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In this paper observed migration flows between administrative districts in Slovakia
during the 1984-1995 period are used to test a set of 13 alternative spatial
interactions models. The results obtained indicate that the doubly constrained
spatial interaction models with the power or Tanner distance functions provide the
best reproduction of observed flows, but the overall performance level of all the
models tested is not salistactory. In order to improve the overall model fit, the
doubly constrained spatial interaction model with zone-specific distance decay
paramelers is examined in some detail. Both origin- and destination-specific
parameter versions of the model are calibrated and the spatial variation in the
propensity to migrate over distance is analysed. It is shown that the variation is
very little in space and stable in time.
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INTRODUCTION

Spatial interaction models have played an important role in urban and regional
analysis. They are used to predict spatial choices reflected in flows of people, goods
or information between origins and destinations at a varety of different spatial
scales. The theoretical framework of spatial interaction modelling was established
over thirty years ago by British geographer A. G. Wilson (1967). Since his derivation
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of a family of spatial interaction models using entropy-maximizing techniques, there
has been a large volume of applications of this modelling approach in various fields
of human geography and regional science. Population migration represents a classic
form of spatial interaction with a very long history of investigation through the use of
mathematical models. It is not surprising, therefore, that applications of spatial inter-
action models in migration studies are numerous. Examples can be found in Stillwell
(1978, 1986, 1991), Plane (1982, 1984), Tobler (1983), Willekens (1983), Ledent
(1985), Fotheringham (1986), Ishikawa (1987), Pooler (1987, 1993), Duley and Rees
(1991), Rees (1994) and Sandraps (1995).

In Slovak geographical literature several interesting attempts have been made to
contribute to the spatial interaction theme. A series of papers written by Paulov
(1991, 1993, 1996) is noteworthy in this respect. Despite the considerable interest in
the theoretical properties of spatial interaction models, little attention has been given
to the empirical testing and validation of various models in the Slovak context. A
partial exception is the paper by Paulov and Pold¢ik (1979) in which four spatial
interaction models were fitted to data on migration between ten administrative re-
gions of former Czechoslovakia.

This paper is intended to demonstrate the application of spatial interaction models
for exploring interregional migration in Slovakia. Using data on migration flows
between 36 old administrative districts for the 1984-95 period, 13 alternative spatial
interaction models are calibrated and compared in terms of their ability to replicate
observed data. Particular attention is given to parameter estimates that can provide
insights into the migration system under investigation.

The next section of the paper describes a set of spatial interaction models selected
for application. After this, the data set and regional units used in the analysis are
briefly discussed. In the following section the results of model calibrations are pre-
sented and their empirical implications are examined. The last section contains some
tentative conclusions.

SPATIAL INTERACTION MODELS

The theoretical basis for the family of spatial interaction models and their deriva-
tion using entropy-maximizing techniques are well known (cf. Wilson 1967, 1970;
Fotheringham and O’Kelly 1989, pp. 15-31; Paulov 1993, pp. 37-44). For this reason
only some brief comments on the models selected will be given and discussion will
be centred around model equations, calibration procedures and goodness-of-fit statis-
tics.

Following Stillwell (1991), the general form of the spatial interaction model in a
migration context can be expressed verbally as follows:

Migration from region i to region j = Scaling constant or Balancing factors
x Origin outmigration or Propulsiveness factor
x Destination inmigration or Attractiveness factor

x Distance function [1]

Different versions of the model are then defined according to the information that
is known about migration over some given period of time. The scaling constant or
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balancing factors operate to ensure that migration flow predictions are consistent
with known information.

The basic spatial interaction model is derived for the situation where migration
flows are constrained to known origin region outmigration totals and known destina-
tion region inmigration totals. This so-called doubly constrained spatial interaction
mode! has the form

Mij= Ai B O;i Dj exp(-Bcij) (2]

where M;; is the number of migrations from origin region i to destination region j, O;
is the total outmigration from region i, D; is the total inmigration to region j, ¢;j is the
distance between regions i and j, and p is a distance decay parameter representing the
{rictional effect of distance on migration or the propensity to migrate over distance.
A high parameter value indicates that distance has a stronger frictional effect on
migration, whereas a low parameter value suggests that migrants are less affected by
the distance over which they move. Note that the subscripts i and j in equation [2]
vary from 1 to n, where n is the number of regions considered.

