0699
.0484
.0462
0.4315
0.5479

.2935
.1960
.2894
.1485
-1496
.0409
.0756
.0285
.0358
.0348
.0484

.0243
0.4315
0.2463

CO00O0O000OO0OHOHOO

.2935
.1871
.2894
.1739
-1496
.0372
.0756
.0251
.0358
.0323
.0484

.0208
0.4315
0.2548

CO00O0O000OO0OHOHOO

CO00O0O000OO0OHOHOO

.2935
.2273
.2894
.2314
-1496
.0441
.0756
.0448
.0358
.0411
.0484

.0152
0.4315
0.3704

.2935
.2437
.2894
.3239
-1496
.0417
.0756
.0358
.0358
.0353
.0484
.0328
0.4315
0.7177

CO0000O000OROHOO

882
0.1898

882
0.1898

882

882

882

882

Tegend: b/se




= xtgls
panels(iid), panels(het), panels(cor)

corr(indep), corr(arl), corr(psarl)
“xtgls $Y $X, p(i) c(i)” = “reg $Y $X”

p(c): need balanced panel
c(a), c(p): need regularly spaced panel; * ‘force’ option

p(c)E ALZ5t2{M 171 NELC} 7{0F &
= xtregar: v;, = u; + e;;, e,~common AR(1)
“fixed effects”’fIAM{= AlBItS

= xtpcse
“xtpcse, i c(i|a]|p) rho(dw)” = “xtgls, p(i) c(i]a|p) rho(dw)”
‘c” option2 M 0|l HES OIXIX S



XTGLS 2} XTPCSE Of

t\i i het cor i het cor i/t

ind 1156 .1116 .1128 .1156 .1156 .1156 ind
(.0058) (.0050) (.0022) (.0058) (.0071) (.0072)

.0938" .0715 .0827 /.0950\ .0950 .0950 arl
(.0077) (.0076) (.0131) (.0130)

0962 .0962 psarl




ERROR COMPONENT MODEL

v.=u +e, 0|0 udelt S
Ecst e7t i to] Z2 X iid
= 0] A2 {2 sharp®t FGLS7} 7}=¢&t

@eg y x1 x2®

= Historically, “random effects estimator” 211 &t

= Ore! J1FO0| UL N, T 7|2 2AISI0] efficient &

= NT7} 3™ FGLSR U= =61 bias?t | &S

m J}A0| SHX| oM QUHIMOZ cluster standard error A=

= xtreg y x1 x2, re vce(r) O]= vce(cluster id)2} S
&al: reg y x1 x2, vce(r)= vce(cluster id) 2} CI &




= XS 71X dEHST) HEo| 2 4E2l =

* IS 0l= 280 LHEFA(2x12 0 d22U=) BRS LS
beta A7} 2]0|5l= HI=2
OLS, GLS 2 5 biased and inconsistent
xtpcse, xtgls, “xtreg, re” B 2|7} o= M CIE MHE &



BETWEEN I} WITHIN

= Between group
Variation across i
Cross-sectional
“xtreg, be”
= Within group
Variation within i over t
“xtreg, fe”
= LSDV (i.e., individual dummies)
= Model
yie =@+ b¥*x + c*z; + u; + ey
between: ybar, = a + b*xbar; + c*z;, + vbar,
within: y,, - ybar, = b*(x;, - xbar,) + (e;, - ebar,)



= Bety
= Ve
= Cr
= X
= With
= V&
= X

= Mod
" Yit
" be
= wi




= Bet\
= Vg
= Cr

“

= X
= With >
= Vg

“

w X
= Mod
" Yit

" be
= wi




= Bet\

ybar

xbar




x-xbar




BE, FE & RE

= BE: Between group
xtreg y x1 x2, be
reg ybar x1bar x2bar
= FE: Within group
xtreg y x1 x2, fe
reg yd x1d x2d /* within-group */
reg y x1 x2 i.id /* LSDV */
= RE: Somewhere in between
xtreg y x1 x2, re



