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Abstract 

This paper discusses the effects of the investment premiums 
arrangement, which i s one of the main instruments of regional economie 
policy in most Western count r ies . On the basis of theore t i ca l consid-
era t ions and various Dutch case s tudies i t i s concluded that a basic 
revis ion of t h i s policy instrument might lead to a reduction of the 
costs and an improvement of the e f f ec t s . The case study presented in 
t h i s paper applies a new model framework which allows to handle l a t e n t 
and observable variables simultaneously. In t h i s way effects of policy 
packages, which are defined as l a t en t va r i ab le s , can be analysed. 
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1 . Introduction 

The investment premiums arrangement (IP) nas been the most important 
instrument of regional economie policy in many Western economies. In 
the Netherlands, for ins tance , i t has been used since 1953, and since 
i t s in t roduct ion i t s use has increased in terms of amounts spent and 
s p a t i a l a p p l i c a b i l i t y . This increase has in t e r a l i a been caused by the 
effects expected by nat ional and regional policy-makers. The impor-
tance of t h i s instrument of (regional) economie policy a l so sterns from 
i t s compatibi l i ty with the economic-poli t ical t r a d i t i o n in Western 
soc i e t i e s to prefer incentives to d i rec t ives in as far as loca t iona l 

\ decisions of pr iva te firms are concerned. In the case of d i rec t ives 
the loca t iona l behaviour of a pr iva te firm i s under the eommand of the 
government. In the case of incentives the r e l a t i v e a t t r ac t iveness of 
one or more options of the se t of possible act ions of a firm i s 
changed. The firm, however, i s bas ica l ly free in i t s response to the 
incent ive . The basic feature of the IP i s to provide premiums on 
investments in buildings or equipment in regions with r e l a t i v e l y high 
unemployment r a t e s . By means of these premiums firms are st imulated to 
loca te or to expand in these regions instead of in the regions where 
they would "natura l ly" l oca t e . However, loca t ion in the l a t t e r kind of 
regions i s not prohibi ted. 

The outstanding posi t ion of the IP as an instrument of regional 
economie policy has increasingly been c r i t i c i z e d for various reasons 
since the beginning of the 1980s. F i r s t , because of the economie 
c r i s i s the number of regions with high unemployment ra tes has s t rongly 
increased. 'Even former so l id economie cent res , such as the Western 
metropolitan region in The Netherlands, are now faeing unemployment 
r a t e s which exceed the former r a t e s in the t r a d i t i o n a l problem r e 
gions. Combatting t h i s spa t i a l increase in unemployment by means of 
the IP would requi re an almost nationwide appl ica t ion . Secondly, there 
are no clear indicat ions that the use of the IP has led to a reductlon 
of spa t i a l i n e q u a l i t i e s . Moreover, there i s a r e v i t a l i z a t i o n of some 
var iants of the growth pole theory which s t r e s s that (s t imulat ion of) 
economie growth in the economie core regions wil l automatically and 
more e f f i c i en t ly lead to economie development, in pa r t i cu la r the 
decrease of unemployment, in problem regions . Thirdly, as argued by, 
among o the r s , supply s i de economists, the involvement of the public 
sector with the pr iva te sector in general i s an impediment to economie 
development (see, among o the r s , Hai ls tones, 1982). F ina l ly , budget and 
public f inancia l problems have led to a reduction of subsidies in 
general , including (regional) investment subs id ies . 

In s p i t e of the above-mentioned c r i t i c i sms , policy-makers at the 
regional level experience a growing need for effect ive regional eco
nomie policy, because of the consequences of the economie c r i s i s . 
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can be dis t inguished 
(a) One or more conditions which are e s sen t i a l for a given firm are 

absent in the IP region. In t h i s case a r a t i ona l decision maker 
wi l l usually decide not to loca te in the region where the IP ap-
p l i e s . If loca t ion might take place anyway, various goals of the 
firm, in pa r t i cu la r i t s su rv iva l , might be endangered. 

(b) The loca t iona l conditions in one or more IP regions are at l e a s t 
equal to those in non-IP regions . In t h i s case the IP enlarges the 
probabi l i ty of loca t ion . I t i s important to note, however, tha t 
the equivalence or super io r i ty of the loca t iona l conditions in the 
IP regions have to be perceived as such. This i s because the sub-
j ec t ive perception of the loca t iona l conditions matter in loca
t ional decis ions . In the present s i t u a t i o n a pos i t ive effect of 
the IP on locat ions i s p laus ib le , although not ce r t a in . 

(c) One or more IP regions have basic loca t ion conditions which are 
absent in non IP regions . In t h i s case loca t ion in the IP r e 
gions concerned i s qui te l i k e l y , in p a r t i c u l a r , i f these basic 
conditions are absent in non-IP regions . However, i t i s doubtful 
whether the IP i s e f f ic iën t in t h i s s i t u a t i o n because loca t ion 
without the IP would probably a l so occur. 

As the IP mainly applies in regions which both have poor loca t ion 
conditions and high unemployment r a t e s , s i t u a t i o n (a) i s l i k e l y to be 
dominant. Moreover, in the case of the so cal led footloose indus t r i es 
which do not require spec i f i c loca t ion conditions and which could 
loca te anywhere, case (b) may apply. However, the perception condition 
i s basic in t h i s context. 

Let us now consider the IP with regard to expansions. By de f in i t ion , 
an enlargement takes place in the region where the o r ig ina l f a c i l i t i e s 
are located . Therefore, a change in the s p a t i a l loca t ion pa t te rn ' can 
only be achieved by influencing the timing and/or s i ze of the enlarge
ment. However, these decisions are usually primari ly based on a va r ie -
ty of autonomous economie considera t ions , in pa r t i cu la r expected 
s a l e s . If the prospects are favourable the investments wil l usually 
take place, whether or not subsidies can be obtained. Only r a r e l y wi l l 
the subsidies lead to investments which otherwise would not be r e a l -
ized. Moreover, the same policy goals could be rea l i zed by means of 
more e f f ic iën t instruments, such as favourable loans . On the other 
hand, if the subsidies instead ^f autonomous economie conditions play 
a dominant ro l e in the expansion decision, too ear ly or too large an 
investment may be r ea l i zed . This might endanger the goals of the firm. 

