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2.2 (a) QO = Iyt — P where P = Iy ® Jr is idempotent and is therefore its own generalized
inverse. The variance-covariance matrix of the disturbance v = Qv in (2.6) is

E(VY") =E(Qw'Q)=0c20
with generalized inverse Q_fc:rf. OLS on (2.6) yields
B=(X'00X)"'X'0Qy = (X'0X)"'XQy
which is E given in (2.7). Also, GLS on (2.6) using generalized inverse yields
B=(X'000X)"'X'000Qy =(X'QX)'X'Qy =3

(b) For the general linearmodel v = X f + u with E{uu’) = £2, a necessary and sufficient
condition for OLS to be equivalent to GLS is given by X'Q~!Py =0, where Py =
I — Py and Py = X(X'X)' X', see Baltagi (1989). For (2.6), this condition can be
written as

(X'Q)Q/al)Pgx =0

using the fact that @ is idempotent, the left hand side can be written as (X' Q) Pgy /o
which is clearly 0, since Pay is the orthogonal projection of O X.

25 E(w'Pu)=Eltriuu'P)) = t{E{uuVP) = (22 P). From (2.18), 1P = crfP since
PQ = 0. Hence, from (2.21), ELE?J Ei:f’_r;:'” = ":;J;] = .::rE.

Similarly, E(u' Qu) = tr(Q20Q) = tr[crf () where the last equality follows from (2.18)
and the fact that QQ =UE () since PQ = 0. Hence from (2.22), E(EE‘? = EE:r ;” =
triz? )

a
W = O
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2.7 (b) GLS on (2.28) yields

_ 0@ 0 0z
Sors = | (Z'Q,Z'P)
|0 crfP_ PZ
[o20 077 [0y
*(Z2'0,Z'P)
|0 ofP ] Py
Using generalized inverse
o200 [l 0
0 GFP 0 P‘,f.::rl2

one gETS
Sors = [(Z'Q2) /0l +(Z'PZ) /ot "' [(Z' 0Z)/62 +(Z'Py)/oi]
— [ng—l Z]_J Zfﬂ.—] v

where £2-1 is given by (2.19).
(a) OLS on (2.28) yields

-1 1
toe[ron($)] zarn(5)

=(Z'QZ +Z'PZ)yNZ'Qv + Z'Py)
=(ZQ+P)Zy'Z(Q+ Pyy=(Z'2)'Z'y

since 0 + P = Iyt.

. . 1. . .
2.10 {a) From (2.2) and (2.38), El(u; r4su;:) = o, fori=j and zero otherwise. The only
correlation over time occurs because of the presence of the same individual across the

panel. The w;,’s are not correlated for different time periods. In vector form

w = E(u;py5u) =00, 0,..., ..., ..., 0,.... 0y

where there are T ones for the i -th individual. This can be rewritten as w = G:f £ @ur)
where {; is the i-th column of [y, i.e., {; is a vector that has 1 in the i-th position and

zero elsewhere. i 1s a vector of ones of dimension T.

(b) (£l @7p)P = @)Wy @ %}—‘? = (£ @ 7). Therefore, in (2.39)

iy —1 2igF ! 1 1 Gﬁ of !
w' €2 = o, f; ®7) —EP—i——EQ =—3(tf- @iy
o j

it

since (£ @ 17)Q = (£ @13 yr — P)= (£ @) — (€, @ 15) = 0.
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211  The ibliowiﬁg pmgmi’n, uéing the Grunfeld [19583 data on investment on the Wiley
web site, gives the SAS program and output for the estimation of a “One-way Error
Component Regression”. The estimators are OLS, WITHIN, BETWEEN, WALHUS,
AMEMIYA. SWAR, NERLOVE, AND IMLE. The results do not replicate exactly those

in Table 2.1 because there is no correction for degrees of freedom in these programs.
However, the output reported below using EViews should match the results in Table 2.1.

DATA GRUNFELD:
INFILE 'A:\GRUNFELD.FIL';
INFUT FIEM YEAR INVEST STOCE CAPITAL;

PROC THL;
USE GEUWNFELD; EREAD ALL INTZ TEMP;
N=13; T=20; NT=N*T;
Cne=Repeat (L, HT,. 1) ;

¥=Temp[,3]; X=Temp[,4:5]; ZI=One||X; EK=NCOL(X);
f* I, J, P and Q Matrices */
1 t=Ji(T,1.1); JT=(1_t*1_t'); Z_U=IiH)@al_*k;
P=I (N)&JT/T; Q=I(NT)-F;
JHT=Rapaat (JT.H, M ; JHNT BAE=JNT/HNT;

OLS_BETA=INV(Z'*Z) *Z'*Y;
OLS_RES=Y-Z*OLS_BETA;
VAR_REG=S55Q (OLS_RES) / (NT-NCOL(Z) ) ;
VAR_COV=VAR_REC*INV(Z'*Z);
STD_0LS=SQRT (VECDIAG (VAR_COV) ) ;
T_OLS=0LS_BETA/STD_0OLS;

LOOK1=0LS_BETA| | STD_OLS| | T_OLS;

CTITLE={ 'PARAMETER' 'STANDARD ERROR' 'T-STATISTICS'});:
RTITLE={ 'INTERCEET' 'FIRMV' 'CAFITALV'};:

PRINT 'RESULTS OF OLS',,

LOOKL ( | COLNAME=CTITLE ROWNAME=RTITLE FORMAT=2.5|);

EW_BETA=INV(Z'*P*Z)*Z' *P*Y;

EW_RES=P*Y-P*Z*EW_EETA;
VAR_BW=SSQ(BW_RES) / (N-NCOL(Z)); /* Equaticn 2.27 */
V_C_BW=VAR_BW*INV(Z'*P*Z);

STD_EW=SQRT (VECDIAG(V_C_BEW) ) ;

T_EW=BW_EETA/STD_EW;

LOOK1=BW_BEETA| | STD_BW| | T_BW;

CTITLE={ 'PARAMETER' 'STANDARD ERROR' 'T-STATISTICS'}:
RTITLE={ 'INTERCEET' 'FIRMV' 'CAFITALV'};:

PRINT 'RESULTS OF BETWEEN',,

LOOKL ( | COLNAME=CTITLE ROWNAME=RTITLE FORMAT=8.5|);
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WT_BETA=INV (X' *Q*X)*X' *Q*Y; /* Equation 2.7*/
WT_RES=0Q*Y-Q*X*WT_BETA;
VAR_WT=SSQ (WT_RES) / (NT-N-NCOL(X) ) ; /* Equation 2.24 */

V_C_WT=VAR_WT*INV(X'*Q*X);
STD_WT=SQRT (VECDIAG(V_C_WT)) ;
T_WT=WT_EETA/STD_WT;

WH_V_1=(CL5_RES'*P*OL3_RES) /N;
/% BEgquatdlon 2.21 with U=0LE residuals */

dkdkdkd Chacking for negative VAR _MHID *érdwdw.

WH_V_MHU= (WH_V_1-WH_V_V)/T;

IF WH_V_MHU<0 THEN NECA WH=1; ELSE NECA_WH=0;
WH_V_MHU=WH_V_MHU # (WH_V_MHU=0);
WH_V_1=(T*WH_V_MHU)+WH_V_V;
WH_V_T=WH_V_V+WH_V_MHU;
WH_RHO=WH_V_MHU/WH_V_T;

el ol ole e ol kel ol e e ol e el ol e e el e e e e e e e e e o
P

OMEGA_WH= (Q/WH_V_V)+(P/WH_V_1); /* Equation 2.19 */
WH_BETA=INV(Z' *OMECA_WH*Z)*Z' *OMEGA_WH*Y;
THETA_WH=1- (SQRT (WH_V_V) /SQRT (WH_V_1) ) ;

OMEGAWH= (Q/SQRT (WH_V_V) )+ (B/SQRT (WH_V_1)) ;

WH_RES= (OMEGAWH*Y) - (OMEGAWH* Z *WH_BETA) ;

VAR _WH=35Q (WH_RES) / (NT-NCOL(Z) ) ;

V_C WH=INV(Z'*OMEGA WH*Z) ;

STD_WH=SQRT (VECDIAG(V_C_WH) ) ;

T_WH=WH_EETA/STD_WH;

LOOK1=WH_BETA | | STD_WH | | T_WH;

CTITLE={'PARAMETER' 'STANDARD ERROR' 'T-STATISTICS'};
RTITLE={' INTERCEPT' 'FIEMV' 'CAPITALV'};

PRINT 'RESULTS OF WALLACE-HUSSAIN',,

LOOK1 (| COLNAME=CTITLE ROWNAME=RTITLE FORMAT=8.5|);

FEEE CMEZA WH CMEGAWH WH_RES;
#———- AMEMIYZA ESTIMATCE OF VARIANCE COMPCOMNENTS ----*;

¥_BAR=Y[:];: ¥ BPAR=¥X[:,];:
ALPHA WT=Y_BAR-X_BAR*WT_EETA;
LSDWV_RES=Y-ALPHA WIT*CHE-EZ*WI_BETA;
AM WV_WV=(LSDV_EES'*Q*L3DV_RES) / (NT-H) ;
f* Egquaticn 2.22 with U=LEDV reslduals */
AM V_1=(LEDV_EES'*P*LSDV_RES) /H;
f*BEgquation 2.21 with U=LSDW resziduals */
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LOCKE1=WT_BETA| | STD_WT| | T_WT;

CTITLE={'PARRMETER' 'STANDARD ERROR' 'T-STATISTICS'};
RTITLE={ 'FIRMV' 'CAPITALV'};

PRINT 'BESULTS OF WITHIN',,

LOCKL ( |COLMAME=CTITLE ROWNAME=RTITLE FORMAT=2.5|);

WH_V W= (0OLS_RES' *(Q*0OLS_ERES) / (HNT-N) ;
f* Bguaticon 2.22 with U=0LSE residuals */

THETA_AM=1- (SQRT (AM_V_V) /SQRT(AM_V_1));
CMECARM= {Q/SORT(EM V V) )+ (B/SQRT(AM V_1));:
IZM_RES= (OMEGAARM*Y) - ( OMESAAM* Z* AM_EETA) ;
VAR_AM=SSQ(AM_RES) / (NT-NCOL{Z) ) ;
V_C_AM=INV(Z' *OMEGA_AM*T) ;

STD_AM=SQRT (VECDIAG(V_C_AM)) ;

T _AM=AM_BETA/STD_AM;

LOCK1=AM_EBETA| | STD_AM| | T_&M;

CTITLE={'PARAMETER' 'STANDARD ERROR' 'T-STATISTICS'};
RTITLE={'INTERCEPT' 'FIREMV' 'CAPITALV'};

PRINT 'RESULTS OF AMEMIYA',,

LOCK1 { | COLMAME=CTITLE ROWNAME=RTITLE FORMAT=2.5|);

FREE CMEZR AM OMESAARM AM FES;

wwdkw Checking for negatiwve VAR _MHIJ vow@ddwdw .