The other terms on the right-hand side of the equation [2] are the balancing
factors defined as

Aj= z Bj Djexp(-Bcij) [3]
J=1

n
Bj= Z Ai Oiexp(—Peij) [4]

i=1

which are introduced to ensure that the following constraints on total outmigration
and inmigration are satisfied

0i= 3, Mj [5]
= |

=

Dj= 3, Mj. 6]

In addition, a migration length constraint is imposed on the migrations. This con-
straint has the form

" n

Y Y Mjcj=C (7]

=1 j=1

and requires that the model reproduces some observed total migration length, C.
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Other members of the spatial interaction model family can be derived by using
appropriate combinations of the constraints (5], [6] and [7] or by modifying some of
them (Wilson 1971). If data are available only on outmigration from each origin
region, then the constraint [6] must be dropped. In this situation the so-called produc-
tion constrained spatial interaction model 1s formulated, in which the unknown total
Dj is replaced by a term W, representing the attractiveness of the destination region j
as a recipient of inmigrations. Alternatively, if data are available only on inmigration
1o each destination region, then the constraint [5] is dropped and the attraction
constrained spatial interaction model is formulated. In this model the unknown total
0O is replaced by a term V; representing the propulsiveness of the origin region i as a
generator of outmigrations. These two models are usually referred to as singly con-
strained spatial interaction models. Furthermore, the modification of the migration
length constraint [7] can lead to the spatial interaction models with different distance
functions. For example, if ¢ is replaced by In ¢j; in the equation [7], then the
negative exponential function, exp(-pcij), is replaced by the negative power func-
tion, cjiP.

In this paper thirteen spatial interaction models were selected in order to compare
the levels of performance which they achieve. The models are denoted by Roman

numerals I to XIII and their equations (including ones for the balancing factors) are
given in Table 1.

Model I is the basic production constrained spatial interaction model. Model 1T is
similar to model I but an additional parameter, o, is attached to variable W; to
represent some measure of how the destination attractiveness varies. Models III and
IV are two other versions of the production constrained spatial interaction model in
which the exponential distance function was replaced by the power function. Model
11 is related to model I and model IV to model II. Exactly the same principle of
model specification was applied to produce four attraction constrained spatial inter-
action models denoted by numerals V to VIII. Note that an additional parameter, u,
representing some measure of the origin propulsiveness variation is now attached to
variable V; in both models VI and VIII.

Several doubly constrained spatial interaction models were also examined. Model
IX is the basic doubly constrained spatial interaction model with the negative expo-
nential distance function. Two other versions of this model were produced by replac-
ing the exponential distance function by the power distance function (model X) or
Tanner distance function (model XI).

As the last alternative, the doubly constrained spatial interaction model with
zone-specific distance decay parameters can be investigated. The reason is that the
distance decay parameters associated with the above described models are repre-
sentative of the whole matrix of interregional migration flows. In this respect models
I to XI have generalized interregional parameters indicating the overall propensity o
migrate over distance. It is clear, however, that the propensity (o migrate is likely to
vary spatially. According to Stillwell (1978), the extent of this variation can be
identified by the use of spatial interaction models which incorporate zone-specific
decay parameters. In this study both origin-specific (model XII) and destination-spe-
cific (model X1II) parameter versions of model X were utilized.
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The process of assigning optimal values to model parameters is generally known
as calibration. A variety of alternative methods exists for calibrating spatial interac-
tion models (cf. Batty and Mackie 1972, Openshaw 1976, Baxter 1983, Sen 1986,
Fotheringham and O’Kelly 1989, pp. 43-65). The most commonly used method of
calibration is maximum likelihood estimation. This method is based on finding the
maximum of a likelihood function which expresses the probability of different pa-
rameter values producing an observed result. In general, the calibration problem is
reduced to a problem involving the solution of as many maximum-likelihood equa-
tions as there are unknown parameters. For purposes of this study a special program
based on the Newton-Raphson iterative routine for solving systems of non-linear
equations was written in Visual Basic 6.0 and used for calibrating all spatial interac-
tion models considered.

