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This work is mainly intended for applied econometricians and students interested in
development and application of estimation methods for structural econometric modelss. For
the Klein-1 models detailed numerical tables of the parameters of the structural and
restricted reduced formy of their covariance matrices and of the covariance matrices of

the related disturbancess obtained by 8 different estimation methodssy are displayed.

The authors will welcome any commenty correction and additional results for this model.
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le INTRODUCTION

No econometric model has probably been as deeply analyzed as the Klein-I model; almost
any new algorithm for the estimation of structural form or reduced form parameters isy
generallyy tested, or at least experimentedy on Klein®s model I. The models in fact, has
the advantage of being linear, sufficiently small and manageables but at the same time has
the structure of a complete econometric modely including current endogenous variables on
the right hand side of the stochastic equationss lagged endogenous variables which make
the model dynamicy overidentifying restrictionsy etce

Howevers it frequently happens that the same algorithmsy applied to this model by
different authorse give rather different numerical results; sees for exampley the results
in Goldberger, Nagar and Odeh (1961) and the related discussion in Bianchiy Calzolari and
Corsi (1979) on some restricted reduced form parameters derived from 2SLS estimatesy or
the results in Brundy and Jorgenson (19744pe695)s Theil (19714pe517) and Zellner and
Thornber (1966) for the 3SLS estimatesy or the results in Brundy and Jorgenson
(1974+p<695)y Chernoff and Divinsky (19539ppe250+284)y Chow (1968+yppe«109+110) and Belsley
(19804p.218) for the FIML estimates of parameters and related standard errorse

Typing or printing errors are also rather frequent in the published numerical tables
and may be sometimes misleading for the researcher who wants to use the contents of those
tables as input datae.

It also happens that accurate results do not display enough significant digitsy leading
sometimes to serious troubles; this is.the case of the estimated asymptotic covariance
matrix of the 25L5 structural coefficients displayed with great accuracy and without any
printing error in Theil (1971+p.518)s but whose significant digits are insufficient if the
experimenter wants to wuse that matrix for Monte Carlo experiments that require the
triangular decomposition of the matrixe Using the numerical values in Theil (19719pe518)y
the matrixy in facty seems to be not positive definites but it is positive definite when
more decimal digits are taken into accounte

Clearly this paper will not supply any definitive answer to all the possible problems
concerning estimation of this model. Howevers the authors hope that the published tables
will give a concrete help to the interested researcher and not simply increase his doubts
when he is testing his algorithms and programs for estimation of the structural or of the

restricted reduced form parameters of econometric modelse
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For each of the 8 estimation methods which have been taken into accounts this paper
will displa* the 12 estimated structural coefficientsy their estimated asymptotic
covariance matrix (12 x 12) (except for OLS) and tﬁe (3 x 3). estimated covariance matrix
of structural disturbancés; as far as the restricted reduced form is concernedy for each
estimation method the reduced form coefficients and their asyﬁptotic standard errors
{againy except for OLS) as well as the (6 x 6) <covariance matrix of reduced form
disturbances will be displayed.

For each of the estimétion methodsy some comments will be made on the numerical results

~available in the literaturee.
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2. STRUCTURAL FORM OF THE KLEIN-T MODEL

The structural form - equations of the Klein-1I model are reported in the version
displayed in Goldbergery Nagar and Odeh (196l+pe.563). Formallys this version differs very
's)ightvy from the original one displayed in Klein (1950yppe«654966) which contains
(YeT-W2)-1 instead of {P+WleT)~1 in the third eqguation; the two termss howeversy are
perfectly equivalenty due to the forth and fifth equationse Several other representations
are available (seey for exampley Theil (19719ppe432~434))e Sometimesy as in Bergstrom
(19749pe96)e Gol dberger (19649pe303)y Hendry (197 1leppe270s271) or Rothenberg
(19739pel04)y a different number of equations (7 or 8) is presentede Howevery all these
different representations can be reconductedy by means of suitable variables
transformationss to the structure here displayede

Ce ¢ ay Py ¢ 33 Piy ¢ Ay (Wlg ¢W2¢ ) + uy,

"
o

T, = ag ¢ 3g Py ¢ ay P'_‘ ¢ ag Kegy + Ugy
Wly = ag ¢ 3,5 (YeT-H2)y ¢ ayy (PeWleT) + a3t ¢ uz,