AM V_MHU=(AM V_1-AM_¥V_¥V)/T;
IF AM_V_MHU<( THEN NECA_AM=1; ELSE NEGA_AM=0;
AM_V_MHU=AM_V_MHU # (AM_V_MHU=0);

AM_V_1=(T*AM_V_MHU)+AM V_V;

AM_V_T=AM_V_V+AM_V_MHU;
AM_FRHO=AM_V_MHU/AM V_T;

LR AR R R EE RS R R R R R R R R EEE R R R R EEEEEEEEEEEEEEEE
P

OMEGA_AM= (Q/BM_V_V)+(P/AM V_1); /*Equation 2.19 */
AM_EETA=INV(Z'*CMEGA_AM*Z)*Z' *OMEGA_AM*Y;

SRV N=(Y' QY=Y IRORERTINV (X YQUEE)YE N YOYY ) S (NT-N-K) ;
f* Bgquation 2.24 %)

SRV _1=(Y'*P*Y-Y'*PY*E*INV (' *PYL)YEYEYY ) S (H-E-1) ;
f* Bguablion 2.27

kwwwk® Chacking for negatiwve VAR _MHIT ®#wdwddd .

SA_V_MHU=(SA_V_1-SA_V_V)/T;

IF SA_V_MHU<O THEN NEGA_SA=1; ELSE NEGA_SA=0;
SA_V_MHU=SA_V_MHU # (SA_V_MHU=0);
SA_V_1=(T*SA_V_MHU)+SA_V_V;
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SA_V_T=SA_V_V+SA_V_MHU;
SA_RHO=SA_V_MHU/SA_V_T;
l’il’il’ii’ikil’il’il’l’ikil’il’ikikikikikikil’il’ikikikir
OMEGA_SA=(Q/SA_V_V)+(P/SA_V_1); /* Equation 2.19 */

SA_PETA=INV(Z'*OMEGA SA*Z)*Z'*OMEGSA_SA*Y;
THETA_SA=1- (SQRT (SA_V_V) /SQRT(SA_V_1));

SA_RES= (CMEGASA*Y) - (OMEGASA*Z*SA_BETA) ;
VAR_SA=830(SA_REZ)/ (HT-NCOL(Z) ) ;
V_C_SA=TNV(Z' *OMECA_SA*Z) ;

STD_SA=SQRT (VECDIAG (V_C_SA) ) ;
T_SA=SA_BETA/STD_SA;

LOOK1=SA_BETA| | STD_SA| | T_SA;

CTITLE={'PARAMETER' 'STANDARD ERRCR' 'T-STATISTICS'}:
RTITLE={'INTERCEPT' 'FIRMV' 'CAPITALV'};

PRINT 'RESULTS OF SWAMY-ARORA',,

LOOKL { | COLMAME=CTITLE ROWNAME=RTITLE FORMAT=2.5|);

FREE CHMEGA Sa OMESASEZ SR RES;

MHU=F*LSDV_RES;

MEAN MHU=MHU[:];

DEV_MHU=MHU- |ONE*MEAN_MHI) ;

VAR_MHU=5S0 (DEV_MHI) / (T* (N-1) ) ;

NL_V_V=S50 (WT_RES) /NT;
NL_V_1=T*VAR_MHU+NL_V_V;
OMEGA_NL=(Q/NL_V_V)+(B/NL_V_1); /* Bquation 2.19 */
NL_EETA=INV(Z'*OMEGA_NL*Z)*%' *OMEGA_NL*Y;
THETA_NL=1- {SQRT (NL_V_V) /SQRT (NL_V_1) ) ;
OMECLNL= (Q/SORT(NL_V_V) )+ (B/S0RT(NL_V_1));
NL_ERES= { CMEGANL*Y) - { OMEGANL* Z*NL_BETA) ;
VAR_NL=550 (NL_RES) / (NT-NCOL (Z)) ;
V_C_NL=INV(Z'*COMEGA_NL*E) ;

STD_NL=SQRT (VECDIAG(V_C_NL) ) ;

T_NL=NL, BETA/STD_NL;

NL_V_T=NL_V_V+VAR_MHU;
NL_RHO=VAR_MHU/NL_V_T;

LOOK1=NL_BETA| | STD_NL| | T_NL;

CTITLE={'PARAMETER' 'STANDARD ERROR' 'T-STATISTICS'};
RTITLE={' INTERCEPT' 'FIRMV' 'CAPTTALV'};

PRINT 'RESULTS OF NERLOVE',,

LOOK1 ( | COLNAME=CTITLE ROWNAME=RTITLE FORMAT=8.5|);

FEEE OMEGA_NL CMEGANL NL_RES;

R MAXIMUM LIKELIHOOD ESTIMATION ----------------————- *;
/* START WITH WITHIN AND BETWEEN BETA SUGGESTED BY BREUSCH(1987) */;

CRITICAL=1;
BETA_W=WT_BETA;
BETA_BE=EW_BETA[2:E+1,];
BETA_MLE=WT BETA;
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*OMEGA_ML= (Q+PHISQ_ML*P) /VAR_V_ML;
M_C_MLE=INV (X' *OMEGA_ML*X) ;
*STD_MLE=50RT (VECDIAG(V_C_MLE) ) ;
VAR_1 ML=VAR_V_ML/PHIS{ ML;
OMEGA_ML=(Q/VAR_V_ML)+ (P/VAR_1_ML);

ML,_PETA=INV(Z'*OMEGA_ML*Z)*Z'*OMESA_ML*Y;
OMEGAML={(Q/SORT(VAR_V_ML) )+ (E/S0RT (VAR_1 ML) ) ;
ML_RES= |OMEGAML*Y) - { OMEGAML* Z*ML_EETA) ;
VAR_ML=SSQ (ML_RES) / (NT-NCOL(Z) ) ;

V_C_ML=INV(Z' *OMEGA_ML*Z);

STD_ML=SQRT (VECDIAG(V_C_ML) ) ;
T_ML=ML,_BETA/STD_ML;

LOOK1=ML_EETA | | STD_ML| | T_ML;

CTITLE={'FARAMETER' 'STANDARD ERROR' 'T-STATISTICS'};
RTITLE={'INTERCEET' 'FIREMV' 'CAPITALV'};

PRINT 'RESULTS OF MAXIMUM LIEELIHOOD',,

LOOKL ( | COLNAME=CTITLE ROWNAME=RETITLE FORMAT=8.5|);

FREE CMEGA: ML;

BETA=0LS_BETA'[,2:K+1]//BW_BETA' [,2:K+1]//WI_BETA'//
WH_BETA'[,2:K+1]//AM_BETA' [,2:K+1]//
SA_BETA'[,2:K+1]//NL_BETA' [,2:K+1]//ML_EETA' [,2:K+1];

STD_ERR=STD_OLS' [,2:K+1]//STD_BW'[,2:K+1]//STO_WT'//
STD_WH' [, 2:K+1]//STD_AM'[,2:K+1]//5TD_SA'[,2:E+1]//
STD_NL'[,2:K+1]//STD ML'[,2:K+1];

THETAS={0, ., 1}//THETA WH//THETA_ AM//THETA_SA//THETA NL//THETA ML;
NEGA_VAR={.,.,.}//NEGA_WH/ /NESA_ BAM/ /NEGA_SA//{...};
OUTPUT=EETA | | STD_ERE | | THETAS | | NAGA_VAR;

[ WHILE (CREITICAL=0.0001);
WT_RES=Y-X*EETA W;
BW_ERES=Y-X*EETA E;
FHISQ W= (WT_RES' *Q*WT_RES) /s ((T-1)*{(WT_ERES'* (P-JNT_BAR) *WT_EES) ) ;
/* Equation 2,35 */
FHISC B=(BW_ERES'*Q*EW_ERES)/ ((T-1) *(BW_EES'* (P-JNT_E&E) *EW_RES) | ;
/% Bguation 2,35 )
CRITICAL=PHIS]) W-PHISO_E;
BETA_W=IMNV (X'* (Q+PHISQ_W* (P-JNT_BAR) ) *X) *EX'* (Q+FHISQ_W* (P-JNT_BAR) ) *Y;
% Bguation 2.3& *;
BETA_E=IMNV (X'* (Q+PHISQ_B* (P-JNT_BAR) ) *XE) *EX'* (Q+FHIS)_B* (P-JNT_BAR) ) *Y;
/% Bguation 2.38 %/
BETA _MLE=(BETA_ W+EBETA B)/Z;
END;
D MLE=Y-X*BETA MLE;
FHISQ ML=(D MLE'*Q*D_MLE) /((T-1)*D_MLE'*{P-JNT_BAR) *D_MLE) ;
/* Equaticn 2.35 %/
THETZ ML=1-SCRT(PFHISC ML) ;
VAR V_ML=D_MLE'* (Q+PHIS ML*{P-JNT_BAR);*D MLE/MNT;
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Cl={"BETAl" "BETAZ" "STD_EETal1" "STD_EETAZ" "THETA"};
CZ={"BETAl1l" "BETAZ' "BETAZ" 'STD_BETaAl" "STD_EETAZ'
"STD_BETA3" "THETA"}:;