So far we have considered investments in bui ld ings . With regard to 
investments in equipment i t i s clear tha t the IP may lead to e a r l i e r 
replacements, espec ia l ly when important technological changes are 
occurr ing. However, a lso in t h i s case remarks s imilar to those made 
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with regard to the timing and s ize of enlargements apply. 
The answer to the f i r s t question ra i sed above can now be s t a t ed as 

fol lows. With regard to investments in both buildings and equipment 
pos i t ive effects are to be expected a p r i o r i . The former kind of 
e f f ec t s , however, are l i k e l y to be very s l i g h t . 

Concerning the second question i t i s obvious that investments in 
buildings have a pos i t ive impact on employment. The s ize of the effect 
depends on the s ize of the firm and on i t s labour i n t e n s i t y . With 
regard to investments in equipment the s l t u a t i o n i s more complicated. 
In the short run, a zero or negative effect i s l i k e l y because of the 
labour-saving nature of most modern equipment. Moreover, a s h i f t in 
demand for higher s k i l l e d labour i s probable. In the long run, 
however, investments in modern equipment may be e s sen t i a l for the 
survival of the firm. Therefore, a negative short - run and a pos i t ive 
long-run employment effect i s l i k e l y . 

In the case study, a t t en t i on wi l l f i r s t be paid to the f i r s t ques
t i on . If a c lear -cut pos i t ive effect of the IP on investments i s found 
the second question wi l l be deal t with. 

3. Previous Dutch Case Studies 

As an in t roduct ion to the case study to be presented below, the most 
important Dutch s tudies of effects of the IP a re brief l y reviewed in 
t h i s sec t ion . Attention wi l l be paid to t h e i r methodology and the main 
r e s u l t s . Before going in to d e t a i l , the requirements which an adequate 
impact study should meet are summarized. (For a de ta i led overview see 
Folmer, 1986). 
(a) An instrument of economie policy may be intended to operate on 

several goal va r i ab les . Furthermore, an instrument may have un-
intended e f f ec t s . For example, the IP may not only s t imulate in -

| vestment (intended ef fec t ) but may a l so lead to increased polution 
? (unintended e f f e c t ) . This observation implies that a l l var iables^ 

which may in t en t iona l ly or unin tent ional ly have been affected by 
the policy instrument, should be included in to the study as endo-
geno us var i abl es . 

(b) A goal var iable may d i r ec t ly be influenced by a given policy 
var iab le or ind i rec t ly v ia a se t of intermediate va r i ab les . For 
example, the IP operates d i r ec t l y on investments but i n d i r e c t l y 
(via investments) on employment. This. observation implies t h a t . 
both the ult imate goal var iables and the intermediate var iables 
should be incorporated in to the impact study as endogenous va r i 
ab les . Furthermore, the causal chain: policy var iab le -»• interme
d ia te var iables -> goal var iables should be e x p l i c i t l y taken in to 
account. Each policy var iab le should be handled as an explanatory 
var iab le of each var iable i t i s assumed to affect d i r e c t l y . 
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pondents with hypothetical s i t ua t i ons (Oppenheim, 1966). Other pro-
blems of surveys are that only effects for a short period can be e s -
timated (compare requirement ( e ) ) , and tha t they are cos t ly and 
time-eonsuming. F ina l ly , many surveys nowadays suffer from high 
r a t e s of non-response. All these problems may lead to incorrect 
estimates of the effects of the IP. 
In s p i t e of these shortcomings, surveys are by far the most coramon 
in Dutch (and other) s tudies of loca t ion effects of the IP (see 
among others Bar te l s et a l . (1982) for an overview). The most im
portant conclusion of these s tudies i s that the IP has only a very 
s l i g h t pos i t ive effect on locat ions and r e l o c a t i o n s . 

- The l a s t type of measurement approaches i s formed by spatio-tempo-
r a l econometrie models. The data analysed in these models stem from 
surveys by the Central Bureau of S t a t i s t i c s and do not r e l a t e to 
pol icy. Therefore, there are l e s s r i sks of consciously biased an-
swers. As the s t ruc tu re of t h i s kind of models i s discussed in de
t a i l below a t t en t ion i s only paid here to the main f indings . 
Suyker (1979) finds a s ign i f i can t d i rec t effect on employment in the 
sector of industry . However, as mentioned above, the effect on 
employment a r i ses via investments and the effect on the l a t t e r i s 
not inves t iga ted . On the other hand, Bar te l s and Roosma (1979) do 
not find s ign i f i can t effects on employment in the service s ec to r . 

The upshot of t h i s sect ion i s that empirical s tudies showed only 
very s l i g h t effects of the IP on investments and employment. However, 
the various s tudies suffered from methodological drawbacks. 

4. The LISREL Approach 

In the case study presented below effects of the IP wil l be e s t i -
mated by means of the l i nea r s t r u c t u r a l r e l a t i ons (LISREL) approach. 
The main fea ture of t h i s approach i s that i t allows to handle both 
l a t e n t and observable var iables simultaneously within one model frame-
work. The l a t t e r type of variables r e l a t e s to a t t r i b u t e s which possess 
a d i rec t empirical meaning such as age, d i s tance , regional product, 
e t c . Latent var iables on the other hand r e l a t e to a t t r i b u t e s that are 
supposed to ex i s t but cannot be d i r ec t ly observed. The reason for t h i s 
i s that these a t t r i b u t e s do not correspond d i r e c t l y to anything tha t 
can be measured, or tha t observations of these phenomena are contami-
nated with measurement er rors (see, amongst o the rs , McCorguodale and 
Wheel, 1956, and Hempel, 1958). Examples of l a t en t variables are 
soeio-economie s t a t u s , economie expectat ion, loca t ion condi t ions , e t c . 

A l a ten t var iable i s given an empirical meaning by means of eo r r e s -
pondence s tatements , which connect i t with a se t of observational 
variables (see a lso Hempel, 1958, 1970, Blalock, 1971). On the other 
hand, t heo re t i ca l terms ind iea te which observable variables are l i k e l y 
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to be highly cor re la ted because they are ind ica tors of the same under-
lying l a t e n t var iab le . More extensive discussions on the- meaning, 
relevance and use of l a t en t var iables can be found, araong o the r s , in 
Adelman and Morris (1971), Droth and Fischer (1980), Goldberger (1972, 
1973), Kaplan (1964), and Margenau (1956). 

