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SOME CHALLENGES FOR SPATIAL ECONOMETRICIANS

1. INTRODUCTION

Though before World War Il some seminal works on (theoretical) s
economics were published (see Paelinck and Nijkamp 1975, chapter 2),
upswing began in the fifties of last century. Only at their end economnr
proper was applied to that discipline, but early econometric exercises were
most classical type, relating only variables possessing the same regiona
An example is Thompson and Mattila 1959 (see the comments on this
in Paelinck and Klaassen 1979, p.6; for an unexpected result, see P
2012), Paelinck 1967 noticed there that such models were inad
to represent the correct spatial workings of the economy, which woulc
be reflected in the policy outcomes. To quote from that study, pp.57-58:

“...les résultats de I'économétrie régionale, telle qu’elle est sol
pratiquée, sont fortement affectés par la négligence de deux facteurs esse

- lalocalisation relative des régions faisant I'objet de I'étude;
- la localisation intra-régionale des activités sur lesquelles
'analyse.

De statigue et indifférenciée, I'économétrie doit devedimamique
et différenciép des modeles adaptés aaractere spécifigue de I'analy
régionaledoivent étre mis au point.”

The original French text was quoted here for its historical value, its tri
tion into English going as follows:

“...the results of regional econometrics, such as it is often practice
heavily affected by the neglect of two essential factors:

— the relative location of the regions under study;

— the intra-regional location of the activities subjected to the analysis.

From static and undifferentiated, econometrics should beatynamic
and differentiated; models adapted to #peecific nature of regional resear
should be developed.”

Distinguished Visiting Professor, George Masonugmsity, School of Public Policy, Arling
ton, VA, USA.
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One can reasonably ask the question why no attemtas being given to
activities that were known to be spatially entwin8dre, some stepping stoned
had already been laid down:

— time series analysis knew the notion of serialelation, in terms of the

stochastic terms or lagged variables;

— input-output analysis was starting to develop nmégional variants,
though typical topological variables were still abs.

— in studies of inter-regional and international moeats (inter-regional
migration or inter-zone commuting, internationalde) gravity models
were in use, which implied the use of certain distameasures.

The full answer to the question raised above liebably in the fact that the
bridge between spatial analysis and econometriopeprhad still to be built;
how progressively that has happened will now bernented on.

What was needed indeed was a complete integrafidineoretical spatial
economics and econometrics proper; this was whatti&l Econometrics”
(1979) intended to do. The initial vision on whpasal econometrics should be,
was already expressed in the General Address @thor to the Dutch Statisti-
cal Association, on the occasion of its Annual Megbn May 241974, held
at the city of Tilburg, The Netherlands.

The integration just mentioned was presented irfdhm of five principles
which are listed hereafter.

The first one was already introduced by the previconsiderations, to wit
spatial interdependence; the new focus howevertwaerive that interdepend-
ence from the workings of spatial economies, fetance spatial income genera-
tion (with spatial consumption propensities, tcelsémate; see: Paelinck and
Klaassen 1979, varii loci), or sectoral locatiooc@tional choices as a function
of expected profits, e.g.). Of course classical neawetric problems, such
as specification, dimensional homogeneity, iderdiibn, estimation, testing
should not be neglected, as they are covering eygulication of econometrics.

The second principle was that of spatial asymmeétrythe measures
of spatial interdependence; this immediately ingpli@ larger number
of parameters to be estimated in whatever spatiaha@metric model is set up
(for an nbexamOpole, see Paelinck and Klaassen, J7/918-126, where ur-
ban and non-urban regions have been distinguished spatialized consump-
tion model).

Principle three was called “allotropy”, from the 8k wordsaiiog and
Tomog, Meaning respectively “other” and “site”; it alesl to the influence
at a distance of exogenous variables, the Webé&@ation model being a per-
fect example of this.

Choice problems in space lead more than often tolinear solutions,
so this too should be reflected in our model sjtibns, especially if the mod-
el intends to picture ex-ante choices; this is dase of locational models (see
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e.g. the European FLEUR-model: Ancot and Paelir@®3), though resulting
ex-post behavior (for instance, transport flows)ldastill be treated linearly.

Finally, topological variables (locations, distascdensities,...) should not
be absent; it should be explicitly said here that¢hoice of an appropriate dis-
tance measure is a strategic moment in the moa@eifggation, too little atten-
tion being often given to the problems of metripdlogy involved.

As spatial econometrics about economics, much stress should be laid
on the specification of the underlying model, tiratfmoments of the distribu-
tions so to say (see Paelinck and Klaassen 197#%lusions to chapter 2,
pp. 42—-43); this is indeed one of the themes ofadiner developments.