R={"OL5 ESTIMATOR® "EBETWEEN ESTIMATCR" "WITHIN ESTIMATOR®
"WALLACE & HUSSATN ESTIMATCOR" "AMEMIYA ESTIMATCR"
"SWAMY & ARORA ESTIMATOR" 'NERLCWVE ESTIMATOR" "IMLE'}:

PRINT 'CHE-WAY ERROR COMPONENT MCDEL WITH GRUNFELD DATA:

BETA, VARIANCES OF BETA, AND THETZ'

. .OUTFUT { | ROWNAME=R COLNAME=C1 FORMAT=8.5|);
PRINT 'NECATIVE VAR_MHU', NEGA_VAR | |ROWNAME=R|);
WH_VAR=WH_V_V||WH_V_MHU| |WH_V_1| |WH_V_T| |WH_ERHO;
IM_VAR=AM V_V||AM_V_MHU| |AM_V_1| |AM_V_T| |AM_RHO;
SA_VAR=SA _V_V||SA_V_MHU| |SA_V_1||SA_V_T| |SA_RHO;
NL,_VAR=NL_V_V||VAR_MHU| |NL_V_1||NL_V_T | |NL_RHO;
CUTPUT=WH_VAR/ /AM_VAR//SA_VAR//NL_VAR;

R={"WALLACE & HUSSATN ESTIMATCR" ‘AMEMIYAZ ESTIMATOR"
"SWAMY & ARCRA ESTIMATOR" C“NERLOVE ESTIMATOR"G:

Cl= -H- -MI-50 GHA-1- -50 H
Cl={"53ICMA-NT-50" "STCMA-MI-30' *SIGMA-1-50" "SICMA-30" "REHO"}

PRINT 'CNE-WAY VARTANCE COMPONENTS FOR GRUNFELD DATA'
., OUTPUT ( |ROWNAME=R COLNAME=C1 FORMAT=12.3|);

/*
SAS Output for Grunfield Data

RESULTS OF OLS

LOOKL PARAMETER STANDARD ERROR T-STATISTICS
INTERCEFPT -42.7144 Z.511a8 -4.49073
FIRMV 0.11554 0.00584 1%.8025%
CAPITALWV 0.23068 0.02548 %.054381
RESULTEZ OF BETWEEN
LOOEL PARAMETER STANDARD ERROR T-STATISTICS
INTERCEPT -8.52711 47.515831 -0.17%46
FIRMV 0.13465 0.02875 4.68408
CAPITALWV 0.03203 0.19094 0.1a776
RESULTS OF WITHIN
LOOK1 PARAMETER STANDARD ERROR T-STATISTICS
FIRMYV GLo1lolz 0.01126 9.28750
CAPITALWV BL31007 0.01735 17.86a856
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LOOEL

INTERCEPT
FIRMV
CAPTTALWV

LOOKL

INTERCEPT
FIRMV
CAPITALV

LOOKL

INTERCEFPT
FIEMV
CAFITALV

LOOEL
INTERCEET

FIRMV
CAPITALV

LOOEL
INTERCEET

FIEMV
CAPITALV

OUTPFUT

RESULTS OF WALLACE-HUSSAIN

PARAMETER STANDARD ERROR
-57.8539 26.45011
0.16871 0.01063
0.30737 0.01803

RESULTS OF AMEMIYA

PARAMETER

-57.7711
0.109748
0.30755

STANDARD ERROR

27.75255
0.01034
GLo17aT

RESULTS OF SWAMY-ARORA

FARAMETER

-57.8344
0.10978
0.30811

RESULTS OF HERLOVE

PARAMETER

-57.59074
0.10880
0.3082%

STANDARD ERROR

28.88930
0.0104%
0.01717

STANDARD ERROR

29.2
0.0
0.0

4211
1027
1as7

RESULTS OF MAXIMUM LIEELIHOOD

PARAMETER

-87.7632
0.1087&
0.30733

OHE-WAY ERROR

EETA,

OLS ESTIMATOR
EETWEEN ESTIMATCR
WITHIN ESTIMATOR
WALLACE & HUSSATH

ESTIMATOR

AMEMIYA ESTIMATCR
SWAMY & ARORA ESTIMATOCR
NERLOVE ESTIMATCR

IMLE
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STANDARD ERROR

27.6
0.0
0.0

4352
1033
1707

T-STATISTICS

T-STATISTICS

T-STATISTICS

-2.175594
10.32157
17.04600

-2.081s5
10.81208
lg.03887

-2.00133
10.446615
17.53%38%

T-STATISTICS

-1.98027
10.58E548
13.48504

T-STATISTICS

-2.08887
10.682083
13.034E5

COMPONENT MODEL WITH GRUNMFELD DATA:
BETA, AND THETA

VARIANCES OF

BETA1

. 11558
. 13465
11012
10571

0 O 0
oo o o

L1o0s7s
L1os78
10580
10878

[ I e I}
oo oo

BETAZ STD_BETAl

LZ3068
L03203
L21007
L 30737

. 30785
L20811
. 30829
. 30793

0.00584
0.02875
f.ollse
O.0l0a3

b.ol0z4
b.ol04%
001027
0.01033

STD BETAZ

02548
.19094
LO1735
.01803

o o e o

L01707
01717
01667
.01707

oo o QO

L]

oo o o

THETA

L 00000

L 00000
LB3T744

. 85588
.B85122
LBETT4
.B5501



NEGA_VAR
OLS ESTIMATOR

EETWEEN ESTIMATOR

WITHIN ESTIMATOR

WALLACE & HUSSAIN ESTIMATOR
AMEMIYA ESTIMATOR

SWAMY & ARORA ESTIMATCR
NERLOVE ESTIMATOR

NEGATIVE VAR MHU

[ ]

IMLE
OHE-WAY VARIANCE COMPONENTS FOR GRUNFELD DATA
QUTPUT SIGHMA-NU-S5Q SIGMA-MU-30Q SIGMA-1-80Q SIGHMA-SQ
WALLACE & HUSSATH Ings.071 5690.182 1le882.705 8779.252
ESTIMATOR
AMEMIYA ESTIMATCR 2755, 148 5477.298 132301.113 9232.446
SWAMY & ARCEA 2784, 458 TO8%.300 144580.460 %374.258
ESTIMATOR

HNEELOVE ESTIMATCR 2617.381 T350.062 142618.628 92967.453

' E AR A R A R R R R R R R R R R R R R R N R I R R R R R R R R R AR R R R R R R R R R AR R R R R R E R R R R R R R R R R R T

The following output was produced using EViews 5.0. This should replicate Table 2.1 and differs from the

RHO
0,648

o.70z2
0.718

0.737

10

above SAS output in that degrees of freedom adjustments are made when estimating the variance

components.
For Pooled OLS:

Dependent Variable: 1
Method: Panel Least Squares

Sample: 1935 1954
Cross-sections included: 10
Total panel (balanced) observations: 200

WVariable Coefficient Std. Error t-Statistic Prob.

C —42.71437 9.511676 —4.490730 0.0000
F 0.115562 0.005836 19.80259 0.0000
K 0.230678 0.025476 9054808 0.0000
R-squared 0.812408 Mean dependent var 145.9582
Adjusted R-squared 0810504 S5.D. dependent var 216.8753
5.E. of regression 94 40840 Akaike info criterion 11.94802
Sum squared resid 1755850, Schwarz criterion 11.99750
Log likelihood —1191.802 F-statistic 426.5757
Durbin-Watson stat 0.219599 ProbiF-statistic) O, 00000
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For the one-way fixed effects estimator with firm effects:

Dependent Variable: 1
Method: Panel Least Squares

Sample: 1935 1954
Cross-sections included: 10

Total panel (balanced) observations: 200

11

WVariable Coetficient Std. Error t-Statistic Prob.
C —58.74394 1245369 —4.716990 0.0000
F 0.110124 0.011857 Q.287901 0.0000
K 0.310063 0.017353 1786656 0.0000
Effects Specification
Cross-section fixed (dummy variables)
R-squared 0.944073 Mean dependent var 145.9582
Adjusted R-squared 0.940800 5.D. dependent var 216.8753
5.E. of regression 52.76797 Alkaike info criterion 10.82781
Sum squared resid 5234781 Schwarz criterion 11.02571
Log likelihood —1070.781 F-statistic 288.4996
Durbin-Watson siat 0.716733 Prob{F-statistic) 0. 000000
For the Wallace and Hussain random effects estimator reported in Table 2.2, we get:
Dependent Variable: 1
Method: Panel EGLS (Cross-section random effects)
Sample: 1935 1954
Cross-sections included: 10
Total panel (balanced) observations: 200
Wallace and Hussain estimator of component variances
Variable Coeflicient Std. Error t-Statistic Prob.
C —57.86253 290904492 — 1934883 0.0544
F 0.109789 0.010725 10.23698 0.0000
K 0308183 0.017498 17.61207 0.0000
Effects Specification
Cross-section random 5.D. / Rho 87.35803 0.7254
Idiosyncratic random 5.D. / Rho 53.74518 0.2746
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Weighted Statistics

R-squared 0.769410 Mean dependent var 1989203
Adjusted R-squared 0.767069 5.D. dependent var 109.2808
S.E. of regression 5274214 Sum squared resid 548001.4
F-startistic 328.6646 Durbin-Watson stat 0.683829
Prob(F-statistic) 0000000

Unweighted Statistics

R-squared (.803285 Mean dependent var 1459582
Sum squared resid [B41243, Durbin-Watson stat 0.203525

For the Amemiya random effects estimator (which EViews names the Wansbeek-Kapteyn
estimator) reported in Table 2.3, we get:

Dependent Variable: 1
Method: Panel EGLS (Cross-section random effects)

Sample: 1935 1954

Cross-sections included: 10

Total panel {balanced) observations: 200

Wansbeek and Kapteyn estimator of component variances

WVariable Coelficient Std. Error t-Statistic Prob.

