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Abstract: The case study of Finland analyses accessibility in one of the most sparsely populated countries in
Europe. The findings of this study are based on grid cell analyses which are free from administrative divisions.
In the analysis of accessibility of the population and jobs, the presence of both urban densities and extreme
scarcityis evident, and this polarisation is deepening due to the location choices of companies and the overall
urbanisation process. However, the availability of services is relatively good, even in peripheral areas, which is
characteristic of health care accessibility. The regional structure of Finland favours travelling by car, particularly
in the areas outside of urban centres. Moreover, in peripheral areas the service level and availability of public
transport is limited and in some cases public transport may not be available at all. Due to maturity of transport
networks and low demand, accessibility in Finland would be difficult to improve by developing infrastructure.
Even though TEN-T policies are actively exploited in Finland, the great majority of projects are focused on
improving nodal transport infrastructure, and only a few transport links are improved.
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Case study introduction

Finland is the eighth largest country in Europe in terms ofthe surfacearea and the most sparsely
populated country in the European Union. Situated in the Fennoscandian region of northern Europe,
Finland is bordered by Sweden, Norway and Russia, while Estonia lies to its south across the Gulf
of Finland. Hence, in terms of transport, Finland is situated almost like an island with respect to the
rest of the European Union (Figure 1). Seasonal, but particularly winter, conditions need to be taken
into account in road and maritime transport and as well as in rail and air transport.

Around 5.4 million people live in Finland, with the majority concentrated in the southern part
of the country. On a north-south axis, the country is about 1,300 km long, and about 500 km wide
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at the most. Half of the population lives in the 200 km-wide zone along the south coast. In addition
to the growing urban centres and their sprawling fringes, small rural population centres and deep
peripheries are characteristic of the Finnish regional structure. Indeed, about 80% of the population
occupies an area of just 6,000 km2, while the area of the entire country is 338,000 km?2. The standard
of living, education and product per capita are at a high level.

The transport system of Finland is distinguished from most other European countries mainly by
the maturity of the network, broadly distributed demand, and challenging seasonal conditions. The
travel distances are long, transport flows are thin, and congestion problems occur only in the biggest
cities. The winter season and the presence of inland water bodies are the most important environ-
mental conditions affecting the Finnish transport system. Presently, inland waters, characterised by
a highly fragmented structure, act as natural obstacles to transport, except in South-Eastern Finland
and particularly in the Lake Saimaa region, where lakes and streams can be used as waterways. Hills
are characteristic of some regions and fells are the prevailing landform in the northernmost areas,
where the country’s highest altitude of 1,324 metres is to be found. Otherwise, the relatively smooth
topography does not restrict transport to any significant extent. The climate shows characteristics of
both maritime and continental climate without a dry season. The weather conditions may occasionally
be severe in the winter season, which may seriously impede maritime transport and also affect road
and rail transport.

In these circumstances, an efficient transport system serving the economy, production, everyday
life and tourism, among others, is critical for Finland. The present transport policies strive to
guarantee good quality of key transports. While the extensive peripheral road network is subject to
gradual degeneration, maintenance and improvement of the main transport links is seen as essential
to economic development of the regions. In practice, the emphasis is set to ensure the quality of
internal connections, most essentially the main domestic routes and the transport systems of the
biggest cities.

The Finland case study region covers continental Finland only. The region of the Aland Islands is
excluded from the case study due to its autonomous status and distinctive conditions of accessibility.
However, the coastal archipelago is included in the analysis in cases where islands have a road
infrastructure and a road ferry link integrating it with the continental road network.
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Figure 1. Finland case study region.

Spatial structure

Compared to the general trend in the Western world, Finland experienced relatively late urbanisa-
tion, which truly began in the 1960s in conjunction with increased motorisation and accessibility
(Kotavaara et al. 2011a, 2011b). A total of 81.2% of the population live in urban areas and their



114 Ossi Kotavaara, Harri Antikainen, Jarmo Rusanen

immediate surroundings (Statistics Finland 2011). The Greater Helsinki area constitutes 25% of the
country’s population, including three cities with more than 200,000 inhabitants (Helsinki, Espoo
and Vantaa). Other major cities in the case study region are Tampere (population of 210,000), Turku
(175,000), Oulu (140,000), Jyviskyld (130,000) and Lahti (100,000). These are the only cities with
a population of more than 100,000.

