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Relative, mean and integral accessibility in the existing provinees of Finland
and in the proposed new provinces was studied applying graph theory,
through evaluating the shapes of the provinces by reference to polygonal
graphs, and, in a more detailed analysis, through using flow graphs to
represent the accessibility between locations. The sensitivity of the ac-
cessibility structure was tested by means of two simulation experiments.

The poorest accessibility levels existed in the more northerly provinces,
although some provinces weak in this respect could zlsn be found in
Southern and Central Finland, especially when accessibility was studied
in relation to the size of the province. This correlates with a certain
backwardness in the development of the administrative regions in relation
to population development. The proposed province revisions have not
corrected this situation entirely. The locations of the provincial capitals are
close to the (pareto-)optimum in general, the non-optimal cases being ones
in which the most significant centres of population growth have been
located elsewhere than in the provincial capital or its immediate sur-
roundings. Integral accessibility as a measure of optimal location is not
sensitive to changes in spatial structure, and extremely large movements
of population would be required to cause any substantial alteralion in the
location of the optimal centre.
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This phenomenon is frequently discussed
under the heading of ‘accessibility’. The
present division of Finland into adminis-
trative provinces and the plans for revising
this may then be seen as providing an in-
teresting topic for research in this field. What
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is the nature of accessibility in the existing
provinces, and will it improve as a result of
the revisions proposed? And again, are the
central places of the provinces located in
such a manner as to maximize accessibility?
The problem becomes a particularly in-
teresting one when we recall that the present
system of provinces in Finland and the
proposed revisions are the results of a long,
extensive process of democratic development
and evaluation. To what extent can a com-
bination of democratic decision-making and
planning succeed in reaching optimal solu-
tions with regard to accessibility?

The research to be presented here follows
the methods of graph theory, and all the
measures of accessibility are handled in a
consistent manner on the basis of this theory,
the material for the individual provinces con-
sisting of undirected graphs depicting form
and interconnections. These graphs are anal-
ysed using the algorithms of graph theory
and the respective indices of accessibility
calculated from these. The methods of graph
theory are then elaborated further so that
they may be applied to the analysis of changes
in accessibility, and the sensitivity of the
spatial structure to such changes is examined
by simulating the spatial structures of the
provinces. Thus the work also has a meth-
odological purpose in the treatment of ac-
cessibility within the framework of graph
theory.

The regional structure of the provinces of
Finland has been studied and planned both
in scientific research associated with the
division of the country into administrative
units at the intermediate level and in the
many reports and plans produced by select
committees and the Ministry of Internal
Affairs. The latest plan for the reorganiza-
tion of the provinces was issued in 1978
(Committee for Revision of the Provincial
Boundaries 1978), and represents the out-
come of a long period of research, investiga-
tion and planning. Should it be decided to
form new provinces in the near future, this
would presumably take place according to
the above plan.

The creation of spatial systems and the
study of their structure is a highly complex
task. A spatial structure can comprise a large
number of elements differing in their proper-
ties, so that the same kinds of problem arise
in reducing them to some common measure
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as are encountered in the construction of
a welfare function. Thus the present work
concentrates on one crucial aspect of the
regional structure in Finland, accessibility
in the administrative provinces.

Changes in the regional
administrative structure
and research traditions

Development of the administrative
provinces of Finland

The division of Finland into provinces has
undergone numerous changes over the cen-
turies, and the present scheme is the result
of a combination of very many different
factors. The administrative provinces derive
their origin from the medieval provinces,
which were principally of civil and juridical
significance, and from ‘castle’ provinces set
up for military purposes. As the importance
of these military provinces increased they
acquired jurisdiction over civil matters. The
administrative provinces were established at
the beginning of the 17th century for the
general representation of the central adminis-
tration without any military or juridical tasks.
Four provinces, were recognized, each ex-
tending from the coast towards the interior
of the country (Fig. 1). The division was
later affected by the wars and boundary
changes experienced in Eastern Finland in
the early part of the same century (Com-
mittee Report 1974: 38). In these early days
of regional government the population of
Finland was concentrated mainly along the
coasts, while the inland areas served as a
hinterland. Accessibility was important to
the coastal towns, through which administra-
tive affairs and trade were organized (e.g.
Ajo 1946).

The troubled times were over by the latter
part of the 18th century, and in the interests
of physiocracy settlements were set up es-
pecially in Ostrobothnia, and also in Karelia
and other parts of the country. Accessibility
between Eastern Finland and the south coast
deterioriated because of the changes in
boundaries caused by wars at the beginning
of the century. In 1775 the eastern part of the
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Fig. 1. History of the Finnish provinces, 1540-1960 (Jutikkala 1959: 3234, Map of Finland 1923: I-V,
Committee Report 1974: 40). Provinces (for military purposes): (a) Turku, (b) Raasepori, (¢) Porvoo,
(d) Viipuri, (e) Kokemienkartano, (f) Himeenlinna, (g) Savonlinna, (h) Korsholma and (1) Kastelholma.
Administrative provinces: (1) Uusimaa, (2) Turku and Pori, (3) Hime, (4) Kymi, (5) Mikkeli, (6) Northern

Karelia, (7) Kuopio, (8) Central Finland, (9) Vaasa, (10) Oulu, (11) Lapland, (12) Ahvenanmaa, (13) Viipuri
(14) Uusimaa and Hame, (15) Ostrobothnia, (16) Viipuri and Savanlinna, and (17) Kékisalmi.

country was divided into two provinces,
those of Kymi on the coast and Savo and
Karelia inland, while the province of Ostro-
bothnia was subdivided into those of Vaasa
and Oulu. Population growth and progress
in primary industries and trade from the
latter part of the 18th century onwards were
greater inland than on the coasts. Develop-
ment in Uusimaa was stimulated principally

by the creation of the new national capital
of Helsinki. In 1831, Uusimaa and Hime
were distinguished as two separate provinces
and the southern part of Savo was recognized
as a discrete province of Mikkeli (Fig. 1).
Considerable changes in the administrative
structure were carried out just before the
Second World War and again after it (Fig. 1).
The two newest provinces, Central Finland
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and Northern Karelia, were founded by a
statute promulgated in 1956, which never-
theless came into force only in 1960 (Fig. 1).
Since the Middle Ages the alterations in
the division of the country into provinces
have happened without any fundamental or
radical changes. The boundaries are the re-
sult of a long period of development, and
most of them have been quite stable in time.
Changes have been affected largely by wars
and socio-spatial development. In broad out-
line, there is some correspondence between
human spatial behaviour and the spatial
administrative structure, even though the
degree of this correspondence has varied in
the course of time. The administrative prov-
inces are one part of the administration at
the level between state and communes (here
called the intermediate level). Trends since
the 19th century have led to the establishing
of many branches of administration as in-
dependent organizations, in many cases with
a separate system of district units. Coopera-
tion between communes started in the early
part of this century, and this has taken place
in a diffuse manner, with the necessary ad-
ministrative boundaries growing up on an
ad hoc basis. Nevertheless the administra-
tive provinces have become important re-
gional units, and their capitals are with only
two exceptions the largest centres in the
area.

Plans for the revision of the spatial
structure of the provincial
administration

Revision of the spatial structure of the
provincial administration has been under
discussion on several occasions, and these
plans have been realized with varying suc-
cess. Several new reports on the division
of the country into administrative provinces
have been produced since the Second World
War. The Regional Divisions Committee
(Committee Report 1953) proposed a system
of 15 provinces, including the creation of
new provinces of Central Ostrobothnia, Cen-
tral Finland, Northern Karelia, Pori and Tam-
pere. This led to a law of 1956 creating the
new provinces of Northern Karelia and Cen-
tral Finland, although these began to operate
only from 1960. None of the others were ever
implemented in spite of the many plans to
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do so (Committee Reports 1960, 1962, 1965
and 1967).

Particular attention has subsequently been
paid to the proposal to recognize the areas
of Tampere and Satakunta as separate prov-
inces, and this question was raised again
in the report of the Committee on Regional
Government (Committee Report 1974), in
which they were referred to as the provinces
of Pirkanmaa and Satakunta. The same re-
port also contained a proposal for a province
of Kainuu, but not Central Ostrobothnia,
even though an earlier committee set up
to discuss this question had recommended
this (Committee Report 1967). The Com-
mittee on Regional Government made no
proposals for changes in the provincial
boundaries, but instead a separate working
group was set up for this purpose, which
produced its report in 1976 (Report of the
Working Group on Regional Government
Boundaries 1976). The recommendations nev-
ertheless did not meet with unreserved ap-
proval at the commune level.

A new Committee for Revision of the
Provincial Boundaries was then formed in
1977 with the task of investigating the in-
determinacies existing in the present division
into provinces and making recommendations
for changes. This committee published its
findings in 1978 (Committee for Revision of
the Provincial Boundaries 1978). These were
based on statements received from local and
regional authorities and the outcomes of
numerous open discussions arranged with
local officials and elected representatives.
The committee is to a large extent in favour
of the present provincial boundaries, and
draws the boundaries of the new provinces
substantially along existing lines (Fig. 2). The
greatest systematic departure from this con-
cerns the boundary between the new prov-
inces of Satakunta and Pirkanmaa, which
does not follow the existing delimitation line
between the provinces of Hime and Turku
and Pori. The proposal as a whole departs
markedly from that of the Working Group on
Regional Government Boundaries (1976),
which involved the transfer of many in-
dividual communes from one province to
another, since their conclusions have fre-
quently been strongly influenced by the
opinions of the commune authorities on the
preservation of existing provincial bounda-
ries.
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This report (Committee for Revision of the
Provincial Boundaries 1978) represents a
solution to the question of the system of
provinces and their boundaries, at least for
the time being, and no new bodies have been
nominated with the task of investigating any
possibilities deviating from these proposals,
although new needs are bound to arise with
time, and these will have to be taken into
account in revising the regional structure of
the provincial administration.

The development and revision of the sys-
tem of provincial administration, as with
other planning and administrative systems,
may be viewed as a continuous process of
adapting regional structures to the changes
occurring in society. Most of.the proposals
made since the Second World War include
two new provinces, those of Satakunta and
Pirkanmaa, and Kainuu has also been sug-
gested as a possible independent province
in recent years. The other proposed changes
have aroused less support, however, although
the idea of a province of Central Ostrobothnia
still appeared in reports during the 1960’s.
All in all, some degree of unanimity-has been
reached on the revisions necessary, and an
extensive process of evaluation made be said
to have been carried through. The most
recent proposals represent a thorough-going
recommendation which will provide a basis
for the revision of the regional structure of
administration at the provincial level for a
long time to come (Jarkko 1978).

Research into accessibility and
regional structures in Finland

Many methods have been used for studying
regional structures at the intermediate (prov-
ince) level of administration. Particular atten-
tion has been paid to accessibility in quantita-
tive research based on optimization methods,
although the accessibility of services has also
been taken into account to some extent in
evaluations of central place systems and
spheres of influence. Studies have also been
carried out based on provincial identity
amongst the population.