The use of l a t e n t variables in policy research i s very important 
because i t makes i t possible to incorporate policy packages in to the 
model. In prac t ice packages of policy instruments are frequently 
employed in order to re inforce the effects of individual instruments 
or to counterbalance negative effects of pa r t i cu la r instruments. For 
ins tance , in The Netherlands the IP was combined in to a policy package 
with the f i s ca l accelerated depreciat ion arrangement so as to r e in 
force the working of the former. In a LISREL model the policy packages 
are defined as l a t en t variables and the individual instruments as 
observable va r i ab le s . (The advantages of the represen ta t ion of policy 
packages as l a t e n t variables wil l be described af ter the formal 
representa t ion of LISREL models.) 

A LISREL model i s made up of two types of submodels, v i z . 
- a l a t en t variables measurement model, which r e l a t e s the l a t e n t 

variables to t he i r observable i n d i c a t o r s . A d i s t i nc t i on i s made 
between a measurement model of the exogenous l a t e n t var iables (de-
noted by the vector v) , and a measurement model of the endogenous 
l a t e n t variables (denoted by the vector u ) . The l a t e n t variables 
measurement models correspond to the above-mentioned correspondence 
s ta tements . 

- a s t r u c t u r a l model which l inks the endogenous and exogenous l a t e n t 
va r i ab les . 
In formal terms a LISREL model can be represented as follows. Let u 

and v be of order (M x 1) and (J x 1) , r e spec t ive ly . The corresponding 
observable s tochas t i c variables are y of order ( 1 x 1 ) and x of order 
(J x 1) . The vectors of l a t e n t and observable var iables are r e l a t ed to 
each other as follows: 

y = Ayu + e (4.1) 

and 

x = Axv + <5 (4.2) 

with A (I x M) and A (J x N) matrices of regression coeff i -
c ients and e ( l x 1) and 6 (J x 1) vectors of random measurement 
er rors with zero expectat ion. The following remarks are in order: 
- F i r s t , the observable variables may be continuous and/or d i s 

c r e t e . Unless s t a t ed otherwise, i t i s assumed here that we deal 
with variables measured at l e a s t at an in te rva l s ca l e . 
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- Secondly, usual ly mult iple observable var iables for one l a t e n t 
var iable are needed in order to avoid i d e n t i f i c a t i o n problems (see 
Goldberger, 1972, 1973, and Goldberger and Duncan, 1973). Further-
more, a given s ing le observable var iable may be an indicator of sev-
eral l a t e n t va r i ab les . 

- Thirdly, we sha l l make the assumption tha t both the observable and 
the l a t e n t variables are cen t r a l i zed . I t should be noted tha t t h i s 
assumption i s not s t r i c t l y necessary, but in the analysis of s ing le 
samples, - a usual case for impact s tudies of (regional) economie 
policy - , the in tercept terms provide hardly any i n t e r e s t i n g infor-
mation. 

- Fourthly, i t i s assumed tha t u and v are uncorrelated with e and 6, 
and tha t e and 6 are mutually uncorre la ted . 

The s t r u c t u r a l LISREL model can now be represented as follows: 

B u = rv + x, ( 4 . 3 ) 

where B(M x M) and r(M x N) a re coëff ic iënt mat r ices , and x, (M x 1) i s 
a random vector of res idua l s with zero expectat ion. I t i s a lso assumed 
tha t B i s nonsingular and tha t z, i s uncorrelated with v, e and 6. 

The following nota t ion i s introduced. The covariance matrices of e 
and 5 (which need not be diagonal) wi l l be denoted as 9 (I x I ) , 

e 
and -9~(-J * <J)» res-pectively, and the covariance matrices of v and 
t, as e (N x N) and 6 (M x M) respect-ively. 

The advantages of represent ing policy packages as l a t e n t variables 
are twofold. F i r s t , i t i s possible to est imate the effects of the 
policy packages ins tead of the individual instruments. Secondly, the 
consequences of mu l t i co l l i nea r i t y ( i . e . the increase of the estimated 
variances of the est imators of the coeff ic ients of the col l inear 
explanatory va r i ab le s , which may lead one to drop var iables incor rec t -
ly from an equation) can be mi t iga ted . This can be seen as follows. 
Coll inear explanatory va r i ab le s , which are indica tors of a given 
l a t e n t va r iab le , are dependent var iables in one of the l a t e n t va r i 
ables measurement models (4.1) and (4.2) and are therefore not removed 
from one of these models because of t he i r co l l inear na ture . Moreover, 
in the s t r u c t u r a l model the 1 atent variables appear instead of t he i r 
eorresponding observables. So, co l l inea r var iables are nei ther removed 
from the s t r u c t u r a l model in s p i t e of the fact that they are c o l l i 
near. 
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The f ina l aspects to be discussed here are model evaluation and 
model modification. 

Concerning model evaluation two extreme forms can be dis t inguished, 
v i z . , assessment of model f i t and genuine hypothesis t e s t i n g . The 
f i r s t form of model evaluation presents i t s e l f in s tudies the purpose 
of which i s to f ind a model that f i t s the data ava i lab le as well as 
poss ib le . For tha t purpose the same data are explored several tiraes. 
By genuine hypothesis t e s t i ng we mean the evaluat ion of a given 
hypothesis on the sample data by means of the ru les of s t a t i s t i c a l 
decision theory (see, for example, Ferguson, 1967). I t should be noted 
tha t in exploratory s t u d i e s , where the same data are analysed over and 
over in order to find an acceptable model f i t , genuine hypothesis 
t e s t i ng i s not appropr ia te , because the accuracy of the estimator of 
the r e s u l t i n g da ta - ins t iga ted model wi l l be over-estimated to an 
unknown extent (see, among o the r s , Leamer, 1978, Lovell , 1983). The 
LISREL programme provides several s t a t i s t i c s which can be> used for 
both types of model evaluat ion. An overview can be found in Jöreskog 
and Sörbom (1984). 

