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Measuring the Covariance Matrices of Restricted Reduced

Form Coefficients with Small Size Computers

The restricted reduced form equation system derived from a simultaneous.
structural model_is the system used for forecasting and of immediate concern
to policy decisionmakers and forecasters. For verifying the significance of
restricted reduced form coefficients and for measuring the confidence of
forecaéts, the covariance matrices of these coefficients are required. However,
the computation of the covariance matrix of restricted reduced form coefficients
involves a heavy workload for a large size model, and the computer software
packages for this computation are usually not available.

This paper formulates an operational procedgre which can be easily
implemented by applied econometricians for computing such a matrix. In
particular, the procedure, which computes the covariance matri# in a sequential
block by block féshion, is computationaﬂﬂefficient and suitable for programming

in computers without larger core capacity. In fact, the limitation of core

capacity is a critical factor to consider for programming with the increasing -

use of personal computers. Besides, as discussed later, the estimation procedure
could be more accurate than that of the pioneer work developed by Goldberger, et

al.(1961).




I. The Procedures

A structural econometric model, containing M jointly dependent endogenous
variables vector y, KApredetermined variables vector x, and a corresponding
vector of residuals u, can be expressed as

y =y B+ x7 C+u” | (1)
where B and C are matrices of structural parameters. Given E and E as
consistent estimates of B and C, the consistent estimates of the restricted

~

reduced form coefficient matrix, say II, can be derived by

[=cC (I - B)"L (2)
The estimated reduced form coefficient matrix, which indicates the estimated
effect of a change in predetermined variables on endogenous variables after taking

account of the interdependence among the current endogenous variables, is of

primary interest in many applications. Each derived reduced form coefficient in

I is in general a nonlinear function of many structural coefficients in B and

C. Now the problem is to obtain the asymptotic variances and covariances of ~
the restricted reduced form coefficient estimates in terms of the asymptotic
variances and covariances of the structural coefficient estimates.

The asymptotic covariance matrix of restricted reduced form coefficients
was first derived by Goldberger, et al.(196l). Basically they used the first
order Taylor expansion to'approximate the error relationships between reduced

form and structural form estimators as

B-B

(3)
-cC

in which F is a matrix of first order partial derivatives of elements in I with

~ ~

respect to elements in B and C evaluated at their corresponding structural




3
parameters. By proper arrangement of the reduced form and the stru;tural form
errors in column vectors, the covariance matrix of reduced form coefficients
is then derived.

The derivation of error relationships by Goldberger, et al.as shown in (3)

is obviously not precise because of neglecting the terms contained in the higher

powers of the expansion. Dhrymes(l1973) proposed an élternative expression of

the error relationships by a simple rearrangement of the components in the reduced
form equation. Although his main concern was to derive and to compare the asymptotic
efficiency of various reduced form estimators, his conceptual procedure in deriving
the ‘covariance matrix can be further transformed into an operational form as

developed below. To facilitate practical measurements, the focus of this paper

is on coding and computing the counsistent estimates of the covariance matrix in
an efficient way.

Defining D = (I - B)~l, the exact error relationships can be expressed

~

as (I -I) (I-Cb+CD-CD)
Il

[

(L - B) - H (1 - B) + C -C1]bpD

~

~ B- B e
n,I1)| ~ D . 4)
_ cC-¢C .

By rearranging the errors of reduced form and structural form coefficients in

vectors and using the fact that vec(ABC) = (C' ® A) vec(B), one can trénsform

equation (4) into |
vec( E -1 ) = [ D' @ ( E , I) ] vec E - B

' B

= (D' OIg ) Iy 0 (I, I)] vec[B - B

c-¢C




By further rearranging of the errors of structural coefficients in équation

order, while excluding zero entries in (B - B) and (C - C), equation (5) becomes

P-P)=(D'0Ix)G(B-8), | (6)