The Finnish population is concentrated in the capital region and in the biggest cities with universi-
ties. In 2010, half of the 336 municipalities had fewer than 5,900 inhabitants. Even though the fertility
rate is generally higher in rural areas, the death rate is higher than birth rate in 200 municipalities.
The density of municipalities is high in the southern parts of the county, but in sparsely populated
Easternand NorthernFinland distances between municipal centres may exceed 100 kilometres.

Economic activity and employees are even more concentrated in the cities than the population in
relative terms. This is related to the fact that in the capital region in particular, there is a great deal
of commuting from the suburbs to the city centre. The capital region, other main growth centres and
county centres are the true drivers of the economy as a whole, whereas some peripheral areas have
tourist attractions, industry, mining and primary production, which considerably affect the regional
economy. A significant percentage of economic activityis concentrated in the Helsinki metropolitan
area, as well as in regional centres with a university or other public or private research institutions.
The northern parts of Finland are extremely sparsely populated with only small local centres, with
the exception of Oulu, which is a relatively large and economically active population centre located
in Northern Finland.

Socio-economic situation

Finland has evidently become a post-industrial economy, portrayed by service-emphasised employ-
ment (72.9%). Industry, however, plays an important role (14.7%) in comparison to construction
(6.3%) and primary production (3.7%) (Statistics Finland 2012a).Hence, the regional structure of
Finland has become polarised towards the development of urban cores competing strongly in the
market economy and also towards the degeneration of peripheries facing continuous structural
changes (Rusanen et al. 2003). Over the past decade, the unemployment rate has fluctuated at around
8% and in 2011 the figure was 7.8% (Statistics Finland 2012b).

The Uusimaaregion, and the Helsinki metropolitan area in particular, constitutes the major political,
educational, financial, cultural and intellectual centre of Finland. Approximately 70% of the foreign
companies operating in Finland have settled in the Helsinki region. The region accounts for about 38.7%
of the entire GDP of Finland (Statistics Finland 2012c). The northern and eastern areas of Finland are
generally considered one of the least developed and most peripheral parts of Finland, where many
socio-economic problems, such as unemployment, are apparent. Generally, the population of these
regions is in decline, and the population there is becoming increasingly older. Possible exceptions to
this can be found in the areas with expanding tourism or mining industry. Traditionally, the economy
of Finland relied on heavy industry, and subsequently on strong ICT industry. However, at the moment,
a remarkable structural change is taking place towards a more scattered economy.

Transport aspects

The Finnish transport system and transport policies are strongly related to activities ofthesociety,
industry and business, and again to employment and regional development. The emphasis of the
present policies is on developing emission efficiency and traffic safety, as well as supporting invest-
ments. Transport accounts for over 7% of GDP. The transport system and its development is fundedby
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the stateto the tune of EUR 1.5 billion, while municipalities allocate nearly as much funding. In
addition to accessibility effects and direct funding, the construction of transport infrastructure also
brings other economic benefits to the regions.

The long transport distances within and between population centres of Finland favour the use of
private cars which, indeed, dominate the Finnish passenger transport. The bus and coach networks
with reasonable departure densities are largely restricted to urban areas, as demand for public
transport is low in peripheral areas. The Finnish railway network connects the regional centres well
around the country, and the most important urban centres in Finland are served by fast intercity
connections. However, the number of railway stations and of the connections provided between
them has been reduced remarkably, and in the present situation railway connections are available
for few places in the periphery. The extent of the railway network has remained almost unchanged
since the early 20th century, the only upgrades involving the construction of shortcut links between
some important population centres (the most recent of which being that between Helsinki and Lahti,
completed in 20006).