With respect to model f i t and model modification we only mention 
here tha t the LISREL VI programme produces modification indices with 
respect to a l l fixed and constrained parameters. (A fixed parameter i s 
a p r io r i given a value whereas a constrained parameter-- i s unknown but 
assumed to be equal to one or moreother model paramters) . The fixed 
pr constrained parameter corr esponding to the l a r g e s t modification 
-fndex i s the one which, when re laxed, improves the_ model f i t- t o a 
maximum extent . I t i s obvious that the modification index may be 
helpful when one i s in search for an appropriate model- Hówever, a 
parameter should only be relaxed when i t makes sense from a t h e o r e t i c -
al point of view. (For further d e t a i l s and c r i t i c i sms see Di jks t ra , 
1981, 1983). 

F ina l ly , we want to make -some remarks here on genuine hypothesis 
t e s t i n g . When . the observable var iables are normally d i s t r i b u t e d and 
when a covarianee matrix has been analysed, the Standard theory ap-
p l ies (cf. Joreskög and Sörbom, 1984). In p a r t i c u l a r , the estimated 
coeff ic ients are normally d i s t r i bu t ed and the overa l l f i t of the model 
can be t e s t ed by means of the x 2 ~dis t r ibut ion . . When these conditions 
are not met, as in the case study presented below where the obser-
vables are not normally d i s t r i b u t e d , a l t e r n a t i v e procedures are a v a i l 
able , such as the jackknife procedure. This procedure has been de-
scribed extensively among others by Gray and Schucany (1972), Efron 
(1982) and Mosteller and Turkey (1977). Below a brief summary i s 
given. 

Assume the a v a i l a b i l i t y of G groups and observations each containing 

L elements. Let T be the LISREL es t l mat e of - "the unknow-n parameter x 
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based on a l l G groups of observations and T , . -., j = 1 , . . . , G , the e s t i -

mate based on G-1 groups, with the j t h group dele ted . Then a pseudo-

value of t . i s defined as : 
J 

T , = G x - (G-1) x ( J ) ( 4 .5 ) 

The jackknifed estimate -r* is 
G „ 

(4 .6 ) 

"2 
The sample variance of the pseudo-values, s , i s 

s = ^-r- l ( T H - T » ) ( 4 . 7 ) 
G-1 i J 

In a wide var ie ty of s i t ua t ions the pseudo-values may be t r ea t ed as 

independent, i den t i ca l l y d i s t rbu ted , random va r i ab le s . Furthermore, i f 

x , . , i s a consis tent est imator , then x* i s consis tent as well (Thor-

burn, 1976, Gray and Schucany, 1972). 

Miller (1974) has shown tha t the jackknife estimator of a function 
of the regress ion paramters in a general l inear model i s asymptotical-
ly normally d i s t r i bu t ed under f a i r l y mild condi t ions . In p a r t i c u l a r , 
the r e s idua l s are not required to be normal. Furthermore, he has shown 
tha t the sample variance of the pseudo-values (4.7) i s a consis tent 
estimator for G times the variance of the jackknife estimator under 

s imi lar condi t ions . I t should be noted tha t the estimates T and x, . v 
underlying the pseudo-values may be obtained by any of the est imators 
in the LISREL VI programme, including the maximum l ike l ihood proce
dure. 

As mentioned above the data analysed in the case study i s spa t io -
temporal data , i . e . a time se r i e s of c ross-sec t ional observations on 
the 11 Dutch provinces. When spatio-temporal data i s analysed the 
possible presence of spatio-temporal cor re la t ion has to be taken in to 
account. This kind of cor re la t ion i s made up of three components: 
temporal au tocor re la t ion , spa t i a l au tocor re la t ion , and s p a t i a l c ross-
cor re la t ion (the l a t t e r two wi l l j o i n t l y be re fe r red to as " spa t i a l 
c o r r e l a t i o n " ) . Temporal au to-cor re la t ion has been extensively de-
scribed in the l i t e r a t u r e (see, for instance Judge et a l . , 1980) and 
wi l l not be discussed here any fu r the r . In the case of s p a t i a l auto
co r r e l a t i on , a var iable in a given region, say region r , i s i n f lu -
enced by the same var iable in other regions from mult iple and d i f fe r 
ent d i rec t ions in current or previous per iods. Furthermore, there may 
be a reverse influence: the var iable in any other region may be in f lu -
enced by the var iable in region r in current or previous per iods . When 
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two different variables are influencing each other, one speaks of 

spatial cross-correlation. 

A well-known measure for spatial cross-correlation is the general-

ized Moran coëfficiënt for two variables y and x. This measure is 

based on the order of contiguity of adjacent regions. Following Hor

dijk (1974) this concept can be described as follows. Assume a coun

try, say A, partitioned into regions Ar, r=1 , 2, . . . R such that: 

R 
U A = A (4.8) 
1 r 

and: 

A n A ,= (j), V r, r ' , r * r» (4.9) 

Now any two regions of A are first-order contiguous if they have a 

common boundary of non-zero length. A region r of A is contiguous of 

k-th order (k>1) to a region r'of A (r '* r ) , if region r is f i rs t -

order contiguous to one of the regions of A, which is contiguous of 

order k-1 to r ' and is not already contiguous of an order less than k. 

Finally, a region is defined to be non-contiguous with itself. / 

The Moran coëfficiënt of contiguity order s and of time lag i, 

Mĵ (x,y) is defined as: 

R 

o r i l ( y r t" V (LjSxr t - t " V ï ' 
M (̂y, x)= R

 r 1 r > t £ R
 r > t % ü • (4.10) 

W r . t " V*»* {rll(xr, t - f V * ^ ; -

% = 0, 1, 2, . . . , T 
where Yv ,X, a n d xr t a r e t n e variables under consideration in 
region r at time t . Ls is the spatial lag operator which satisfies 
the condition that: 

1 wS . = 1 , Vr, s (4.12) 
r , i 

ieZ s,r 

Furthermore: 

H = RLrSl y r , t ( 4 - 1 3 ) 

and: 

R 

't R r=1 "r , t 

The Moran coëfficiënt of spatial auto-correlation (for one vari-

able y) can easily be determined by adjusting (4.10) accordingly. 

Furthermore, the Moran coëfficiënt can also be applied in a similar 

way to disturbance terms. 