In his research into the accessibility of
services within the Finnish network of popu-
lation centres, Hakala (1973) employed return
bus fares as a measure of accessibility, to-
gether with the cost of the time taken up
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Fig. 2. Proposed new provincial boundaries (Com-
mittee for Revision of the Provincial Boundaries,
1978). (1) present boundary and (2) proposed new
boundary. Provinces: (a) Uusimaa, (b) Varsinais-
Suomi, (¢) Satakunta, (d) Southern Hame, (e) Pir-
kanmaa, (f) Kymi, (g) Mikkeli, (h) Northern Karelia,
(1) Kuopio, (j) Central Finland, (k) Vaasa, (1) North-
ern Ostrobothnia, (m) Kainuu and (n) Lapland.

in availing oneself of these services expressed
as a proportion of an employed person’s daily
expense allowance. These costs were cal-
culated on the basis of actual journeys under-
taken to centres at the provincial capital,
town, small borough and commune centre
level. In his results, Hakala reports the
highest level of accessibility to be achieved
in the Uusimaa area, the second best in
Southern Hame and the third best in South-
eastern Finland. Northern Karelia, Lapland
and Central Ostrobothnia proved to be areas
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of poor accessibility, and the worst district
of all was that of Kainuu.

Accessibility was also studied by Kai-Veik-
ko Vuoristo (1967, 1977) in connection with
his road network analyses. His work is based
principally on the formation on unweighted
graphs and the calculation of indices from
these networks. His study of the road net-
work over the whole country (Vuoristo 1977)
identifies Lapua in the province of Vaasa
as the place of maximum accessibility, fol-
lowed by Helsinki, Kouvola, Lahti, Mikkeli
and Tampere. He also discusses the sig-
nificance of the road network for the regional
structure of the country and its economy
on a very general level.

The research published by Paloméiki in
1968 on the division of the country into
provinces compares the central place struc-
ture obtained by the Commercial Research
Institute by an enumerative method (LTT
1967) and a set of spheres of influence con-
structed from interviews with teachers with
a division into provinces on the basis of
public opinion. Although this research does
not contain any analysis of accessibility
based on distance or cost factors, the division
obtained from public opinion may be re-
garded as giving expression to a certain
optimal structure of accessibility based on
social and cultural identity. Comparison of
this intuitive division with that contained
in the central place and sphere of influence
model (LTT 1967) and the actual system of
provinces shows the former to reveal one
or two new areal units, mostly comprising
subdivisions of the existing provinces. The
provinces of Oulu and Lapland, for example,
fall into five perceptual regions, Lapland,
Peridpohjola, Koillismaa, Northern Ostro-
bothnia and Kainuu, the first three of which
are not advanced as possible new provinces
in any of the committee reports quoted
above.

The emergence of the coastal area around
Vaasa as a separate region both functionally
and psychologically is to be expected, since
most of the inhabitants of this coastal strip
are Swedish-speaking, while the recognition
of the southern part of Karelia and the Kymi
valley as regional units in the same way
may be an indication of the fragmentary
regional structure in the area brought about
by the change in the national boundary.
Other problematical regions as far as the
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present system of provinces is concerned
seem to be Hiame and the southern parts of
Central Finland. Central Ostrobothnia has
been proposed earlier as a possible new
province, in 1967, but unsuccessfully, while
the province of Turku and Pori falls into
two psychological regions which may be
termed Varsinais-Suomi and Satakunta, the
boundaries of which follow approximately
the same pattern as those proposed by the
Committee for Revision of the Provincial
Boundaries in 1978 for new provinces of the
same names. The northern parts of the prov-
ince of Hime stand out as an intuitive region
of Pirkanmaa more or less coincident in its
boundaries with the proposed new province,
but the region of Hame to the south of this
proves somewhat larger than the proposed
new province of Southern Hame, comprising
in addition the southern parts of the province
of Central Finland and the western parts of
that of Mikkeli. In other respects the pro-
posals for the new system of provinces seems
to follow quite closely the division obtained
on the basis of popular opinion.

Palomaéki (1972) also evaluates the plans
for revising the system of administrative
regions, using largely the same material as
for his earlier work (Paloméaki 1968). One
object of scrutiny is the proposal made by
the Committee for determining the Organiza-
tional Form of Cooperation between Com-
munes (Committee Report 1970). The most
problematical areas as far as provincial ad-
ministration and the hierarchy of centres are
concerned are seen to be South-eastern Fin-
land, Southern and Central Ostrobothnia and
Southern Hiame. Otherwise he regards the
division put forward in the report as highly
satisfactory (Paloméki 1972: 11-13).

The optimization studies of Takanen (1972)
operate with numerous alternative divisions
at the level of intermediate administration,
each of which is assigned an index in respect
of population, distance, centrality and direc-
tionality factors. Takanen does not discuss
the theoretical bases for his work to any
great extent, nor does he consider the pos-
sibilities for its application, contenting him-
self with presenting the calculations as such.

The work of Hautamaki (1972) examines
the optimality of the national hierarchy of
centres both by linear programming and
using the p-median. The material comprises
17 centres. He applies linear programming
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by allowing the method to indicate the mini-
mum number and distribution of transporta-
tion events for each network of centres
examined. By altering the structure and
repeating the program, it is eventually pos-
sible to select the best alternatives out of
the results of the analysis and thereby to find
the optimum solution. In the case of the
p-median, the method itself chooses directly
the optimum combination of centres by
minimizing the distance sum. The two meth-
ods gave very similar results, and with the
highest p value (p = 7) the optimum combina-
tion of centres was Helsinki, Kuopio, Oulu,
Tampere, Turku, Vaasa and Mikkeli.

A decline in research into the evaluation
of regional structures at the intermediate
level from a scientific point of view may be
noted subsequent to the publication of the
work referred to above. A stage had un-
doubtedly been reached at which research
to date, together with the facts already docu-
mented and the numerous committee reports
submitted, could provide an adequate start-
ing point for future committees and working
groups.

Accessibility within the framework
of graph theory

Theoretical traditions

The activities of the administrative sector
are communicated to the population at large
through the medium of the public services.
Such services possess the essential charac-
teristics of being independent of market
forces in their price levels and utilization,
the provider of such services being a mo-
nopoly which does so either free of charge
or at a purely nominal fee. Few alternatives
are offered to these services, and their use
may be either voluntary or obligatory for
the general public. It is very often difficult
to specify whom such services are directed
at on the individual level, particularly in the
case of services defined as general functions
or those intended to ensure the basic smooth
running of the community, most of which are
directed in common at all those living in
a glven area.
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Much of the research dealing with ad-
ministrative regions or central place struc-
tures sets out from the central place and
sphere of influence theories. The assump-
tions made in the theory of Christaller are
enumerated by Eliot-Hurst (1972:198) and
those of the theory of Losch by Paelinck &
Nijkamp (1975: 60). These are highly rigorous,
and most of them apply more readily to the
examination of the structures of market
regions rather than administrative regions.
The assumptions made in the theories of
Christaller (1933/1966) and Losch (1940/1954)
are in many ways similar. Both assume that
in a state of competition an areal system is
formed on a homogeneous plane in euclidean
space. For Losch the concept of area is a
purely economic one, whereas Christaller
also gives it a political or administrative
character, although the assumptions and
structure of his theory are still based on
allocation according to a market-based mech-
anism. The assumptions of a homogeneous
plane are entirely divorced from reality, and
the processes of political and administrative
decision-making do not function according
to the laws of a market-based mechanism.
The problems associated with a homogeneous
euclidean plane are discussed by such au-
thors as Isard (1956) and Rushton (1972),
although these do not deal explicitly with the
foundations of the administrative and politi-
cal allocation mechanism.

Research into questions of location and
accessibility has also been carried out from
other standpoints. The location of public
services and the establishment of administra-
tive regions have been approached in the
manner of a distance minimization problem
using the concepts of operational analysis.
Terms such as ‘minisum’ and ‘minimax’ loca-
tion problems, combined with the conceptual
framework of graph theory, offer a valuable
supplement to the central place and sphere
of influence approach when discussing prob-
lems of accessibility, the location of ad-
ministrative centres and the delimitation of
their regions.

The graph theory approach
Graph theory is an abstract system of

mathematical concepts which has been ap-
plied to research in a variety of fields. The
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Finite graphs Infinite graphs
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Fig. 3. Classification of graphs by their properties.
The broken line denotes that every abstract graph
has its geometric counterpart.

history of the theory is of particular interest
from the geographer’s point of view, since
it has been associated with the solution of
geographical problems from the very outset.
The starting point for the theory is the solu-
tion proposed by Euler in 1736 for the famous
problem of the bridge at Konigsberg (present
Kaliningrad). A number of problems in graph
theory aroused general interest during the
19th century, including the ‘four-colour con-
jecture’ for maps put forward by Moebius
in 1840 and the ‘Icosian Game’ or a ‘Voyage
Round the World’ proposed by Hamilton in
1859 (Deo 1974:10), both of which have in-
spired a great deal of further research. The
former problem was solved in 1976 by Appel
& Haken (1977), but it has so far proved im-
possible to find a general solution in an
arbitrary graph to the latter.

Graph theory nevertheless only began to
be used extensively in the solution of geo-
graphical problems in the 1960’s, when it
was applied to the central place and sphere
of influence theories and also in the empirical
testing of these theories (e.g. Medvedkov
1967; Nystuen & Dacey 1961; Garrison 1960),
research which has close links with the
verification of the general topological proper-
ties of these theories (see Dacey 1965, Mar-
chand 1973). Graph theory has also been
used in solving spatial location problems and
in the analysis of communications networks.

The central concept in graph theory is that
of the graph itself. Graphs may be classified
in the manner depicted in Fig. 3, which omits
the subsequent subdivisions of types not of
interest for geographical research. The in-
terest from the geographical point of view
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centres in particular upon the planar graphs,
which can in turn be divided into directed
and undirected types. Haggett also proposes
a further classification of graphs, according
to the purpose for which they are used, into
those in which the edges depict flows and
those in which they depict barriers (Haggett
& Chorley 1974: 7). Kansky (1963) defined
the concepts of graph theory as suitable for
spatial evaluations, and Bunge (1966: XIII,
200) stated, admittedly indirectly, that the
connections between graph theory and cen-
tral place and sphere of influence theory
was fundamentally a problem of the p-me-
dian. The majority of research on accessibility
and routes of communication makes use of
graph theory to some extent or other, either
to develop a theoretical foundation for opti-
mal networks or in creating possible applica-
tions for the study of spatial structures.