= BE: Bet

xtreg yf_‘
reg yb¢
= FE: Wiff
xtreg y.:
reg yd :j
reg y X
= RE: Sol,
xtreg y:=

o ~um oL s oA

. est tab be fe re, b se t p stat(N r2_a)

BE, FE & RE

variable be fe re
X -1.3755771 .50624442 .2780045
.31952257 .11870924 .13516773
-4.31 4.26 2.06
0.0051 0.0001 0.0397
_cons .39733363 .00631462 .05374002
.33110716 .11468618 .3950233
1.20 0.06 0.14
0.2754 0.9563 0.8918
N 64 64 64

r2_a .71468049 .13918665

Tegend: b/se/t/p




WHY DIFFERENT?

= yOfl L{ZiS}= time-invariant factor & X0l LiZ 5= time-
invariant factor7} M2 ZH&E £ 7| 2

= X2} u AFO]0f| cross-sectional correlation0]| £Z}5}7| U=

= “Between”2 0|2{st time-invariant factor& Z}2| cross-
sectional relationship= capture&h

= “Within”2 Z} J/E e (i)7F AlZHof] Z X Bistat of Xt y2o| B3}
SF=0]| ofufst ZAE A =LEE capturedt



HAUSMAN TEST

= Test(“be” 2} “fe”2| SLUM): FEQ} RES H| 1l 5}= Hausman test
xtreg y x, fe
est store fixed

xtreg y x, re
hausman fixed ., sigmamore [or sigmaless]

. hausman fe re, sig

—— Coefficients

(b) (B) (b-B) sqrt(diag(v_b-v_B))
fe re Difference S.E.
X .5062444 . 2780045 .2282399 .0502176

b = consistent under Ho and Ha; obtained from xtreg
B = inconsistent under Ha, efficient under Ho; obtained from xtreg

Test: Ho: difference in coefficients not systematic

chi2(1) = (b-B) ' '[(V_b-V_B)A(-1)](b-B)
= 20.66
Prob>chi2 = 0.0000



o8t A

= FEZ time-invariant regressor (z)28| AT+ E =¥ + 8IS
Within-group variation0| §17| =
0|= oliZ5t7] flellA=
= Time-invariant omitted variables (u,)2| proxyE 0| E&A|7|11 RE
= u,= &3 omitted variablesO|2 2 |V A[Z

= BEQ! 7.7} exogenousSICHM FE O|=0f] i HAOZE regression. O:
xtreg y x, fe
predict w, ue

xtreg w z, be Vit = ﬁ"x;;; + ]/'ﬂf-z' + u; + Ei

11
i

Wi = Yie = Pxu =Y zi + Ui + Ei
w; = ]/"z.z- + (H;‘ + éz’)




o] 2527} endogenous e Iff x,, & exogenous st A
% (Hausman & Taylor 1981)

AL

oh

04 |v7} 7}



HAUSMAN AND TAYLOR

w MEBE X =[x1,, x2,,21,22, ], A v, =u +e,
= coeff = (b1,b2,c1,c2)

" X= e} F2He0fl CHS}O0] strictly exogenous)

= x= time-varying, z= time-invariant

(x1,z1)2 ull uncorrelated, (x2,z2)= u?} correlated
b1, b2= FEO]| 2|5l0{ =Fse = US

z2 20 1 CIS0| c1,c2= 2 HA F=HE T}

z22| IVEA] x1bar,& AlS &t

= xthtaylor y x1 z1, endog (x2 z2)



. Xthtaylor lwage occ south smsa ind exp exp2 wks ms union fem blk ed,
> endog(exp exp2 wks ms union ed)