*L - 3- I< X <. (4 .14) 
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More d e t a i l s on s p a t i a l cor re la t ion measures can be found in Cliff 
and Ord (1973), Martin and Oeppen (1975) and Hordijk and Nijkamp 
(1977). I t i s clear tha t for each var iab le , a Moran coëff iciënt can be 
calculated for each time lag and for each cont igui ty order, both for 
s p a t i a l au to-cor re la t ion and for s p a t i a l c ross -co r re l a t ion . Thus, a 
matrix of spa t i a l auto- and c ross -cor re la t ion coeff ic ients can be 
constructed (see Martin and Oeppen, 1975, and Hordijk and Nijkamp, 
1977). This matrix wi l l be denoted here by C. 

Cliff and Ord (1973) and Haggett et a l . (1973) derived the f i r s t two 

moments of M (y, y ) . They showed tha t i t i s asymptotlcally normally 
Af 

d i s t r i bu t ed under the hypothesis of no s p a t i a l au to -cor re la t ion . So, 
the hypothesis of the presence of spa t i a l au to-cor re la t ion ean be 
t e s t ed in a s t raightforward way. 

The development of a s imilar t e s t procedure for s p a t i a l c ross -cor re 
l a t i o n i s far from easy and therefore an a l t e r n a t i v e procedure i s 
proposed here which i s l e s s time consuming. In the present paper, t h i s 
procedure i s applied to s p a t i a l au to-cor re la t ion as well . Before 
describing t h i s procedure we remark that s p a t i a l cor re la t ion can be 
caused by var iables e x p l i c i t l y included in the model and/or by 
var iables represented by the disturbance term. The procedure only 
r e l a t e s to the former type,-and' can be described by means of the 
following s t eps : 
- Estimating the LISREL model without any spec i f i ca t ion for s p a t i a l 

auto- and c rosscor re la t ion . 
- Calculate the vector of rec iduals i with elements e r t» defined 
as:" •_ 

e «.- y* - y .. (4.15) 
r , t J r , t J r , t 

where 
y' ,_ i s the vector of observed values for the observable endogenous 

va r iab les , 
y i s the vector of LISREL estimates of the observable endogenous 

' va r iab les , based on the postulated model. 
The l a t t e r vector i s not given by the LISREL computer programme, but 
can be obtained as follows 

where ~ indiea tes LISREL es t imates . 
C! 

- Test the r e s idua l s for s p a t i a l au to-cor re la t ion by means of M ( e , e ) . 
If the hypothesis of s p a t i a l l y cor re la ted re s idua l s i s re jec ted for 
a l l time lags and a l l orders of cont igui ty , s p a t i a l cor re la t ion 
need not be considered any fur ther . Otherwise, the matrix of Moran 
coeff ic ients C i s ca lcula ted . 

- Variable i indicated by the element of l a rges t absolute value in the 
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matrix C, denoted as maxJM (e, e ) | i s provis ional ly incorporated in -

to the model as a s p a t i a l l y lagged var iab le of order s . 
- The extended model i s re-es t imated. If the coëff ic iënt of the spa

t i a l l y lagged var iable i s s ign i f i can t ly d i f ferent from zero t h i s 
var iable i s de f in i t e ly included in to the model. Otherwise the v a r i 
able indicated by the element with the next l a rge s t absolute value 
in C i s considered. 

- This search process stops when a coëff ic iënt of a s p a t i a l l y lagged 
var iable which i s s ign i f i can t ly d i f ferent from zero i s found or when 
the number of relevant var iables i s exhausted. 

- The model extended with the s p a t i a l l y lagged var iable i s r e - e s t i 
mated, i t s res idua l s are estimated, checked for s p a t i a l autocorre la-
t ion , and so on. 

If the procedure stops when the number of relevant var iables i s 
exhausted and if then the r e s idua l s are s t i l l s p a t i a l l y au to-cor re -
l a t ed , there i s necessar i ly s p a t i a l auto- or c ross -co r re l a t ion in the 
variables represented by the disturbance term. The l a t t e r phenomenon 
can be taken in to account by procedures described by Hordijk (1974), 
and Folmer and Nijkamp (1984) which imply transforraations of the data . 
These transformed observations may then be used t o re -es t imate the 
LISREL model. Three remarks are s t i l l in order here: F i r s t , the Moran 
coeff ic ients in the matrix C should only be calculated for var iables 
for which s p a t i a l cor re la t ion may hold from a t heo re t i c a l point of 
view in order to avoid a mechanical analys is and implausible s p a t i a l 
c o r r e l a t i o n s . Secondly, handling of s p a t i a l l y lagged var iables by 
means of LISREL models has ce r t a in advantages, which can be seen as 
follows. Suppose the j t h exogenous observable var iab le XJ i s 
s p a t i a l l y cor re la ted with y^ for several temporal and s p a t i a l l a g s . 
This kind of cor re la t ion can be deal t with by defining a new exogenous 
l a t e n t var iab le , say v n ' , r , t » o f which {LP» XJ > r }t-il^ a r e 

ind ica tors for the various combi nat i ons of p and il concerned. Thus, 
ins tead of using a bunch of va r iab les , one l a t e n t var iab le , 
represent ing the effects of the var iable under considerat ion in 
s p a t i a l uni ts of several orders of cont igui ty in several periods, i s 
used. I t i s obvious that t h i s may lead to a considerable reduction in 
m u l t i c o l l i n e a r i t y . When - on the basis of prior information or data 
analys is - the sequence {LPx r > t _- | , p = 1 , 2 , . . . , P ; 1=0 ,1 , . . . ,L} i s 
assumed to exhibi t s p a t i a l or temporal t r ans ien t features in i t s 
s t r u c t u r e , more than one l a t e n t exogenous var iable may be used (see 
Folmer and Van der Knaap, 1981, for the case of temporal t r a n s i e n t s ) . 
If Xj and Xft are indica tors of the same l a t e n t var iable and if 
both of them are s p a t i a l l y cor re la ted with y^, both sequences 
{LPxj-^p tx,-0 a n d tLP' Xj j P tt-0 can be used as indica tors of 
v n ' , r , t -
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An analogous approach can be used, if there i s evidence of spa t i a l 
auto- or c ross -cor re la t ion among endogenous observable va r iab les . In 
t h i s case, a new endogenous l a t en t var iab le , say umi r t» i-s ^e-
f ined. As the aim i s not to explain L^T r t in terms of the other 
variables in the model, i t i s a quasi-endogenous va r iab le , so tha t i t 
may be put equal to i t s disturbance in the s t r u c t u r a l model. The 
procedure j u s t described can be applied to a l l observable variables 
character ized by s p a t i a l co r re la t ion . 