[(H.l "n.l)',ooooou,(H.M—H.'M)']' which is
a KM x 1 vector of reduced form errors by stacking the

successive columns of ( I - I ),

diag(Gy,eeee.,Gy), and Gj is defined as (Ij,Li), in which

~

Ij is a submatrix of the estimated reduced form relating to the
endogenous variables which appear on the right-hand side of the
ith equation, and L; is a selection matrix such that XLi=X£ which
accouﬁts for the predetermined v;riables in tﬁe ith equationm,

(g - B) = [(El - 81)'....(EM - B']t is a column vector with all
errors of structural coefficients arranged in equation order, and

(D' ® Ig) = an M K x M K matrix of the Kronecker product of the matrices

D'=[(1 - B)71]" and 1. e

K

Giving consistent estimate of Il as E, the probability limit of Ei,say Eix
is Ei = plim Ei = ( Mj, Li ), i=1,2,.. M (7)
‘Thus the asymptotic distribution of the restricted reduced form coefficients is
given by
/T(P-P) ~ (D' ®I)G/T(B=-8) ' (8)
Furthermore, giving the asymptotic covariance mat%ix of VT ( E - B ), say Q,

which is obtainable by various estimation techniques, the asymptotic covariance

matrix of ¥T ( P - P), say W, is then obtained by

W=(D 0Ix)GQG (D6Ig) O




By substituting the consistent estimates S and E for the unkﬁown matrices
D and E , the consistent estimate of W can be obtained étraightforwardly from
(9). However, a‘diréct calculation based on this equation appears quite
cuﬁbersome in computation when the size of model is large. One effective strategy
in programming is to partition some matrices of equation (9) into blocks. For a
model with N stochastic equations, the estimated covariance.matrix of structural"

S0 000000000

estimates can be partitioned into N2 blocks as [?11 voe QlN-

QN1 .-+ QuN ,
while the estimated covariance matrix of reduced form coefficients for

®0 000009000

M reduced form equations can be partitioned into M2 blocks as 'wll....wle].

LWMI LN owm

Then a direct computational formula for equation (9) is obtained:

2 zd d' G’ Q 'G‘o.oo.. 2 zd d‘ G Q 'G'
Wyp o Wiy j=1 g=1 11 T3 TL LT E j=1 =1 13T OFA] 31

N N~ ~
£ Id
“3=1 i=1

l‘ ~ "~

~ro : < !

where dik and djx are (i,k) and (j,k) elements of D.

In summary, at the beginning of computation, the estimates of reduced
form coefficients II and the matrix D can be obtained from the structural
coefficient estimates. Then we can calculate the matrix G; from the information

in I and some selected matrix Lj as defined previously. Finally, the covariance

matrix of restricted reduced form coefficients are computable from equation (10)

by incorporating the variances and covariances of structural coefficients Qije

The measurement of each Wy, for k, m = 1,2,.....,M in equation (10) uses the
~ ~'
same Iinformation Gi Qij Gj fog i,j=1,2,....,N, but with different scale




values of djy and dj depending on which Wy, we want to estimate. It‘beéomes

apparent that, for defining and storing those common information sets in
computers, it requires much less computing time and space. Furthermore, the
estimated covariance matrix of reduced form coefficients corresponding to an
endogenous variable can be obtained by simply referring to an appropriate diagonal
block Wyi, 1 = 1,2,...,M, and the square root of the diagonal elements of the
block are estimated errors of reduced form coefficients. Obviously, the
estimation procedure designated in a sequential block by block fashion is
coﬁputational efficient and useful for programming in computers without larger

core capacity.




II. An Illustration of Application

For illustration, the procedure developed in equation (10) is applied
to compute the covariancé matrices of the restricted reduced form coefficients of
Klein”s model I of the U.S. economy. To have a basis of comparison with the
results obtained by Goldberger, et al.(l961){ prior information used in this
study including the structural model estimators and their variances and covariances
is compiled from that article.