Ye ¢ Ty = Cp ¢ I¢ ¢ Gy

Y = Py ¢ Wl ¢ W2,
Ke = Kig ¢ Iy

C = Consumption

I = Net investment

Wl = Private wage bill

Y = National income

P = Profits

K = Stock of capital goods at the end of the year
W2 = Government wage bill

T = Business taxes

t = Time measured from 1931 as origin

G = Government expenditure
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3. SAMPLE PERIOD DATA

The sample estimation period is from 1921 to 1941; the historical data are reported in

the following tablee They are taken by Klein (1950sps135); the values for T have been

‘obtained by difference of data in columns 4 (Y+T) and 9 (Y) of page 135. The value of K

for 1941 has been obtained by K{1940)+I(1941) according to the relation K¢=Ke,¢Il;s Correct

data are presented also in Theil (1971spe456) and Maddala (1977+pe238); it should be noted

that both present the series X (total production of private industryys given by YeT-W2)
instead of Y and that they indicate by G only the government non—wage expenditures so that

their G is equal to our G-W2e
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ZZS=SsSZ==S===CIZZSCSZSZZSSSSSSSSSS=SSSSZCISSCCSISESSTSSSSESISSSSISSSSSISSSSISSITITITIFSITEI
Endogenous variables

Year d I Wl Y P K

1920 39.8 267 2848 43.7 127 182.8
1921 4le9 -0.2 255 40e6 124 182.6
}922 4560 le9 293 49e1 169 18405
1923 49.2 52 34al 55e4 1844 189.7
1924 506 3.0 33.9 S56e4 194 192.7
1925 5266 S5e1 354 587 2061 197.8
1926 551 Se6 374 6043 19.6 20344
1927 56e2 4e2 37.9 6le3 19.8 20Te6
1928 57«3 3.0 39.2 6440 21.1 210.6
1929 57«8 Sel 41e3 670 217 2157
1930 55.0 1.0 37.9 5Te7 15.6 21667
1931 509 -3.4 345 507 1le.4 213.3
1932 4566 —6e2 290 41e3 7.0 2071
1933 465 -5e1 2865 453 11.2 20260
1934 48a7 —~3a0 30.6 4B8e9 123 199.0
1935 51«3 -le3 33.2 53.3 14.0 1977
1936 577 2e1l 3668 6le8 176 199.8
1937 5867 20 4140 650 17.3 201.8
1938 575 ~1e9 3862 6le2 153 199.9
1939 6le6 le3 4166 68e4 19.0 201e2
1940 6540 3.3 4540 Taal 2lel 204e5

1941 697 4e9 . 53a3 8543 235 209+ 4



Year

1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940

1941

Exogenous Variables

W2

408

Se6

6.0

6el

Te4

6a7

~11.0
-10.0
-9.0

-80

107
10.2

93
10.0
10.5
10.3
11.0
13.0
1444
154

223

n=

i and Pe.Corsi
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SEE=Z=S=ZSZI==TITSSSISTSI=ITT TS I=S=3ZITIITSISISISZSESEESSSSSTIAISSIISTISTSTZISST =SS

. 4e ALTERNATIVE STRUCTURAL FORM ESTIMATES

The estimation methods considered in this paper and the respective abbreviations are

the following:

Ordinary Least Squares (OLS)

- Two Stage Least Squares (25LS)

- Three Stage Least Squares (3SLS)

- Iterative Three Stage Least Squares (Iterative 35LS)

— Limited Information Instrumental Variables Efficient (LIVE)
- Iterative Instrumental Variables (I1V)

-~ Full Information Instrumental Variables Efficient (FIVE)

— Full Information Maximum Likelihood (FIML)
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5« ORDINARY LEAST SQUARES

The numerical results related to Ordinary Least Squares are presented just for
completeness sake. Of courseys ihe covariance matrix of coefficients is' not reported; the
‘standard errors of coefficients with correction for the degrees of freedom are displayed,
in parenthesess under the related coefficients. These numerical values are not presented
very often in the literature; howevers our results are in agreement with those by Seaks
(19744pe2) and by Maddala (1977spe242)e In the lattery very minor differencess probably -
due to typing errorss have been found for the standard error of the constant term of the
first equation and for the coefficient (and related standard error) of the constant term

of the third equatione

1 4 P-1 Wlew2
162366 0192935 «089886 0796218
(1.303) («0912) {«0906) {«0399)

1 p P-1 K-1
10.1258 «479635 «333039 -e111795
(Se466) («0971) («1009) («0267)