Hausman-Taylor estimation Number of obs =
Group variable: id Number of groups

Obs per group: min =

avg =
max =
Random effects u_i ~ i.i.d. Wald chi2(12) = 6891.87
s MO | Prob > chi2 = 0.0000
=0
- Coef1 lwage Coef. Std. Err. z P>zl [957% Conf. Intervall
—_ TVexogenous

u — € occC =-.0207047 .0137809 -1.50 0.133 -.0477149 .0063055
- south .0074398 .031955 0.23 0.816 -.0551908 .0700705
| — t smsa -.0418334 .0189581 -2.21 0.027 -.0789906 -.0046761
ind .0136039 .0152374 0.89 0.372 -.0162608 .0434686

[ (X 1 7 TVendogenous
g exp .1131328 .002471 45.79 0.000 .1082898 . 1179758
m b 1 t exp2 -.0004189 .0000546 -7.67 0.000 -.0005259 -.0003119
) wks .0008374 . 0005997 1.40 0.163 -.0003381 .0020129
- 2 [[H ms -.0298508 .01898 -1.567 0.116 -.0670508 .0073493
Z union .0327714 .0149084 2.20 0.028 .0035514 .0619914

o TIexogenous

L 4 2 —I fem -.1309236 . 126659 -1.03 0.301 -.3791707 .1173234
blk -.2857479 .1557019 -1.84 0.066 -.5909179 .0194221

® Xthtg TIendogenous
ed .137944 .0212485 6.49 0.000 .0962977 .1795902
_cons 2.912726 . 2836522 10.27 0.000 2.3b6778 3.468674

sigma_u .94180304
sigma_e .15180273
rho .97467788 (fraction of wvariance due to u_i)

Note: TV refers to time varying; TI refers to time invariant.
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"y,

YW= 22 random effects
YU =9} &F2k: fixed effects
= e, 212 27|

Exogenous: Ex;.e;,=0 for all s and t

Predetermined: Ex,.e;;=0 for s<t Note: Ex.e,=0 for all s, t?

Endogenous: Ex..e..=0 for s<t

isvit
® Stata commands

” i

“xtgls”, “xtpcse”, “xtreg, re”: exogenous regressors + random effects

“xtreg, fe”: TV exogenous regressors + ramdom or fixed effects
Note: “xtregar” = FE GLS with large T under AR(1) assumption for e

“xthtaylor”: TV and Tl exogenous regressors + random or fixed effects
® Predetermined or endogenous regressors? A: DPD




DYNAMIC PANEL DATA MODELS

"ypy=at+td¥y, + b*X; +u; + ey
= X = [x1, x2, x3]
x1: exogenous
Xx2: predetermined
x3: endogenous
= u;: fixed effects
= Estimation
No RE available
Within + OLS/GLS: Biased and inconsistent unless T large + N small
xtpcse, xtgls, xtreg, xthtaylor, xtregar, etc., are all useless.



DIFFERENCE GMM FOR DPD

= FD & write the equation in terms of changes (in order to
eliminate fixed effects)
® Transformed error is Aelit] = e[it] - e[it-1]
= Arellano and Bond (1991): Instruments =
x41[il], ..., x4[iT]
x2[il], ..., x2[it-1]
x3[il], ..., x3[it-2]
y[il], ..., y[it-2]
= Stata
xtabond y 1(0/1).x1, pre(x2) endo(x3) lags(2) vce(r)



PERSISTENT PANELS AND SYSTEM GMM

= For panel AR(1), if the AR coefficient is close to 1 (persistent),
different GMM suffers from weak instrument problem.

= To solve this, assume that the system was initialized long
time ago. (Has reached stationarity if not integrated.)
= A solution: System GMM
Difference GMM: Differenced equation + levels instruments
Levels GMM: Levels equation + differenced instruments
"y, =d*y,, + u, + e, IV: Ay,,, ..., Ay, 4 if Ay, consists of e,,, ;. 4, ... only.
= Stata
xtdpdsys y 1(0/1).x1, pre(x2) endo(x3) lags(2)



PERSISTENT PANELS AND SYSTEM GMM

= For panel AR(1), if the AR coefficient is close to 1 (persistent),
different GMM suffers from weak instrument problem.

