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2 A stability test for simultaneous equation models 

This section discusses several aspects related to 

the problem of stability testing in simultaneous equations 

models. MorE~ specifically a stability test based on 

predictive ability is obtained in a form that can be 

easily implemented with existing econometric software. 

We need first some notation. 

simultaneous equation model by, 

Let us define a 

e t - N(O, 1.:), E(e e')=O,tf=s 
t s· 

( 1 ) 

where B is squared of order , n' and there are , k' 

predeterminad variables, Z. The reduced form is given by 

y -1 e Z B 
-- 1 

-B + e t t t 

= TI' Zt + v t' lJ(v t ) Q (2 ) 

I define also Z' and 

sirnilarly for other rnatrtces (The notation is basically 

tilat of Hendry (1976). ThE! sup~'rscripts (~), (~), will 

denote rnaxirnum 1ike1ihood estirnators with tile who1e samp1e 

and the 

subindE!x 
first TI' 

( ) 1 wi 11 

observations, and 

vectorization of a 

observations respE!ctively. Ths 

T denotE' 

) 2 

matrix 

the set of the 

1ast T 2 (T 1+T 2 

is dE!fined as 

first 1 ' 
T) . The 

the vector 

obtained stacking its rows, and is indicated by uec (A): 

We can dE'fine ths fOi~E!Cast error for the second 

period as 

y' - Z I TI' 
2 2 

( 3 ) 
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" where 11' is the maxirnurn likelihood estimator of 11', 

based on the first TI' observations. We irnrnediately have 

tr r. (v '- V ) 
j- f 

2 
A X. "'" T 
H I ¡ 1 ') 

( 4- ) 
L. 

and this is a stability test based on predictilJe ability. 

Now (4-) can be written as follows, 

~ -1 
tr í2 ( U i v - V i v 1) 

1 

(vE!e Vi) ¡ (;-1 0 1) (uee v') 

- (vec 
A._l 

v:)'(í2"0 I)(vec 
L 

V ',) 
1 

( S ) 

since 1Í and this last expression is 

the equivalent of the Chow test for simultaneous equations 

models. 

Tile stability test as given in cannot 

generally ~e implementad with standard paekages in an easy 

way. However. a simple transformation makes this possible. 

We note first that, 

- 1) 

where the last step is based upon the faet 

-2 Log II + 81 = tr 8 + O(T ), i f 8 = O ( T -- 1) ( 7 ) 

The log of the likelihood funetion for the system 

( 1) i s 



- 10-

LK 
nT T 

2 Log 21í - 2 Log IQI -

Concentrating out O, we get 

nT 
log 21í) 

T 
10g 101 LK* 

2 
( 1 + 2 

( 9 ) 

wh€,r'o Q == (v'v/T) and similarly for the first 

observations, 

Since 

r n 
! o,,{T Ir) - ~, 1 

, K* i_ I l' Simple manipulations yield 

LK*+T 1 

1 

" \ 
) 

T 
~ T I (1) ,+, l'-og'T 

2 
-2 [(1 - (T 2 /T» LK" - LKiJ + nT2 A x. T 

n 2 

n 

( 11 ) 

(12 ) 

( 8 ) 

T 
1 

( 10) 

and this last expression can be readily evaluated with 

most existing econometric packages, since they generally 

produce the value of the likelihood as a standard resulto 

LE!t us consider now the stability tE'stS, from a 

maximum likelihood point of view. If the nurnber of 

observations in the second subsarnple is not sufficiently 

large, the estimated errors for that period will be 

identically zero. Then, thE! maximum likelihood ratio tE'st 

for pararneter constancy after concentrating out Q is 

..... ......, "A 1 

T L o g 1 v I V ( v 1 v 1 )- • + oCrl ) 2 A x. ni 2 (13) 
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Then, (6) is in fact a likelihood ratio test. 

(Note that LK UR 
programs since the 

unidentiFied and 

cannot be computE!d with 

in the second 

\: h e pro 9 r a rn u.Ji 1 1 usually 

standard 

sample are 

fail when 

attempting to E!sl:imal:E' them). It lS nE'cessary nQt,IJ, to 

determine when T2 is sufFiciently large and therefore, 

(6) the appropiate test. 

first, 

We need sorne extra notation 

A ( B; e), x (Y; Z) 

AX ' BY' + e Z' E' 

VE! C A s - f a Q' 

(14) 

WherE! the last E!xpression is just a repararnetrization of 

the res trictions required to identify A. Vectorizing the 

systern we can writte, 

X+ a + e +, Y+==(I®X)s 

e+ == vec E' ( 1 S ) 