1 YeT-W2 (PeWleT)-1 t
le49705 «439477 «146090 «130246
(1le270) («0324%) («0374) («0319)

OLS covariance matrix of structural form disturbances

{no correction for degrees of freedom)

« 851404
«0494972 «B824891

-+380816 «121170 «476417



OLS reduced form coefficients

C I Wl Y P K

1 616690 355429 4402194 97.2119 5209925 3545429
p—1 «917706 . «697107 «855763 le61481 « 759050 « 697107
W2 «454409 -«200616 ~a327941 «253793 -2418266 -e200616
K-1 -.187518 —e221853 -e179910 ~e409372 -e229462 « 778147

T ~132106 -lel4176 -1.08235 -3.46282 —2438047 -lel4l76
(WleT)~1 -i18433 . —e052287 «179160 «066146 —«109013 -«052287
t «105588 ~ 046616 2156162 «058972 -.097190 —«046616

G 1o 67734 «984466 1.60928 3.66181 2.05253 «984466

OLS covariance matrix of reduced form disturbances

c I Wl Y P K
C T.85791
I 537951 4e42433
Wl 538743 4200361 4028052
Y 13.2374 9.80384 9439104 23,0413
|4 T+84998 5.80023 511052 13.6502 8453969

K 5437951 4042433 4000361 9.80384 580023 40462433
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6e TWO STAGE LEAST SQUARES

The numerical results. of coefficient estimates are exactly equal to those published in
Zellner and Theil (19624pe77) and Zellner and Theil (1970spe404)e Other correct results
are in Bergstrom (1974spe225) (four coefficients are multiplied by a scaling factor 10),
Brundy and Jorgenson (19749ppeb6919694)y Goldberger (1964spe365), Goldbergers Nagar and
Odeh {1961lype564)s Kloek and Mennes (19609pa59)9» Rothenberg (19739pe110)s Rothenberg and
Leenders (1964yp«75)y Theil (19719pe517) and Zel}ner and Thornber (1966+pe728y columns 2

and 4)e Results slightly different are reported in Maddala (197T9pe2242)e

1 P P-1 WleW2
1645548 «017302 «216235 +810182
1 p p-1 K-1
20.2782 «150222 «615944 ~+157788
1 YoT-W2 (PeWleT)-1 t
1.50030 «438859 «146673 «130396

The covariance matrix of structural disturbances for this estimation method is practically
equal to the matrix displayed in Rothenberg (1973yp«120); only a minor difference can be
found in the first element of the last rowe Slightly larger differences can be noticed

with respect to the matrix displayed in Goldbergery Nagar and Odeh (196lepe5T1)e

2SLS covariance matrix of

structural form disturbances

1.04405
«437854% l.38327

—~«385294 «192535 e 476444
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The covariance matrix of structural coefficientsy hereunder displayeds has been
computed using the formula in Theil (1971ype500). The numerical results are in agreement
with those presented in-Theil (1971epe518)y except a scaling factor 10 or 100 regarding
variances and/or covariances of the constant terms of the various equations. However, as
already pointed out in the introductions the few éignificant digits displayed in Theil
make the matrix not positive definitey contrarily to our resultse.

The numerical values. presented in Goldbergery Nagar and 0Odeh {1961+pe565) contain
several rounding and sign errorse. As a result of these errorsey some minor inaccuracy can
be found also in the standard errors of coefficients displayed in Goldberger (19644ps365).

The asymptbt{c standard errors of reduced form coefficients have been computeds also
for the other estimation methods considered in this papery by means of the method by
Goldbergery Nagar and Odeh (1961)s but numerically differ from those there displayede For
detailed discussiony see Bianchis Calzolari and Corsi (1979 and 1979b)e.