® To solve thissassume that the was initialized long
time ago( (Has reached stationarity if hot integrated.)
= A solution: Sys

Difference GMM: Differenced equatio\\levels instruments
Levels GMM: Levels equation + differe Instruments
"y, =d*y,, + u, + e, IV: Ay,,, ..., Ay, 4 if Ay, consists of e,,, €. 4,
= Stata
xtdpdsys y 1(0/1).x1, pre(x2) endo(x3) lags(2)

... only.




TESTS

= Over-identification test (Sargan test)
Test the validity of instruments
Should accept the null hypothesis

xtabond ... [, two]
estat sargan

If rejected, decrease AR order or blame heteroskedasticity.
Hansen’s J test if heteroskedastic. Install xtabond?2.
= AR order test (Arellano-Bond test)
Test that AeJit] is not autocorrelated.
Should reject HO for lag=1, accept HO for lag>1.

“xtabond ..., two” or “xtabond ..., vce(r)”
estat abond

If you don’t get “reject for lag=1, accept for lag>1", increase AR
order.



TESTS

= qui xtabond y x1, pre(x2) endo (x3)
estat sargan
Sargan test of overidentifying restrictions
HO: overidentifying restrictions are valid
chi2 (56) = 95.2558
Prob > chiz2 = 0.0008
qui xtabond y x1, pre(x2) endo(x3) vce(r)
estat abond
m artests not computed for one-step system estimator with wvce (gmm)

Arellano-Bond test for zero autocorrelation in first-differenced errors

e it +
| Order | z Prob > z|
| ===~ Fmm e |
| 1 1-4.4889 0.0000 |
| 2 |1-.89204 0.3724 |
e + r

HO: no autocorrelation




MODELS WITH NO LAGGED DEP VARS

®= What if there are no lagged dependent variables?
my,=a+bl*x1,+ b2*x2,, + b3*x3,, + u; + e
= “xtabond” and “xtdpdsys” are for models with y[it-1], ..., y[it-p].

= “xtabond y x, lags(0)” does not work.
= Use the raw command “xtdpd”:
xtdpd y x1 x2 x3, div(x1l) dgmmiv(x2,lag(1 .)) dgmmiv(y x3)
= But before that, think more carefully about your model.
Is e serially independent?
What's the meaning of being predetermined if not?



PRACTICAL ISSUES

" Time dummies or linear time trends?

Include time dummies to control for global business cycles.
= Consider levels or growth rates?

Consider growth if incidental trends are present in levels.
(Differencing converts trends to levels.)

Compare and doubt.
" How to determine exo/pre/endo?
Time dummies are exogenous.

Hard to find exogenous regressors if they are results of economic
optimization.
If specify as “pre” but the truth is “endo”, estimator is inconsistent.

If specify as “endo” when the truth is “pre”, estimator is still
consistent but can be wild.



AB1, AB2, SYS1 OR SYS2

= Difference GMM (xtabond) or System GMM (xtdpdsys)?
System GMM requires stronger conditions for consistency.
Use difference GMM unless AR coefficient is close to 1.

® One step (default) or two step (two)?
Two step is efficient according to large sample theory.
But one step performs better for usual cases.
Recommend: One step + robust inference



FACTORS

= Xit = (@ ftag*fyt..ta,*f, ) + ey
= f: common factors, a: factor loading (all unobserved)
= Use eigenvector decomposition to estimate common factors
= Application: FAVAR
Find a few number of important factors from a large number of

variables.
Augment the regression with the factors

Dimension reduction



REGRESSION WITH FACTORS

— * _ * * *
"y = Ctb*X;tey,, ¢ = a*fta*fyt.ta*f,

= f,,=1 (individual effects), a,;=1 (common time effects)
= No Stata module available.
= Simple 1:
Remove factors from both y and X
Run panel regression using residuals
Greenaway et al. (2012)
= Simple 2:
Pesaran’s (2006) CCE
Include cross-sectional averages for all variables for all t
®m Least squares: Bai (2009)