The algorithm developed by Toérnqgvist et
al. (1971) for the solution of location problems
is based on a grid, but the problem may
also be described in terms of graph theory.
This algorithm has since gained in currency
and has been used frequently in recent years
(e.g. Robertson 1976, 1978). Optimization
algorithms based on graph theory have been
used in Finland both in the work of Hauta-
maki (1972) and for optimization within small
areas (Aira et al. 1972; Optimization of School
Places 1973; Nurminen 1976).

The practical application of graph theory
has been hampered by the lack of efficient
algorithms. Particular topics of research and
discussion have been an efficient solution
to the problem of the p-median (Hakimi 1965)
and the further elaboration of algorithms.
Difficulties have been experienced in arriving
at a really efficient algorithm. Algorithms
have been speeded up by eliminating the
most improbable alternatives, which has
simplified the search procedure, but this has
then given a heuristic solution which repre-
sents only an approximate result at a given
risk level. It has not proved possible to render
the solution of the p-median problem any
more efficient by means of a purely mathe-
matical unique solution, for instance.

The present work makes use of undirected
planar graphs to describe both barriers and
flows. Those describing barriers are referred
to as polygonal graphs and are used to depict
the form of the administrative regions, while
those describing flows are employed in cal-
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culating the indicators of accessibility. Of
the various algorithms available in graph
theory, that of Floyd is used to transform the
original graph into a complete graph in
forming the distance matrix. The graphs are
used for the calculation of the centre point,
radius, absolute centre and radius, and the
median. In addition, the percentage devia-
tions in integral accessibility of the commune
centres in relation to the optimal centres
are calculated for the purposes of spatial
comparison. The p-median is calculated for
the province of Oulu using a non-heuristic
algorithm. Two simulation systems are used
to study the permanence of the accessibility
index, entailing repetition of the majority
of the above analyses. Certain statistical
measures, such as the mean, standard devia-
tion and coefficient of variation, are also
calculated for the graphs.

The measurement of accessibility

Accessibility as a concept

Accessibility is a geographical term which
is frequently used either alone or as a syno-
nym for ‘distance base’ terms. Often it is
defined via its operational equivalent, in
which case the problem of defining it is
avoided, together with the question of the
validity of the measure used for assessing
the term. If one sets out from the theoretical
concept, however, it may prove difficult to
define the term and equally difficult to find
its operational equivalent. This leads Gould
(1969: 64) to state that accessibility is a com-
mon term which everyone uses until they
come up against the problems of defining
and measuring it. Ingram (1971: 101) defines
accessibility as the property of a place in
respect to the extent to which it can over-
come spatial friction. Thus it can be defined
as the relative status of some place in a space.

Ingram (1971:101-102) distinguishes two
concepts of accessibility: relative accessibility
and integral accessibility. The former is de-
fined as the degree to which two places or
points are connected on the same surface,
and the latter as the degree to which one
place or point is connected with all the other
points on the same surface. The relation be-
tween relative and integral accessibility may
be defined as
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(1) Di= = dj
=1
where D, is the integral accessibility of the
place i and d; the relative accessibility of
point j at point i.
The operational correlate of the relative
accessibility d;; is expressed by the function

(2) dl.] =1 (aij,cij, ey tij)ti't-i)

in which the arguments serve to depict
quantities such as distance, travel costs or
travelling and waiting time. An operational
correlate of accessibility can be assumed to
contain some combination of the above va-
riables, or even other variables. The parame-
ters of a function describing accessibility
are usually empirical constants.

The present work employs distance by road
as a measure of accessibility. The population
data are obtained for individual communes
and the distances calculated between the
commune centres. The concept of accessi-
bility is interpreted in a highly simplified
sense here, although the inclusion of such
variables as travel and waiting time, quality
of the roads, the flow of information, etc.
would probably not have affected the results
very markedly since these usually correlate
closely with one another. Some of the results
achieved here even suggest that the accessi-
bility values would remain valid in spite of
changes in the spatial structure.

Some criticism has been made of research
into both transport and accessibility in recent
years (Breheny 1978), largely concerning the
methodological approaches used and the
selection of variables to describe accessi-
bility. According to Breheny (1978: 464), the
tradition of research in this field may be
divided upon two dimensions: (1) whether
the description is based on travel behaviour,
either observed or simulated, or whether the
measures are based on a survey of spatial
possibilities without any functions repre-
senting behaviour, and (2) whether or not
interaction is assumed to decline with in-
creasing distance. If one wishes to describe
human behaviour, however, and simulate it
as accurately as possible, it would seem
justified to take such behaviour into account,
together with the effect of distance as a factor
tending to reduce interaction and the effects
of other centres as competing forces of
attraction. Assumptions of the above kind



370 Markku Tykkyldinen

have been made in certain studies on central
place networks in Finland which have at-
tempted to predict centrality on the basis
of population figures and the influence of
the nearest other centres, taking into account
the distances between the centres. The re-
sults have been analyses of the existing
spatial structure and its presentation in the
form of a quantitative model (Palomaki &

Mikkonen 1972) and a trend-like projection

for the future regional structure (Mikkonen

1975).

Accessibility should nevertheless be re-
garded as a variable which is independent
of behaviour. Thus inclusion of behaviour
in the operational model will introduce the
following weaknesses:

(1) The existing spatial structure may restrict
accessibility to a considerable extent, in
which case the estimated parameters will
produce a non-optimal model from the
individual point of view.

(2) If the existing spatial structure is used
to project future states, the existing inef-
ficiencies and inconsistencies will be
reflected in the planned future state.

(3) The measures refer to actual travel be-
haviour and not the need for contact be-
tween individuals, which may depart
markedly from the actual situation.

(4) The models will not reflect differences in
preferences between population groups.

As Breheny is able to demonstrate, ac-
cessibility should be measured for planning
purposes on the basis of the opportunities
offered in an area, without regard for the
influence of distance upon demand. The
estimation of parameters in planning models
from the existing spatial structure has also
been criticized by Lee (1973: 165) and Wachs
& Kumagi (1973: 441—-442), for instance.

A number of aims and constraints have
been proposed for the measurement of ac-
cessibility:

(1) Analyses of accessibility should not con-
tent themselves with quantifying the ex-
isting situation, but an attempt should
be made to compare this accessibility
with that obtainable in alternative spatial
structures, defining the alternatives in
such a way that they are capable of
realization. This realism requirement
should in particular be built into any
research intended for use in planning.

(2) The planning of spatial structures should
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set out from the optimal or best available
alternative and not be merely a continua-
tion of the existing situation.

(3) Individuals should be treated equally in
the model, so that the place of residence
of any individual does not affect his need
for contacts as depicted in the model.
This removes the necessity for a distance-
decay function in the evaluation of ac-
cessibility.

(4) Any preferences noted among population
groups should be taken into account in
the model.

The above considerations are taken note of
in the present work. Accessibility is studied
in alternative spatial structures and although
no projection or planning aim is stated ex-
plicitly, future prospects are examined by
means of a comparison between the present
situation and the best alternative. The analy-
ses provided here are based on models which
do not allow for any decline in demand with
distance. As we are concerned here with
accessibility in general, however, the citizens
are considered on an equal footing, and no
preferences among population groups are
distinguished. If it had been a question of
some individual service such as children’s
day nurseries in a limited area, for instance,
some examination of preferences would have
been justified, but where accessibility in
general is being considered, such differentia-
tion is difficult and could lead to an unequal
interpretation.

Graph theory in the description of the shape
of an area

Accessibility is dependent on the shape of
the area concerned, a feature which may be
described using polygonal graphs. As early
as the 17th century, Kepler was interested
in the problem of filling a plane with areas
of optimal accessibility. The optimal area is
of course a circle, but circles cannot be placed
on a plane in such a manner as to cover the
whole surface without their intersecting. The
edges in a polygonal graph, E = |e,, e,, ...,
€..., e}, describe the boundaries of the
areas, and the nodes, V. = vy, vp, ..., V5, .. .,
vn}, their intersections. The areas themselves
may be denoted by W, where W = { w,, w,, .. .,
Wy, . . ., Wr}. Euler was the first to demonstrate
the structural property of a polygonal graph
that
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B) n—m+ f=2,

When examining the structure of polygons
against the condition that the polygons
should fill a given plane completely, this rule
of Euler’s gives for regular polygons
@ 1+ =P p2p-2=4

p* 2
where p is the degree of a node in a regular
graph and p* the number of edges sur-
rounding a polygon, or area (Ore 1963: 99—
108). This condition is fulfilled only by sys-
tems of triangles (p = 6, p* = 3), squares (p =
p* = 4)and hexagons (p = 3, p* = 6), and thus
only these among the regular polygons will
fill a plane entirely. The best solution as far
as accessibility is concerned is therefore that
polygon from the above set in which the
maximum distance from the centre to each
side is shortest.

If we take a regular triangle, square and
hexagon of equal area (A, = A, = A;=1) and
let q be the circumference of the polygon
and g the maximum distance between the
centre and the edge delimiting the polygon,
we obtain the structural properties for each
of these polygons: q,=4.56, g, =.88, q,=
4.00, g, =.71, q; = 3.72 and g5 = .62. The data
suggest that the hexagonal structure should
be regarded as the best in terms of ac-
cessibility, as it is this that achieves the
minimum value for the maximum distance
on a homogeneous surface. It also proves
the most advantageous in terms of the com-
bined lengths of the delimiting edges. Paelink
& Nijkamp (1975:72-77) show a hexagonal
structure to be the most advantageous in
terms of mean accessibility.

A number of indices have been developed
for evaluating the optimality of the shape
of an area (Haggett & Chorley 1974: 70, sum-
mary), one of the simplest of which is Hag-
gett’s index of shape

(5) S =127 Al

in which 1 is the distance between the most
remote points in the area. The index has
values ranging from 0 to 1, since it serves in
effect to compare the shape of the given area
with a circle of the same diameter:

(6) =127 AN®

rt(l)2
2
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An areal structure composed on hexagons
would have a value of 0.83 for Haggett’s in-
dex. It would thus be equally reasonable to
employ the index

=154 Al
1
2.598(-)2
2

() 8=

in which the shape of the given area is com-
pared with a regular hexagon of the same
diameter, which would assign the value 1 to
the optimum shape, the hexagon itself. The
indices may be compared using the following
transformations; S’ = 1.21/S, S = .83 S".

Graph theory for the analysis of connections

For the analysis of connections the set E of
edges of the graph is taken to denote the
connections between the locations in the
given area. These connections may involve
the passage of information, transport com-
munications, or any other form of interaction,
and the values assigned to them may be ei-
ther estimated from the real situation or con-
sist of probabilities or potentials. For the
purpose of spatial accessibility and optimiza-
tion studies these connections are usually
depicted in terms of distances along main
roads (cf. Hautamaéaki 1972, Aira et al. 1972).