As mentioned above, spa t i a l auto- and c ross -cor re la t ion in the va r i 
ables represented by the disturbances can be taken in to account by 
transforming the data. These methods can a lso be used to deal with 
spa t i a l au to-cor re la t ion in the measurement er rors of the exogenous 
va r i ab les . 

Thirdly, depending on primari ly i den t i f i c a t i on problems ' various 
methods can be applied to take temporal au tocorre la t ion in to account 
(see Folmer, 1986). In the case study presented below covariance 
analysis i s employed which i s a method for correct ing s t a t i s t i c a l l y 
for the ef fec ts of uncontrolled var iables (for t ime-speci f ie fea tures 
in the present case) . The uncontrolled var iables are general ly repre 
sented by dummy va r i ab le s . In case of model (2 .2 ) , t h i s means that 
dummy var iables are included in the vector of observables such tha t 

x.. . 
.J.,r,.t 

1 f o r p e r i o d t ' f l . 2 T (2.17) 
0 period s , s*t 

The use'of dummy var iables has certai.n. drawbacks (see Maddala, 197T)", 
but these can be "overcome by using ' r e a l ' information instead of dummy 
va r i ab l e s . In this . . case, a l a t e n t var iable represent lng re levant 
information with respect to the various periods under conslderat ion, 
has to be used (see Section 5 ) . Af t e r these corr-ections, the usual 
LISREL assumptions may be assumed to be f u l f i l l e d . I t should be noted 
tha t when the covariance-analysis approach i s used, the x var iab les 
should be t r ea t ed as fixed va r i ab les . This means that the condit ion-
al d i s t r i bu t i on of the endogenous var iables y i s analysed for given 

values of the x va r i ab les . In tha t case v = x, A- i s an I d e n t i t y 

matrix, and 0V i s the sample covariance matrix of the x va r i ab l e s . 
When the fixed variables option i s used, no l a t e n t v are poss ib le . 
When such l a t e n t variables are needed, they have to be specif ied as 
quasi-endogenous l a t en t variables ( i . e . , as endogenous variables which 
in the s t r u c t u r a l model are equal to t h e i r corresponding r e s i d u a l s ) . 

After t h i s treatment of LISREL models and i t s spatio-temporal fea
t u r e s , the formal measurement model of effects of economie policy wi l l 
be given in the next sec t ion . - ... ----- -• 
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5. Dutch Case Study: a p r i o r i Model St ructure 

We wi l l s t a r t t h i s sect ion with a discussion of the endogenous 
va r i ab les . As mentioned above, the purpose of Dutch regional i n d u s t r i -
a l i z a t i on policy was to s t imula te investments, both in buildings and 
in equipments. Therefore, a d i s t i n c t i o n wi l l be made in the model 
between investments in buildings (IB) and investments in equipment 
(IM). I t should be observed tha t i t would be des i rab le to d i s t inguish 
new investments, enlargements and replacements in the case of bui ld
ings, and new investments and replacements in the case of machinery. 
The main- reason for t h i s i s tha t the reac t ions of each kind t o the 
various policy and non-policy var iables may d i f f e r . The data, however, 
does not allow disaggregation along these l i n e s . 

As pointed out above, an adequate represen ta t ion of the i n t e r ac t i on 
between the regional economie system and regional policy requires the 
policy instruments to be endogenous. Therefore, the model contains a 
t h i r d endogenous var iable : regional i n d u s t r i a l i z a t i o n policy (RI) . 
This policy package i s made up of the observable instruments inves t 
ment premiums arrangement (IP) and f i s c a l accelerated depreciat ion 
(FA). 

Let us now turn to the explanatory var iables of both investment 
equations. As was pointed out above, one of the main requirements of 
measuring ef fec ts of policy i s to e s t ab l i sh to what extent the impact 
variables have been affected by policy and to what extent by autono-
mous developments. In order to meet t h i s requirement, both the r e l e 
vant policy var iables and the re levant non-policy var iables have to be 
included in the se t of explanatory var iables of each investment equa-
t i on . 

Concerning the f i r s t category, both current and lagged policy v a r i 
ables are included in each investment equation. This i s because the 
investments consis t of aggregates of both ' shor t - t e rm ' r e a l i z a t i o n s , 
affected by current pol icy, and ' long-term' r e a l i z a t i o n s , affected by 
lagged pol icy . At f i r s t ins tance , only one time lag wi l l be consider-
ed. I t i s obvious that the effect of regional i n d u s t r i a l i z a t i o n policy 
must be e i the r pos i t ive or zero. 

The following explanatory var iables of the non-policy kind are 
included in to the investment equations: 
- In each equation the dependent var iable lagged for one period i s 
included. This var iable i s incorporated because investments s t a r t e d up 
in a given period may be terminated in a following period, i . e . there 
may be some cont inui ty of investments through t ime. The sign of the 
effect of the lagged var iable i s uncer ta in . Because of the simple 
follow-up. nature one would expect a pos i t ive s ign . However, in s i t u a -
t ions where large investments in one period lead t o r e l a t i v e l y modest 
investments in the next period, or vice versa, a negative sign may 
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occur. 
- In each equation changes in current and lagged regional products 
(RP) are included. These variables provide information on the bas is of 
which expectations about the development of the regional eoonomy can 
be formed. I t i s well-known tha t these expectations play an important 
r o l e in investment decis ions . Both current and lagged var iables are 
considered in order to take the various degrees of i n e r t i a in to ac
count. The sign of the effect of t h i s var iable i s expected to be posi 
t i v e . I t should be noted tha t i t would have been more appropriate to 
use current and lagged sa les instead of current and lagged regional 
products. Unfortunately, data on t h i s var iable was not ava i l ab le . How-
ever, the variables sa les and regional product are usually highly 
cor re la ted . 
- According to locat ion theory the soc io-cu l tu ra l and the physical 
environment are important explanatory var iables with regard to inves t 
ments in bui ld ings . The l a t e n t var iable soc io -cu l tu ra l environment 
(SE) wi l l be operat ional ized by population density (PD) and degree of 
urbanization (DU). The sign of the soc io -cu l tu ra l environment i s 
expected to be pos i t ive . 