The covariance matrix of reduced form disturbances is in agreements, at least as far as
the first 3-4 decimal digits are concernedy with that in Goldbergers Nagar and 0Odeh

(1961 9pe571) and Rothenberg (1973ypel23).
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P-1

W2

(WleT)—

4248261

(8.235)

«947303

(«1155)

«684221

(«0785)

—-«104706

(«0379)

-e128469

(«2834)

1 178844

(«0422)

«158997

{«0315)

«663587

(«2367)

258412

(664T3)

«735788

(«0806)

-.029069

(«0390)

-e181952

(0321)

—a175877

(+2390)

-«007598

(«0103)

-e006755

(«0095)

«153143

(<2087}

Wl

31.6355

{6+940)

«885312

(«0911)

—e151340

(«0463)

~-«125803

(«0319)

—«133565

(«2110)

«221826

(«0506)

«197209

(«0394)

«797288

(«1977)

68,6673

(14404)

1.68309

(«1863)

«655152

(«1017)

—e286658

(«0666)

-1430435

(«4832)

«171246

(0443)

«152242

{«0320)

1.81673

{(«4206)

37.0317

(T<974)

« 797778

(«1063)

-«193508

(«0584)

—-«160856

(«0377)

~1.17078

(«2727)

-«050580

(+0203)

- 044967

(0194)

1.01944

(«2426)

2S5LS covariance matrix of reduced form disturbances

C

3.92210

240420

2.84409

6432630

3.48221

2440420

2.00291

207243

4040711

2433467

200291

Wl

2072454

4491653

219198

2.07243

107334
5.81688

4440711

3.62490

2433467

25LS reduced form coefficients and asymptotic standard errors

2548412

(6e473)

«735788

(-0806)

-«029069

{«0390)

«818048

(«0321)

~el75877

(«2390)

-«007598

(0103)

-«006755

(«0095)

«153143

(«2087)

2.00291
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T« THREE STAGE LEAST SQUARES

The numerical estimates of coefficients for this method are (except the numbﬁr of
significant decimal digits) exactly equal to those published in Zellner and Theil
‘(1970.pp.403o404) and in Zellner and Thornber (1966spe729y third and fourth column of
Table 2)e. Other correct results are in Hausman (19744pe649) and Theil {(1971vpe517)e
Unfortunatelys, the results published in Brundy and Jorgenson (1974+p«695)y Rothenberg and
teenders (1964yp-75) and Zellner and Theil (1962+ppeT6e77) are in some way wronge The
errors in the Zellner and Theil(1962) were recognized in Zellner and Theil (19709pe397,
fnel2als Correct results are mentioned in Belsley (1979)y who makes reference to detailed

results presented in an earlier draft of his paper (1977yp.22).

1 P P-1 WlewW2
16+4408 «124891 «163145 - 790081

1 P P-1 K-1
2841779 -.013079 755724 -«194848

1 Y+T-H2 (PeWLeT)~1 t
1.79723 «400492 .181291 149674

35LS covariance matrix of

structural form disturbances

.891760
.411317 2.09305
-.393615 .403045 .520026
The following table displays the asymptotic covariance matrix of structural

coefficientse The numerical values of this table are in substantial agreement with those

presented in Theil (1971ype518) and in Zellner and Theil (1970ype403), except again the
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scaling factor in the variances and covariances of the constant termse. As already
mentioned for the values of the estimated coefficientsy the results in Zellner and Theil
(1962+p«76) were wrongs as recognized in Zellner and Theil (1970ype3979y fnel2a). With
respect to the correct numbers above mentionedes the only differences are some minor
rounding errors for some values and the values 169.5>(instead of 1965) for the covariance
between the constant terms of the first and second equation and =-44<8 (instead of -43.8)
for the covariance between the constant term of the second equation and the term
(P+WleT)-1 of the thirde Zellner and Thornber (1966+pe729) give the correct standard
errors in the third and fourth column of the table there displayede Also in Hausman
(1974+pe649) the standard ervors are presented; there is a minor typing error in the
standard error of the coefficient of time in the last equation (it is wrongly set equal to

the corresponding value of the preceeding term)e
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================:========================================= EEE S ST SRS SIS ISSSZSSZB==EZ==S===
3SLS reduced form coefficients and asymptotic standard errors
C I Wl Y P K
1 467274 27.6185 31.5722 T4e3459 427737 27.6185
(8800) (5.519) (6.246) (13.60) (8e167) (5519)
P-1 «945928 « 744849 «859334 1.69078 «831444 « 744849
{(«1112) («0649) {«0763) («1655) («1007) («0649)
W2 «656855 «002670 -«136358 «659525 -«204118 «002670
(«0759) {0326) («0383) (.0918) {«0561) («0325)
K-1 -2123661 ~-e192370 ~e126568 -e316031 ~e189463 «807630
(«0411) («0271) («0290) («0646) («0387) («0271)
T -e195853 «014501 -e072630 -le18135 -1.10872 «014501
(«2562) («1767) («1598) («4012) («2416) («1767)
(W1+T)-1 199619 «000811 0262462 2200430 -«062032 +000811
(-0360) («0099) («041T) («0393) («0208) («0099)
t «163991 =« 000667 «215618 «164658 -«050960 «000666
(«0267) («0081) {«0357) («0288) («0195) («0081)
G 2634655 -e012718 «649573 162194 «3T2364 -.012718
(«2140) (e1549) (el471) («3477) («2162) {«1549)