To complete this discussion, it should be noted that a modified calibration proce-
dure, described by Stillwell (1978, 1991), was employed for calibrating the models
X1I and XIII with zone-specific parameters. The procedure consists of three different
stages. In the first stage, a generalized distance decay parameter is determined by the
Newton-Raphson routine. The second stage involves repeating the same procedure
for each origin or destination region using generalized parameter as a starting value
and the balancing factors defined in the first stage. Thus, a zone-specific parameter is
determined in each case, which satisfies its corresponding zonal mean-migration-
length convergence criterion. In the final stage the balancing factors and model
equation are recalculated with the complete set of optimum zone-specific parameters
in order to ensure that the overall constraints are satisfied. Exactly the same proce-
dure is used to calibrate both origin- and destination-specific parameters, but in the
case of the latter the original migration matrix has to be transposed and the row and
columns totals exchanged.

The ability of the models considered to replicate the pattern of observed migra-
tions can be assessed in a number of different ways. In this study three goodness-of-
fit statistics were used to measure the degree of agreement between observed M;; and
predicted Af; migrations. The first of them, the Standardized Root Mean Square
Error (SRMSE) is defined as

= 1/2
n n | n n

SRMSE = | 3 S (My=Mip2 1 (% = n) J 12X Myt (- my|  [8]

i=1 j=1 i=1 j=1

The statistic has a lower limit of zero indicating perfectly accurate predictions but its
upper limit is variable and depends on the distribution of the observed migrations,
although in practice it is often 1.0. The Index Of Dissimilarity (I0D) measures the
percentage of the total number of the predicted migrations that would have to be
reallocated between regions to replicate exactly the matrix of the observed migra-
tions. It is calculated as

I0D = 50/M Y, 3 | M- 1{\4@'| 9]

i=1 j=1

where M is the total number of migrations. The statistic has a minimum of zero when



Tab. 1. Spatial interaction models used in the analysis
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Tab. 1. (continued)
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Xl M;j= A;iBj 0i Djcjj” exp(-Bcij)

X11

M{j: Aj Bj Oi DJ C“j'ff

XUl M= A; B O; Djcj

Ai=

Ai=

Bj=

n

i=1

n
> BjDjci"
j=1

H
Z Ai O C;‘]‘T

i=1

=

|_1'=1

n
Y, BjDjcj"
=1

n
Z Ai O; CE;'T"

=1

n
Y, BjDjcjV
=1

n
Z A; O CFJ'T"

i=1

S A;i Oiexp(~Bci)

: 1-1

) 1-1

1-1

n
D, BjDjci" exp(~Bci)

Z Ai Oi cij" exp(-Bcij)

~




22

predictions are perfect and a maximum of 100 in the reverse case. The final statistic
1s the coefficient of determination (R“) measuring the proportion of total variation in
the matrix of observed migrations which is statistically explained by the matrix of
predicted migrations. The statistic R* ranges between 0 and 1. Zero indicates no
correspondence between the observed and projected migrations, one indicates perfect
correspondence. A detailed discussion of various statistics for comparing observed
and predicted spatial interaction matrices can be found in Knudsen and Fotheringham
(1986).

DATA

The spatial interaction models presented in the preceding section were fitted to
data on migrations between the old administrative districts in Slovakia over the
1984-95 period. The primary data used in this study are the data on the total number
of persons leaving a given administrative district for another district, which are
reported annually by the Statistical Office of the Slovak Republic. Note that these
data are counts of moves rather than of transitions. If a person makes several moves
across district boundaries during a given year, it appears in the data set as many times
as the person moves. In order to facilitate comparisons among districts, each of the
two urban districts of Bratislava and Kogice was amalgamated with its rural counter-
part into one metropolitan district, so that the number of districts used in the analysis
was reduced from thirty-eight to thirty-six. The 36 district system is shown in
Figure 1.

.1 . " ‘-‘,ﬁ”‘ Cl"v-\_ - . L
STARA W, 7

-~ LUBOVNA BARDE SOV G VIENIK L_
'\.;\‘
LIPTOVSKY MIKULAS PRESOV  { wRAROY HUMENNE

o swisxa roP Lol "

RGN NOWA VES
!'J BANSKA BYSTRICA

oz

[ sEwmca AOZRAVA KOSICE

TOPOLCANY

ZIAR NAD 3 [
! Y TREBISOV
{ HACNOM RIMBVSKA b
L 208BOTA 3 i
L. srarisLav o
\5 -~
~ ¥4
I a 2 40 km
.- -

Fig. 1. The 36 district system used for the analysis of interregional migration flows,

For purposes of this paper, the annual data were consolidated into four three-year
sets covering the periods 1984-86, 1987-89, 1990-92, and 1993-95. The correspond-
ing matrices of interregional flows, each reflecting an annual average over these four
periods, were used in the analysis. The main reason here was one of avoiding the
problems of sparse matrices which arise with data for single-year migration flows
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between districts. In all cases migration within districts was ignored since the empha-
sis of the model calibration was on exploring interregional migration. Consequently,
all diagonal elements in the migration matrices were set to zero.