The only observable ind ica tors ava i lab le for the physical environ
ment are distance by road from the economie eentre of The Netherlands 
(the Randstad) (DR), and avaible s i t e s for i n d u s t r i a l a c t i v i t i e s in 
hectares (SH). Because each of these two var iables represents a qu i te 
different aspect of the physical environment, they wi l l not be com
bi néd. in to a s ing le l a t e n t var iable but wil l be separatel-y t r ea t ed as 
obs er va b les . , . On the basis of loca t ion theory the distance var iable i s 
expected to have a negative e f fec t . The a v a i l a b i l i t y of s i t e s for 
i ndus t r i a l locat ions i s l i ke ly to have a pos i t ive impact. 

I t should be observed that the four last-mentioned variables wil l be 
t r ea t ed as t ime-invariant background va r i ab les . For the var iable DR 
t h i s i s obvious. For the other var iables i t i s a consequence of the 
a v a i l a b i l i t y of -oné observation only. However, these var iables usually 
change s l i g h t l y , so that they may well be considered as t ime-invariant 
her e. 
- Changes in labour volume (LV) i s included in the"investments in ma-
chinery equation. The reason to inelude t h i s var iable i s that produc
t ion costs can usually be depressed by exchanging labour for c a p i t a l . 
For the same reason t h i s var iable i s expected to have a pos i t ive 
impact on investments in machines. 
- Investments in buildings i s - incorporated in to the investments i.n 
machinery equation. The sign of t h i s effect i s uncer ta in . On the one 
hand, one would expect a posi t ive sign because the new buildings have 
to be equipped as soon as possible af ter t h e i r eonstruct ion has been 
terminated. On the other hand, during £he„-process- of eonstruction 
there i s no need for investments in machinery for the new bui ld ings . 
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sign of t h i s var iable i s l i k e l y to be negat ive . 
- From a t heo re t i ca l point of view there i s no reason to take s p a t i a l 
cor re la t ion in to account in the policy equation. Regional policy or 
unemployraent in a given region i s usually no reason to in tens i fy 
regional policy in another region. 

The model described above wi l l be estimated in the next sec t lon . 

6. Dutch Case Study: Empirical Results 

The model presented below has been estimated on the basis of obser
vations on the eleven Dutch provinces (the s p a t i a l un i t s ) over an 
eight-years period (1973-1981). Because of the presence of one-year 
lagged variables the ul t imate number of observations for the time 
se r i e s i s equal to 7 and the t o t a l number of observations to 77. 

The observable variables have been measured as percent changes. As 
the endogenous observable var iables are not normally d i s t r i bu t ed the 
jackknife procedure has been used. Mosteller and Tukey (1977) and Gray 
and Schucany (1972) show tha t the standardized jackknife estimator 
follows the t - d i s t r i b u t i o n . 

Because a variant of the covariance analysis approach i s applied, 
the fixed variables option wi l l be used. Another reason for the use of 
t h i s option i s to keep the number of parameters to be estimated to a 
minimum because of the r e l a t i v e l y small number of observat ions. As 
nrentioned ^.bove, when in the case of the fixed-x option l a t en t exoge-•.-
nous variables are wanted, such as the soc ia l locat ion environment 
var iab le , they have to be specif ied as quasi-endogenous l a t e n t va r i -
ab les . 

As mentioned in the preceding sec t ions , spatio-temporal co r re l a t ion 
has to be considered in connection with the present data s e t . Let us 
f i r s t pay a t t en t i on to spa t i a l co r re l a t ion . The detect ion of spa t i a l 
cor re la t ion i s car r ied out by means of the procedure described in 
sect ion 3. F i r s t the model i s estimated without spec i f ica t ions for 
spa t i a l co r re l a t ion . Next the r e s idua l s are calculated and tes ted for 

spa t i a l au to-cor re la t ion by means of (4 .10) . The weights w . in (3.4) 
are choosen as: ' 

w r , i = " T T V r , s , l (6.1) 

^ s / 

where 6 i=1 if i e A s r > and <5i=0 i f i e A s r > with A s r as 
defined in (4 .11) . 



20 

The detect ion procedure resu l ted in the r e j ec t i on of the hyptohesis 
of s p a t i a l l y uncorrelated dis turbances . Therefore, the matrix of Moran 
coeff ic ients of spa t i a l auto- and c ross -co r re l a t ion was ca lcula ted . 
For the sake of brevi ty of the paper t h i s matrix i s omitted here . The 
l a rges t Moran coeff ic ients in absolute value turned out to be t h i r d -
order au to -cor r re la t ion for IB ( t ) , being equal to - .64 and the next 
l a rges t the th i rd-order au to-cor re la t ion for IM ( t ) , v i z . - . 5 6 . I t 
should be noted tha t in The Netherlands the peripheral problem regions 
in the North and in the South and the Western core regions are t h i r d -
order contiguous. Substant ia l differences in growth r a t e s of varlous 
economie va r i ab le s , including investments, are known to ex is t between 
these reg ions . 

Two new s p a t i a l au to-cor re la t ion var iables C(IB(t)) and C(IM(t)) 
corresponding to IB(t) and IM(t) , r e spec t ive ly , were added to the l i s t 
of va r i ab les . The new model, extended with C(IB(t)) and C(IM(t)) , was 
estimated. As wi l l be shown in (6.2) and (6 .3 ) , the coeff ic ients of 
these var iables were s ign i f i can t ly d i f ferent from zero. Therefore, 
these variables were included in to the model. The re s idua l s of the 
enlarged model were found to be s p a t i a l l y uncorre la ted . So, the search 
for s p a t i a l cor re la t ion was terminated. 

Temporal au to-cor re la t ion was also found to be present . I t was taken 
in to account by means of the var iable t o t a l nat ional investments (NI). 