Due to its position as the capital of Finland, Helsinki and its surrounding region is well connected
to the rest of the country by roads, railways and air traffic. The public transport system of Helsinki,
involving local train, metro and tram networks, is more extensive than of any other city in Finland.
Airports cover the country’s largest towns quite well and they play an especially important role in the
far north. The main international airport of Finland is situated in the Helsinki region. The airport is
located remotely from Central Europe, but serving as an important connection hub between Europe
and East Asia. It is also the main hub for domestic traffic, handling 77% of air transport passengers
in 2012. The Finnish regional centres are connected with various scheduled flights to Helsinki.
Stemming from its distance from the capital city, there are a lot of scheduled flights between Oulu
and Helsinki, and as a result the accessibility of the Oulu region by air transport is fairly good. In
fact, the Oulu region has the second busiest airport in Finland, measured in passenger numbers. The
airports in the northern parts of the region improve the domestic and charter-based international
tourism accessibility in their surrounding areas.

In addition to the very busy maritime freight traffic, passenger ferries operate frequently to
Sweden, Estonia and Germany. The present transport use of inland waterways is limited to the
south-eastern parts of Finland. Domestic passenger traffic by sea is, however, almost non-existent.

Accessibility patterns

Daily accessibility of jobs was calculated by using the grid cell database maintained by Statistics
Finland. For travel by car, travel time has been estimated according to speed limits as expressed in the
road network database provided by the Finnish Transport Agency. Due to the relatively large geographic
size of municipalities in Finland, grid cell based computations were applied to increase the accuracy of
the analyses. However, in order to enhance the calculation of accessibility, the original 1x1 km grid cells
were aggregated into 2x2 km cells. The results are comparable to analyses based on administrative units
as far as regional patterns are concerned, but with the grid cell analysis, also sub-municipal patterns
can be identified, and uninhabited areas can be excluded in the visualisation of the indicators.

For analysing the accessibility of the population, the regional accessibility potential index was
applied (Biosca et al.,, 2013). The above transport network was used, along with the grid-based
population aggregated into 2x2 km cells.
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The travel time to regional centres was calculated using multimodal public transport travel chains
including bus/coach and rail links, as well as walking. The bus network consists of bus stop data
from 2012, and estimated bus travel speeds. The bus network data have been built upon road data
by determining the sections of the network that include bus stops. For long-distance coach transport,
speed was estimated to be 30 km/h in urban areas, and 60 km/h in other areas. For bus traffic in
urban areas,the figures were 20 km/h and 30 km/h, respectively. Railway connections are based on
timetable information about travel times between stations. Bus stops and railway stations serve as
access points to the public transport network, and the speed of reaching the network was assumed
to be 6 km/h, representing typical walking speed. Access to and exit from the railway network was
assigned a 5-minute time penalty.

Accessibility of specialised health care facilities, that is regional hospitals, was calculated as
travel time via the road network by car. In order to analyse the accessibility of hospitals, locations
of the university hospitals, central hospitals and regional hospitals in 2011 were originally obtained
in the form of street addresses, and located by means of geocoding.

Daily accessibility of jobs by car

The Helsinki metropolitan region enjoysclear dominance in terms of job accessibility by car (Figure
2). This job agglomeration effect reaches far into the surrounding areas via radial motorway connec-
tions in all directions. The agglomeration of jobs in the Helsinki region is visible in the urban area
class. The average of the region is almost 700,000 accessible jobs, while the values fall below 30,000
at the edge of the region. By grid cell analysis it can be visualised that jobs are easily accessible
around the regional centres, whereas apparent peripheries exist in central, eastern and particularly in
northern areas. Intermediate regions close to a city include areas of both good and poor accessibility
of jobs, whereas remote and rural areas suffer from poor accessibility to jobs. Hence, it can be con-
cluded that even though the regional centres cover the Finnish population well, there are significant
differences in the hierarchy of the centres. Within urban regions, 80% of the population can reach
over 650,000 jobs by car, but 100,000 jobs are within the reach of5% of therural population, even
though a relatively wide time zone of 60 minutes was used in the analysis. It needs to be recognised,
though, that a relatively low number of accessible jobs may still employ a significant proportion of
people in sparsely populated regions. Therefore, the number of accessible jobs can be considered to
depict the agglomeration of economic activities rather than the rate of regional employment.