3SLS covariance matrix of reduced form disturbances

C I Wl Y P K
C 3.85421
I 2.39570 2.03356
Wl 2.68518 2.17912 2.70338
Y 6.24990 4.42926 4.86430 10.6792
P 3.56473 2.25014 2.16092 5.81486 3.65394

K 2.39570 2.03356 2.17912 4.42926 2.25014 2.03356
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=:===:======================================:=:=====================:=====================
Be ITERATIVE THREE STAGE LEAST SQUARES

The authors do not know any published results obtained by this method. The method

consists in iterating three stage least squares until convergence is reached up to six

significant digitse

1 [4 P-1 WlewW2
165590 «164510 «176564 «765801

1 : P P~1 K-1
428963 -356532 1.01130 ~+260200

1 YeT-W2 (PeWleT) -1 t
262477 «374779 «193651 «167926

Iterative 3SLS covariance matrix of

structural form disturbances

«914909
«641739 . 4e55536

—e434985 « 734498 « 605649
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26 CeBianchies GeCalzolari and PeCorsi

Iterative 3SLS reduced form coefficients and asymptotic standard errors

C I Wl Y P K

1 47.1385 27.2501 3045040 74.3885 43.8845 2742501
(94165) (6.864) (6.896) (15.43) (9-116) (6+864)

P-1 «935721 712856 .811503 1.64858 " .837074 .712856
(«1111) (+0834) («0853) {«1841) {«1085) {«0834)

W2 «656198 «062668 —+105363 718866 —e175771 062668
(«0647) («0334) (+0314) (+0784) (+0490) {«0334)

K-1 -«121772 -+190575 -.117061 ~e312346 -e195285 «809425
{«0431) (=0340) («0325) («7406) (+4387) («0340)

T ~+074645 «305150 .086388 -e769495 ~e855884 «305150
(«1988) («1528) {+1251) («3308) («2061) {«1528)
(W1eT)-1 203245 «019410 .277098 «222656 - 4054442 «019410
{«0325) {«0108) («0391) («0376) («0176) (-0108)

t 176246 .016832 .240287 «193078 —.047210 +016832
(«0237) («0094) (+0360) («0284) («0180) (+0094)

G 467993 ~+267585 <449888 120041 «750520 -4267585
(«1664) («1338) («1157) («2880) («1823) («1338)

Iterative 3SLS covariance matrix of reduced form disturbances

C 1 Wl Y P K
c 3.89940
I 2053259 2239487
Wl 275142 256177 299265
Y 643199 4092746 5231319 113595
P 3.68057 2036569 2432054 604627 3.72573

K 253259 2439487 256177 4092746 2436569 2439487
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9« LIMITED INFORMATION INSTRUMENTAL VARIABLES EFFICIENT

The method used to compute the numerical values displayed in this section is described
in Brundy and Jorgenson (1971) (LIVE method)e It requires initial consistent but possibly
inefficient estimates. These have been obtaineds as suggested in Brundy and Jorgenson
(19744p.680)y starting from ordinary least squaress computing fitted values of endogenous
variables and using these as instruments for a first round estimator. Finallyy fitted
values of endogenous variables are again computed and used for the second round estimatore.
The numerical values obtained for the coefficient estimates are exactly equal to those

presented in Brundy and Jorgenson (1974spe694y last column)e.