The estimated reduced form coefficients along with two sets of alternative

estimated standard errors (in parentheses) are presented in table 1. The figures

in upper parentheses are obtained from Goldberger,et al., and those in lower

parentheses are computed by the procedure outlined previously. Pairwise comparison
of results from the two studies indicates that tﬁe estimated standard errors are
quité different for those entries in the columns associated with variables P_j,

W2, t, and the intercept. In view of symmetry‘in the estimatéd covariance

matrix, table 2 presents only the lower triaﬁglé of the diagonal blocks at firs£

and then the blocks in the lower off-diagonal triangle.




Table 1. Reduced form coefficients and estimated standard errors

P

W

Koy

T

(W1+T),_1

42,8258
(8.6185)
(8.2901)

25,8412
(7.5674)
(6.4528)

31.6353
(7.2395)
(6.9857)

37.0316
(8.8331)
(7.9681)

68 .6670
(15.3031)
(14 .0657)

25.8412
(7.5674)
(6.4528)

0.9473
(0.1878)
(0.1380)

0.7358
(0.1632)
(0.0809)

0.8853
(0.1614)
(0.1235)

0.7978
(0.1921)
(0.1065)

1.6831
(0.3324)
(0.2000)

0.7358
(0.1632)
(0.0809)

0.6842
(0.0617)
(0.0777)

-0.0291
(0.0396)
(0.0389)

-0.1513
(0.0535)

(0.0458)

-0.1935
(0.0448)
(0.0581)

0.6552
(0.0888)
(0.1009)

-0.0291
(0.0396)

(0.0389)

(0.0373)
(0.0383)

(0.0329)

(0.0318)

-0.1258
(0.0312)
(0.0322)

-0.1609
(0.0383)
(0.0377)

-0.2867
(0.0663)
(0.0668)

0.8180
(0.0329)
(0.0318)

-0.1285
(0.2755)
(0.2834)

-0.1759
(0.2384)
(0.,2383)

-0.1336
(0.2137)
(0.,2109)

-1.1708
(0.2748)
(0.2724)

=1.3043

(0.4796)
(0.4828)

-0.1759
(0.2384)

(0.2383)

0.1788
(0.0236)
(0.0237)

-0.0076
(0.0102)
(0.0102)

0.2218
(0.0159)
(0.0161)

-0.0506
(0.0149)
(0.0148)

0.1712

.(0.0287)

(0.0287)

-0.0076
(0.0102)
(0.0102)

0.1590
(0.0210)
(0.0305)

-0.0068
(0.0091)
(0.0094)

0.1972
(0.0142)
(0.0382)

(0.0132)
(0.0191)

0.1522
(0.0255)
(0.0312)

~0.0068

- (0.0091)

(0.0094)

0.6636
(0.2368)
(0.2381)

0.1531
(0.2082)
(0.2081)

0.7973
(0.1975)
(0.1988)

1.0194
(0.2426)
(0.2424)

1.8167
(0.4205)
(0.4211)

0.1531
(0.2082)
(0.2081)

Two sets of figures in parentheses are estimated standard errors of the reduced form
coefficients of Klein's model I; the upper figures are obtained from Goldberger,et al.
(1961), and the lower figures are computed from this study. The names of variables

are explained in the appendix.




. Table 2

Covariance Matrix of Reduced Form Coefficients
A. Diagonal Blocks of cov (P - P)

Py Wa R.1 T (Hl-!-'f)_l

68,7260
«0,039S
-0,43126
«0,3051
=1.7601
-0,097¢
«0,0779

1.5103

Consumption (C): Y11

0.0190
=0,0008 09,0060
-0,0003 0,0016 0,0015 )

0.v06t 0,0186 0,0083 00,0893

0.0007 0,06016 0,0004 0,0086 0,0006

0.0009 10,0008 0,0005 o0.0022 0.,000! 10,0009
«0.0009 «0,0096 =0,0073 «0.0634 «0,00248 «0,0019