Regional accessibility potential by car

The dominance of a few cities in the south, particularly the capital region, forms the major pattern in
regional accessibility potentials. The centre-periphery polarisation in Finland is particularly evident
when the accessibility is measured with travel estimates based on speed limits (Figure 3). However,
during the most intensive peaks, daily congestion may strongly affect accessibility in some of the
urban centres, Helsinki in particular, where traffic is slower due to congestion (see:Salonen&Toivonen
2013). The influence of Helsinki on potential accessibility is evident in Southern Finland and the
grid cell analysis shows the significance of motorways between the capital and major cities in the
south. For the rest of the country, the level of potential accessibility is low or extremely low, with
the exception of the surroundings of the regional centres. Indeed, the population of urban regions in
Finland have an almost 225% higher average potential accessibility by car than the national average,
whereas the corresponding figure for rural areas in only approximately 20% of the national average.
This highly polarised trend is not likely to change in the near future as the population in highly
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accessible urban areas is increasing due to migration from peripheries (Kotavaaraet al. 2012). Also,
the present transport policy directs relatively limited funds to the development of transport links
between the largest population centres, whereas funding for the maintenance of the rural road network
is not adequate to compensate for wearing down of the road network.

Access to regional centres by public transport

Finland has a wide range of different types of population centres, from a few sprawling cities to
numerous small rural villages surrounded by active agricultural areas and intermediate or deep
peripheries located mainly in northern and eastern parts of the country, as well as in the coastal
archipelago. The public transport network most efficientlyserves the urban centres, their immediate
surroundings, and areas penetrated by long-haul transport. Fast railway links connect mainly the
biggest cities as the number of stops at minor stations is limited. Thus, travel times to Finnish regional
centres, as well as the service level of public transport, vary greatly (Figure 4).

In general, travel times to regional centresby public transport are longer than by car, except
within the immediate proximity to fast railway connections. The public transport system is efficient
in and between urban centres and in their immediate surroundings. The cities in southern Finland
have a moderate reach of population within 60-minutes’ travel time, but even in the south there
are peripheries between cities in terms of accessibility by public transport. Because of fast railway
connections, accessibility in the surroundings of Helsinki and Turku (in the south-west) is clearly
better that in the case of other major cities. The railway corridors are clearly visible on the map
portraying travel times. However, travel times of two hours or more are common in Centraland
EasternFinland. The grid-based assessment shows in particular that there are a lot of small scale
variations in public transport accessibility. In practice, accessibility by coach can range from very
low to relatively good within a matter of a few kilometres, if there happen to be remarkable gaps
in the network. The regions in Northernand North-Eastern Finland are particularly distant from
regional centres. Therefore, a passenger car is the only reasonable transport mode in these areas,
and when public transport is made available, it relies on subsidies and other special arrangements.
Unless the requisite service level can be sustained on a market basis, municipalities support public
transports within their own administrative area and inter-municipal connections are supported by
government subsidy instruments. Nevertheless, in the deepest peripheries the bus services may
operate less frequently than on a daily basis, and due to low demand for bus services in some cases
public transport is operated solely with taxis (see: Ylipiessa&Hyvonen 2012).