EXAMPLE

set more off
use forreg, clear

xtset countryname_num year

local myvar “fdi” // port | other

global Y sd_ myvar'_gdp

global X avg_ myvar’_gdp avg_kaopen_std avg_TradeOpen ///
avg_infl avg_GDPgrowth sd_GDPgrowth avg_Reservelmports

xtscc ${Y} ${X}, lag(b)

xtsce ${Y} ${X}, fe lag(b)

xtreg 1(0/2).${Y} ${X}, fe vce(r)

xtreg 1(0/2).${Y} ${X} i.year, fe vce(r)

xtdpd 1(0/2).${Y} ${X} dum_year*, dgmmiv(${Y} ${X}, lag(11 .)) div(dum_year*) vce(r)



EXAMPLE

set mol fdi | port | other |
variable | 1s_notscc fe_notscc fe_not fe dpd
sd_fdi_gdp
L1. 0.9996*** 0.8707*** 0.8282**=*
L2. -0.1612%**  -0.1856%*% -0.1671***
avg_Tdi_gdp 0.0737 -0.0437 -0.0073 -0.0265 -0.0390
avg_kaopen~d 0.8483**=* 1.0221*%*=* 0.1143 -0.0468 0.0837
avg_TradeO~n 1.0692%*= 1.7706%*=* 0.1561=**  -0.4612 0.1972
avg_infl 0.0161 -0.0390 0.0003 -0.0057 -0.0070
avg_GDPgro~h | -0.0466%* -0.0480% -0.0058 0.0060 -0.0066
sd_GDPgrowth 0.0283*= -0.0010 0.0039 0.0123 -0.0063
avg_Reserv~s -0.0248 -0.0077 -0.0092 -0.0095 -0.0187

Tegend: * p<0.05;




EXAMPLE

set mol fdi port other |
variable | ls_notscc fe_notscc fe_not fe dpd
sd_port_gdp
Ll. 0.9763%== 0.8412%== 0.8005%=*=
L2. 0.0593 -0.0615 -0.0489
avg_port_gdp 0.0460 0.1249* 0.0109 0.0197 0.0825*=
avg_kaopen~d 1.5935%== 2.1352% 0.2754= -0.0983 0.0605
avg_TradeO~n 1.2894*=*= 3.9601* 0.3082*=*  -0.1359 1.7060%=
avg_infl 0.1496== 0.1204+*= 0.0632%== 0.0788*== 0.0654**=
avg_GDPgro~h | -0.0756* -0.0032 0.0169 0.0180 0.0067
sd_GDPgrowth 0.0358 0.0634 0.0078 0.0796% 0.0760
avg_Reserv~s | -0.0484 -0.0780** 0069 -0.0367 -0.0301
Tegend: * p<0.05; ** p<0.01l; *** p<0.001




EXAMPLE

set mol fdi port other |
variable | 1s_notscc fe_notscc fe_not fe dpd
sd_other_gdp
Ll. 0.9410%*=* 0.8762%*=* 0.7945%==
L2. -0.1166%**  -0.1323=%= -0.1419%*
avg_o~er_gdp 0.0479 0.0023 0.0333= 0.0431 -0.0294
avg_kaopen~d 0.8440== 1.2684%*=* 0.2599%=* 0.1540 -0.1453
avg_TradeO~n 1.9394=*= 1.3332== 0.3690%*=* 0.0633 0.8990
avg_infl 0.0985*= 0.0676 0.0424%*=* 0.0397= 0.0131
avg_GDPgro~h | -0.0467 0.0113 -0.0242 -0.0108 -0.0765%
sd_GDPgrowth 0.1648*=*=* 0.1862%*=* 0.0426 0.1067* 0.0921
avg_Reserv~s 0.0646%= 0.0397= 0.0274%=* 0.0273 0.0144

Tegend: * p<0.05; *%* p<0.01; **% p<0.001