0,0567

81,6338
=0,0473
=0,06068
«0,2900
«0,3692
«0,0179
«0,0152

0,3143

Investmén: (1): Haa

0.0065
0,0005 10,0015
=0.9003 90,0003 0,0010

0.0029 0,0092 0,0014 0,0568

0.0001 0,000 10,0001 0.0028 0,0001

0,0001 0,0008 0,000 0.0022 0.000! 0,000t
=0.0026 =0,0080 =0,0011 =0.0496 =0,0021 =0.0019

60,0833

48,8004

0,.2357
=0,1909
«-0,2148
=0,6657
«0.,0004
-0,0170

0,8126

Private wage bill (vy): W33

0.0152

=0.,0011 10,0021
=0.0014 19,0008 10,3010 »

0.0027 9,007 0,0031 0,0445

0.v010 6.0008 0,0000 0.0021 ¢,0003

0.0001 =0,0002 0,0003 0.0004 =0,0001 0,001S
0,0054 «0,0066 =0,0038 «9,0375 «0,0007 =0,6009

0.0395

63,4907
«0,083S
«0,2780
=0,2903
.1,2379
-0,0688
-0,0614
1.0398

Profits (P) : W“.

0.0113
«0.0003 90,0034
«0,0008 ©,0012 0,008
0.0018 09,0128 0,0056 00,0742
“0.0000 $,0008 0,0003 0,0031 0,0002
=0.0002 0,0010 0,0002 0,0032 0.0002 0,0008
=0.0012 =0,0101 ~U,0048 =0,0658 =0,0025 =0.0025

197,8428
-0,.1851
-0,8135
“0,9108
=-3,6208
=0,1938
~0,1768

3.1134

National income (¥): “55

0.0409 A

0.0000 90,0102

=0.0088 90,0035 10,0045 .

0.0115 v,0378 0,0106 0,233%

0.0008 90,0027 10,0008 ¢,0105 0,0008

0.0007 0,0011 10,0010 0,0066 0,0003 06,0010
=0.0060 =0,0297 =0,0145 «0,1992 «0.0076 =0,0057

0,1773




Table 2.

(continued)
B. Off-Diagonal Blocks of Cov(P - P)

P

W2

K1

T

(W+T)

Investment (1)

1
P_
A
K1
T
(W+1)-1

t
G

43,7389
-0,0789
-0,1237
-0,2091
=0,5905
-0,0328
-0,029S

0,5906

Consumption (C):

W21

=0,0094 «0,2108 =0,1967
0.9072 «=0,0002 =0,6002

0.,0002
-0.0006
0,0013
0,0000
0.0000

0,0013
¥.0010
0.0059
- 0,0003
040003

0,0006
0,0010
0,0033
0,0001
0.,000°

©0.,0013 =0,0049 «0,0028

=0.8010
0.0012
0.0082
0.0037
0,0480
0.,0021
0.0019
-0.0418

«0,0460
«0,0000
04,0003
60,0002
0,0014
0,000
0,0001

'0.90‘2

=0,0562
=0,0003
09,0000
0.0003
0.,0003
0,0000
=0,0000

=0,0002

0,6976
=0,0012
-0,0072
«0,0033
«0,0840
'0.0019
«0.,0017

0,0387

Prlvafe wﬁge 6111

W)

1
Py
K3

T
(W+T)
t
G

51,9613

0,0005

Wa -0,2371

-0,2358
-1,0859
-0,0512
-0,0351

0.9837

Consumption (C):

W3

0.1300 '003613 -0.2207

0.0158
-0,0010
=0.0011

0.0029

0.,0007

0.0010

0.0036

=0.0001
0,0032
0.0011
0.0090
0,0009
«0,0005

=0,0008
0,0010
0,001
0,0051
0,0002
- 0,0003
=0,0047

-0.9“56
0.0075
1 0.0091
0,0045
0.9555
0.0034
0.0007
-0,04816

-0,0333
0,0010
0,0007
0,0001
0.,0025
0,0004

«0,0002

«0,0008

-0,0387
0,0003
'0.0002

0.0003"