Access to health care facilities by car

Hospitals are well accessible by car around almost all major population centres in Finland, as the
present hospital network is fairly dense in relation to the population structure (Figure 5). It is obvious
that the health care network has been designed so that it provides reasonable access to health care for
most of the people in every part of the country. In the urban areas and within their main transport
corridors, accessibility of health care is clearly very good. In addition, areas adjacent to the regional
centres have at least a moderate level of accessibility. National average accessibility to health care by
car is about 20 minutes. Deep contrast to this service level is evident in sparsely populated Easternand
Northernparts of Finland, as the absence of medical services results in a need for very long travel.
Travel time is close to or longer than 60 minutes only in eastern and northern parts of the country.
However, in the most peripheral and sparsely populated areas travel times to the closest health care
facility can be over five hours by car, and obviously even more with public transport.
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Finland Case Study
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Figure 2. Jobs accessible within 60 minutes by car.
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Figure 3. Potential accessibility to population by car.
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Travel time by public transport to nearest regional centre (raster level)

Il 0-10min [ 91-100 min
Il 11-20min I 101 -110 min
Il 21-30min B 111 - 120 min
Il 31-40 min [ 121 -130 min
Bl 41-50 min [0 131 - 140 min
Bl 51-60min 141 - 150 min
Il 61-70min 151 - 160 min
I 71-80min 161 - 170 min
[ 81-90min 171 < ... min

Figure 4. Travel time to nearest regional centre by public transport.
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Figure 5. Travel time to nearest hospital by car.
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Impact of future TEN-T road network developments

The TEN-T funded projects in Finland include investments in roads, railways, harbours and traffic
management. For this study, all Finnish TEN-T-funded projects under construction or in the planning
phase were surveyed (in addition, several TEN-T projects were completed before the study started
and many transport investments are made nationally). The planned transport links were manually
digitised and included into the network datasets. Thanks toavailability of very recent data, the effect
of actual future investments could be considered in this case study. The key finding was that TEN-T
policies are actively exploited in Finland, but the great majority of projects are focused on improving
nodal transport infrastructure.

Only a few future or ongoing TEN-T projects are direct investments into the development or
construction of road or railway links. The particular TEN-T projects included in the study of car travel
accessibility are road upgrades for extending the southern motorway network towards the eastern
border and to the north-east (Figure 6) (European Commission 2011, Finnish Transport Agency 2012,
TEN-T Executive Agency 2012). The only noticeable relative increase in potential accessibility by car
is achieved with the eastern motorway upgrade, and the effect is visible mainly ona sub-regional scale
(Biosca et al., 2013) (Figure 6). For municipal level analysis, accessibility scores were calculated for
raster cells and then transferred to the regional level by means of population-weighted averaging.

The reach and quality of the transport networks in Finland are at a relatively good level, especially
when compared to demand. Network investments may be considered to develop and improve
infrastructure rather than to establish it. Therefore, absolute improvements yielded by the investments
may be very efficient in terms of transport volumes, but relatively low when measured in travel times.
The effect of transport investments can be considered to affect heavy freight transports and traffic
safetyto a greater extent, and it may also help reduce congestion in certain places.
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Figure 6. Relative increase of potential accessibility to population by car with TEN-T projects.
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Conclusions

Finland as a whole is one of the most sparsely populated countries in Europe. In the spatial divisions
of the population and jobs, the presence of both urban densities and extremely sparsely populated
areas that have long distances to major population centres is evident in the analyses of accessibility.
Polarisation is intense in the centre-periphery axis when compared to European standards, and the
division is deepening due to the location choices of companies and overall urbanisation process.

The availability of services is relatively good, even in peripheral areas, but naturally the number
of choices decreases with decreasing demand. This is evident in the case of health care accessibility.
There are hospitals in every major city and town, and accessibilityof basic health care corresponds
to the spatial distribution of the population. Only in sparsely populated peripheries accessibility of
services can be considered poor. Indeed, accessibility of major regional centres and particularly
accessibility of jobs displayed major differences between cores and peripheries, but accessibility of
hospitals is generally more equal. While the average travel time to the nearest hospital by car is over
10 minutes in urban areas of Finland, approximately 30 minute average travel time in rural areas
can be considered normal. In practice, low accessibility of hospitals in northern and eastern parts
of the country cannot be improved with transport network investments, and the reduction of the
service network is a more likely development than extending it (see: Huotari et al. 2012). However,
relatively equal accessibility of hospitals is evident as 50% of the rural population can reach the
nearest hospital in about 15 minutes by car, which is not significantly higher than the average values
of urban centres and intermediate areas. It should be noted, though, that especially in rural areas
travel times by public transport are much longer than by car, and in some cases public transport may
not be available at all. Furthermore, in comparison with specialised health care provided by regional
hospitals, accessibility of emergency units is much better due to a more dense service network and
the use of rescue helicopters in critical cases (see:Huotari et al. 2013).