Shortly afterwards a remarkable evolution took ela¢ articles, volumes
and special journal issues devoted to spatial enetracs took place, also in the
complementary field of spatial statistics (for refeces, see Griffith and Pae-
linck 2007 and 2009); Figure 1, taken from Paeli@fR9, presents the evolu-
tion of volumes and special journal issues oveyeds since 1979.

SBWIN|OA JO JaquinN

0 T
1 4 7 10 13 16 19 22 25 28

Time
Figure 1. Trend in spatial econometrics publication

Source: author’s investigation.

In next sections will be developed two importanaélidgnges that will con-
front spatial econometricians in the future, on @me hand specification and
multiple regimes, on the other spatial bias andnedion. Other problems will
be mentioned in the conclusions, references foligwi
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2. SPECIFICATION AND MULTIPLE REGIMES.

In theoretical and applied physics space-time nwotielve been classical
tools of investigation; it comes to mind to try aagpropriately apply some
of them to spatial econometrics. Those space-tiepgesentations have since
long been expressed in terms of partial differémcpations; considering only
one space variable, and time,t, a partial differential equation — abbreviated
as PDE — for some functiagx,t) is a relation of the form:

h(xt g g% gt gxx gxt git.) = C 1)

where, in generah is a given function of the independent variableandt, of
the still unknown functiorg, and of a finite humber of its partial derivatives
One well-known member of that family is the wave&iipn specified as:

f(xt) =a’f(xt) 2)

the double dot meaning the second time-derivataeedleration), the double
prime the second—derivative (curvature). Equation (2), as many otbees
commonly studied, especially in theoretical (nomtum) physics, is an ex-
pression ofocal interaction; but as in spatial economics, astiat matter, in
guantum physics, "non-locality” is the rule, to Bxgs spatial interaction, equa-
tion (2) should be generalized t:

F(xt) =a*[wxé) F(xHdf 3

where: w(x,§) is a so-called “spatial discount function”, itsngolution with
some variable representingatentialover a line (I, +l); so equation (3) should
be called a PPDE, @otentialized partiatifferential equation

To start with its study, Kaashoek and Paelinck 19996, 1998, 2001) an-
alyzed various aspects of PPDE's: two-dimensiopatia cases, the effects
of varying the potentializing function, and the gibdity of controlling the
space-time process, the latter problem resultiogn fthe fact that the realizations
of the process happen to bkaotig but, being generated from “exact” equa-
tions, they belong to the family of so-called “eikahaotic processes.

Figure 2 hereafter pictures one such process tiikemKaashoek and Pae-
linck 1998. One will notice the presence of shapgdks" which have been
dubbed "pseudo-solitons”, as genuine solitons rafadt infinitely dense local
peaks (Dirac functions), but pseudo-solitons. tike true ones, can travel over
space, as figure 2 clearly shows.
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Figure 2. Realization of a PPDE

Source: co-author’s simulation.
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Figure 3. Simulation of a PPFDE

Source: author’s simulation.
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One now has to rewrite equation (3) in a finitefetgnce specification,
which results in:

N7 (%) = a® w(x EB? F(%4) @

the summation depending on the spatial interagimtess selected. Figure 3
hereafter reproduces a simulation of an estimagsidmodel over 62 time-units;
the graph has again all the characteristics ofrei@u and illustrates the fact that
potentialized processes can produce very compliggrpa (Paelinck 2000a).

Model (4) has been applied to the most populatgmnen France after lle-
de-France, the Rhéne-Alpes region (Coutrot, PaeliRaitter and Sallez 2010);
it has been used to analyze the development of letlys-based industries
by means of employment in activities close to tbhecept of knowledge-based
industries over 3 periods in 39 towns of Rhéne-A]pe

The model was first applied to all 39 regional snggether, but as simula-
tions suggested, there is evidence for the existehat least two regimes (Grif-
fith and Paelinck 2011, Chapter 13); the equatiobe estimated is then the fol-
lowing:

A*In(ng,) =A(aIn(n,) +0AIn(n,+ aln( n))

+ (1-A)@*AIn(n,) +b*AIn(n) + ¢ An(n), ©

the A-s being binary switching variables, one more ins¢aof non-convexity,
typical of spatial economic analysis; the model besn estimated by minimiz-
ing absolute discrepancies to neutralize outlieus,given the result below, any
estimator would have done. The result is indeedarkable from different
points of view, as table 1 show& referring to model (4), anB to model (5);
note thatA has been computed from natural valug$rom natural logarithms.
First, the regimes are each other's reverse instafrsigns; second, the fit is
almost an interpolation, so all coefficients shdoédsignificant, and, as said, the
estimation method problem could be side-steppedarieable being also the fact
that this happened for a double second-order difieg specification.