C —5T7.82187 28.68562 —2.015710 0.,0452
F 0.109778 0.010471 1048387 0.0000
K 0.308081 0017172 17.94062 0.0000

Effects Specification

Cross-section random 5.D. / Rho B3.52354 07147
Idiosyneratic random 5.D. / Rho 5276797 .2853

Weighted Statistics

R-squared 0.769544 Mean dependent var 2041664
Adjusted R-squared 0767205 5.D. dependent var 109.4431
5.E. of regression 5280503 Sum squared resid 549309.2
F-statistic 32890141 Durbin-Watson stat 0.682171
ProbiF-statistic) 0.000000

Unweighted Statistics

R-squared 0.803313 Mean dependent var [45.9582
Sum squared resid 1540981, Durbin-Watson stat 0.203545
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For the Swamy and Arora random effects estimator reported in Table 2.4, we get:

Dependent Variahle: 1
Method: Panel EGLS (Cross-section random effects)

Sample: 1935 1954

Cross-sections included: 10

Total panel (balanced) observations: 200

Swamy and Arora estimator of component variances

Variable Coeflicient Std. Error t-Statistic Prob.

C —57.83441 28.88930 —2.001932 0.0467
F 0.109781 0.010489 10.46615 0.0000
K 0.308113 0.017175 17.93989 0.0000

Effects Specification

Cross-section random 5.0/ Rho 8420095 0.7180
Idiosyncratic random 5.1 / Rho 3276797 0.2820

Weighted Statistics

R.-squared 0.769503 Mean dependent var 20.25556
Adjusted R-squared 0.767163 S.D. dependent var 109.3928
S.E. of regression 5278356 Sum squared resid 348904.1
F-statistic 328.8369 Durbin-Watson stat 0.682684
Prob(F-statistic) (000000

Unweighted Statistics

R.-squared 0803304 Mean dependent var 1459582
Sum squared resid 1841062, Durbin-Watson stat 0.203539

Now we reproduce some of these estimates for the Grunfeld data set using Stata

. inflle fn yr I F C using a:/grunfeld.fil
'FN' cannot be read as a number for fn[l]
'YR' camnot be read as a number for yr([l]
'I' cannct be read as a rumber for I[1]

'F' cannct be read as a rnumber for F[1]

'C' canncot be read as a number for C[1]
(201 observations read)

. list

in YT I F c
1. . . . . .
2. 1 1935 317.86 3078.5 2.8
3. 1 1936 391.2 46561.7 52.4
4, 1 1937 410.6 £3g7.1 156.9
5. 1 1938 a57.7 2792.2 209.2
&, 1 1930 330.8 4313.2 203.4
7. 1 1940 451.2 4643.59 207.2
a. 1 1941 512 4551.2 255.2
9. 1 1942 448 3244.1 303.7
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edit
- preserva
- drop in 1
- preserva

Modal
Residual

—_— — — 4 —

ii= fn
. xtreg I F C,

Fandom-effects
Group variable

within
between
overall

R-=q:

Rarndom effects

corr{u i, X)

Flxed-effects
Group wvarlakle

within
kbetwasen
overall

R-=q:

14

Chs Hean 5td. Devw. Min Mz
200 5.5 2.8794389 1 10
200 1244.5 5.780751 1935 1254
200 145, 9583 216.8753 .93 1486.7
200 1081.681 1314.47 5g.12 6241.7
200 276.0172 301.103% g 2226.3
55 df M5 Iumber of obs = 200
—————————————————————————————— F{ 2, 127) = 425.58
Ta04093 .48 2 3802045.74 Frob = F = 0.0000
1755850.43 127 2912.94636 RE-squared = 0.8124
—————————————————————————————— 243 R-squared = 0.8105
9359943 .92 129  47034.8941 Foot MSE = 94,408
| Coaf Std. Err £ P= |t [#5% Conf. Intervall
____________ o o __
| L1155622 L0058357 19.80 0.000 .1040537 L1Z2707048
| L2305785 L 0254758 9,05 0.000 L1804382 L2800188
| -42.71437 9.511676 -4.49 a.000 -51.47215 -23.95659
re
GLS regressicon Humber of cks = 2040
(1) fn Humber of groups = 14
= 0.7668 Obz per group: min = 20
= 0.81%% avg = 20.0
= 0.B06L max = 20
u_i ~ Gaussian Wald chiz2(2) = 65T.67
= 0 (assumed) Prok » chiz = 0. 0000
Coef Std. Err z P=|z| [95% Conf. Interval]
1097811 L0104527 10. 46 0.000 L0B9Z2159 L1303454
.308113 .0171805% 17.93 0.000 L2744359 . 3417881
-57.83441 28.89893 -2.00 0.045 -114.4753 -1.193537
£4.200585
52.767964
LT1EODB38 ({Eraction of wvariance due toc u_1)
fa
(within) regressicn Mumber cof obs 200
(i) fn Humber cof groups = 10
= 0.7668 Chs per group: min = 20
= {.8194 avg = 20.0
= 0.80560 max = 20
Ltd.
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FiZ,188) = 302,01
corriu i, X)) = -0.1517 Prob = F = 0.0000
I | Coef Std. Err = B= |t [95% Conf. Intervall
____________ o
F | .1101238 0118567 9.29 0.000 LOBATI45 1335131
[ L 31006853 L0173545 17.87 0.000 L2TRB302 L3442999
cons | -58.743%3 12.4536% -4.72 0.000 -83.31088 -34.177
____________ o
sigma_u | 85.732501
slgma_s= | 52.767964
rho | .72525012 (fraction of wvarilance dus to u_1)
F test that all u_i=0: Fig, 182) = 49,12 Prob = F = ©.0000
xtreg I F C, be
Between regression (regression on group means) Number of obs = 200
Group varlakble (1) fn Humbaer of groups = 10
B-sg: within = 0.47782 Obs per group: min = 20
between = 0.8578 avg = 20.0
overall = 0.7551 max = 20
Fi{2.7) 21.11
sdiu 1 + avgle_1.))= BL5.02364 Prob = F 0.0011
T | Coef.  Std. Err £ B=|L| [95% Conf. Interval]
____________ o e
F | 1346461 . 0287455 4.68 0.002 LABAETIY L 2026183
[ 0320315 L1909372 0.17 0.872 -.4194547 4835276
cons | -B.527114 47.51531 -0.18 0.883 -120.883 103.8287
. Xtreg I F C, i(fn) re
Random-effects GLS regression Humber of cks = 200
Group wvariable (1) fn Number of groups = 140
E-sg: wilithin 0.7668 Obs per group: min = 240
between = 0.81%5 avg = 20.0
ovarall = 0.80681 max = 240
Random effects u_ i1 ~ Gaussian Wald chiz(2) = GET.E67
corr{u_3i, X) = 0 {(assumed) Prob » chiZ = 0.0000
I Coef Std. Err z P=|z| [95% Conf. Interwval]
____________ o e e
F | L1087811 .0104927 10.44 0.000 .0B22159 . 1303464
[ L 308113 L0171B05 17.93 0.0040 L2744399 L 3417861
cons | -57.B3441 28.83833 -2.00 0.045 -114.4753 -1.1%3537
____________ P
sigma_u | 94.20095
sigma_e | 52.767%64
rho | .71l800832 (fracticn of warlance due to u_ i)
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. ¥Xtreg I F C, mle

Fitting constant-only model:
Tteration O: log likelihood =

ITteration 1: log likelihood =
ITteration 2: log 1likelihood =
ITteration 3: log 1likelihood =
Iteration 4: log likelihood =
Iteration 5: log likelihood =
Iteration &: log likelihood =
Iteration 7: log likelihood =

Fitting full model:
Iteration a: log likelihood =

Iteration 1: log likelihood =
Iteration 2: log likelihood =
Iteration 3: log likelihood =
Tteration 4: log likelihood =

Random-effects ML regressicn
Group variable (1) : fn

Random effects u_1 ~ Gaussian

-1387.6302
-1251.9897
-1254 . 2883
-1242.6309
-124Z.0548
-1z41.9709
-1241.95%94
-1241.95594

-1105.6101
-1l058.841%
-1055.4188
-1055.2574
-1085. 257

HNumber of clkbs
Humber of groups

Obe per group: min =

200
10

20
20.0
20

293 .43
0.0000

Log likelihoed = -1095.257

I Coef. 5td. Err

F 1097626 .0103389

[ .307942 0171008

cons -57.7672 27.70004
/slgma_u 20.29729 18.372811
fslgma_e 52.4%255 2.68308
rho LT005943 .0925228

avyg =

ma =

LE chiz(2) =

Prob » chiz =

z B>z | [95% Conf.
10.62  0.000 .0g949:88
18.01  0.000 .2744254
-2.09  0.037 -112.0583
4.37  0.000 44.27485
15.45  0.000 47.21424
.4831264

1300265
. 2414585
-3.476114

11&6.3177
57.7T7085

133.09 Prob>=chibarZ = 0.000

Likelihood ratic test of s=igma_u=0:

chibar2 (Q1l)=

16

2.12 This program gives the SAS output for estimating “One-way Error Component Regres-
sion” for Gasoline. Estimators are OLS, WITHIN, BETWEEN, WALHUS, AMEMIYA,
SWAR, NERLOVE, and IMLE. The results do not replicate exactly those in Table 2.5
because there is no correction for degrees of freedom in these programs. However, the
output reported below using EViews should match the results in Table 2.5.