0,0011
0.0001
0,001t
'0.0009

0,9797
=0,0003
-0.3075
«0,0047
=0,0474
-0,0018
.0900!3

0,042s

-
4
-t
0
o
1Y)
<
3
©
o
<
>
-t
9
L B

—

~
ot

=

~

-
|
N

K1
T
(W1+T)_1

t
G

39,6149
0.0225

1 =0.1314

~0,1822
«0.5222
«0,0232
«0,0396

0.4953

Investment (I):

'0.0639
0.0062
0,000t

«0.0003
U.0048
0,000t

«0,0003

«0.0015

«0.0862
0.0002
0,0013
0.0009
0,0076
0,0003

“0,0000

-0,0068

W32
=0,1911
'0.0007

0,0006

U,0009

0,0023

00,0001

0,0003
-0,0022

0.,0011
0.0068
0.,0461
0.0016
0,0002
-0.0021

-0,0240
0.,0000
0,0003
G,0001
G,0020
0,0001

«d,u0y0

-000018

-000210
0,3000
0.0003
. 0,0901
00,0018
0,0001
-0,0001
=0,0046

0.,417S
-0,0012

-=0,0058

-0,0018
), 0802
-0,0014
«0,0002

0,0306

Profits (P)

1
P}
W2

(W+T) g
t
G

K.ﬁ
T!

60,5036
-0,1290
«0,2893
-0,2788
-1.3647
-0,0787
-0.0723

1,1177

Consumption (C):
«0,2390 «0,3617 «0,2751.

0.,01048
0.0007
0.,0002
0,0049
-0.,0000
=0,0001

‘=0o,0059

=0,0005
90,0042
0.,0015
0,0115
0,0011
V.0013
00,0083

L/

-0,0001
0,0012
0,0013
0,00065
0,0003
06,0003

«0,0055

-0'0002
0.0136
6.0075
0,0728
0.,0033
0.0035

«0,0637

«0,1098
«0,0008
0,0012
0.0005
0,0035
0,0003
0,0008
-0,0028

-0,0954
0.0003
0,0002
0,0005
0.0014
0.,0001

-0,0002

~0.0012

1,2288
-0,0018
-0.0093
=-0,0058
=0,0604
«0,0025
-0,0023

0,0528

Profits (P)

=10

i
Q) e 1PN g s

45,7628
=0,0792
=-0,1a58
«0,.2145
-0.6430
«0,0407
=-0,0318

0.5167

Investment (I):

0.0076
0.0002
-0.0003
0.0024
0.0000
0.0001
«0,0023

-0,1043
v,0004
0,0016
"Q0.,00u8
v,0097
¢,0004
v.00v8

W2
-0,2179
=0,0002

0,0006

0,0011

00,0028

0,00062

00,0001
-0.0022

“0,5646

0,0031.

00,0063
0.,v025
0.0566
0.0022
0.0022
-Oooslq

«0,02066
0,0001
0,0004
0,0001
0,0025
0,0001
0,0001

-0,0238
€¢,0001
0.0004
0,.0001
0,0023
0,0001
0.0001

-0,0020

0.4874
«0,0027
«0,0071
«0,0021
“0.0512
00,0019
-0,0019

0.0454a




Table 2. (continued)
B. Off-Diagonal Blocks of Cov(F - P)

Py Wy Ky T ™+7)_,

Private wage bill (Wy): W,

© 1a2,7757 «0,2127 =0,1880 «0,2027 «0,9423 =0,068) =0,0577 0,06064
P_i*0.1196 0.0007 0,0002 0,0001 0,0015 =0,0002 U,0005 =0,0033
Wy|=0,1571 0.0012 0,002 0,0007 0.0095 0,0008 =0,0008 =0,0064
K-1/=0,2030 0,0003 10,0008 0,0010 10,0043 0,0003 0,0003 =0,0031
T=0,7749 00,0058 00,0068 0,0036 0,0572 10,0029 0,0005 =0,0401
(Wy+T)_3|~0,0510 0,0000 0,0007 00,0002 0,0028 10,0002 ~0,0001 =0,0019
t|=0,0827 00,0002 00,0007 00,0001 9,0025 0,0002 =9,00048 ~0,0016
Gl 0,5846 «0,0069 =0,0067 »(,0028 «0,0501 =9,0025 =0,0007 0,0395