The nodes of the graph (vi; vi€V) stand for
locations, e.g. centres, individual residential
areas, or even single homes. In the present
case they are taken to represent commune
centres. The distance between nodes v; and
v; is then defined as the sum of the weight-
ings assigned to the shortest edge or se-
quence of edges in the graph by which they
are united. Thus the distance dy;; between the
nodes vy; and vy; indicates the shortest dis-
tance by main road between the commune
centres i and j in the province k.

The resulting matrix Dy of distances be-
tween the commune centres of a given prov-
ince k serves as the starting point for the
study of accessibility in that province. The
distance matrix is formed by taking the value
1 fori(dy;) as representing the distances from
the provincial centre to the other commune
centres in the province. The matrix can then
be used as a basis for the calculations either
in this form or else after transformation in
terms of costs or frequency of transit. This
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distance matrix and its transforms serve as
the starting point for the spatial simulation
and optimization processes, and can also be
used to calculate indices of spatial structure
and accessibility. Comparison of a number of
areas of differing size may also involve de-
scription of their relative by means of indices
obtained by standardization procedures.

Relative and mean accessibility

The concept of relative accessibility is used
here to analyse accessibility between the
provincial capitals and the main villages of
the communes. It is then possible to study
to what extent the population is located in
areas whose relative accessibility with re-
spect to their provincial capital differs from
the mean value. The two measures are
inversely related to more conventional ones,
however, in that low values for dy;, ¥ and
Xy are associated with good accessibility.
The same is true for integral accessibility.
The national mean accessibility for a popu-
lation with respect to its provincial capital is
obtained from the equation

23 by, dy
® X=—""—(@1=1),
g m

in which hy; = the population of commune
Jin province'k, dy;; = the distance of the cen-
tre j from the provincial capital i of the prov-
ince k, and m, = the population of the prov-
ince k. The mean accessibility of the capital
i of province k is thus
? th' dki.l
9 xy =
my

Given a normal distribution of population,
exactly 50 % would be living further away
from the centre than the distance implied by
the mean accessibility both over the whole
country and in the provinces individually.
The standard deviation is defined by the
equation

1
(10) s = \/—2 hy (diyg; — X2
m, J
For the purposes of the analyses the standard
deviation in the accessibility of the provinecial
capitals throughout the country is deter-
mined from the equation
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1 .
a1 s= \/ S5 hy (dyy — ) = 1)
T

More detailed results could be obtained by
dispersal of the data by types of services and
utilizer groups, and the edges depicting the
connections could similarly be differentiated.
The situation is more problematical in prac-
tice, however, as ready-calculated statistics
are scarcely ever available at this level, while
even one such dispersal would increase the
number of figures to be handled by several
tens of thousands.

Integral accessibility

The operational correlate of integral acces-
sibility as defined by Ingram (1971: 102) is a
simpler measure than that for mean accessi-
bility, and the indicators derived from it are
highly appropriate for the study of differ-
ences in accessibility within a single prov-
ince. The distribution of population is taken
into account by weighting the distance values
dyij by the size of population hy;. The optimal
site for the provincial capital is then defined
as the commune centre which receives the
best integral accessibility value. Since

(12) di; = = hy;d
J

the optimal centre for the province k is a
node vy, such that

(13) d, = min d§,
i= 1, 2, tt Ny,

Since identification of the centre within the
province which is characterized by maximal
integral accessibility constitutes a solution
to the minisum location problem for that
province, the node v,, may be termed the
median of the graph. As it is customary to
search for a number p of nodes within the
graph at the same time, such that their
combined integral accessibility is maximal-
ized, we have a solution to the p-median
problem (cf. Korpelainen & Tykkyldinen
1978: 32).

Equations 12 and 13 entail calculation of
the integral accessibility of the nodes in the
graph, and consequently the median ob-
tained is also a node. It is an interesting
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question whether the optimum solution is
always to be found from among the set of
nodes V, or whether some point correspond-
ing to an edge within the graph might not
offer a better solution. It is possible, in fact,
to demonstrate that the optimum solution
is always to be found at one of the nodes, so
that Equation 13 gives at the same time the
absolute median for the graph (for proof, cf.
Christofides 1975: 109, theorem 1).

In order to facilitate comparisons between
the other nodes in terms of accessibility, each
centre is assigned an integral accessibility
value as a percentual deviation from that of
the optimal centre, according to the equation

(dii — di;)
%.1
kr

(14) Ski — 00.

The relation sy = (X); — Xkr/Xx) - 100  also
holds, in which Xy, = min %,;. This percentual
deviation sy; enables the relative status of the
different nodes in the graph, i.e. the centres
in the province k, to be examined, so that the
changes in these values reflect directly the
decline in integral accessibility with-distance
away from the optimal centre. Thus it may
also be given a very simple empirical inter-
pretation in terms of changes in the distance
sum with respect to the optimal centre.

The sensitivity of the spatial structure
described by the graph may be tested, simu-
lated or predicted by associating transforma-
tion functions with the nodes or edges in the
graph. In this way a variety of simulation
models may be constructed by altering the
weightings assigned to the centres, rendering
the structure of the graph dynamic with
respect to time or transforming it by means
of probability functions.

An analysis is also made here of the influ-
ence of the provincial capital upon the
optimal structure of the administrative
region by giving hy; the value zero when j
refers to the capital. The spatial structure
is also modified by interchanging the popula-
tion sizes of the provincial capital and other
communes, allowing for each province
having n, different structures. By calculating
the percentage deviation in integral accessi-
bility for such graphs, comparisons may be
obtained of the influence of the provincial
capital upon changes in the accessibility of
the commune centres.
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Accessibility and the concept of centre in
graph theory

The concept of centre in graph theory is
applied in such a way as to enable the spatial
structure to be studied by placing the pro-
vincial centre in the location which mini-
mizes the maximum value for relative
accessibility. The centre is thus that node
which lies at the shortest distance from the
most remote node in the graph. When for a

province k, dyj=max d,; =1, 2, -+, n),
then the centre is a node vy. such that dy. =
mind}y (i= 1,2, - ,n). dg may then be term-

ed the radius of the graph.

It can be shown that there will usually be
an edge ey; in the graph which contains a
point x, which is a shorter distance away
from the most remote node than is the node
designated as the centre. This point xy,
identified in the edge e,;, which-in effect lies
at the shortest possible distance from the
most remote node in the graph, is termed the
absolute centre of the graph. The absolute
centre of a graph k fulfils the condition

max d(xko, ij) < max d(Xk, ij),
(15)
1<j<ng 1<j<ng

when x, € Gy The absolute radius of the
graph is r(xy,):

r(Xy,) = max d(Xy,, Vy;)
(16)
1<j<ng

An algorithm for the calculation of this is
presented in Korpelainen & Tykkyldinen
(1978: 23—-25).

It is also possible to weight the nodes of the
graph, in which case d(xg, vy;) is replaced by
hkjd(Xk, vk_))

The use of the concept of centre as defined
in graph theory in the evaluation and plan-
ning of regional structures is justified in
cases where one wishes to ensure the mini-
mum possible transaction journey for the
population of the most remote areas (cf. Sep-
pala 1973: 66, Kangas 1976: 6), i.e. the aim is
maximum accessibility for the most remote
areas. This is justified in cases where one
aims to create equality between different
parts of a region. Such a concept is useful
not only in examining the optimum location
for an administrative centre, but also in
considering the location of various emergen-
cy services, although here travelling time
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would provide a better basis for optimization
than distance.

The concept of centre is employed in the
present work to examine the extent to which
the most remote districts have been taken
into consideration in arranging the spatial
structure of the provincial administration.
The absolute centre is not the (pareto-)
optimal solution to the location problem as
far as the population as a whole in concerned,
however, as it is normally possible to identify
a node, the median node, which represents
the optimal location better in this respect
than does the absolute centre.

The provinces of Finland as graphs

The material for the accessibility analysis
to be presented here comprises the 11 prov-
inces of Finland and the six proposed new
provinces. Aland is excluded from this ma-
terial in view of the very special nature of the
terrain and the transport problems created
by this. The analysis of shape treats the
provinces as polygonal graphs, the borders of
which are the provincial boundaries, the
national boundary and the sea coasts. The
diameters of these areas are measured from
the most distant points on the respective
boundaries.

The graphs used for the analysis of
contacts and costs are composed of transport
networks (Fig. 4), with the main villages of
the communes as the nodes, weighted
according to the populations of the com-
munes on 31. 12, 1975 (ST v 1978: table 15).
Where the same locality serves as the admin-
istrative centre for two communes, e.g. in the
case of the urban and rural communes of
Lohja, the sum of the populations is used for
the weighting. In view of the limited capacity
of the computer, it was necessary to combine
the communes of the province of Turku and
Pori in the manner set out in the proposed
review of commune boundaries in that region
(see Consultative Board on Commune
Boundary Revisions 1970: appended map),
and the same is also done for the proposed
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Fig. 4. Example of the basic material: graphic
representation of the province of Vaasa.

new provinces of Varsinais-Suomi and Sata-
kunta. Some of the communes in the western
part of the proposed province of Pirkanmaa
are similarly combined for the same reason.
Although this gives rise to a certain inex-
actitude in the results when viewed in terms
of the present communes, strict compara-
bility is maintained between the combined
communes in the analysis given here.

The edges of the graphs consist of two-lane
main roads of width at least 5 metres (Road
Map of Finland, sheets 1-19), and in a few
cases of single-lane roads over 4 metres in
width where no larger road is available be-
tween two nodes, or where one could assume
the single-lane road to be of significance for
communication. There are nevertheless no
more than ten such cases altogether. Road
junctions are also taken as nodes on the
graphs where this leads to a reduction in the
number of edges required. Such nodes do
not affect the results in any way. The edges
are weighted according to their length as
indicated on the Road Map of Finland. The
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Table 1. Numbers of nodes and edges in the
graphs for the provinces of Finland.

Province Nodes Total Total
depicting nodes edges
commune

centres

Uusimaa 38 67 115

Turku and Pori 48 70 127

Hame 48 72 136

Kymi 27 39 55

Mikkeli 26 51 77

Northern Karelia 19 34 50

Kuopio 24 39 61

Central Finland 31 58 82

Vaasa 56 78 153

Oulu 52 78 130

Lapland 21 35 49

Varsinais-Suomi 25 38 65

Satakunta 18 22 36

Etela-Hame 22 33 56

Pirkanmaa 31 43 77

Northern Ostrobothnia 42 60 97

Kainuu 10 11 17

size of the graphs for the various existing and
proposed provinces are detailed in Table 1.

After formation of the distance matrices,
the material was checked and revised in
accordance with the distance data and tables
provided on the Road Map of Finland and
Motorist’s Road Map (1978). This was done
by selecting 20—40 items at random and
checking and correcting these. The weight-
ings of the centres were checked by summing
the data for each province. The material was
then examined using a set of graph theory
programs (Korpelainen & Tykkyldinen 1978),
together with 14 new programs constructed
for this purpose.