Apart from these theoretical-econometric considanat the empirical con-
tent of the results should be viewed; there is e@nglievidence to add robust-
ness to the conclusions, as the B-class of tabielddes the three main activity
centers of the region, to wit Lyons, Grenoble aathSEtienne, which moreo-
ver have a positive constant, so positive autonaiacceleration”.
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Table 1. Two regression results

Parameters A B
A —0.0041 0.012176
B —0.0049 0.007219
c 0.0002 —0.001544
a* - —0.005856
b* - —0.000270
c* - 0.000829

(Pseudo-)R 0.5156 0.9990

Source: author’'s computations.

The conclusion should be, first that partial diéiece models do seem to be
a very suitable tool to analyze large sets of sditial units, but second, and
most important, that some of the larger units caimalbe in a different way from
the bulge of the set; the latter fact is one of i@y instances of multiple re-
gimes, characteristic of spatial econometric peacti

3. SPATIAL BIASAND ESTIMATION

The starting point is Paelinck 2000b, where theated MAUP (Modifia-
ble Spatial Unit Problem) is taken up from an ecoetric point of view, to wit
the aggregation problem. That study (see pp. 188-4farts with the simplify-
ing assumption that complete spatial homogeneitgrésent, the latter being
defined by the identity of all reaction parametansl exogenous variables, but
over them a spatial unit specific bias would artbe. following example illus-
trates this point.

Suppose detailed underlying data — of an additateine — are located next
to each other on a circle or a torus; assume thigitfivsst- and second-order con-
tiguities are relevant. For underlying micro-regidand4, the linear equation
then is as follows, with only one exogenous vagdi#ing taken into account

ys=ax+b( %+ x)+ d x+ x)+ ¢ (6)
and
y,=ax, +b(x+ x)+ ¢ x+ x)+ « (7

Accordingly, the meso-regional equation becometgr afggregation over
the two meso-regions:

y, =(a+b) x+(05b+ 9 x+ %)+ 2c (8)
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The second term on the right hand side of equg&rwould have to be
changed if inequality of the exogenous variablepresent (i.e., the factor®
would have to be replaced byi{xs)/(x;*+X 3*)), hence a generally present area-
specific bias.

Table 2: Linear regression parameters

Parameters Values F- and t-values
R’ 0.9968 386.7782
x*-intrareg. 1.6249 16.7149
Z*-intrareg. 0.0524 0.5232
x*-contig. 0.3942 4.5931
z*-contig. —0.4923 — 4.6871

Source: author’'s computations.

This result gives a clue to how to specify a pdeditias correction, leading
up to a model in which the endogenous variablersected (details in Griffith
and Paelinck 2011, chapter 18). Table 2. summatieesesults obtained. These
regression results do not invalidate the assumgpiiat spatial homogeneity
is present after correction; however the sample taasmall to test that model
against an alternative, e.g. a min-algebraic madéth would have 10 parame-
ters so further investigation with larger empirisamples is in order.

It appears that filtering for spatial bias can ean underlying simple in-
terregional model, so the hint is that bias is oesgble for part of the specifica-
tion complexity needed to represent the data; fistdomplexity is also affected
by spatial heterogeneity, so complexity in spagi@dnometrics has a double di-
mension.

A last point to be made is that we again adviseiapscientists to start an
exercise in spatial econometric modeling with a plexity analysis of the data.
Obvious candidates for simple exogenous varialblegreir space-time coordi-
nates. An example can be found in Getis and P&e004, in which regional
product data for the Netherlands are analyzed. Aehspecification implies the
choice of exogenous variables, and possibly endageones in interdependent
models or lagged endogenous variables in dynamidetaoso that they too
should be implied in a complexity approach.

4. CONCLUSIONS

Other openings have already been encountered: amegstimators, hybrid
identification, non-convexities. So, empirical wak spatial econometric mod-
eling reveals nearly every time a problem spetdfithat discipline; no doubt the
future will bring along new challenges to be fagedrder to obtain a better
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understanding of the workings of spatial economigag. also new insights are
available, that could improve spatial econometrarky such as isomorphisms
and hybrid dynamical systems, but those topics stite being worked on,
so only a mention of it will be made here.
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SOME CHALLENGESFOR SPATIAL ECONOMETRICIANS

After in 1979 (Paelinck and Klaassen) were isoldieg principles that should guide spatial
econometric modeling, this paper takes up somdestgis derived from recent research on esti-
mation, identification, multiple regimes, non-corities, spatial bias and specification.

PEWNE WYZWANIA WYNIKAJACE Z MODELOWNIA DANYCH
PRZESTRZENNYCH

W publikacji Pealincka oraz Klassena a#omo pie¢ zasad modelowania danych przestrzen-
nych. Niniejsze opracowanie stanowi charakterystygewnych wyzna wynikajacych
z aktualnych badadotyczicych estymaciji oraz specyfikacji przestrzennych atiodkonome-
trycznych.