1 P P-1 WlewW2
16.8014 —el15631 «312132 «820507

1 P P-1 K-1
216005 «107318 «652790 -«163778

1 YeT-W2 (PeWleT)-1 t
1.60111 419711 «164768 «135058

LIVE covariance matrix of

structural form disturbances

le44650
« 726599 1.53808
-«339636 «273550 « 486842

To obtain the numerical values displayed in the following tables the formulae in Brundy

and Jorgenson (197l.p;215) have been usede
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LIVE reduced form coefficients and asymptotic standard errors

C I Wl Y P K

1 3449797 2541748 2648486 6041545 33,3059 2541748
(7.872) (6525) (6+280) (13.48) (7+990) (6+525)

P-1 «928815 738969 - 2864755 1.66778 .803029 « 738969
(«1129) («0796) («0839) {«1815) («1085) («0796)

w2 «745150 -.016925 -e114067 «728225 -.157708 -.016925
{-0810) («0314) (+0416) («0961) («0565) («0314)

K-1 —.06B8759 -e179221 -4104080 -+247980 -+143900 «820779
(0358) («0323) («0284) {«0635) («0376) (-0323)

T 119121 —+106534 «005283 -.987413 -+992696 -+106534
{«2595) («1998) («1746) («4158) (+2612) («1998)
(W1sT)-1 211579 -.004806 2251553 «206773 -+044780 -.004806
(«0464) («0090) {+0517) («0479) («0193) («0090)

t «173428 -.003939 «206194 «169489 - 4036705 -.003939
{«0342) . («0074) («0411) < (0348) («0174) («0074)

G «419831 «094294 2635494 l.51412 .878629 «094294
{«2123) («1772) («1610) («3610) («2162) («1772)

LIVE covariance matrix of reduced form disturbances

C I Wl Y P K
C 3.91261
1 2239371 1.98945
Wl 2490461 209278 2079873
Y 6230632 4438316 4299739 10.6895
P 3.40172 2.29038 2219866 5069209 3.49344

K 2039371 198945 2.09278 4238316 2429038 1498945
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10« ITERATIVE INSTRUMENTAL VARIABLES

LIVE has been iterated until convergence has been reached up to six significant digitse
Estimated coefficients are practically equal to those published in Bergstrom (19749pe225)y

apart from a scaling factor 10 in four coefficients and the inverted order of two digits

in the constant term of the second equatione

1 p P-1 W1sW2
16.7858 -.117503 «312609 «821456

1 P P-1 K-1
21.6064 .107126 «652955 -+163805

1 YeT-W2 (PeWleT)—-1 t
1459635 «420614 .163914 «134838

11V covariance matrix of

structural form disturbances

1045233
e 729292 l1.53882
-e341983 «270235 485912

To obtain the numerical values displayed in the following tables the formulae in Brundy

and Jorgenson (1971,pe215) have been usede.
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32 CeBianchiy GeCalzolari and PeCorsi

11V reduced form coefficients and asymptotic standard errors

C 1 Wl Y p K

1 34,9688 25.1679 2648907 601367 33,2460 25.1679
(7+639) (6453) (66594) (13.30) {7.489) (6+453)

P—1 «929367 «738943 «865629 1.66831 «802682 «738943
(«1136) {«0799) («0892) {+1832) («1046) («0799)

w2 « 746460 4016778 ~+113699 «729682 -—.156618 -.016778
(«0756) («0302) {«0400) («0902) (+0523) (+0302)

K-1 ~-+068805 -e179198 -e104313 —4248003 -.143689 .820802
{+0344) («0321) {«0295) («0624) (+0354) (+0321)

T 121862 ~2106151 «006608 -+984289 - 990897 ~e106151
(2366) («1933) (1638) («3894) («2256) (=1933)
(WleT)-1 o211181 -.004747 «250743 «206434 ~+044309 — 004747
(«0472) («0085) («0531) (+0489) («0179) (.0085)

t «173720 ~.003905 «206265 169816 -+036449 -<003905
{«0351) («0072) («0411) {+0350) (.0162) («0072)

G «420042 «093971 «636815 151401 «877198 «093971
(+2021) (e1714) («1628) («3472) (+2019) («1714)

IIV covariance matrix of reduced form disturbances

C I Wl Y P K
C 3.,91787
I 2439476 1.98953
Wl 2090909 2.09351 2.80179
Y 6031263 4438429 5000260 106969
P 3.40354 2029077 2020082 5.69431 3249349

K 2039476 1498953 2409351 4038429 229077 1.98953
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1l. FULL INFORMATION INSTRUMENTAL VARIABLES EFFICIENT

The method used té compute the numerical values displayed in this section is described
in Brundy and Jorgenson {1971) (FIVE method). It requires initial consistent but possibly
inefficient estimatess These have been obtaineds as suggested in Brundy and Jorgenson
(19744pe680)y starting from ordinary least squaress computing fitted values of endogenous
variables and using these as instruments for a first round estimator. Finally, fitted
values of endogenous variables are again computed and used for the second round estimatore

The -resuits obtained do not coincide with those published in Brundy and Jorgenson

(19T44pe695y coleSy 11V method).