The work served to demonstrate that the
cartographical material published by the
Finnish Land Survey Board should be
presented in a form in which it would be
more easily adaptable for data processing
than it is at present, e.g. on magnetic tape,
punched tape or diskettes. Much less time
would then need to be spent by the research
workers themselves on the assembling,
coding and input of data. A very considerable
saving in time could be achieved, and such
material would also lend itself to many
applications of the present kind and to
further research.

Accessibility in the provinces of Finland 375

Accessibility in the existing and
proposed new provinces

Shape of the province

The shapes of the provinces under the
present system and in the proposed new
devision are examined in Table 2. The prov-
ince which comes closest to the optimal
shape within the existing system is that of
Kuopio, whose surface area amounts to 73 %
of that of a regular hexagon of the same
diameter. Mikkeli, another entirely land-
locked province, also comes close to this
ideal, with a value of 63 %, while the worst
figures are recorded for the provinces of
Kymi (30 %) and Uusimaa (31 %). The average
value for the existing provinces is 53.5 %
(Table 2).

No substantial improvement in the shapes
of the provinces seems to be achieved under
the revised system. The division of the
present province of Turku and Pori gives one
new province, Varsinais-Suomi, which is
closer to an optimal shape and one, Sata-
kunta, which is of a less advantageous shape
(Table 2), while the division of the province
of Hiame similarly produces that of Pirkan-
maa with a higher shape coefficient and that
of Southern Hame with one that is lower than
before and below the mean for the whole
country. The new province of Northern
Ostrobothnia, comprising the northern and
western parts of the present province of
Oulu, is substantially smaller in area and of
a less advantageous shape than its predeces-
sor, although the maximum distance remains
the same. The eastern part of the present
province of Qulu, the new province of Kai-
nuu, on the other hand, comes very close
indeed to an optimum shape, comprising a
land area which is 82 % of that of the corre-
sponding regular hexagon. The overall
influence of the new system of provinces is
very slight indeed, the proposed new prov-
inces having a mean shape coefficient of
0.588 compared with 0.570 in the existing
provinces affected by these changes.

Another approach to studying the shape of
an area is to count the number of contacts
with other areas, although this is not particu-
larly helpful in the case of Finland, as most
of the provinces border on either the sea
or the national boundary. Only four of the
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Table 2. Indices of shape for the provinces of
Finland.

Province S’ No. of
contacts

Uusimaa 0.31

Turku and Pori 0.50

Hiame 0.60 6

Kymi 0.30

Mikkeli 0.63 5

Northern Karelia 0.55

Kuopio 0.73 4

Central Finland 0.52 5

Vaasa 0.55

Oulu 0.61

Lapland 0.58

Varsinais-Suomi 0.69

Satakunta 0.45

Southern Hiame 0.51 7

Pirkanmaa 0.69 4

Northern Ostrobothnia 0.37

Kainuu 0.82

S’ (present provinces) 0.535
S’ (proposed provinces: values

for new provinces weighted

at 1/2) 0.540

existing provinces, and five under the new
system, are surrounded on all sides by other
Finnish provinces, and no very clear example
of a province which is hexagonal in shape
emerges (Table 2).

The assumption of a homogeneous pattern
of provinces on a euclidean plane involves a
highly abstract mathematical analogy which
does not take account of physical conditions,
geopolitical status or the tendency for spatial
concentration. The material does allow us to
conclude, however, that those provinces that
do not possess any sea coast or lie on the
national boundary have highes indices of
shape than the others. The revision in the
system of provinces, on the other hand, does
not improve the shapes of the administrative
regions to any substantial degree.

Mean and relative accessibility

The provinces of Finland vary considerably
in size, with that of Uusimaa the smallest in
surface area and those of Lapland, Oulu and
Vaasa by far the largest. It is thus reasonable
to assume that the relative accessibility of the
provincial capitals will be similar in most of
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the provinces, with the exception of the
above large provinces and of Uusimaa, in
which the majority of the population is in any
case concentrated in a restricted area around
the capital, Helsinki. It can also be assumed
that the size of the province will affect its
mean accessibility value and the standard
deviation in accessibility.

The mean and standard deviation values
for accessibility do in fact vary considerably
from one province to another (Table 3), and
surprisingly, it appears that accessibility is
poor in some of the communes of Southern
Finland. By definition, accessibility is poor,
when it is below the mean (d;; > x; djj; > xy).
There are three provinces in which two-
thirds of the population live in areas with an
accessibility with respect to the provincial
capital which is below the mean for the whole
country (i.e. d;;>X), and two of these are
located in the south (Table 3).

The province of Uusimaa stands out clearly
from all the others, having particularly good
figures for both mean accessibility and the
standard deviation. This is due to the pro-
nounced concentration of the population in
the Helsinki area. The shape of the province,
on the other hand, is anything but optimal,
and very remote population centres are also
to be found, the extreme example being the
town of Hanko. These large internal varia-
tions in accessibility are reflected in the
coefficient of variation for the accessibility
values, which is very much higher than in
any of the other provinces. There are never-
theless a smaller number of places with an
accessibility below the mean for the whole
country than in any other province (Fig. 5),
and under 10 % of the population live in such
areas (Table 3).

The mean accessibility figure for the prov-
ince of Turku and Pori is the fourth worst
in the country and the standard deviation the
third greatest (Table 3). Over a half of the
people live in areas with a relative accessi-
bility below the mean for the country as a
whole, and 45.2 % in the area where relative
accessibility in respect of the provincial
capital is better than the national mean.
Relative accessibility is poor throughout the
district of Satakunta, and since this area
traditionally forms a separate entity (Fig. 5),
the formation of a new province of Satakunta
would seem to be justified.
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Table 3. Mean accessibility (km) and its standard
deviation and distribution of the population by
accessibility in the provinces of Finland.

Province 1 2 3 4

Uusimaa 222 289 907 726
Turku and Pori 713 615 452 512
Hiame 675 318 283 35.6
Kymi 65,5 463 559 559
Mikkeli 66.7 43.1 394 394
Northern Karelia 50.5 414 59.0 53.3
Kuopio 515 387 578 418
Central Finland 40.5 39.0 653 49.8
Vaasa 825 479 262 424
Oulu 98.0 78.8 351 488
Lapland 1045 778 238 388
Varsinais-Suomi 254 284 802 678
Satakunta 30.0 262 612 484
Southern Hame 49.7 284 447 385
Pirkanmaa 26.7 299 726 58.7
Northern Ostrobothnia 70.6 67.3 483 514
Kainuu 52.1 432 56.6 56.6

1 = mean accessibility

2 = standard deviation

3 = percentage of population living in areas with
an accessibility relative to the provincial capital
better than the mean for the whole country

4 = percentage of population living in areas with
an accessibility relative to the provincial capital
better than the mean for the province

Mean accessibility relative to the provincial capital
for the whole country is 59.8 for the present prov-
inces, and the standard deviation 48.5.

Mean accessibility in the province of Hime
is poor, although the standard deviation is
not great (Table 3). Population growth in this
province has mostly taken place in centres
other than the capital, Himeenlinna, with
Tampere constituting the largest centre in
the province and Lahti serving as a major
centre in the east. Both of these latter towns
have an accessibility with respect to the
provincial capital which is below the mean
for the whole country (Fig. 5). The recognition
of the northern part as a separate province
of Pirkanmaa has been proposed on a num-
ber of occasions, but Lahti would still remain
on the edge of the new province of Southern
Hame.

Relative accessibility in the province of
Kymi is poor, and very poor in relation to
its size (Table 3). The population is concen-
trated in two regions, one following the Sal-
pausselka ridge and the other the valley and
estuary of the Kymi river. It is the communes
in the north-east that are in the worst position

Accessibility in the provinces of Finland

377

Fig. 5. Relative accessibility with respect to the
provincial capital in the provinces of Fiinland. Rela-
tive accessibility poorer than: (1) mean for prov-
ince, (2) national mean and (3) national and provin-
cial means.

of all regarding accessibility. The matter
should certainly be raised as to how the
structure of this province, and the manner
in which it borders onto other provinces,
could be improved, although in view of the
distribution of population and the proximity
of the sea to the south and the national
boundary in the east this would be a particu-
larly difficult problem.

Relatively high indicator values are also
assigned to the province of Mikkeli, due to
the location of two large centres on the
perimeter of the province, Heinola in the
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south-west and Pieksamdiki in the north
(Table 3). Some discussion has been entered
into in the boundary review committees, but
no positive measures have been proposed.

The provinces of Northern Karelia, Kuopio
and Central Finland, form a relatively dis-
tinct group of their own, all being located in
the interior of the country. Relative accessi-
bility is better than the national mean for
more than a half of the population in each
case (Table 3), but is poorer in the north, and
all three provinces have a mean accessi-
bility which is better than that for the country
at large and a standard deviation which is
smaller. Thus the present structure of re-
gional government can be regarded as rela-
tively successful as far as these provinces
are concerned.

Mean accessibility in the province of Vaasa
is the third worst in the country, and only
26.2 % of the population live in the area in
which relative accessibility is better than the
national mean (Table 3). This poor result is
partly due to the fact that the provincial
capital is located some distance away from
the relatively densely populated region of
Southern Ostrobothnia. No plans are made
in any of the recent reports for any changes
in the boundaries of this province, however,
in spite of the fact that in addition to defi-
ciencies in accessibility it forms somewhat
heterogeneous entity in its present form as a
functional and administrative region (e.g.
Palomiéki 1968).

As was to be expected, relative accessi-
bility is poor in the province of Oulu (Fig. 5),
in which the mean value is the second
poorest in the whole country after Lapland.
Even so, over a third of the population live
in an area with a relative accessibility better
than the national mean (Table 3), a higher
proportion than in the provinces of either
Vaasa or Hame, since a large proportion of
the province’s population is located in and
around the capital, Qulu. The north-eastern,
eastern and southern parts of the province
are in the worst position as far as accessi-
bility is concerned, and although it is pro-
posed to establish a new province of Kainuu
in the east, this will do nothing to improved
the accessibility of services for the people of
the north-east of the present province.

The province of Lapland has the worst
accessibility figures of all, although the mean
figure is only 6.2 % worse than that for the
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Fig. 6. Relative accessibility with respect to the
provincial capital in the proposed new provinces.
Relative accessibility poorer than: (1) mean for
province, (2) national mean and (3) national and
provincial means.

province of Oulu and 21.1 % worse than for
Vaasa, and the standard deviation is better
than for the province of Oulu (Table 3). Ac-
cessibility is below the mean level for the
country in general everywhere except in the
town and rural commune of Rovaniemi,
which together account for 23.8 % of the
population. In spite of the poor accessibility
and the fact that settlement falls psycho-
logically into three distinct regions, the size
and density of the population are such that
it would scarcely be functionally feasible to
subdivide the region into smaller provinces.