The d i r e c t l y observable variables in the model are (the .sources of 
the var iables are given in the Appendix): 

IB : investments in bui ldings; 
IM : investments in machines; 
NI : t o t a l nat ional investments; 
IP : the prevai l ing percentage of investment premiums; 
FA : the prevai l ing percentage of accelerated f i s c a l depreciat ion; 
RP : regional product; 
PD : population density; 
DU : degree of urbanization; 
DR : r e l a t i v e distance from the Randstad; 
SH : r e l a t i v e a v a i l a b i l i t y of s i t e s for i ndus t r i a l a c t i v i t i e s ; 
LV : labour volume; 
UE : o f f i c i a l t o t a l unemployment percentage; 
C( ) : var iab le represent ing th i rd-order s p a t i a l co r re l a t ion . 

The l a t e n t var iables are: 
RI : regional i ndus t r i a l i z a t i on policy, raeasured in the sca le of 

investment procedures; 
SE : the soc io-cu l tu ra l environment, measured in the sca le of po

pulat ion densi ty . 
The most important estimation r e s u l t s are given in the equations 

(6 .2) - (6 .9) 
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The latent variables measurement models 

IP(t) = RI(t) + E^t) (6.2) 

R2 = .81 

FA(t) = 1.5 RKt) + E2(t) (6.3) 

(6.5) 

R2 = .69 

PD = SE + E3 (6.4) 

R2 = .93 

DU = 0.90 SE + E4 (6.5) 

(30.3) 
R2 = .90 

The structural model 

IB(T) = .01 RI(t) + .11 SE + .28 RP(t-1) + .85 IB(t-1) + 

(.04) (.34) (4.53) (3.27) (6.6) 

-.12 CIB(t) + .03 DS - .08 NI(t) + I-i(t) 

(-2.58) (.12) (-.51) 

R2= .89 

IM(t) = .04 IB(t) + .18 RP(t) + .24 RI(t-1) - .34 IB (t-1) + (6.7) 

(.23) (2.22) (1.02) (-1.76) 

.81 IM(t-1) - .10 LV(t) - .14 C(IM(t)) - .07 NI(t) + I2(t) 

(5.31) (-.68) (-2.02) (-.93) 

R2= .84 

RI(t) = .77 FA(t-1) + .51 IP(t-1) + .01 UE(t-1) + 

(3-68) (3-01) (.29) 

- .11 NI(t) + I3(t) (6.8) 

(2.53) 

R2= .92 
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effect on investments the employment effects wil l be considered. The 
r e s u l t s of t h i s sec t ion show tha t the second s tep i s superfluous. 

7. Conclusions 

The main eonclusion of t h i s paper i s that the IP has only s l i gh t 
pos i t ive ef fec ts on investments in buildings and in equipment. This 
eonclusion i s based on theo re t i ca l considerations and on the empirical 
r e s u l t s of various Dutch case s t u d i e s . As the IP i s the most important 
instrument of regional economie pollcy in many Western countries t h i s 
finding has far-reaching consequences for t h i s kind of pol icy. In t h i s 
connection we make the following suggestions for reconsidera t ion . 

F i r s t , i t may be worthwhile to reconsider the appl ica t ion of the IP 
in i t s present form. In p a r t i c u l a r , i t s use in terms of app l i cab i l i t y 
to expansions and new locat ions as well as to a l l kinds of sec tors 
might be rev ised . As argued above, the s p a t i a l d i s t r i bu t ion of invest
ments i s most l i ke ly and most e f fec t ive ly to be affected by new loca
t i o n s . Therefore, the IP should be aimed a t the loca t ion of sectors 
for which the locat ion conditions are favourable in the IP regions but 
which do not necessar i ly have t o loca t e t h e r e . The appl ica t ion of the 
IP to expansions should be replaced by e .g . favourable loans . 

Secondly, i t i s a well-known fact tha t many firms do not base t h e i r 
locat ion. decisions on extensive (own) examinations of the loca t ion 
conditions but merely follow so-ca l led "leading f i rms". Therefore, the 
IP should in pa r t i cu la r be or iented towards leading f i rms. In t h i s 
regard i t might be v i t a l to develop a more f l ex ib l e kind of IP than 
the present version. In p a r t i c u l a r , i t might be important to r ev i se 
the maximum' of the subsidies and various other conditions for spec ia l 
cases . For "followers" a reduction or even the abol i t ion of the IP 
might be considered. 

Thirdly, as the IP i s aimed at compensating negative loca t ion condi
t ions i t may a lso be important to improve the loca t ion conditions 
d i r e c t l y , e .g . by means of in f ra s t ruc tu ra l p ro j ec t s . Moreover, such 
projects of ten have subs tan t ia l employment effects (Folmer, 1986). 

Revision along these l ines might not only reduce the costs of the IP 
but also improve i t s e f f e c t i v i t y . 
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Appendix 

- The data on labour volume and regional product comes from Regionale 
Economische J a a r c i j f e r s , 1971 and 1973~1981, Centraal Bureau voor 
de S t a t i s t i e k ; Den Haag. 

Industry i s defined as the t o t a l of the sec tors 4 (food industry) to 
20 (remaining indus t ry ) . I t does not include mining and quarrying 
(sectors 2-3) and public u t i l i t y . 

The data for 1972, which i s not ava i l ab le , i s calcula ted as the 
unweighted average for 1971 and 1973. Because data for 1972 was not 
ava i lab le and had to be calculated as indica ted , only effects of 
policy for the period 1973~1976 have been est imated. 
- The data on investments in buildings and in machinery comes from 
S t a t i s t i e k van de Investeringen in Vaste Activa in de Nijverheid, 
1973-1978, Centraal Bureau voor de S t a t i s t i e k , Den Haag. 
- The data on investment premiums and f i s c a l accelerated depreciat ions 
i s derived from Folmer and Oosterhaven (1983). 
- The data on unemployment comes from Sociale Maandstatist iek, 1972-
1981, Centraal Bureau voor de S t a t i s t i e k , Den Haag. 
- The data on distance by road, s i t e s ava i lab le for i ndus t r i a l a c t i v i -
t i e s , population' density and degree of urbanization comes from Cen 
t r a a l Economisch Plan 1978, Centraal Planbureau, Den Haag. 
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