SAS Output for Gasoline Data

RESULTS OF OLS

LOOK1L PARAMETER STANDARD ERROR
INTERCEPT 2.38133 0.118893
INCOME 0.889%48 0.03581
FRICE -0.858180 0.03031
CAR -0.768337 0.01861
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T-STATISTICS

20.45017
24, 85523
-29.4130
-41.0232



LOOEL

INTERCEPT
INCOME
FRICE
CAR

LOOKL

INCOME
FRICE
CAR

LOOKL

INTERZEPT
INCOHME
PRICE

CAR

LOOE1

INTERCEFT
INCOHE
PRICE

CAR

LOOE1

INTERCEFT
INCOHE
PRICE

CAR

LOOK1

INTERCEFT
INCOME
FRICE
CAR

RESULTS OF EETWEEN

PARAMETER

2.54163
0.98758
-0.96355
-0.758530

STANDARD ERROR

(== =R

52872
15867
13292
L.08247

RESULTE OF WITHIN

FARAMETER

0.e6225
-0.32170
-0.54048

STANDARD ERROR

0.
0.
0.

072389
04410
n29&88

RESULTE OF WALLACE-HUSSAIN

PARAMETER

1.50530
0.54348
-0.47111
-0.edel3

STANDARD ERROR

[ R o R e ]

12403
08353
04550
nz2g4o0

RESULTS OF AMEMIYA

PARAMETER

2.18445
0.ed0nas3
-0.3663%
-0.6203%

STANDARD

0.
0.
0.
0

ERROR

21453
n&e542
04138
nz718

RESULTE OF SWAMY-ARORA

PARAMETER

1.29670
0.55439%
-0, 42035
-0.e0684

STANDARD

0
0
0
0

ERROR

17824
05717
03886
nz4s7

RESULTS OF HERLOVE

FPARAMETER

2.20177
0.e0561
-0.36243
-0.e2las
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STANDARD

L o Y o o

ERROR

21252
08432
04049
LO2ece

T-STATISTICS

4.824130
6.21571
-T.245%02
-%.64300

T-STATISTICS

9.0241%
-7.2594%8
-21.5804

T-STATISTICE

9.82185
2.55377
-10.3548
-21.3425

T-STATISTICS

10.18228

9.18559
-8.854%7
-22.B227

T-STATISTICS

11.20260

a.70683
-10.8748
-24.5964

T-STATISTICS

10.3e8040

9.41524
-8.95152
-23.3289
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RESULTS OF MAXTMUM LIFKELIHOOD

LOOK1 PARAMETER STANDARD ERROR T-S8TATISTICS
INTERCEFT 2.10823 0.200%6 10.48088
INCOME 0.58044 0.08226 9.23388
FRICE -0.38582 0.04072 -9.47515
CLE -0.51401 0.02647 -23.2001

ONE-WAY ERROR COMPONENT MODEL WITH GASOLINE DATA:
EETA, VARIANCES OF BETA, AND THETA

QUTPUT INCOME PRICE CAR STD INC STD PRICE STD_CAR THETA

OLS ESTIMATCE 0.88%%¢ -0.8%180 -0.76337 0.03581 0.02021 0.01861 O.00000

EETWEEM ESTIMATCR 0.96758 -0.96355 -0.7%530 0.155&87 0.132%2 0.08z247 .

WITHIN ESTIMATCE 0.66225 -0.32170 -0.64048 0.07339 0.04410 0.02%e8 1.00000

WALLACE & HUSEZAIN 0.54324é -0.47111 -0.e06l2 O.06353 0.04550 0.02840 0.848202
ESTIMATOR

AMEMIYA ESTIMATOE 0.60093 -0.326630 -0.62039 0.06542 0.04128 0.02718 0.93773

SEWAMY & ARORA 0.554%% -0.420309 -0.60684 0.05717 0.03866 0.02467 0.8%231
EZTIMATOR

NERLCWVE ESTIMATCE 0.60561 -0.36243 -0.62189 0.0643Z2 0.0404% 0.02666 0.94120

IMLE 0.58044 -0.38582 -0.61401 0.06286 0.04072 0.02647 0.9Z126

NEGATIVE VAR _MHU
HEGA_ VAR COL1

QLS ESTIMATOR

BETWEEN ESTIMATOR

WITHIN ESTIMATOCR .
WALLACE & HUSSAIN ESTIMATOR 0

AMEMIYZ ESTIMATOR 0
SWAMY & ARCRA ESTIMATOR 0
HERELOVE ESTIMATOR

IMLE

ONE-WAY VARTANCE COMPONENTS FOR GASOLINE DATA

QUTFUT SIGMA-NU-50Q SICMA-MU-50Q SICMA-1-8Q SICMA-SQ RHO

WALLACE & HUSSAIN 0.01351 0.03007 0.58487 0.04358 0.62003
ESTIMATOR

AMEMIYZA ESTIMATOR 0.00845 0.11420 2.17830 0.12265 0.93114

SWAMY & ARCRA ESTIMATOR 0.00852 0.03824 0.73504 0.0d4e7e  0.81770

HERLOVE ESTIMATOR 0.00800 0.121389 2.31444 0.1293% 0.93816

The following output was produced using EViews 3.0. This should replicate Table 2.5 and
differs from the above SAS output in that degrees of freedom adjustments are made when
estimating the variance components.

For Pooled OLS:

Dependent Variahle: GAS
Method: Panel Least Squares

Sample: 1960 1978
Cross-sections included: 18
Total panel (balanced) observations: 342
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Variable Coefficient Std. Error t-Statistic Proh.

C 2.391326 0116934 2045017 0.0000

INC (L.B89962 0.035806 24 85523 0.0000

PMG —0.891798 0.030315 —29.41796 0.0000

CAR —0.763373 0.018608 —41.02325 0.0000

R-squared 0.854035 Mean dependent var 4206242

Adjusted R-squared (.853648 S5.D. dependent var 0.548907

S.E. of regression 0.209990 Alkaike info criterion —0.271888

Sum squared resid 14.90436 Schwarz criterion —0.227037

Log likelihood 50.49289 F-statistic 663.9993

Durbin-Watson stat 0.137461 Prob(F-statistic) 0.000000

For the one-way fixed effects estimator with country effects:

Dependent Variahle: GAS

Method: Panel Least Squares

Sample: 1960 1978

Cross-sections included: 18

Total panel (balanced) observations: 342

Wariable Coefficient Std. Error t-Statistic Prob.

C 2402670 0.225309 10.66387 0.0000

INC 0.662250 0.073386 9.024191 0.0000

PMG —0.321702 0.044099 —7.294964 0.0000

CAR —0.640483 0.029679 —21.58045 0.0000
Effects Specification

Cross-section fixed (dummy variables)

R-squared 0.973366 Mean dependent var 4.296242

Adjusted R-squared 0.971706 5.D. dependent var (0.548907

5.E. of regression 0.092330 Akaike info criterion —1.867450

Sum squared resid 2.736491 Schwarz criterion —1.631979

Log likelihood 340.3340 F-statistic 5865556

Durbin-Watson stat 0.326578 ProbiF-statistic) 0.000000

For the Wallace and Hussain random effects estimator, we get:

Dependent Variahle: GAS

Method: Panel EGLS (Cross-section random effects)

Sample: 1960 1978
Cross-sections included: 18

Total panel (balanced) observations: 342
Wallace and Hussain estimator of component variances

© 2008 John Wiley & Sons Ltd.
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Variahle Coefficient Std. Error t-Statistic Prob.
C 1938318 0201817 0.604333 0.0000
INC 0.545202 0.065555 8.316682 0.0000
PMG —0.447490 0.045763 —9.778438 0.0000
CAR —0.605086 0.028838 —20.98191 0.0000
Effects Specification
Cross-section random 5.D. / Rho 0.196715 0.7508
Idiosyncratic random S.D. / Rho 0.113320 10.2492
Weighted Statistics
R-squared (0.826568 Mean dependent var (0.562884
Adjusted R-squared 0.825029 S5.D. dependent var 0.233119
S.E. of regression 0.097513 Sum squared resid 3.213953
F-statistic 536.9632 Durbin-Watson stat 0.299781
Probi(F-statistic) 0,000000
Unweighted Statistics
R-squared 0.750484 Mean dependent var 4.206242
Sum squared resid 25.63603 Durbin-Watson stat 0.037583

For the Amemiya random effects estimator (which EViews names the Wansbeek-Kapteyn

estimator), we get:

Dependent Variable

: GAS

Method: Panel EGLS (Cross-section random effecis)

Sample: 1960 1978

Cross-sections included: 18
Total panel (balanced) observations: 342
Wansbeek and Kapteyn estimator of component variances

Wariable Coefficient Std. Error t-Statistic Prob.