The revision of the provincial boundaries
will bring with it quite substantial changes in
accessibility with respect to the provincial
capitals, the mean accessibility for the
country as a whole improving by 22.7 %, from
a value of 59.8 to 46.25. A particularly suc-
cessful measure in this respect is the division
of the province of Turku and Pori into two
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Fig. 7. Mean accessibility and standard deviation
in the provinces of Finland in relation to the
national means for the present provinces.

parts, Varsinais-Suomi and Satakunta (Table
3, Fig. 6), both of which have a very much
better mean accessibility and standard devia-
tion than does the present province. These
two new provinces resemble Uusimaa in
their accessibility structure, and are also
rather similar to this province in size, al-
though Satakunta is about 23 % smaller in
surface area.

The division of the province of Hame into
Southern Hime and Pirkanmaa does not
lead to such a great improvement in accessi-
bility, however (Table 3), with accessibility
for Southern Hime remaining rather poor in
spite of the small size of the proposed new
province. This may be attributed to the
remote location of Lahti and the relatively
dense settlement in the south of the province.
Pirkanmaa, on the other hand, is more
satisfactory in its structure, and is also larger
in surface area than any of the other proposed
new provinces in the south of the country,
and larger than the existing province of Uusi-
maa. The successfulness of this solution is
due largely to the presence of a powerful
concentration of population in the new pro-
vincial capital, Tampere, although some
rather less advantageous areas in terms of
accessibility are to be found in the north
(Fig. 6).

The division of the present province of
Oulu into Northern Ostrobothnia and Kainuu
leads to an improvement in accessibility for
the people in the south-east and east. The
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new province of Kainuu approaches the
present interior provinces in its surface area
and accessibility values, but Northern
Ostrobothnia continues to include areas of
poor accessibility in the north-east and the
south.

Comparison of the calculated mean acces-
sibility indices for the proposed new prov-
inces and their standard deviations with
present mean values shows poorer than
average results to be obtained in Lapland,
Northern Ostrobothnia, Vaasa, Kymi and
Mikkeli (Fig. 7).

Optimum location and integral
accessibility of the
provincial capitals

Integral accessibility depicts the acces-
sibility of a commune centre i from all the
other commune centres in the province. The
percentage deviation s,; can then be used
to compare the integral accessibilities of the
various commune centres with that of the
optimum centre for the province, the median
of the graph. If this deviation sy is to be
used to compare different provinces the
mean accessibility of the optimum centre
also has to be taken into account, since the
percentages as such depict integral acces-
sibility in relation to the optimum centre
of the same province. The examination of
integral accessibility also takes account of
the location of the population within the area,
a feature which is allowed to affect the in-
dex value and the location of the optimum
centre. The index values obtained are pre-
sented in Fig. 8.

The largest deviations here are to be found
in the province of Uusimaa, where the heavy
concentration of population in the Helsinki
area causes the accessibility of the centres
in the eastern and western parts of the
province from all other centres to decline
very sharply. This concentration of popula-
tion also has the effect of defining Helsinki
as the optimum centre for the province, far
ahead of any possible alternatives (Fig. 8).

In view of the relatively scattered distribu-
tion of population and the poor mean ac-
cessibility index, the percentage deviation
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Fig. 8. Optimally located provincial
centres and integral accessibility in
the provinces of Finland. (1) percent-
age deviation from optimum, (2) opti-
mum centre, (3) provincial capital and
(4) value for s; at provincial capital.
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values for the province of Turku and Pori
remain low, with no areas standing markedly
from the others. With the majority of the
population concentrated somewhat in the
south of the province, the poorest accessi-
bility figures are recorded in the north. Turku
emerges as the optimum centre, although the
neighbouring commune centres would be al-
most as good alternatives. This prime position
of Turku is a consequence of the good com-
munications in this direction. Road connec-
tions with Turku are good from most part of
the province, whereas connections in an east-
west direction are poor or non-existent north
of Turku up to the level of route no. 42. The
area of generally good integral accessibility is
an extensive one, stretching into the southern
parts of Satakunta.

The province of Hime shows good results
for integral accessibility in its central area,
but Himeenlinna, the provincial capital does
not emerge any longer as the optimum centre,
since maximum accessibility is found in the
area between Himeenlinna and Tampere,
reaching a peak at Pialkiane, which has a value
9 % better than that for Himeenlinna. Tam-
pere would also be a reasonable candidate
for the capital having the third best acces-
sibility index after Valkeakoski. Himeen-
linna shows an integral accessibility index
8.4 % poorer than that for Tampere.

Integral accessibility is good within the
province of Kymi on the axes Lappeenranta—
Kouvola and Kouvola—Kotka, the worst fig-
ures being recorded for the north-eastern
part of the province. Placed alongside the
relative accessibility figures, these findings
mean that the communes in this area are
really very isolated. Again the present prov-
incial capital, in this case Kouvola, does not
prove to be the optimum centre, lying only
in second place, 7.1 % worse off than the
optimum, Luuméki. The spatial structure of
the province of Kymi is highly problematical,
the majority of the population being located
on an axis running along the Salpausselka
ridge and in the valley of the Kymi river.
The province is also poorly endowed in terms
of shape, nor can it be shown to be a par-
ticularly rational solution as a functional unit,
since it lacks an adequate population base
(cf. Palomaki 1972: 11).

In the case of the province of Mikkeli the
poorest indices of integral accessibility are
found in the east, north-east and south-west.
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The town of Mikkeli is shown to be the
optimum centre, although Juva receives al-
most equally as good an accessibility rating.

In Northern Karelia the present provincial
capital, Joensuu, proves to be the optimum
centre, while the northern and southern parts
are in the weakest position, as might be
expected, and also the commune of Virtsila.

The area of poorest integral accessibility
in the province of Kuopio lies in the north,
while the capital, the town of Kuopio, emerges
as the optimum centre.

Central Finland, which was shown to be
one of the best provinces in the country,
alongside Northern Karelia and Kuopio, as
far as mean accessibility and its standard
deviation was concerned, nevertheless has
areas of poor integral accessibility, especially
in the north, and also to some extent in the
south of the province. The provincial capital,
Jyviskyla, proves to be the optimum centre
according to the present calculations.

Integral accessibility in the province of
Vaasa is poorest in the north and north-east,
and also in the south-western corner, and
since Xy is relatively high, the communes
close to the southern boundary of the prov-
ince of Oulu are particularly weak in both
relative and integral accessibility. At the
same time, the present provincial capital,
Vaasa itself, is not in the optimum location
for the present areal structure, falling 11.3 %
short of the integral accessibility figure for
the optimum centre, Isokyro, and also being
surpassed by Lapua, 3.8 % below Isokyro,
and Seinéijoki, 4.7 % below.

Integral accessibility in the province of
Oulu is poorest in the extreme north-east
and south-east, with the southernmost areas
of all also relatively badly off. The provincial
capital, Oulu, is shown by the calculations
to be in the optimal position, and an extensive
area with good accessibility extends south-
eastwards from this town.

Within the province of Lapland it is only
to be expected that the extreme north will
constitute an area of poor accessibility, and
with the population concentrated in the
south of the province the optimum centre
is clearly the present capital, Rovaniemi.

The revision of the provincial boundaries
brings with it considerable changes in in-
tegral accessibility. All the peripheral areas
in the new province of Varsinais-Suomi now
seem to be in a similar position (Fig. 9),
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Fig. 9. Optimally located provincial centres and integral accessibility in the proposed new provinces.
(1) percentage deviation from optimum, (2) optimum centre, (3) provincial capital and (4) value for s,;

at provincial capital.

and the relative accentuation of the role of
Turku in the spatial structure gives rise to
fairly large percentage deviations for these
more remote areas, although in absolute
terms, and compared with the values for
other parts of the country, accessibility is
good throughout the province. Similarly the
mean accessibility value for Varsinais-Suomi
is very much better than that for the existing
province of Turku and Pori. The optimum
centre for the new province is quite clearly
Turku.

The new province of Satakunta has its
weakest accessibility ratings in the north and
south-east. The optimum centre is shown

to be Pori, and good integral accessibility
is also recorded in the communes of the
Kokemadki river valley.

Integral accessibility in the new province
of Southern Hime is poorest in the west,
largely due to the relatively powerful aggrega-
tion of population in the Lahti area. Himeen-
linna does not emerge as the optimum centre,
being surpassed in accessibility values by
the areas to the east. The value for Himeen-
linna is as much as 16.2 % poorer than that
for the optimum centre, Lammi, and 14.5 %
poorer than Lahti. Himeenlinna thus repre-
sents a bad choice of provincial capital from
the point of accessibility, while with its poor
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mean accessibility, the whole structure of
Southern Hiame would seem somewhat in-
coherent.

Within the proposed province of Pirkan-
maa good integral accessibility is to be found
in a rather limited area around Tampere,
with very much weaker ratings given for
the northern and north-eastern districts.
Mean accessibility in the province as a whole
is nevertheless good, due chiefly to the size
of Tampere itself and to the location of the
population largely in the southern parts of
the province. The optimum centre is Tam-
pere, and the province as a whole may be
regarded as a relatively successful spatial
structure.

The division of the province of Qulu into
Northern Ostrobothnia and Kainuu leads to
an improvement in conditions in Kainuu in
particular. The proposed province has a
sound accessibility structure, as was also
seen from its mean accessibility and standard
deviation figures. No steep decline in integral
accessibility is found on the margins of the
province, and the planned provincial capital,
Kajaani, emerges as the optimum centre.

Northern Ostrobothnia, on the other hand,
proves a rather unsatisfactory province both
in its shape and in its accessibility ratings.
Integral accessibility is poorest of all in the
north-east, but bad areas are also to be found
in the south. Since the mean accessibility for
the province as a whole is also poor, the
large percentage deviations in these mar-
ginal areas imply very low standards of
accessibility. The worst commune of all in
integral accessibility, Kuusamo, is indeed
closer to Rovaniemi than it is to either Oulu
or Kajaani. The optimum centre for Northern
Ostrobothnia is shown in the analysis to be
Oulu, and since p-median analysis on the
data for the present province of Qulu showed
the two most suitable centres to be Oulu
and Kajaani, the choice of capitals for both
of the new provinces would seem to be a
reasonable one.

With certain outstanding exceptions, in-
tegral accessibility over the country as a
whole varied in a manner somewhat similar
to that noted for relative accessibility. The
greatest variations within a single province
were noted in Uusimaa, due primarily to
the heavy concentration of population in the
Helsinki area, and the second largest varia-
tion in Lapland. High percentage deviations
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were also recorded for the northern parts
of Central Finland and the north-eastern
corner of the province of Kymi. The ‘handi-
cap’ imposed by poor accessibility is also
more than double the optimal value in the
cases of the northern and south-eastern parts
of the province of Turku and Pori, the
northern parts of Hime, the north-eastern
and north-western areas of Mikkeli, the north-
ern and southern parts of Northern Karelia,
the northern districts of the provinces of
Vaasa and Kuopio and the north-eastern and
south-eastern extremes of the province of
QOulu.