Distances between districts were measured as the road distances between the
district centres. Corresponding values expressed in kilometres were taken from the
military road atlas (Kontra 1995). Finally, the population of the district at the begin-
ning of each three-year period was used as the sole measure of both origin propul-
siveness and destination attractiveness. All data used were obtained from the records
of the current registration of population, as reported by the Statistical Office of the
Slovak Republic.

RESULTS

Spatial interaction models with generalized distance decay parameters

The first eleven spatial interaction models with generalized distance decay pa-
rameters were calibrated using data for all the four periods considered. The results of
the calibration for the 1993-95 period are summarized in Table 2 which contains the
parameter values obtained for each model and the corresponding values of all three
goodness-of-fit statistics. Of these indicators the IOD is the more readily interpret-
able in terms of overall model performance. As shown, its magnitude varies in the
range from 16.8 to 25.8 %. This means that approximately a fifth to quarter of the
predicted migrations was misallocated by the spatial interaction models calibrated.
The values of the SRMSE are also relatvely large and in the case of model I the
SRMSE is even greater than 1.0 indicating that the average error is greater than the
mean observed flow. Moreover, the coefficient of determination reaches the value of
0.8 only in two cases. These results clearly suggest that the degree of correspondence
between the predicted and observed migrations is not very high and substantial errors
occur in medel predictions.

Tab. 2. Parameters and goodness-of-fit statistics for spatial interaction models
fitted to migration data for the 1993-95 period

2

Model Parameler 10D SRMSE R~
H o Y p

I . . ) 0.0105 25.8 1.006 0.725
II ; 1.249 . 0.0105 25.0 0.997 0.726
11 . : 1.350 3 208 0.931 0.761
v ; 1.267  1.367 ) 19.9 0.926 0.771
v : : ; 0.0105 24.1 0.953 0.751
VI 1.035 ; 5 0.0105 24.1 0.953 0.752
VII ) . 1.370 ) 19.0 0.879 0.798
VIII 1.045 ’ 1.372 : 18.9 0.880 0.799
IX . . . 0.0109 229 0.907 0.776
X . ) 1.450 17.0 0.726 0.861

xI ; : 1.756  -0.0027 16.8 0.727 0.860
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As can be seen from Table 2, the doubly constrained spatial interaction models
with the complete system of constraints are, in general, more accurate in replicating
migrations than both types of the singly constrained spatial interaction models. In
addition, the predictions based on the attraction constrained models V-VIII are
slightly more accurate than those generated by the corresponding production con-
strained models I-[V. A possible reason for the superior performance of the attraction
constrained models is that the population size of a district is probably a more ade-
quate measure of propulsiveness than of attractiveness. As pointed out by Fothering-
ham and O Kelly (1989, p. 58), many other social, cultural and economic variables
determine the attractiveness of a region for migration. Such variables do not seem to
be as important in determining the number of people leaving particular regions.

Another interesting point is that modifications of the singly constrained spatial
interaction models by introducing some additional parameters, attached to variables
Vi or W, are relevant only in the case of the production constrained spatial interaction
models, where they moderately improve the model performance. Remember that
population size was used as composite measure to represent the attractiveness of the
destination region as a recipient of inmigrations. Consequently, the values of 1.249
and 1267 attached to the variable W in models II and IV respectively indicate
increasing inmigration rates for districts with larger populations. On the contrary, the
addition of the parameter p to the attraction constrained spatial interaction models
adds little or nothing to the performance level of the models. These results again
confirm the above mentioned assumption that destination attractiveness appears to be
a more complicated migration characteristic than origin propulsiveness.