C 2188322 0.216372 [0.11372 0.0000
INC 0.601969 0.065876 9137941 0.0000
PMG —(0.365500 0.041620 —8.781832 0.0000
CAR —0.620725 0.027356 —22.69053 0.0000

Effects Specification

Cross-section random 5.D. / Eho 0.343826 0.9327
[diosyncratic random S.D. / Rho 0.092330 0.0673
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Weighted Statistics

21

R-squared 1.835065 Mean dependent var 0.264177
Adjusted R-squared .833602 5.D. dependent var 0.225791
S.E. of regression 0.092104 Sum squared resid 2.867329
F-statistic 570.4327 Durbin-Watson stat 0.315210
Probi{F-statistic) 0.000000
Unweighted Statistics
R-squared 0.670228 Mean dependent var 4.206242
Sum squared resid 3388179 Durbin-Watson stat 0.026675
For the Swamy and Arora random effects estimator, we get:
Dependent Variable: GAS
Method: Panel EGLS (Cross-section random effects)
Sample: 1960 1978
Cross-sections included: 18
Total panel (balanced) observations: 342
Swamy and Arora estimator of component variances
WVariable Coefficient Std. Error t-Statistic Prob.
C [.996698 0.178235 11.20260 0.0000
INC 0.554986 0.057174 L. 706890 0.0000
PMG —0.420389 0.038657 —10.87482 0.0000
CAR —(.606840 0.024672 —24.59636 0.0000
Effects Specification
Cross-section random 5.0, / Rho 0.195545 0.8177
Idiosyneratic random 5., / Rho 0.092330 0.1823
Weighted Statistics
R-squared 0.829310 Mean dependent var 0462676
Adjusted R-squared (0.827795 5.D. dependent var (0.230099
5.E. of regression 0095485 Sum squared resid 3081707
F-statistic 53473996 Durbin-Watson stat 0.304481
ProbiF-statistic) 0L 000000
Unweighted Statistics
R-squared 0.730918 Mean dependent var 4.296242
Sum squared resid 2764625 Durbin-Watson stat 0.033940
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Now we reproduce some of these estimates for the Gasoline data set using Stata

infile =2trg co year ¢ ¥ p car using a:‘\gasoline.dat

YR
'L (Saz/Car)
"L Y SN

"LN (Pmg/ Pgdp) '

"IN (Car/N) '

cannot ba read as a number for yvear([l]

cannct be read as a number for c[l]

cannct be read as a numkber for v[1l]
cannot be read as a number for p[l]

cannct ke read as a number for car[l]
{242 chservations read)

. S
Variakble
oo
year
c
¥
P
Car
aedit
- pressrve
- drop in 1
- pressrve
sum
Variakble
co
Voar
c
¥
P
Car

gen coun=int{[_n-1]1/19}+1

edit
- Pressrve

reg ¢ ¥ P

Scurce

87.8386024
14.%043581

Min
1960
3.38020% 6.
-2.072823 -5
-2.85%5497 1.
-13.47518 -7
Min
1960
3.38020% 6.
-8.072823 -5
-2.895497 1.
-13.47518 -7

1378
156544

221232

125311

.536176

1978
156544

LA212352

125311

536176

Humber of cls

342
G64.00
0.0000
0.2549
0.8536
. 208599

L889956148
-. 8817979
-. 7633727

2.391328

Mean Std. Dewv
19689 5.485251
4,.296242 . 5489071
-6.139425 .6345925
-.5231032 .6TR2225
-5.041805 1.218888
Mean Std. Dewv
19&9 5.485251
4,.296242 . 5489071
-6.139425 . 5345925
-.5231032 .6TR2225
-5.041805 1.218888
daf ME
3 29.2795341
338 .044055734
341 .30125%9005
std. Err £
0358052 z24.86
L 0303147 -2%.42
LD12E083 -41.02
11659343 z(.45

Fi 3. 338)

Prockh = F

R-=zquared

Ad] R-zquared

Roct MSE
P>|t| [95% Conf.
0.000 8195313
0.000 -.9514272
0.000 -.7999754
0.000 2.161315

L9803918
-.8321685
-. 7267701

2.821338
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ils coun

xtreg ¢ Vv B

Randcm-affect
Group varlakl

E-sg: within

betwaen
overall
Fandom effects

corri{u_i, X)
theta

. Xtreg ¢ v p car .,

Fixed-effacts |
Group variabkle

wilthin
betwaen
overall

R-=3qg:

corriu i, Xb)

F test that

. xtreg c ¥ p car,

Between regressicn

Group wvariakle

23

car,. re theta
2 GLE regressicn Mumbaer of obs 242
e (i) coun Mumber of groups = 18
= 0.8363 Chs per group: min = 1a
= 0.7099 avg = 19.0
= 0.7308 ma = 12
u_ i ~ Gaussian Wald chiz (3) = 1642.20
= 0 (assumed) Probk = chiz = 0.0000
= .B2230875
Coef Std. Erx z P=|z| [35% Conf. Intervall
.5549858 L0591z82 9.39 0.a00 L43205587 LET0ET49
-. 4203883 0392721 -10.52 0.a60 -.4528745 -.3420335
-.EB0RB8402 .0258515 -23.7 0.4a00 -.6568487 -.5568316
1.39%669% 184228 10.83 0.ae40 1.635427 2.357871
.1585544468
.08233034
.81769858 (fraction of wvariance due to u_1)
fa
wlthin) regression HNumber of cbs = 342
(1) Coun HNumber of groups = 13
= 0.83596 Obs per group: min = 139
= 0.57E5 avyg = 12.0
= 0.6150 max = 12
F(3,321) = 560.09
= -0.2458 Prock = F = 0. 0000
Coef Std. Err (= P= |t [95% Conf. Intervall]
LB622498 073386 9.02 0.a0a 5178715 .BO0gR2EZ
-.3217025 . 04408952 -T.29 0.a0a -.4024828 -.2349425
-. 64048259 0295788 -21.58 0.a0a -.5988725 -.5B20%33
2.40287 L 2253094 10. 646 0.a0a0 1.959401 2.845854
.3484128%9
L2233034
.93438173 {fracticn of warlance due to uw_ 1)
u_1=0 F(17, 321) = 83.%6 Prob = F = 0.0000
be
(regressicn on group means) Number of chks = 342
(] coun Humker of groups = 18
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within
betwaen
ovarall

sdu_1 + avgie_1.))=

xtreg ¢ v p car,

Fitting constant-only model:

Iteration 0O:
Iteration
Iteration
Tteration
Iteration
Iteration
Iteration
Iteration

=1 T U W= L B

Fitting full modsl:

Iteration 0:
Iteration
Iteration
Iteration
Iteration
Tteration
Iteration

[N B R U

Random-effects
Group varlakle

Random effects

Log likelihocd

Likelihood ratic test of =zigma_u=0:

Oba per group: min = 12
avg = 12.0
max = 13
Fiz,14) = 34.18
Frobh = F = 0.0000
F=|t| [95% Conf. Interval]
0.000 .6337055 1.301447
0.000 -1.248538 -. 6784522
0.000 -.9721887 -.61840594
0.000 1.411789 3.67147
Humber of obs = 14z
Humber cof groups = 15
Chbs per group: min = 19
avg = 19.0
max = 12
LE chiz{3) = &02.75
Prob » chiZ 0. 0000
P=|z| [95% Conf. Interval]
0.000 .4588578 717409
0.000 -.454415 -.2916782
0.000 -. 6696938 -.5630506
0.000 1.7135%3 2.558744
0.000 18537868 .3992092
0.000 L08514033 095404
.8303747 L95715581
463.%7 Prob@=chikbar2 = 0.000

= 0.7337
= 0D.B799
= 0D.B529
.1%66886
Coetl Ztd. Err £
L9BT75T63 .155668R2 65.22
-.98358503 .1329214 -7.25
-.795299 .0B24742 -9.64
2.54163 LB267245 4.82
mle
log likelihood -298.79473
log likelihoed = -120.727Z2
log likelihood = -48.802465
log likelihood -26.799172
log likelihood -22.837388
log likelihood -22.420508
log likelihood = -22.396956
log likelihood = -22.39&6801
log likelihood 216.74308
log likelihood 230.51837
log likelihood 273.0581
log likelihocod 281.79287
log likelihoeod = 282.47033
log likelihood = 282.476%7
log likelihood ZRZ.47657
ML regresslion
(i) coun
u_i ~ Gausszian
= 2B2.478597
Coef 3td. Err =
5881334 0659581 8.92
-.3T7804686 0440863 -8.58
-.6163722 0272054 -22.66
2.1381R8 .2156039 9.91
.2922939 . 0545496 E.36
0922537 0036482 25.29
L9094088 0317808
chibar2 (01l)=
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2.14

2.15

(a) This solution 15 based on Baltagi and Kramer (1994). From (2.3), one gets
SoLs = fZ!ZJ_lZ!}‘ and-i‘f@Ls =¥y — Llors = qu where Pz = Iyt — Pz with Pz =
VAVAYA YA

Also, E(s*) = E[@'i/(NT — K" = E[u'Pzu/(INT — K')] = w(QP2)/(NT — K")

which from (2.17) reduces to
E(s)) =0 + o (NT —t(ly ® Jr)P7)/(NT — K')

since tr{ fy7) =t(ly @ Jr) = NT and tr{ Pz) = K'. By adding and subiracting Gﬁ, one
gets

E(s*) =0+ a,[K' —ully @ J)P7]/(NT — K')

where 0% = E(ul) = GE +o” foralli and 1.

(b) Nerlove (1971) derived the characteristic roots and vectors of £ givenin (2.17). These
characteristic roots turn out to be UE with multiplicity N(T — 1) and [Tcri + O’EJ with
multiplicity N. Therefore, the smallest (n — K') characteristic roots are made up of the
in— NI Gf’s and (N — K" of the {TGE + crf‘?’s. This implies that the mean of the (n —
K') smallest characteristic roots of 2 = [(n — f'l-"JUE + (N — K’ﬁ[TJ& +033] Jin — K").
Similarly, the largest (n — K') characteristic roots are made up of the N{ TGE + c:rf‘?’s and
(n— N — K')ofthe crf's.This implies that the mean of the (# — K ') largest characteristic
rootsof ©2 = [f"-"[Tcri +al)+(n— N — K"a2]/(n — K'). Using the Kiviet and Kriimer
(1992) inequalities, one gets

0< o, +(n—TKa;/(n—K') < E(s7)

=
2 2 . ¥ 2, ]
=a, + rrrch‘;j(n —K)y=na™f/in—-K")

As n — 00, both bounds tend to o2, and s? is asymptotically unbiased, irrespective of
the particular evelution of X.

25

This gives the SAS output for the estimation of “One-way Error Component
Regression™ for Public Capital data. Estimators are OLS., WITHIN, BETWEEN,
WALHUS, AMEMIYA, SWAR, NERLOVE, and IMLE. The results do not replicate
exactly those in Table 2.6 because there is no correction for degrees of freedom in these
programs. However, the output reported below using EViews should match the results in

Tahle 2.6.