1 p p-1 Wlew2
1624570 «091267 +198055 «789598
1 P P-1 K-1
2447860 «029683 «717039 ~.178374
1 Y+T-H2 (PeWleT) -1 t
1.93827 «383522 «196435 «157667

FIVE covariance matrix of

structural form disturbances

«937915
©442160 1.86804
-«379889 «452247 « 565780

The formﬂlae in Brundy and Jorgenson (1971spe215) bhave been used to compute the values

in the following table.
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" FIVE reduced form coefficients and asymptotic standard errors

C 1 w1 ¥ p K

1 4243451 25.9787 2841420 6803238 40.1819 25.9787
(10.27) (6.285) (6.631) (15.79) (9.821) (6.285)

p-1 -938770 «T41964 - «B841033 1.68073 «839700 «T41964
(+1294) («0720) («0793) (+1912) (s1216) (+0720)

W2 «668248 -.006184 -+129606 «662064 -+208330 -.006184
(.0888) (+0365) (0435} (+1099) (+0686) {«0365)

K-1 -.102878 —e183617 -.109877 —e286494 -e176618 .816383
(0479} {+0307) (=0305) («0747) (=0464) («0307)

T -.161025 -.033238 ~.074504 -1.19426 -1.11976 -.033238
(«3164) («1966) («1839) (4824 ) («2987) (<1966}
(WL+T)-1 +212931 -+001970 «277343 «210961 -+066383 -.001970
(«0406) (0117} (0427} («0448) («0250) («0117)

t .170907 -+001582 .222607 169326 -.053281 -.001582
(-0289) (+0094) {+0359) («0326) («0224) (+0094)

G «576754 «029391 +615992 160614 +990153 .029391
(«2679) {«1740) {«1637) {«4192) {+2680) («1740)

FIVE covariance matrix of reduced form disturbances

C I Wl Y P K
C 3.68908
1 2036746 199796
Wl 2459795 2012294 2.65395
Y 6.05654% 4e36542 4472089 10.4220
P 3. 45859 2024249 2.06694 5.70108 3.63414

K 236746 1.99796 2412294 4036542 2424249 1.99796
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—Z=z=S==sTS==S==c=T====zT==========

12 FULL INFORMATION MAXIMUM LIKELIHOOO

The results presented. in this section have been obtained and checked wusing the three

following algorithms:

a) The program described in Chapman and Fair (1972).
b) The maximization of the concentrated log-likelihood function without restrictions on
the covariance matrix of the structural disturbancese.

c¢) The iteration of the full information instrumental variables method described in

section lle

The estimated coefficients are equal (except the number of significant decimal digits or
the use of scaling factors) to those in Bergstrom (1974ype225)s Chernoff and Divinsky
{19534ppe250492849 method FeleNeDe)s Chow (1968+ppel09+110) and Hausman (19T749pe649)e
Correct results are mentioned also in Belsley (1979) and displayed in detail in Belsley
{1977)e. Results which do not seem correct are in Brundy and Jorgenson (1974spe695)e In
Hendry (1969, appendix ls pe2)s correct values for all the estimated coefficientsy except
that of the constant term of the third equationy are reportedes This happens because the
computation has been performed using 1920 as base year for the variable timey even if this
choice does not appear explicitly in Hendry®'s paper (where Golberger (1964) is cited as
source of data)e The numerical values in.Hendry (19719pe264y table 2} should not be
consideredy being based on a sample period 1922 to 194l. Howevery as a matter of
comparisons the authors have repeated also these computationss obtaining the same results
as Hendrys except again the constant term of the last equations for the reasons just above
mentionede

Due to the absence of restrictions on the covariance matrix of the structural
disturbancesy the results in this section are different from and should not be confused
with the results presented in Chernoff and Divinsky (1953yppe250+299s method FeleDe)s
Ktein (1950+ps68)s Seaks (1974spe2) and Theil and Boot (1962+ppel36+137), which arey

sometimesy referred to as FIML estimatess
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- T - -t 2t i ki - i i A -ttt A - P - - R Rt A P R A b 0]
1 P P-1 W1eW2
1803433 -.232389 <385673 -801844
1 P P-1 - . K-1
27.2639 -.801006 1405185 ~e148099
1 YeT-W2 (PeHleT)-1 t
5.79429 «234118 «284677 | .234835

The following covariance matrix of structural form disturbances coincide with the S matrix

displayed in Hendry (1969, appendix ls pe2)e

FIML covariance matrix of

structural form disturbances

2410437
387955 . 12,7728
«4B81826 3.85778 1.80119

The asymptotic covariance matrix of  the structural coefficients has been computed
either from the Hessian matrix of the concentrated log-likelihood function (methods (a)
and (b) above mentioned)es or by the same formula used for the FIVE methode As the

numerical results are quite differents both of them are displayed in the following pagese.