As regards the form of the distance function utilized, it is evident that the negative
power function provides in any case a better performance than the negative exponen-
tial function. From the behavioural point of view it means that the migrants perceive
the distance logarithmically in evaluating alternative destination choices (cf. Wilson
1970, p. 35). Furthermore, it is clear that the use of Tanner distance function in the
doubly constrained spatial interaction model does not bring any significant effect in
comparison with the negative power distance function. In addition, it should be noted
that the interpretation of two parameters in Tanner function is not obvious (see the
sign of the parameter ). Consequently, the doubly constrained spatial interaction
model X with the negative power distance function is preferred as the most accurate
model for replicating the observed migrations between Slovak districts. For this
reason much of the subsequent discussion will be devoted to this type of spatial
interaction model.

The most general way of identifying the sources of error in model predictions is
to compare observed and predicted migration totals for different distance categories.
In Table 3 the predicted totals were computed using the doubly constrained spatial
interaction model with the power function. Data from this table clearly show that the
model underpredicts both the number of short distance (1 - 100 kilometres) and long
distance (greater than 250 kilometres) migrations, whereas medium-distance migra-
tions (101 - 250 kilometres) are overpredicted. Note that similar patterns of under-
and overprediction were generated also by two other doubly constrained spatial
interaction models (models IX and XI) but the differences between the observed and
predicted migration totals were substantially larger in the case of the model with the
exponential distance function.
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Tab. 3. Observed and predicted migration totals according to distance moved,

1993-95
Distance of move Observed Predicted by model X
(in kilometres) total number  percentage lotal number  percentage
1-50 24136 26.80 22674 25.18
51-100 34501 38.31 34385 38.18
101-150 11777 13.08 14290 15.87
151-200 7067 7.85 7548 8.38
201-250 4750 5.27 4792 532
251-300 2447 272 2288 254
301-350 2157 2.39 1904 2.11
351-400 1062 1.18 845 0.94
401-450 1733 1.92 1113 1.24
451-500 433 048 224 0.25

The last problem to be discussed is the question: how do the calibration results
change in time? In brief, when the results for the 1993-95 period are compared with
those obtained for the other three periods considered, the above mentioned general-
izations are fully confirmed. Nevertheless, the selected results of the calibration of
the doubly constrained spatial interaction model with the power distance function
and some other data of interest are presented in Table 4. The second column contains
the total number of migrations between districts in the given time interval. As shown,
this total was steady declining throughout the whole period under investigation. The
third and fourth columns contain the overall mean length of migration (measured in
kilometres), c, and the distance decay parameter, y, respectively. It can be seen that
with the exception of the 1987-89 period the mean length of migration has increased
over time. As expected, the value of parameter y shows a pattern of decline as the
mean migration length increases. These results indicate that in Slovakia over the
period under investigation, at the interdistrict scale, and on the average, fewer and
fewer persons are migrating over greater and greater distances. In spite of all these
changes the performance of the model remains rather stabilized, as indicated by all
three goodness-of-fit statistics.

Tab. 4. The results of the calibration of model X for the four periods investigated

Period Total number c ¥ IOD  SRMSE R®
of migrations

1984-86 122 725 103.4 1.5315 16.6 0.703 0.886

1987-89 114 008 102.1 1.5402 169 0.720 0.869

1990-92 103 407 103.8 1.5075 16.7 0.717 0.865

1993-95 90 063 107.0 1.4501 17.0 0.726 0.861




26

Spatial interaction models with zone-specific distance decay parameters

The distance decay parameters calibrated in the previous section are generalized
interregional parameters indicating the overall propensity to migrate over distance. It
is clear, however, that the propensity to migrate over distance is likely to vary
spatially so that each generalized parameter value can mask spatial variation that may
occur between different origins or destinations. As already noted, the extent of this
variation can be identified by the calibration of spatial interaction models which
incorporate zone-specific decay parameters. The second reason for the use of the
zone-specific parameters is that this form of parameter disaggregation can improve
the overall performance of the model.

Table 5 contains the calibration results for three alternative versions of the doubly
constrained spatial interaction model with the power distance function fitted to data
for the 1993-95 period. The values of three goodness-of-fit statistics for both origin-
and destination-specific parameter calibration are presented and compared with those
for the generalized parameter calibration of the same model. As shown, the overall
percentage of migrations misallocated by the model falls from 17.0 0 15.3 when
origin-specific parameters are introduced, and to 14.0 when destination-specific pa-
rameters are utilized. A similar pattern of change in two other statistics can be
observed. The SRMSE falls from 0.726 to 0.579, whereas the R? coefficient rises
from 0.861 to 0.908. Thus, it is obvious that introduction of the zone-specific pa-
rameters improves the model performance, particularly when the destination-specific
parameter calibration is used.