SAS Output Public Capital Data

RESULTS OF OLS

LOOKL PARAMETER STANDARD ERROR T-STATISTICS
INTERCEFT 1.64330 0.05759 28.53587
PUELIC_K 0.15501 0.01715 9.034832
PRIVATE_E 0.3081% 0.01027 30.10033
LAEOE 0.55333 0.01375 43.20324
UNEME -0.00673 0.00142 -4.75364
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LOOKL

INTERCEPT
PUBLIC_F
PRIVATE_K
LAEOR
UNEMP

LOGEL

FUELIC_EK
FRIVATE_K
LAEOR
UNEME

LOOKL

INTERCEPT
PUBLIC_F
PRIVATE_K
LAEOR
UNEMP

LOGEL

INTERCEET
FUELIC_EK
FRIVATE_K
LAEOR
UNEME

LOOKL

INTERCEPT
PUBLIC_F
PRIVATE_K
LAEOR
UNEMP

LOOEL

INTERCEPT
PUBLIC_F

RESULTE OF EETWEEN

FARAMETER

.58944
17837
30155
.5746l13
-0.00389

[ T - R e I

STANDARD ERROR

23298
.07197
04182
. 05637
00591

[N = I - I - I

RESULTE OF WITHIN

PARAMETER

-0.02a815
0.28201
0.7e81s

-0.00530

RESULTE OF

FARAMETER

.1lo882
00860
L31283
. T2435
-0.00628

[ I e T e I

STANDARD ERROR

0.02900
0.02512
0.03009
0.00099

WALLACE-HUSSATIN

STANDARD ERROR

.133514
.0236%
01588
02510
L0093

= I = I - I - Y

RESULTE OF AMEMIYA

PARAMETER

154640
00125
.30871
73378
-0.00a09

[ I e T i I L

STANDARD ERROR

L1386l
L2373
. 02019
.02532
L00gel

[ I e T e I e I

RESULTE OF SWAMY-ARORA

FARAMETER

.13541
00444
.31055
LT2967
-0.00a17

[ I e I e T

STANDARD ERROR

13295
.02334
.01574
02483
. 0008230

[N =T - I - I

RESULTE OF HERLOVE

PARAMETER

2.1e831
-0.00052
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STANDARD ERROR

0.13473
0.02328

T-STATISTICS

6. B2225
2.45215
TL.22007
10.21%463
-0.359243

T-STATISTICE

-0.80188
11.62443
25.52725
-5.35815

T-STATISTICS

15.838487

0.36325
15.75035
28.86296
-6.75795

T-STATISTICE

15.784451

0.05268
15.29068
28.598434
-6, 88722

T-STATISTICS

le.05651
0.19021
15.73546%
2%.38330
-6, B2T720

T-STATISTICE

le. 09397
-0.02253



PRIVATE_K 0.
LARBOR 0.
UHNEMF -0

30788
Tiel2
0oe0d

a.
a.
a.

01926
02426
oooas

RESULTS OF MAXIMUM LIFELIHOOD

LOOK1 PARAMETER
INTERCEFT Z2.14z282
PUELIC_K b.oo03z2s
PRIVATE_K b.3088%
LARBOR 0.7311%
UHNEMF -0.00814

ONE-WAY ERROR

STANDARD ERROR

o oo oo

13426
. 02347
.019a8
02500
L0oo0sl

15
29
-6

L 48754
.681145
.80225

T-STATISTICS

15.

Q.
15.
29,
-6,

96155
140140
57784
24478
77855

COMPONENT MODEL WITH PUBLIC CAPITAL DATA (A. MUNNELL):
EETA, VARIANCES OF BETA, AND THETA

COTETT FUELIC_E FRIV_E LABOR UHEHFLCY ETD-FUERE ETD-FRIVE ETD-LAE
OLE ESTIMATCR 0.15501 ©0.20815  0.583%3 -0.00573  0.0LT1S  0.01027  0.01375  D.00142
BETWEEN ESTIMATCR 0.30185  0.57613 -0.003B5  0.0TL$T  0.041B2  0.05637  [0.00991
WITHIN ESTIMATOR 0.292001  0.76E16 -0.00530 0.028Q0  0.02512  0.0304%  0.00039
WALLACE & HUSSAIN 0.31283  0.72435 -0.00526  0.023&%  0.019BE  0.02510  ©0.00093
ESTIMATCH
AMENIYA ESTIMATCR 0.00125  0.30B71  9.73379 -0.00S08  0.0ZIT3 0.02018  0.0253%  0.00091
SWAMY & ARCRA 0.0044d4  0.21055  9.72867 -0.00617  0.02134  0.01974  0.02481  0.00090
ESTIMATCH
HERLOVE ESTIMATCR -0.00052  D.20766 9.73609 -0.00504  0.0Z123  0.019B6  0.02486  0.00098
mLE 0.00329  0.2Q9B5  9.73115 -0.00514  0.0Z147  0.01980  0.02500  0.00091
HEGATIVE VAR_MHU
NEGL_VAR COL1
OLS ESTIMATCE
EETWEEN ESTIMATCRE
WITHIN ESTIMATOR .
VIALLACE & HUSSATHN ESTIMATOR 0
AMEMIYA ESTIMATOCR 0
SWAMY & ARORA ESTIMATCR 0
NEELOVE ESTIMATOCR
IMLE
ONE-WAY VARIANCE COMPONENTS FOR PUBLIC CAPITAL DATA
QUTPUT SIGMA-NU-30Q SIGMA-MU-3Q SIGMA-1-3Q SIGMA-S5Q
WALLACE & HUSSATH
ESTIMATCR 0. 00157 0.006814 0.105%4 0.00771
AMEMIYA ESTIMATOCR 0.00145 0.00785 0.13655 0.00839
SWAMY & ARORA 0.00145 0.005684 0.11770 0.00829
ESTIMATOCR
NERLOVE ESTIMATCR G.00138 0.00820 0.14082 0.009E87

=1

Nafuliloli]

Nafuliloli]
JA7EDY

(=

=1

.88707
JOBEE4

=]

=]

J90LES
L801Ed

=]

EHO

0.79588
0.245838
0.82460

0.857¢64

R e U U A I S oY
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The following output was produced using EViews 5.0, This should replicate Table 2.6 and
differs from the above SAS output in that degrees of freedom adjustments are made when
estimating the varlance components.

For Pooled OLS:

Dependent Variable: LNY
Method: Panel Least Squares

© 2008 John Wiley & Sons Ltd.
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Sample: 1970 1986

Cross-sections included: 48

Total panel (balanced) observations: 816

28

WVariable Coefficient Std. Error t-Statistic Prob.
C 1.643302 0.057387 2853588 0.0000
LNK1 0.155007 0.017154 9.036311 0.0000
LNK2 0.309190 0.010272 30.10036 0.0000
LNL (.5393935 0.013747 43.20329 0.0000
i} —0.006733 0.001416 —4. 753682 0.0000
R-squared (.992593 Mean dependent var 1050885
Adjusted R-squared 0.992557 5.D. dependent var 1.021132
5.E. of regression 0.088096 Akaike info criterion —2.014663
Sum squared resid 6.204143 Schwarz criterion —1.985837
Log likelihood 8269824 F-statistic 2717171
Durbin-Watson stat 0.079269 Prob(F-statisiic) 0.000000
For the one-way hxed effects estimator with state effects:
Dependent Variable: LNY
Method: Panel Least Squares
Sample: 1970 1986
Cross-sections included: 48
Total panel (halanced) observations: 816
Variable Coefficient Std. Error t-Statistic Prob.
C 2352878 0.174813 1345938 0.0000
LNKI —0.026146 0.029002 —0.901545 0.3676
LNK2 0.292008 0.025120 11.62467 0.0000
LNL 0.768156 0.030092 25.52708 0.0000
U —0.005298 0.000989 —5.3538296 0.0000
Effects Specification
Cross-section fixed (dummy variables)
R-squared (1.998692 Mean dependent var 10.50885
Adjusted R-squared 0.998605 5.D. dependent var 1.021132
S.E. of regression 0038137 Alkaike info criterion —3.633657
Sum squared resid L.I11188 Schwarz criterion —3.333866
Log likelihood 1534532 F-statistic 11441.65
Durbin-Watson stat 0.413532 ProbiF-statistic) (. 000000
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For the Wallace and Hussain random effects estimator, we get:

Dependent Variable: LNY

Method: Panel EGLS (Cross-section random effects)

Sample: 1970 1986

Cross-sections included: 48

Total panel (balanced) observations: 816
Wallace and Hussain estimator of component variances

29

Variable Coefficient Std. Error t-Statistic Prob.
C 0.134569 15.81442 0.0000
LNK1 0.023698 0.234824 0.8144
LNK2 0.019998 15. 56080 0.0000
LNL 0.025192 28.90685 0.0000
u —0.006202 0.000921 —6.731730 0.0000
Effects Specification
Cross-section random 5.1, / Eho (.082369 08169
Idiosyneratic random S.D. / Rho 0.038992 0.1831
Weighted Statistics
R-squared 1.959043 Mean dependent var 1.198662
Adjusted R-squared 0.959745 5.D. dependent var 0.191062
S.E. of regression 0.038334 Sum squared resid 1.191751
F-statistic 4R858.753 Durbin-Watson stat 0.393903
Prob{F-statistic) L0000
Unweighted Statistics
R-squared 0.991686 Mean dependent var 10.50885
Sum squared resid 7065010 Durbin-Watson stat 0.066445

For the Amemiya random effects estimator (which EViews names the Wansheek-Kapteyn

estimator), we get:

Dependent Variable: LNY
Method: Panel EGLS ({Cross-section random effects)

Sample: 1970 1986

Cross-sections included: 48

Total panel (balanced) observations: B16

Wansbeek and Kapteyn estimator of component variances
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Wariable Coelficient Std. Error t-Statistic Prob.