Among the proposed new provinces, those
of Varsinais-Suomi and Pirkanmaa are con-
structed around major population centres,
implying large internal variations in integral
accessibility. Major deviations from the opti-
mum values are to be seen on the margins
of Varsinais-Suomi and in the northern parts
of Pirkanmaa and Satakunta. Only relatively
minor variations in integral accessibility are
recorded in Southern Hame, a feature in-
dicative in this case of a highly dispersed
spatial structure.

The division of the province of Oulu into
Northern Ostrobothnia and Kainuu gives rise
to larger percentage deviations in the north-
eastern and southern parts of Northern Ostro-
bothnia than these areas showed when ex-
amined in the framework of the existing
provincial structure. Variations in integral
accessibility within the new province of Kai-
nuu are small.

The results of this analysis proved to be
better than had been expected as far as the
location of the present provincial capitals
was concerned, with as many as eight out
of the ten provinces studied having their
capital at the calculated optimal location.
Better alternatives can be suggested only
in the case of the provinces of Vaasa, Hime
and Kymi, two towns, Lapua and Sein§joki,
emerging as more accessible centres than
Vaasa, and similarly two, Tampere and Val-
keakoski, as more accessible than Hidmeen-
linna.

Among the proposed new provinces,
Southern Hime may again be said to offer
better alternatives for an administrative cen-
tre than Hameenlinna, Lahti in particular
being in a more accessible location. The
choice of provincial capital appears to be a
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successful one as far as accessibility is con-
cerned in all the other instances.

The deviations s,; are indicative of the rela-
tive positions of the other centres with re-
spect to that which proves to be the centre
of optimal accessibility in the province, and
their values are therefore comparable only
within the one province. In spite of the large-
ly optimal location of the present provincial
capitals, however, major discrepancies in
mean accessibility still remain between the
provinces. Even so, the practically optimal
location of the present administrative centres
suggests that accessibility in the weaker
provinces cannot be improved simply by
transfering such functions to an alternative
centre. This can only be recommended in
the case of the provinces of Vaasa and Hame
and the proposed province of Southern Ha-
me, and even then the improvement would
not be particularly great.

Effect of the provincial capital
upon integral accessibility

Since with the exceptions of the provinces
of Hame and Kymi the provincial capitals
are always among the largest towns in the
province, it also becomes important to ex-
amine the extent to which these concentra-
tions of population influence the process of
determining the optimal location for the
centre. It is possible to eliminate the effects
of these centres by defining them in the
graph as commune centres having no popula-
tion. Since the distance matrix Dy and the
population vector hy are defined as having
the index value k = 1 in the case of the prov-
incial capital, the calculations based on Equa-
tions 12, 13 and 14 are now carried out with
hy; = 0V k. The results are affected somewhat
by what areas are regarded as belonging to
the provincial capital. This is limited here
to the actual urban commune which con-
stitutes the capital itself. Since the popula-
tion of this commune alone is large com-
pared with that of the surrounding com-
munes, it is regarded here as sufficient to
study the effects of just this administrative
unit upon accessibility.

With the population of the present prov-
incial capitals eliminated in this way, only
two of the existing provinces can now be
shown to have an optimally located capital,
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namely Northern Karelia and Central Fin-
land (Fig. 10). The greatest deviation from
the current situation is found in the case
of Vaasa, which proves to be a 30 % poorer
alternative than Lapua as the centre for its
province (Fig. 10). Similarly the centre for the
province of Turku and Pori shifts some
distance away from Turku, to Eura, once
the population of Turku itself is excluded
from the analysis.

In the case of the other provinces shown
in the analyses above to have their capital
in a non-optimal location, Hime and Kymi,
elimination of the effect of the capital itself
serves to accentuate this impression. Thus
the deviation of Himeenlinna from the opti-
mal value, that for Tampere, increases from
9.0 % to 17.4 %, and that of Kouvola from
the calculated centre, Luumaiki, from 7.1 %
to 15.2 %.

Among the other provinces, the optimum
centre for Uusimaa is now shown to be Van-
taa, with Helsinki registering a 9.5 % poorer
accessibility rating, while the most accessible
centre for the province of Mikkeli shifts to
Juva, with Mikkeli itself deviating from this
value by 7.5 %, and that for the province
of Kuopio moves northwards to Siilinjarvi.
The optimum centre for the province of Oulu
is now Liminka, with Oulu 4.2 % behind,
and that for Lapland the commune of Kemin-
maa, by a margin of 1.8 % from Rovaniemi.

Elimination of the population of the centres
proposed for the new provinces under con-
sideration leads to a change in the locus of
optimum accessibility in all cases except two,
Varsinais-Suomi and Pirkanmaa (Fig. 11).
The centre for Satakunta moves from Pori to
Nakkila, which surpasses the former in ac-
cessibility by 9.1 %, while Lahti is confirmed
as the most accessible centre in Southern Ha-
me, Himeenlinna showing a deviation of as
much as 36.9 %. The optimum centre for
Northern Ostrobothnia shifts from Oulu to
Liminka, by a margin of 8.0 %, and Kajaani
emerges as a 14.8 % poorer solution as the
centre for Kainuu than is Ristijarvi.

A general assessment of the changes in
accessibility brought about by the elimina-
tion ofthe population of the provincial capital
from the calculations suggests these these
are minor in extent. In theory such a measure
should lead to a marked fall in the integral
accessibility index for this centre and should
lead to a substantial shift in the position
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Fig. 10. Optimally located
provincial centres and inte-
gral accessibility in the prov-
inces of Finland with the
population of the present
provincial capital excluded
from the model. (1) percent-
age deviation from optimum,
(2) optimum centre, (3) prov-
incial capital and (4) value
for Sy; at provincial capital.
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Fig. 11. Optimally located provincial centres and integral accessibility in the proposed new provinces
with the population of the present and planned provincial capitals excluded from the model. (1) per-
centage deviation from optimum, (2) optimum centre, (3) provincial capital and (4) value for S,; at

provincial capital.

of the optimum centre. This is not the case,
however. It seems, in fact, that in spite of
generally being the largest town in the prov-
ince in terms of population, the capital does
not itself exercise any substantial influence
on the accessibility values recorded.

The sensitivity of the optimum centre can
also be tested by varying the location of the
capital within the province. For this purpose
the populations of the actual capital and a
centre i are interchanged, and each value
for the percentage deviation s,; (i=2,3,...,
ny) is calculated for this altered structure,
the corresponding value s,, for the capital

still following the real structure. This gives
an analysis in which there are n, different
spatial structures, out of which n, =1 de-
scribes the actual structure. The model is a
hypothetical one and entirely divorced from
the real world, but will serve well to show
the relative permanence of the spatial struc-
ture.

The results suggest that the percentage
deviations do not vary very greatly from
those obtained earlier (Fig. 12, 13). The struc-
ture of the network of centres is relatively
unchanged, and it seems that even quite large
alterations in population are incapable of



387

Accessibility in the provinces of Finland

FENNIA 159:2 (1981)

100km

g‘i? 03 .
/// eu.. .._—_—‘ I m

I

125-149

(1)

Fig. 12. Optimally located
provincial centres and inte-
spatial structures,
optimum, (2) optimum cen-
tre, (3) provincial capital and
4) value for ski at provincial

inces of Finland given alter-
percentage deviation from

tive

gral accessibility in the prov-

capital.



388 Markku Tykkyldinen

0-24

e« O

25-49

50~74

‘§MD—L
~w N

75-99

100-124

125-149

2150

FENNIA 159:2 (1981)

Kajaan
®16

100km

Fig. 13. Optimally located provincial centres and integral accessibility in the proposed new provinces
given alternative spatial structures. (1) percentage deviation from optimum, (2) optimum centre, (3) pro-
vincial capital and (4) value for s,; at provincial capital.

having any appreciable effect upon accessi-
bility, the pattern for which is basically
similar throughout.

Thus both the elimination of the popula-
tion of the provincial capital and variation
of the spatial structure indicate that integral
accessibility will remain practically un-
changed and no particularly significant al-
terations in the optimal structure of centres
occur compared with the existing accessi-
bility structure. Consequently the analysis
of accessibility and the definition of the
optimum centres may be regarded as re-
flecting relatively permanent phenomena,

the present spatial structure still being re-
flected in accessibility and the relative ac-
cessibility status of the various centres even
after major rearrangements in the popula-
tion. The present provincial capitals exercise
little influence on the spatial structure of
accessibility. From the point of view of ac-
cessibility these capitals are located in prac-
tically an optimal manner, and the popula-
tion of the province is usually organized so
as to give a higher density close to the capital
than elsewhere, which in turn speaks for
the optimal location of the present capitals.
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Fig. 14. Maximum distances
from the provincial capitals and
alternative centres required to
minimize these distances. (1)
optimum centre, (2) commune
centre, (3) percentage from opti-
mum, (4) maximum distance
from provincial capital and (5)
minimized maximum distance.
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Fig. 15. Maximum distances from the capitals of the proposed new provinces and alternative centres
required to minimize these distances. (1) optimum centre, (2) commune centre, (3) percentage deviation
from optimum, (4) maximum distance from provincial capital and (5) minimized maximum distance.

Maximum distance as a criterion
for accessibility

It is also reasonable to approach the ques-
tion of accessibility as a problem of maxi-
mizing the accessibility of the most remote
parts of the areas concerned. One means of
achieving this, as set out in equation 15, is
by minimizing the maximum distance, a
procedure known in graph theory as the
minimax location problem. The empirical
results are depicted in Fig. 14 and 15, in
which the optimum centre is taken to be
that which has the minimum value for its
maximum distance from any other centre,
even though an algorithm based on the
absolute centre theorem could point to a
better centre on some edge in the graph.

Definition of the absolute centre does not,
in fact, alter the results.to any appreciable
extent (see data on absolute centres in Table
4). Quite considerable differences are to be
seen, however, between the centres identified
here and those defined by reference to in-
tegral accessibility. Examined in terms of
commune centres, only the province of Mik-
keli can be shown to have its capital located
correctly according to the maximum distance
criterion, although Juva would give an equal-
ly good result (Fig. 14).

The province of Lapland is the worst off
in respect of maximum distance on an abso-
lute scale, the most remote of the commune
centres being situated as much as 458 kilo-
metres from the provincial capital, a distance
which could be reduced to 328 km by moving
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Table 4. Absolute centres for the present and proposed new provinces of Finland, to an accuracy of
+ 1.5 km. The absolute centre named in the table is the locality situated closest to the absolute centre

point given by the algorithm.