The maximum likelihood estimator of a can be 

written as the solution of tha following set of equations, 

-+' (l:: -1 ® 1 ) X +] -+' (l:: -1 0 1) Y + (16) [X a X 

where x+ (1 ® Z Q ') f or alternatively 

-+' 
X (E -1 @ 1) (Y + - X + a) O ( 17) 
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Denoting by ' m.' the nurnber of unrestrieted 
l 

pararneters in one equation we require, 

(x:+ ! (1:: - 1 
n 

rank 0 1) X +) 1:: m. 
2 2 i=d l 

( 1 R ) 

for ( 16) to have a unique solution. If there are no 

eros sed equations restrictions, f and x+ 
T>m. 

wi.ll 

for 

be bloc k 

all i. diagonal. Then, (18) requires 
l 

Conversely, 

y'I'-X+ a: = O 

if 

and 

T<m. 
l 

there 

for 

is no 

all i, we can rnake 

unique 50lution for a.. 

Then. the estimated reduced form error s ".dll be trivially 

zero too, and therefore, the appropiate stability tE'S t 

wi.ll be that of (6) . If T> rn. for all 
l i .' the parameters 

ln the second sample are identified and the test for 

parameter constancy can be implemented as a maximum 

likelihood rat.io test of a set of linear restrictions. 

Given the following partitioning 

, 

rY~ 1 
I , 

O B1 
0" J y' (Yi' 'Y:2 ) , 

o' 

Y2 J 
BO ( 19) Y lo O 

l " 

and sirnilarly for C, Z, we can write the unrestricted 

system as follows 

8 0 yO, + CO Zo, = E' (20) 

and conduct a conventional test by cornparison of the 

rnaximurn likelihood of (20) and (1). 

If for 

T <In. we are 
2 l 

(18) is not :neto 

sorne 

in an 

equations T > In . 
2 l 

and 

intermediate situation. 

Considering an equation of the 
Á 

Y2i - X2i Cl'.2i F O since T2 >m i and 

the errors zero, there is no way we can rnake 

for others 

Condition 

first set, 

therefore, 

unless the 

obseruations are dependent. The estimator for the second 
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subsample is noc. uniquely defined, but the maxirnum 

likelihood ratio tE'st does not reduce to (6) E'ither. This 

situabon is sornewhat peculiar, and in terrns of finite 

sarnple powE'r, it rnay bE' that the tE!st given in (6) is good 

enough for most practical purposes. 

When testing stability by rneans of predictive 

accuracy it is irnplicitely assurned that the errors are 

normally distributE!d. It is thereforE' advisable to tE!St 

Por this hypotesis. This can be done easily by means of an 

extendE!d test of thE! type suggested by Bera and Jargue 

(1981), for a rnultivariatE' process. First, we transforrn to 

get 

have, 

independence by ¡:: - 1 /2 e t ' a n d t h e n we 

where 

C. 
l 

~/l. ~2 2 
(L uitlT) - 3(L UilT) 

A2 ~2 

'VI' 'V 2 . 
(_l + _l_) T 

6 8 
60" . 24-0" . 

l l 

It is easil~. checked that the 

valid when the parameters are subject 

restrictions (for exarnple AR errors). It 

see that the tE!st can be used to check 

the model over several subperiods. For 

( 2 1 ) 

(22) 

test ( 4- ) is also 

to non linE!ar 

is also easy ta 

the stability of 

example, if we 

breakdown thE! sample into three periods so that 

supposing that there are enough 

observations to estimate the model in the first t'wo, we 

have 



tr 

p 

_, 
Q " ( V I v -

n 

.. , 
V I V -

1 1 

m. 
l 

"
Vi 

2 
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2 
A 'X. p 

(23) 

Finally, the stability of indepE!ndent equations 

can be tested, b Ij s e t t i n 9 u P i n t h e o b v i o u s wa Ij , a 

predictive test for that particular equation. 
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3. An application 

The uSE!fulness of a s tability test for 

sirnultaneous equal:.ions rnodels will be illustrated in this 

section through its application to the study of investrnent 

in Spain. With the unernployrnent rate running above 20% in 

1984, inVE!stment has beE!n identifiE!d as the only possible 

cure. The adrninistration who carne into power in 1982, has 

implemented a policy addressed to increase profits 

restraining wages, in order to create the necessary 

surplus to financE' inVE!stmE!nt. 1t is then interesting to 

consider the estirnation of an inuestment function and test 

for stability in thE! last two years. Since only annual 

data are available, this makes simultaneity more 

important, and dynamics less relevant. That is, income has 

an irnpact on investment through profits, but inuestrnent is 

related to output in the usual 1S curve. Wi th annual data, 

it is usually the case that conternporaneous relationships 

have a heaviE!r weight, than lagged impacts. The best way 

to tackle this problem is to set up and estirnate a 

simultaneous equation model for investment and profits. 