C 2153284 0136382 15.78857 0.0000
LNKI1 0.001719 0023725 0.072440 0.9423
LNK2 0.308985 0.020167 15.32094 0.0000
LNL 0.733179 0.025302 28.97685 0.0000
u —0.006100 0.000911 —6.692963 0.0000

Effects Specification

Cross-section random 5.D./Rho 0.088336 0.8429
Idiosyneratic random S.DJ/Rho 0.038137 0.1571

Weighted Statistics

R-squared 0957828 Mean dependent var 1.094387
Adjusted R-squared 0.957620 5.D. dependent var 0.185195
5.E. of regression 0038125 Sum squared resid [.178804
F-statistic 4604.932 Durbin-Watson stat 0.397124
Prob(F-statistic) 0,000000

Unweighted Statistics

R-squared 0991617 Mean dependent var [0.50885
Sum squared resid 7.123861 Durbin-Watson stat 0.065713

For the Swamy and Arora random effects estimator, we get:

Dependent Variable: LNY
Method: Panel EGLS (Cross-section random effects)

Sample: 1970 1986

Cross-sections included: 48

Total panel (balanced) observations: 816

Swamy and Arora estimator of component variances

Variable Coefficient Std. Error t-Statistic Prob.

C 2.135397 0.132994 [6.05640 0.0000
LNKI1 0.004441 0.023335 0.190316 0.8491]
LNK2 0.310549 0.019735 15.73573 0.0000
LNL 0.729668 0.024833 2938316 0.0000
] —(0.006173 0.000904 —6.827327 00000

Effects Specification

Cross-section random S.DJ/Rho 0.082690 0.8246
Idiosyneratic random 5.D./Rho 0.038137 0.1754
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Weighted Statistics

R-squared .959332 Mean dependent var 1.168214
Adjusted R-squared 0.959132 5.D. dependent var 0.189313
S.E. of regression 0.038271 Sum squared resid 1.187862
F-statistic 4782777 Durbin-Watson stat (.394873
Prob(F-statistic) 0.000000

Unweighted Statistics

R-squared 0.991667 Mean dependent var 10.50885
Sum squared resid T.081797 Durbin-Watson stat 0.066234

Now we reproduce some of these estimates for the Public Capital Productivity data set using
Stata

. infile strl2 st str2 abb yr pubk hwy wat util privk gsp emp v vsing az\produc.pro
YR cannot be read as a number for yr[1]

‘P-CAP” cannat be read as a number for pubk[1]

HWY' cannot be read as a number for hwy[1]

“WATER" cannot be read as a number for wat[1]

‘UTIL' cannot be read as a number for util[1]

PC’ cannot be read as a number for privi]1]
‘GEP" cannot be read as a number for gsp[1]
‘EMP’" cannot be read as a number for emp[1]
TINEMP” cannot be read as a number for u[l]
- cannot be read as a number for y[818)]
(eof not at end of ohs)

(818 ohservations read)

- edit
- preserve
- drop in |
- drop in 817
- preserve
. 5um
Variable | Chs Mean Std. Dev Min Maxr
_____________ o
a2t | o
abb | o
¥r | gle 1272 4.9015%384 13970 1288
pubk | gle 2E036.66 27780.4 2627.12 140217.3
hwy | Bl6 10218 .42 9253.5897 1827.14 47659 .42
wakt | Ble 1618.784 4311.74Z2 228 .46 245%2 .33
util | gle 11159.45 14768.87 538.49 g0728.14
privk | gle 58188.2%9 58770.78 4052.71 375341.8
gsp | gle 61014.32 63973 .9 4354 454550
amp | gle 1747.101 1855.538 log.z 11252
u | gle 6.602208 2.233217 2.8 18
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. gen

. gen

. gen

. gen

lny=logigsp)
lnkl=1log(pubk)
InkZ=logi{privk)

Inl=1ag(emp)

. req lny 1lnkl 1InkZ 1nl u
Source | 5 dt MS HNumber of obs = 218
———————————— e F{ 4, 811) =27171.68
Model | 843.51472¢6 4 210.872682 Frob > F = 0.0000
Residual | 5.29415327 811 .00776097% E-squared = 0.95924
———————————— Rl ittt b Adj E-squared = 0.95Z&
Total | 249.,80828 815 1.04271028 Eoot MSE = .0ag1
lny | Coef Std. Err (= B>t [95% Conf. Interval]
____________ o
Inkl | L1E5007 0171538 o.04 0.a00 121338 1826781
Ink2 | L30%1902 .010272 30.10 0.a00 L2B90273 L 32093563
1nl | L583934% L0137475 43 .20 0.a00 L5RE69501 LG209187
1 | -.00a733 0014164 -4.7 0.a00 -.0055122 -. 0039528
cons | 1.643302 LOBTEET 3 28.54 0.0a00 1.530265 1.75634
gen stid=int([_n-1]/17)+1
adit
- pressrve
ils stid
xtreg loy 1lnkl 1nkZ 1nl u, re theta
Random-effectas GLS regressicon Mumber of obs = 816
Group varlakle (i) stid Humber of groups = 48
FE-sg: within = 0.9412 Obs per group: min = 17
ketween = 0.9928 avg = 17.0
overall = 0.9917 max = 17
Random effectas u_ 1 ~ Gaussian Wald chiz(4) 19131.09
corriu_1., X) = 0 ([assumed) Prob > chiz = 0. 0000
thaeta = 8888353
lny | Coef Std. Err z P>z | [95% Conf. Intervall
____________ o
1nkl | .an44388 0234173 .18 0.850 -.0414583 0503359
lnk2 | 3105483 0128047 15. 68 0.000 2717317 L 2493549
1nl | LT296T05 0249202 2%.28 0.000 L.6B808278 LT78513532
u | -.0081725 0009073 -&.80 0.000 -.an7e507 -. 0045942
cons | 2.135411 .1334515 1&.00 0.000 1.873831 2,39659
____________ o
sigma_u | LOBZEA05
slgma_= | .03Bl3705
rho | .82460109 {fraction of wvariance dus to u_i)
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xtreg lny 1lnkl 1nkZ 1nl u,

Filxed-effects
Group varlable

R-s4q:

corriu_i1.

within
between
overall

o)

sigma_e |
rho |

F test that all u_1=0:

. ¥treg lny lnkl 1nk2 1Inl u, ks

Between regressicn

Group variabla

R-=qg:

within
betwaen
overall

1+ avgla_

fa
(within) regressicn Humber of obs = El&
(1) 2tid Humbar of groups = 48
= (0.9413 Obs per group: min = 17
= 0.9%21 avg = 17.0
= 0.9%10 max = 17
F(4,744) = i064.81
= 0.0608 Prob = F = 0.0000
Coef Std. Err = P= |t [95% Conf. Interval]
-.0251483 0220018 -0.20 0.368 -.0830815 L0307829
L2920067 0251197 11.62 0,000 . 24256949 .341314a5
.TE81585 0300917 25.53 0.000 .7090872 LB272318
-. 0052877 L0009as7 -5.36R 0.000 -.0o7z2387 -.0033568
2.,352888 L1748131 13.46 0.000 2.008727 2.698080
L0an57283
03813705
L B4%4045 {fracticn of warlance due to u 1)
Fi47, 764) = 75.82 Prob = F = 0.0000
(regressicon on group means) Number of chs = 81¢
(13 stid Humber of groups = 418
= 0.9330 Obz per group: min = 17
= 0.%939 avg = 17.4
= 0.5%3925 max = 17
Fid,43) = 1754.11
i.)y= .0B32062 Prob = F = 0.0004d
Coaf Std. Err £ P=|t| [35% Conf. Interwvall
1783651 0712719 z.489 0.017 .0342149% . 3245104
.3019542 .0412215 7.22 0.004a L2176132 . 38825853
LBTR1ZT74 .DEE3T46 10.22 0.004a L4524372 LB898178
-.0038%03 0092024 -0.39 0.5897 -.0238724 .01ls0918
1.589444 .2329796 G.82 0.004d 1.11959& 2.058282
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. xtreg lny 1lnkl 1nk2 1nl u, mle

Fitting constankt-only model:

34

Iteration O: log likelihood = -7979.4497
ITteration 1: log likelihood = -4019, 23564
ITteration 2: log likelihood = -1826.2544
ITteration 2: log likelihood = -774.44513
Iteration 4: log likelihood = -2Z8. 38853
Iteration &: log likelihood = 21.808149
Iteration &: log likelihood = 124, 288227
Iteration 7: log likelihood = 162, 03251
Iteration 2: log likelihood = 1B8.72207
Iteration 2: log likelihood = 193.60815
ITteration 10: log likelihood = 195.2721%5
Iteration 11: log likelihood = 195.442739
Iteration 12: log likelihood = 195.45155
Iteration 13: log likelihood = 195.45155
Fitting full model:
Iteration 0: log likelihood = 1274.1024
Iteration 1: log likelihood = 13598.85252
Iteration 2: log likelihood = 1401.8622
Iteration Z: log likelihood = 1401.9041
Iteration 4: log likelihood = 1401.9041
Bandom-effects ML regressicn Mumker of chs =
Group variable (1) stid Humber of groups =
Randocm effectz u_1 ~ Gaussian Ohs per group: min = 17
avg = 17.0
max = 17
LE chiZi{4) = 2412.51
Log likelihocd = 1401.5%041 Prokb = chilZz = Q.0000
1y | Coef Std. Err = F=|z| [95% Conf. Interwval]
____________ o o
lnkl | 00314446 LO239185 .13 0.8285 -.0437348 L 050024
1nkz | .308811 L020081 15.43 0.000 L2T0453 . 345168
1l | 7313372 L0256936 28,46 0.000 LEB05T78RT7 LT818957
u | -.0051382 L0009143 -5.71 0.000 -. 0078302 -. 0043462
cons | 2.143865 13765582 15.57 0.000 1.87404 2.413871
____________ o o
/sigma_u | 085162 L 0050452 9. 42 0.000 LOBT74337 .1028903
fslgma_e | 3808348 LOa09735 39,12 0.000 0361758 0392916
____________ o o
rho | 8333481 0304587 TEEES3T LBRE1TE4
Likelihood ratiec test of sigma_u=0: chibar2 (0l)= 114%.84 Prcke=chibar2 = 0.000
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