The numerical values of the following tables obtained from the Hessian matrix of the
concentrated log-likelihood functions coincides at least in the first digitsy with those
in Chernoff and DOivinsky (1953yp«288) wheres howevery the variances and covariances

related to the constant terms of the three stochastic equations are not displayed.
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FIML reduced form coefficients and asymptotic standard errors

C I Wil Y P K

1 2446776 1043912 1400045 35,0689 21.0643 103912
(8+799) (6976) (5.044) (15441) (10481) (6976)

p-1 +692003 «530129 «570800 1.22213 «651332 «530129
(«1846) («1456) (+1422) («3231) (+1876) {«1456)

W2 «800640 .075801 -.028927 876441 ~4094632 .075801
(+0947) («0307) («0348) (+1069) (+0733) {«0307)

K=1 -.000900 ~e091447 -.021620 -+092346 -.070727 «90B553
(«0480) (+0414) {«0282) («0876) (<0600} (-0414)

T «238667 «405701 .150858 -«355631 - 2506490 «405701
(«2629) (+1582) (+0795) (=4016) («3448) (-1582)
(W1eT)=1 4297597 .028175 «360946 «325771 -.035175 .028175
(+0617) («0121) (0542} («0676) (0263} («0121)

t 0245493 2023242 «297751 «268735 -.029016 2023242
(«0499) («0113) {+0504) («0576) (0223) («0113)

G «006076 ~+382530 «145983 «623545 477562 -<382530
(«3225) (+1567) («1565) («4617) («+3131) («1567)

As regards the following covariance matrix of structural coefficientsy computed from
Iterative FIVEsy comparable results for the standard errors can be found in Hendry (1969,
appendix ly pe2y FIML method with 21 observations); once agains the standard error of the
constant term of the last equation is differenty due to the base shift for the variable
timee. Correct numerical results for the standard errors are displayed also in Hausman
(1974+pe649)y with the exception of the standard errors for the constant terms of the

various equationse
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" FIML reduced form coefficients and asymptotic standard errors

computed from Iterative FIVE

C I Wl Y P K

1 2446776 1043912 140045 35,0689 21,0643 10.3912
(5.397) (40203) (3.472) (94105) (64187) (44203)

P—1 «692003 «530129 «570800 1.22213 «651332 «530129
(«0960) («0786) (+0685) («1677) («1081) (-0786)

W2 «800640 .075801 -.028927 876441 ~e094632 «075801
(«0497) (+0236) («0153) («0534) («0397) («0236)

K-1 -+000900 - 091447 -+021620 -.092346 -.070727 +908553
(«0231) («0193) («0119) {«0392) (=0284%) («0193)

T «238667 «405701 «150858 ~e355631 - 2506490 «405701
(«1620) (+1019) («0685) («2488) («1905) (=1019)
(W1eT)—1 297597 «028175 «360946 «325771 -+035175 «028175
(+0397) («0093) («0431) (+0431) («0L54) («0093)

t «245493 +023242 «297751 -268735 -.029016 .023242
(«0272) {«0085) («0363) {.0326) («0137) (0085}

G .006076 -+382530 «145983 623545 «477562 -+382530
{«1558) (+0961) («068T) (=2384) (+1790) («0961)

The covariance matrix of reduced form disturbances displayed in the following table
coincides (at least for the initial! 3x3 blocky which is the dimension to which Hendry
(1969) reconducts the computation) with the Q matrix displayed in Hendry (1969,

appendix 2s 3 matrix for FIML with 21 observations)e



FIML covariance matrix of reduced form disturbances

C
520882
417322
4.58763
9.38204
4279441

4a17322

3.79775
4024216
T«97098
3.72881

379775

Wl

4038448
8.82980
3.84532

4024216

17.3530

852322

T.97098

eBianchiy

4.67791

3.72881

GeCalzolari and PeCorsi

3.79775
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