More specifically, the rnodel that has been estirnated by 

joint maxirnum likelihood is the following: 

IH . O 16 L\U + . 83 L\ (E + E -1) + e 1 

(3.9) (5.6) 

.67, (J = .045 

L'lE .74 L'ly + e 2 

(6. 8 ) 

R2 = .62, .021 

L\y .21 L\I - .008 R2 + .045 DI + .125 D2 + e 3 
(,.j) (>.5') (Q.5'J (4. 0) 
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2 
R = .87 (j = .01 (24 ) 

Log of the likelihood 123.3 

where all variables are in logarithms except the long term 

interest rate R2, 1 is investment in capital goods, E are 

profits, y denotes the GDP, DI and D2 are step dummies for 

the periods (66-74) and (75-81) respectively, and 'U' is 

the rate of utilization of the installed capacity. The 

investment function is precisely that derived by E. 

Malinvand (1983). The equation for output is a classical 

IS curve where omitted variables are gathered in the 

dummies. The intE!rest ratE! is includE'd explicity because 

it is irnportant to show that it has an indirect negative 

impact on investment. The interest rate in the output 

equation captures the negative impact that it has on other 

kind of investment, consumption in durable goods, and 

perhaps a wealth effect. 

The equations of the model have bE!en subject to 

several tests in order to validate then. Autocorrelation 

tests for each equation independently were conducted, 

assurning an AR(2) error process for the particular 

equation being tested. Inspecting the residuals, no 

significant outliers were found. Omitted variables were 

tested for significance, specially in the investment 

equation: a long terrn interest rate, output, credi t 

availability and thE! cost of labour relative to that of 

capital (i-p+o), 'o I being a depretiation rate, were 

found to be insignificant. 

Two variablas tested in the profits equation have 

been import prices and the real wage. Although this last 

variablE! . was almost significant (t = 1 .9) , it is was 

decided to drop it, given the very limited nurnber of 

observations. In the output equation, the real exchange 

rate and an index of world trade were tried. This last 



- 17-

v a r i a b 1 e wa s con ven ti o na 11 y s i 9 n i f i can t (t '" 2 4-), bu t i t 

was finally dropped, again because of the limitations 

irnposed by the availdble sample (with such a low T 

" 

conventiollal significance limits, sllould be considerably 

increased, Mauleón (1982». In any case, the stability 

test conducted with the enldrged model that included these 

two variables, gave very similar results. 

AJ.though not a very common pracU.ce in applied 

research, i t may I . 
.J8 uJlSe lo tl?s t for tile hornogenei ty oF 

the lnitlal observatians. Estimation of the model (24) 

over tile sample 1968-1981, yield a val'Je of the likelihood 

fUllction equal to 108. fhen tilo test (12) takes tlle value, 

-2 «(1- L - L. < ) 
1 

+ n T 2 (2 S ) 

and therefore the stabili,ty of the rnodel over the fir'st 

two observations is easily accepted The value of the 

J.ikelihood obtained estirnating tilcl lOodel over the sarnple 

1966-1983, lJ.Jas 131.6. Tile tcst-(l$ 15 now, 

? 
?1 ~ x.~(b-) , A (26) 

that strongly rejects the holOogeneity of the last two 

observations. It may also be interesting to conduct 

s tabi 1 ity tests for subsamples in arder to 

determine the brE1aking point. This tYPE:! of analysis has 

been advocated by Dufour (1982) , ami although the 

statistical lOeaning attachE!(j to it j.s ambiguous, it may be 

a very helpful descriptive device. Then, the model of (24-) 

has been estimated O'Jer five different samplE>s, starting 

with observations 1966 to 79, and adding one observi'.\tion 

at a tilOe. This shows again that the breaking point 
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ocurrE!d precisely in 1982. Finally it rnay be interesting 

to check the E!quations individually for stability. This 

can be done as indicated at the end of last section. 

Application of this last test shows that the mOdE!l is 

unstable because all the individual equations are. 



i\-. Conclusions 

A stability 

models based on the 

been presented. The 

readily irnplemented 

software. Therefore, 
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tes t for 

predictive 

simultaneous 

ability of tr.e 

equations 

rnodel has 

tE!St lS 

with 

it i s 

9 i ven in a wa y t h a t can be 

rnost existing econometric 

readily available to the 

practicioner. Several questions relatE!d to t11e test are 

disCUSSE!d, andin particular, it is shown that the test is 

a rnaximum likelihood ratio test when the number of 

observations in the second sample is not large enough. 

An application to the analysis of investment in 

Spain is discuSSE·d. Th~: test is uSE·d to detect neatly, the 

breaking point of the rnodel, and to evaluate tl1e succes of 

failure of certain economic policies. 
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APPENDIX 

Data Sources 

- All data haue been taken from the National Accounts 

published by the Spanish National 1nstitute of 

Statistics and the Databank of the Bank of Spain. 

- Computations have been carried out at the IBM computer 

of the Bank of Spain, with version 4.0 of T.S.P. 
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