1]

Consumption (C): Wg; .
1<12;abso ~0.0589 «0,6230 =0,5017 «2.5612 =0,1831 «0,1341 2,208S
‘P_)=0,1238 0.0202 =0,0006 =0,0005 0.0073 10,0007 0,0006 =0,0021

W2'=0,5363 «0.,0002 0,0078 0,00&2 0.0227 0,0019 0,0008 =0,0169
K_1'=0.5141 «0,0009 0,0026 0,00é5 0,0120 0,0906 10,0008 =0,0106
Te2.4506 0,0073 0,0205 0.0t116 0.1283 0,0000 0,0025 =0,1078
(W4T)_1 =0,1299 0.0007 0,0020 G,0005 0,0007 0,0006 0,000 «0,0043
C =0,1078 00,0009 ©0,0007 0,0006 00,0082 09,0002 0,0009 «0,0056

ﬁ 2.1018 «0,0022 «0,0145 =0,0101 «0,1052 «0,0036 «=0,0021 0,0954

Profits (P)

()

National Income

Investment (I): W

s : |

h85.3777 -0,1262 =0,1905 =0,4091 =1,0596 =0,0506 «0,0347 (,9049
P_1;=0,0567 0.0137 0,0907 =0,0009 0.0042 ¢,0001 0,0001 «0,0039
Wp.=0,2772 0,0003 10,0028 90,0012 92,0151 ©¢,0007 0,0007 =0,0129
K-1'=0,3967 =0,0006 ¢0,0008 10,0020 06,0086 00,0002 10,0002 «0,0040
Tj=1,1702 0.,0042 0,0173 0,0050 0,1048 90,0045 00,0041 =0,0914
(W14T)_11=0,0639 0.0001 0,0007 0,0003 0,0038 0,0002 0,0002 =0,0033
t'=0,0714 =0,0002 00,0008 0,0008 0.0028 0,0001 0,0001 =0,0021
G 1,0119 =0,0038 =0,0152 =0,0044 «0,0940 =0,0040 0,003 0,0820

~
>
~

Q

E

¢ 0
¢V
e

-
~—i

o]
B
I
. ot
S
. aQ
&

Private wage bill (Wp): Wsg

191,5762 0.0230 =0,3788 «0,4175 =1,6080 «0,0740 «0,0747 11,4790
£ Py 0.1161 w.0219 -0,0009 =0,0014 0,0043- 0,0008 0,0007 u,0021
“ Wle0,3a75 0.0001 90,0045 0,0015 0,0166 0,0012 «0,0006 =0,0130
K_1'=0,4178 =0,0011 ©,0016 0,0020 0.0073 -0,0003 0,0006 =0,0069
T~1,4806 0.0085 0,0159 6,06007 0,1017 09,0050 0,0009 =0,0837
(Wy+T)_,/=0,0573 0,0010 0,0010 0,0002 0,0045 10,0008 =0,0002 ~0,0026
tiw0,0597 0,0003 0,0005 10,0008 0,0029 0.0001 0,0010 =0,0025

G 1.3972 =0,0015 =0,0133 «0,0006 =0.0876 =0,0032 ~0,0015 ©,0791

National Income

Profits (P): Wsy

o 1@0612665 =0.2081 =0,4351 =0,4933 «2,0128 =0,1193 =0,1041 11,6344
S p_11-0.3012 0.0160 0,0009 =6,0001 0.0072 0,0000 0,0000 -0,0081
W2 |=0.4600 =0.0001 10,0057 0,C020 0.0212 0,0015 90,0017 =0,6168