Locality

Province Absolute Commune

radius
Uusimaa 119 Matinkyla Espoo
Turku and Pori 149 Vampula Vampula
Hame 126 Epaala Pialkane
Kymi 132 Ahvenlampi Joutseno
Mikkeli 134 Kilpola Juva
Northern Karelia 118 Varparanta Kontiolahti
Kuopio 102 Kasurila Siilinjarvi
Central Finland 128 Kutula Uurainen
Vaasa 149 Roppi Kauhava
Oulu 218 Paatinjarvi Vaala
Lapland 301 Mataraselké Sodankyla
Varsinais-Suomi 79 Suopohja Lieto
Satakunta 90 Toejoki Pori

90 Sammaljéarvi Kullaa

Southern Hame 83 Kruununmylly Hémeenlinna
Pirkanmaa 96 Nurmi Tampere
Northern Ostrobothnia 202 Valikyla Kiiminki
Kainuu 94 Pyhanta Ristijarvi

the capital to Sodankyli. In percentual terms
the province of Kymi is in the worst posi-
tion, Uukuniemi being located 232 km from
Kouvola, whereas the maximum distance,
even within the present boundaries of the
province, could be reduced to 135 km, an
improvement of 41.8 %. Other essentially
non-optimal structures are to be found in
the provinces of Turku and Pori, Hime and
Vaasa.

The same method shows accessibility in
the proposed new provinces to be extremely
good (Fig. 15). The planned provincial capital
for Satakunta, Pori, also proves to be the
calculated optimum centre, and the optimum
occurs in communes adjacent to the proposed
capital in all the other cases except for Kai-
nuu. It is notable that the percentage dif-
ference in maximum distance from the capi-
tal and the optimum centre is never very
great in these new provinces, the highest
deviation, in Kainuu, being a matter of 5 %.

The existing provinces of Kymi, Turku and
Pori, Lapland, Hiame and Vaasa are thus
shown to have the poorest spatial structure
with respect to the maximum distance crite-
rion, the situation being particularly bad in
Kymi. The choice of administrative centre
is shown to be practically the optimal one
in all of the proposed new provinces, how-
ever, ensuring maximum accessibility to the

centre for the inhabitants of the remotest
areas, given the provincial boundaries as laid
down in the proposals. Although the results
point to fairly large deviations from the
optimum, especially in the existing prov-
inces, these nevertheless operate in the same
direction as those obtained using the other
measures of accessibility. Even so, the devia-
tions are greater than those found on the
criterion of integral accessibility, enabling
us to conclude that the provincial centres
are located in a more advantageous manner
in respect of the population in general than
they are in respect of the inhabitants of the
most remote areas.

Conclusions

Accessibility findings

The results shed a reasonably favourable
light upon the regional organization of prov-
incial administration in Finland. Its regional
structure is close to the optimum when
examined against the assumption that it is
organized on the basis of the location of
the provincial capital or within the frame-
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work of the existing provincial boundaries,
while some improvement in the direction
of the optimal situation can be demonstrated
in the plans for revising the system of prov-
inces. This general impression is naturally
partly a product of the initial assumptions,
but the results may be regarded as sufficient-
ly unambiguous that, bearing in mind these
assumptions, they may be generalized to give
conclusions testifying to a good correspond-
ence between the present regional structure
of provincial administration and the optimum
such structure obtainable with the given
number of provinces.

It is the provinces in the interior of the
country that come nearest to the optimum
shape, the best being Kuopio and Mikkeli,
and the least successful Kymi and Uusimaa,
both of which have their boundaries deter-
mined by the sea coast in the south and the
ridge of Salpausselkd in the north. Kainuu
is by far the most satisfactory in shape of
all the proposed new provinces, while the
least satisfactory is Northern Ostrobothnia,
which also contains a number of regions
which differ substantially in character.

Mean accessibility with respect to the
provincial capital and the standard devia-
tion in this accessibility are below the mean
for the whole country in the provinces of
Lapland, Oulu, Turku and Pori, Vaasa, Kymi,
Mikkeli and Hiame. When these results are
related to the size of the province and account
is taken of the possibilities and plans for im-
provement, it becomes clear that special
efforts to improve accessibility should be
made in the case of the provinces of Oulu,
Vaasa and Hame.

The proposed division of the province of
Turku and Pori into Varsinais-Suomi and
Satakunta would imply a substantial increase
in accessibility in the area, and similar values
would also be achieved in the new province
of Pirkanmaa, coming close to those now
obtained in Uusimaa. The accessibility rat-
ings achieved for the new province of Kai-
nuu are also good in relation to the size
and population structure of this region, but
poor results are obtained for both Southern
Hime and Northern Ostrobothnia.

The proposed changes in the provincial
boundaries can be regarded as fairly suc-
cessful as far as accessibility is concerned,
although the solution for Southern Hime
would seem to represent in part a conflict
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between the development of spatial struc-
tures and the traditional system of adminis-
trative provinces which the recommenda-
tions for revision have still failed to resolve.
The formation of such a province in the
southern part of the existing province of
Hime and the retention of Himeenlinna as
its administrative centre may be looked on
as a retrograde step, an attempt to maintain
the status of the town in spite of the rapid
development of new spatial structures in the
region.

The creation of provinces of Satakunta,
Pirkanmaa, Kainuu and Varsinais-Suomi,
has been proposed in various connections
for some decades, and in certain cases even
for some centuries, and these areal units
would seem to correspond well with the sub-
jective opinions of the inhabitants. They will
also lead to considerable improvements in
accessibility to a provincial capital.

The proposals for a new province of Central
Ostrobothnia, on the other hand, would again
represent a conflict between boundary revi-
sion and the factors of accessibility and
regional identity. No successful division of
the area into provinces can be found as far
as accessibility is concerned either within
the existing system or after the proposed
revisions. No plans have yet been produced
which would solve this problem and give
improved accessibility in the region, and so
the present situation is likely to prevail for
some time.

The location of the provincial capitals both
at the present time and in the future proposals
corresponds surprisingly well with the opti-
mal structure, although there are certain
provinces in which poor values are obtained
for mean accessibility and its standard devia-
tion, and in these the provincial centres are
either located in a non-optimal manner, or
else their permanence is not so convincing
as elsewhere. An unsatisfactorily located cen-
tre will naturally tend to reduce accessibility
generally. Most of these cases are the out-
come of the history of the area concerned,
and for this reason it has not proved possible
to move the capital to a centre which cor-
responds better to the actual spatial struc-
ture. This is particularly true in the case of
Hiameenlinna, and also partially so with
Vaasa.

With the exception of Southern Héme, the
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new provinces have their capitals more satis-
factorily located than do the present ones.

The tests for the permanence of the spatial
structures show the provincial capitals to be
located in a relatively advantageous manner
even when their own populations are ex-
cluded from the calculations. Radical changes
in spatial structure would be needed before
their location could be said to be obviously
non-optimal.

The existing spatial structure may be re-
garded as supporting the present system of
administrative centres in the majority of the
provinces. Although an attempt is obviously
made to locate the provincial capitals in the
optimum manner with respect to accessibili-
ty, it is also to be expected that, with certain
exceptions, future developments in the spa-
tial structure will serve only to emphasize the
status of the capitals as the optimal centres.

The results also draw attention to those
areas which ate particularly remote from
their provincial capitals, or which experience
poor accessibility to other parts of the same
province. The fact that the deviations of these
areas from the optimal values are greater
when calculated according to the minimax
location concept than they are under the
minisum location concept suggests that the
centres are better located with respect to
the population as a whole than they are with
respect to the population of the remoter
areas, that is, they are determined by the
overall advantage of the population, with
the principle of equality taking second place.
This property is nevertheless not so pro-
nounced in the proposed new provinces than
it is in the existing ones. Since the new
system reduces considerably the standard
deviation in the accessibility, the boundary
revisions can be taken to entail increased
equality of accessibility. The coefficients of
variation for the new provinces are still high,
however, indicating large internal differences
in accessibility even in these cases, although
this is most commonly due to the high popu-
lations of the new provincial capitals.

Accessibility problems are to be found in
the south of the country as well as the north,
as is also the case with problems in the loca-
tion of provincial capitals. In the south in
particular, this can usually be interpreted
in terms of some form of conflict between
historical development and administrative
organization, in which boundary revisions
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and other areal measures are unable to keep
up with the real changes in spatial structure.
The revisions now proposed represent an
obvious improvement in accessibility, but
even these adjustments carry their own his-
torical burden. Examination of the proposals
for revisions and the statements issued con-
cerning these shows a clear tendency for
the people in general and their democratically
elected organizations to favour the existing
boundaries and administrative practices. It
may be that the advantages in accessibility
are thought to be small by comparison with
any change in old administrative traditions
or feelings of regional or provincial identity
which have built up over the years. Admitted-
ly it seems that precisely those areas in which
accessibility is poor are the ones for which
most proposals for revision have been put
forward, but it is also true that no action
has been taken on the majority of these
proposals.

Methodological evaluation

Research on the regional structure of pro-
vincial administration, and of administration
on the regional level in general, has largely
relied on the results and methods contained
in the work of the Commercial Research In-
stitute (LTT 1967). In this sense, the present
application of graph theory offers a supple-
ment to the traditional approach, and one
which complements it in basing the evalua-
tion of the spatial structure of administration
on an analysis of accessibility. It therefore
contains within it some theoretical and meth-
odological contributions towards the study
and planning of the spatial organization of
human activity.

The theoretical starting-point for the work
is a highly formal one in which the postulates
of graph theory form a model depicting the
optimum structure with the constraints spec-
ified. The model is an abstraction from
reality, and therefore some of the complex-
ity of the real situation has had to be stripped
away in order to concentrate on the essential
aspects. The most important property of the
model, and at the same time the measure of
its practical applicability, is the fact that
it is capable of analysing both existing and
hypothetical phenomena. It is also capable of
providing information which could not other-
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wise be achieved, and thus of enabling the
phenomena to be analysed in a more ap-
propriate manner, and allowing better con-
clusions to be reached.

One advantage of the methods used here
is that in their basic form they enable analy-
ses to be made which are independent of
the present structure of spheres of influence,
and it is also possible to incorporate com-
plementary information on the spatial struc-
ture, regional divisions and constraints on
optimal solutions, as is done here to some
extent. The assumption of a discrete distribu-
tion of spatial data limits the exactness of
the present optimal solutions, but this prob-
lem can be reduced by increasing the number
of nodes employed. In cases where the initial
data cannot be represented sufficiently re-
liably in graph form, there is no alternative
but to abandon the use of such methods. This
property of discreteness can frequently be
an advantage, however. Spatial interactions
tend to form a network of channels of in-
teraction in the manner of the edges on a
graph, in which case graph theory provides
a more suitable point of departure for the
optimization process than does a euclidean
space. Similarly it is sufficient in most cases
to calculate indices or optimal locations for
individual nodes.
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