Tab. 5. Goodness-of-fit-statistics associated with alternative doubly constrained
spatial interaction models, 1993-95

Model Distance decay parameter(s) IDO SRMSE R?

X generalized 17.0 0.726 0.861
X1l origin-specific 153 0.644 0.888
X1 destination-specific 14.0 0.579 0.908

Regional variation in origin-specific parameter values is shown in Figure 2. The
values range from 1.16 for the district of Tmava to 2.31 for the district of Komarno,
with the mean value of 1.55. The variation is very small, the coefficient of variation
being only 18.3 %. It is not surprising to find that outmigrations from some periph-
eral districts (for example, the districts of Komarmo, Nové Zamky, Levice, Velky
Krti§, Stard Luboviia and Cadca) are associated with high parameter values indicat-
ing low propensity to migrate over distance, whereas outmigrations from some cen-
tralized districts with low parameter values are less impeded by the distance moved.
In fact, the pattern of variation in parameter values is rather less predictable. It is
worth mentioning, for instance, that outmigrants from the majority of the East-Slo-
vak districts appear to be unaffected by the distance over which they move, whereas
outmigrations from some more accessible West-Slovak districts (for example, the
districts of Trencin and Topoltany) have relatively high parameter values. Note also



Fig. 2. Spatial variation of the origin-specific distance decay parameters, 1993-95.

that of the eight districts associated with the lowest parameter values, only the dis-
tricts of Bansk4 Bystrica and Zvolen can be characterized as ones with the "central”
location.

A similar pattern of regional variation is displayed in Figure 3, which depicts the
set of parameter values resulting from the destination-specific parameter calibration
of the model. The parameter values vary from 1.07 (the district of Trnava again) to
2 41 (the district of Stard Luboviia) with the mean value of 1.58 and the coefficient
of variation of 21.2 %. The close similarity of Figures 2 and 3 is confirmed by the
correlation coefficient of 0.931, indicating a high degree of association between
origin and destination parameter sets. The destination parameter values are again

2,

r/, ' T ‘-
Ly




28

higher for some peripheral districts located along both the northern and especially the
southern boundary of Slovakia. But the same is true, surprisingly, also for the four
West-Slovak districts of Tren¢in, Topol¢any, PovaZské Bystrica and Prievidza with a
good accessibility level. On the contrary, inmigrants to the majority of the districts in
the eastern part of Slovakia are characterized again by a high propensity to migrate
over distance. On the other side, the districts with the low parameter values are
scattered over the whole country. It is interesting, however, that the lowest parameter
values are associated with the districts centred on the largest Slovak cities (namely,
the districts of Bratislava, Trnava, Martin, Banskd Bystrica, Poprad, KoSice and
Presov), which appear to attract inmigrants who tend to be less affected than most by
the distance moved.

As indicated in Figures 2 and 3, the pattern of variation in both origin- and
destination-specific parameter values is so complex that it cannot be explained only
by the influences of relative location or accessibility of the districts. Obviously many
other factors can play significant roles in this respect. Two of them have been
mentioned: first, the "size” of the district measured by the population of its centre,
and second, the high propensity to migrate associated with migrants from or to the
East-Slovak districts. In addition, it is worth commenting the high parameter values
for the districts in southern part of Slovakia with the mixed ethnic structure of the
population. These values can be probably explained by the low propensity of the
Hungarian subpopulation to migrate over long distances. Evidently further investiga-
tion of the spatial variation in specific parameter values is needed before definitive
conclusions can be reached.

In order to examine changes in the parameter value variation over time, the
doubly constrained spatial interaction model with the power distance function was
fitted to data for the 1984-86 period and both origin- and destination-specific pa-
rameters were calibrated. The results obtained correspond closely with those derived
for the 1993-95 period. It should be noted that the correlation coefficients between
the two periods for both origin- and destination-specific parameter sets were 0.951
and 0.933 respectively. Thus, the regional variation in the propensity to migrate
seems to be stabilized over time.

CONCLUSIONS

In this study various alternative models of spatial interaction were examined to
demonstrate their performance for exploring interregional migration in Slovakia. The
results of the analysis lead to the following conclusions.

