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On Testing the Significance of a Subset of Coefficients
in a Set of Seemingly Unrelated Regressilons Using Mixed Estimation

By P.A.V.B. Swamy aiid R. Berner

Theil's (1971), p. 314 F-test for linear regtrictions in the context
of joint GLS is generalized in this note to the case in which the mixed
estimator is used.

Consider thé stacked linear model, in which observations for each
equation are adjacent,
eV y=3X8+u
where y is an nT vector of T observations for n dependent variables, X
is an nTxK matrix of observations on K independent variables, B is a
Kxl coefficient vector, and u is an nTx1 vector of errors such that
E(u) = 0, E(uu') = 029, an nTxnT covariance matrix defined as
(2) 029 = g218I, |
so that 0%L is nxn, the contemporanebus covariance matrix of the errors.

Suppose that the analyst has prior information concerning some of
the B's formulated as
(3) £1=R1§_+_!

1,

where 51 is a gqxl1 vector of unbiased estimators of linear combinations

of the B, R

E(Xl)= 0, E(V V. )

is a known qxK matrix (of rank q), is a qxl vector of random

1 Y

errors with known (and uncorrelated with u) covariance matrix VO. As is well

known, the mixed estimator of B8 under 1-3 is (see Theil (1971), p. 346-352):
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1 -1 -1
= 4RV = X" 1
(4) ( 52 X'a X 1 O 1) (02X £l 2+R1v0 rl),
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where o2 is defined by

(5) 62 = — (y-X8)'4 (z-X8),

and 8 is the GLS or Aitken estimator of B in (1.

The mixed estimator is obtained by applylng Aitken estimation to

(6) w =18+ e,



e

y ( % ] :
where w = , 72 = I s e =1

(
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so that E(g) = 0, E(ee') = 02(9 1 ° ~] = g2y
L0 E?Vou(
By analogy to Theil (1971), p. 314, it is evident that, under the
null hypothesis I, = Rzg,
(nT+q-K) (ngR pm)'[Rz(Z'Z;lZ)—lRé]_l(r -R

r,~R,b )
%) - 2 - 2 2-m
— ' —
P (u=Zb ) '3~ (u-Zb )

is distributed as F(p, nT+q-K) where p is the full row rank of R2,
assuming that e ~ N(0, o2Z ).

Generalized least squares estimation subject to the constraint r2=RZ§
yields :

(8) 5= me(x'Q_1X+02RiV61Rl)-lRé[R2(A'9-1X+02RiVBlRl)—lRé]_l(EZ-RZEm)
= Eﬁ+(z'2:lz)_lR§[Ro(Z'Z:lz)_lR;]_l(Ez-thﬂ).
From (8) it follows that
(9 (_-b)'2'r7'z(h ~b ) = (£,-R,b )[R, (2T ) IR
| Rz(z3z;lz)'lRé[Rz(z'z;lz)'lRé]"l(gz-Rzgm)
= Ry Ry @I TR (o Rb ) -

lnserting (Y, inte (7) gives
(nTq=K) (b b ) '7'I 17(h ~b )
—m -m m  -—m-m
(10) % T
-7 g™ -
P (w AEm) Lm (W.th)
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which is F distributed with p and nT+q-K degrees of freedom.

We may use either (7) or (10) to test the hypothesis r, = R,8. In

applying the above test it should be remembered that the null hypothesis,

I = RZQ should not contradict the a priori assumptions r, = Rlﬁle.
If the statements_z2 = Rzg and El = ngle refer to the same linear

combination of the elements of B, then they are contradictory.

An example of the application of this test is in estimation of demand
systems as in Paulus (1975) and Berner (1975), in which off-diagonal
price coefficients are constrained to be zero in some variants.

Berner and Paulus consider the relative price version of the Rotter~

dam demand model,

(11) w:th:,Lt = uiDqt + ¢Ait(u) + jiivij(npjt—Dpit) + €l e i=l,...,0,
where the M, are marginal budget shares and the vij are price coefficients.l
In Berner (1975), the fifteen goods are divided into five groups with
three geographic origins for goods in each group. The system is thus a
complete system of consumer import and domestic demand equations. Imposing
block-additivity across the groups means that for two groups r aud s,
vij = (0 for ier and jes, but vij # 0 for i,jer or s.

Paulus' results indicate that, at the grouping level used here, the
block-additivity assumption may be inappropriate. A simple extension of

the model involves adding off-diagonal blocks of price coefficients to

allow for specific substitution or complementarity among all the goods

1For details, see Theil (1975), Volume I,



b

in the pairwise groupings clothing/other and durables/shelter. Nine
coefficients are added for each block, for a total of eighteen. The
block-additive model thus has 30 free parameters, while the extended
model has 48.

Block-additive sample and mixed results for the Netherlands for the
period 1954-70 are presented in Table I. Table II presents the prior
marginal shares and their standard errors used in estimation., The fact
that some of the marginal shares for the sample estimates are negative
is disturbing, and indicates a possible misspecification.

Table III presents the estimated parameters of the extended model.
Fourteen of the eighteen additional price coefficients are more than
twice their standard errors, and many are five to ten times the standard
errors. However, the F-test developed here has a value of 1.18 with 18
and 204 degrees of freedom, which is less than the critical value of
1.93 at the 5% level of significance. Hence, block-additivity cannot be
rejected in favor of the extended model. It is clear, of course, that

other extensions of the model may dominate the block-additive version.

1Theil (1975) in Volume ITI, Chapter 8, suggests weak separability
rather than the strong separability of the block-additive model. This
would be stronger than the specification used here for the extended
portion of the model, and yet would allow for off-diagonal price action
among more groups than the present extended model does.
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TABLE II

Netherlands, 1954-1970

Average Value Shares and Prior Estimates of
Marginal Shares for 15 Products

Average Prior Estimate and Standard Deviation of:
Product by Value Income Marginal
Orgin Shares Elasticity Share
(L (2) (3) (4)
FOOD
1. Domestic .334 .300(.192) .100(.064)
2. EEC .008 1.88(.750) .015(.006)
3. Rest of World .013 L462(.154) .006(.002)
CLOTHING
4. Domestic .132 .758(.380) .100(.050)
5. EEC .016 .313(3.13) .005(.050)
6. Rest of World .005 1.20(.400) .006(.002)
SHELTER
7. Domestic .127 .394(.787) .050(.10)
8. EEC .003 3.33(3.33) .010(.010)
9. Rest of world .002 5.00(5.00) .010(.010)
DURABLES .
10. Domestic .115 .522(.235) .060(.027)
11. EEC .008 .625(.625) .005(.005)
12. Rest of World .005 1.60(1.00) .008(.005)
OTHER
13. Domestic .215 2.33(.700) .500(.150)
14, EEC .010 .500(.500) .050(.050)

15 Rest of World .006 — -—
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