K1 [=0.8930 =0,0003 0,0018 0,028 0.0092 0,6005 0,0008 =0.0076

T |=2.1802 0.0030 ©.,0219 0,0099 0.131&8 0,0055 0,0057 =0,1155
=0,1308 =9,0002 0,006 0,0006 0,0060 0,000 0,0005 =C,0050
=0,1191 0,0008 0.,0006 0,0006 6.,0037 10,0002 <0,0001 =0,0032
1.7162 =0.0045 =0,9165 =0,0080 =0,1116 =0,0048 =2,0042 0,0983

'ﬁational Income -




I1I. Concluding Remarks

This study has formulated an operational procedure for computing the
covariance matrix of restricted reduced form coefficients, which are essential
estimates for various applications of an econometric model. The procedure is
illustrated by applying it to the Klein's model I of the U.S. economy, where
some prior information is obtained from Goldberger, et al.(1961). This set of
prior information, which is an approximation of the variances and covariances
from a structural model estimated by'two—stage least squares, may not be the
best choice (McCarthy,1972). However, the purpose of this study is to demonstrate
the procedure for obtaining the covariance matrix of restricted reduced form
coefficients but not the properties of this particular set of prior information
per se. Assuming that the information is obtained from some proper structural

estimates, this study applies this classical example so that the results are

comparable to those estimates from an alternative procedure of Goldberger, et al.

Even though the size of model in this example is rather small, the two procedures
yield substantially different results. As mentioned before, since the covariance
matrix obtained in this study is derived from a set of exact estimated error

relationships, the results thus obtained should be more accurate.




Appendix. Basic Prior Information Used in this Study

The following prior information used for computing the asympto;ic covariance
matrix of reduced form coefficients is obtained from Goldberger,et ai.(1961)
Klein's model I consists of three stochastic equations and three identities; the
structure estimates were computed by Klock and Mennes (1960) using the two-stage

least squares:

C = 16.5548 + 0.0173 P + 0.2162 P_j + 0.8102 (W] + W)
(1.3197) (0.1179)  (0.1072) (0.0402)

20.2782 + 0.1502 P + 0.6159 P_; - 0.1578 K_3
(7.5225) (0.1728) (0.1624) (0.0360)

1.5003 + 0.4389 (Y + T = Wp) + 0.1467 ( P + W} + T)_] + 0.1304 t
(1.1471) (0.0356) (0.0388) (0.0291)

C+I1I+G
Y P+W1+W2
K=K +1

where variables are C (consumption), P (profits), W} (private wage bill), Wo

(government wage bill), I (net investment), K (end—of—year.capital stock),

Y (national income), T (business taxes), t (time measured from 1931 as origin),

G (government expenditures). The standard errors are given in parentheses.




Appendix Table

Covariance Matrix of Structural Coefflcients

Equation

(1) Consumption

P

equation
o

W|+W2

(2) Investment equation

P_y

K_|

(3) Private wage bill equation

1

Y+T—w2

(P4W+T) )

t.

1.7416
-0,0153
0.0047
-0,0327

0,0139
-000096
-0,0015

0.0115
«0,0005

0,9016

P_
K_

2.1402
~0,0459
0.0177
~0,0082

0,0589
0,0041
-0,0032
-0,0004

0.0207
«0,0047
0.0052
-0, 0001

-0,0834
v.0013
-0,0012
0,0004

56,5893
w0.9|99

0.,7735
00,2676

0.,0298
=0,0256
04,0042

0,0264
-0,0039

0,0013

)
Y+T-W,
(PHW+T) )
t

-0,b106
0.0092
06,0007
0.0028

~0,0005
«0,0018
0.0019
0,0007

0.0327
0.0012
-0,0018
0.0005

0.0016
0.0001
-0,0001
-0.0005

0,3607
10,0131
-0.0‘97

-0),0313

«0,0017
0,0006
«0,0006
0,0005

-0,0152
-0,0003

0,0006
-0.0007

-0.0004
-0.000'
0,000t
0,0002

1.3159
-),0067

0.,0013

-0,0154 =0,0032
0U.,0156 -0,0003

00,0015
0,0001

0,0008
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