First, the doubly constrained spatial interaction models are more accurate in repli-
cating migrations than both types of singly constrained spatial interaction models,
whereas the predictions based on the attraction constrained models are more accurate
than those generated by the production constrained models. Moreover, the modifica-
tions of the singly constrained spatial interaction models by introducing the addi-
tional parameters, attached to variables representing the origin propulsiveness or
destination attractiveness, are relevant only in the case of the production constrained
spatial interaction models.

Second, spatial interaction models incorporating the negative power distance
function were found to be preferable to models with the negative exponential dis-
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tance function. Although the Tanner distance function may also be appropriate, it can
be concluded that the doubly constrained spatial interaction model with the negative
power distance function most accurately replicates the observed migrations between
Slovak districts. It should be noted, however, that the degree of correspondence
between the predicted and observed migrations is not very high and substantial errors
occur in model predictions.

Third, the calibration of the doubly constrained spatial interaction model with
zone-specific parameters improves substantially the goodness-of-fit of the model,
especially when the destination-specific parameters are introduced. It is interesting,
however, that the variation both in origin- and destination-specific parameter values
is small. In addition, there is a litlle evidence to suggest that the spatial pattern of
both parameter sets can be explained only by regional assessibility.

Finally, it is worthwhile commenting on the temporal stability of the results
obtained. At the overall level, the performance of the models is rather stable during
the whole period under investigation. On the other side, the general trend of decline
in the frictional effect of distance is confirmed. In spite of this, the regional variation
in the propensity to migrate over distance semms to be stabilized in time.

Concluding this paper one point have to be stressed. It is well-known that the
overall performance of spatial interaction models in general and estimated distance
decay parameters in particular are dependent upon the relative size of the interaction
matrices, presence or absence of intraregional flows and level of spatial aggregation.
For this reason, no comparison to other similar studies was given in this paper. It can
be shown, however, that the results obtained are not principally different from those
reported in some papers quoted in the introduction. Nevertheless, further research on
spatial interaction modelling of migration in Slovakia is evidently needed.
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Anton Bezdk

INTERREGIONALNE MIGRACIE NA SLOVENSKU: NIEKOLKO
TESTOV PRIESTOROVO-INTERAKCNYCH MODELOV

Modely priestorovej interakeie sa vieobecne pokladaji za jeden z najv¥znamnejSich a najicin-
nejdich néstrojov urbdnnej a regiondlnej analyzy. V tejto $tidii sme sa prostrednictvom testovania
predikénych vlastnosti niekolkych interakénych modelov pokiisili demonStroval moZnosti ich
aplikdcie pri analyze interregiondlnych migrécii na Slovensku.

Na testovanie sme vybrali 13 alternativnych modelov, oznafenych rimskymi &islicami I aZ
XIII. Ich rovnice (vritane rovnic pre kore$pondujice vyrovndvacie koeficienty) si uvedené v ta-
bulke 1. Prvé tyri modely patria k typu vychodiskovo ohrani¢enych a dalSie Styri k typu cielovo
ohranié¢enych interakénych modelov. V ramei oboch skupin sa rozliSuji dva subtypy modelov s ex-
ponencidlnou a dva subtypy modelov s mocninovou funkciou vzdialenosti. Pri kaZdom subtype sa
navy$e uvaZuje model s dodato&nym parametrom, ktory je priradeny bud k miere atraktivity
ciefového regiénu, alebo k miere propulzivity vychodiskového regiénu. Dalej nasleduji tri oboj-
stranne ohraniéené interak&né modely, ktoré sa navzdjom odli¥uji tym, Zc prvy z nich obsahuje
exponencidlnu, druhy mocninovi a treti Tannerovu funkciu vzdialenosti. Poslednd dvojica predsta-
vuje osobitnii kategoriu interakénych modelov s regiondlne 3pecifikovanymi parametrami
vzdialenosti. V prvom pripade ide o model s vychodiskovo $pecifikovanymi, v druhom s cielovo
$pecifikovanymi parametrami.

Parametre jednotlivych modelov sme odhadli metédou maximdlnej vierchodnosti, priom na
ricienie vierohodnosinych rovnic sme pouZili Newtonovu-Raphsonovu iteraénii metddu ako sticast
§pecidlneho programu v jazyku Visual Basic 6.0. Osobitny postup, opisany v anglickom texte, si
vyZiadala kalibricia interakénych modelov s regiondlne $pecifikovanymi parametrami. Na zhod-
notenie utinnosti kaZdého modelu sme pouZili tri §tatistiky zhody, ktoré merajii stupein siladu
medzi pozorovanymi a modelom predikovanymi migraénymi tokmi. Su to: Standardizovand
stredn4 kvadratickd chyba, index nepodobnosti a koeficient determindcie.

Vietky uvaZované modely sa aplikovali na ddta o migraénych tokoch medzi starymi okresmi
na Slovensku v obdobi 1984-1995. V zdujme regiondlnej komparability sa mestské okresy Bratis-
lava a Kogice spojili s koreSpondujicimi vidieckymi okresmi do spolo¢nych "metropolitnych”
okresov. Migraéné toky vo vnitri okresov sa nebrali do dvahy a déta za jednotlivé roky sa zli€ili
do styroch trojroénych obdobi 1984-1986, 1987-1989, 1990-1992 a 1993-1995. Za mieru propul-
zivity vychodiskového regiénu a sidasne aj za mieru atraktivity cielového regidnu sme zvolili
poéet obyvatelov prisluiného okresu na zaiatku kaZdého trojroéného obdobia. Vzdialenosti medzi
okresmi sme definovali ako cestné vzdialenosti medzi okresnymi mestami.

Vysledky ziskané kalibriciou interak&nych modelov si zhrnuté v tabulkdch 2 aZ 5. Z uve-
denych dat vyplyva niekolko zdvaZnych poznatkov.

Obojstranne ohranidené interakéné modely reprodukuji pozorované migraéné toky presnejsie
ako obidva lypy jednostranne ohranié¢enych interak&nych modelov. Utinnost cielovo ohranicenych
modelov je pritom o poznanie vy§§ia ako U&innost vychodiskovo ohranid¢enych modelov.
Rozgirenie jednostranne ohrani¢enych interakénych modelov o dodatogny parameter a, resp. p md
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vyznam iba v pripade mier atraktivity vo vychodiskovo ohrani¢enych interakénych modeloch, kde
prispieva k miernemu zvy3eniu icinnosti modelu.

Pokial ide o tvar funkcie vzdialenosti, je zrejmé, Ze interakéné modely s mocninovou funkciou
vzdialenosti si podstatne uéinnejsie ako korespondujiice interakéné modely s exponencidlnou
funkciou vzdialenosti. KedZe zavedenie Tannerovej funkcie do obojstranne ohrani¢eného modelu
nemd v porovnani s mocninovou funkciou Fiadny podstatny efekt, moZno konStatovat, Ze oboj-
stranne ohranifeny interakény model s mocninovou funkciou vzdialenosti najlepsie reprodukuje
migragné toky medzi slovenskymi okresmi v pozorovanom obdobi. Podotykame viak, Ze stupeil
zhody pozorovanych a predikovanych tokov nie je velmi vysoky a v predikeidch sa vyskytuju
znaéné chyby.

Utinnost najlepSicho modelu sa dd zvy3it kalibrdciou modelu s regiondlne pecifikovanymi
parametrami vzdialenosti. Osobitne to plati pre model s cielovo Specifikovanymi parametrami,
ktory nespravne alokuje iba 14 % predikovanych tokov. Je zaujimavé, Ze priestorovd variabilita
hodnét vychodiskovo i ciefovo 3pecifikovanych parametrov je velmi mald. Navy$e sa nedd pred-
pokladat, Ze priestorova variabilita parametrov je sposobend iba regiondlnymi diferenciami v po-
lohe a dostupnosti jednotlivych okresov.

Posledny poznatok sa tyka Easovej stability ziskanych vysledkov. Vo vieobecnosti je moZné
prehlasit, Ze ¢innost vietkych modelov prejavuje poas celéhoe skiimaného obdobia pomerne
vysoky stupeil stability. Na druhej strane sa potvrdil pokles vplyvu vzdialenosti na migréciu, €o
znamend, e migranti prekondvaji postupne vic3iu a viiggiu vzdialenost. Naprick tomu sa zda, Ze
regiondlne diferencie v migra¢nej propenzite su 2 &asového hladiska velmi stabilné.
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