The car is undisputedly the dominant travel mode in Finland. The regional structure favours
travelling by car in areas outside urban centres, and in peripheral areas the availability of public
transport is limited. For all accessibility indicators, accessibility by public transport is significantly
lower than by car in all parts of the country, with the possible exception of the capital city and its
surrounding areas and the core areas of other major cities. Outside the immediate surroundings of
centres, accessibility by public transport decreases rapidly and in the deepest peripheries public
transport services are totally absent. Because of the geography of Finland, distances are generally
long, transport flows are thin, and there is not sufficient population in many areas to ensure sufficient
demand for public transport.

The capital region and its surroundings clearly stand out as areas with good accessibility
compared to other parts of the country. However, congestion problems are common and often the
accessibility of the area is much lower than the optimal situation implies. The other major population
centres, especially regional capitals, constitute the second best category of accessibility, while large
peripheral regions are generally characterised by low accessibility. However, rural areas exhibit
different levels of accessibility in different parts of the country. In the eastern and northern regions
in particular, accessibility of services for the rural population is extremely poor, while in some
predominantly rural regions the presence of strong regional centres may be associated with improved
indicators of accessibility. In the Finnish case study, Lapland and Eastern Finland emerge as remote
peripheries with accessibility limited by long distances and sparse service network.
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Transport corridors and networking between urban regions and centres within their zones of
influence have been the key element oftheFinnish transport policy (Ministry of the Environment,
2006). In order to secure the needs of foreign trade, functional transport connections with all parts
of the world must exist. Indeed, in economic terms the most important elements of the Finnish
transport system are connections with foreign countries (harbours and aviation in particular), capacity
and the level of service of trunk roads and railways, the internal transport system of Helsinki, and
the connections between the most important regional centres. The fundamental requirement of
a functioning logistics chain is that the services of the road and railway infrastructure, as well as
harbours, are available. In the case of Finland, it has to be noted that the availability of services is
also critical in winter. This is something that cannot be taken for granted, especially in the northern
latitudes. In this regard, the use of ice-strengthened ships and icebreakers in maritime transport
during the winter season is a special need of the Finnish transportation system, also affecting
international accessibility.

In early 2012, the Finnish government published an extensive report on national transportation
policy (Liikenneja-viestintdministerid, 2012). The Finnish transport policy and the transport system
are tightly connected with the other functions of society, including the requirements of the industry,
economy and employment, as well as regional development, since good accessibility is the key factor
in economic development and prosperity of the regions. In contrast, improving the accessibility of
remote rural areas will not be the focus of the Finnish transport policy. Effectively, this signifies
that these areas will remain in a disadvantaged position in terms of accessibility in the future, as the
development measures will mostly be directed at regions which have the most favourable conditions
with regard to economic activity andthepopulation.

The majority of the findings of this study are based on grid cell maps, free of administrative
divisions. Several particular areas and spatial patterns can be seen only on the grid cell basis.
The LAU2 division, i.e. the municipal structure of Finland, is sparse in some areas and municipal
consolidations have been common. There are significant political efforts to reduce the number of
municipalities even further. Therefore, it is important to acknowledge that the spatial analysis based
on the municipal classification suffers from a loss of accuracy, and comparability between different
years is poor. This underpins the argument that LAU2 classifications need supplemental regional
classification systems, which could be based on grid cells. In Finland, this type of regional typology
has recently been introduced to official use (Finnish Environment Institute 2012).

The components of accessibility are, in general, the accessed place or object and travel to reach it.
Population distribution changes slowly and transport networks maybe even more slowly, particularly
in Finland, whilst coverage with road and railway networks has reached a sort of maturity. Thus, the
service supply, location choices of companies and population change will evidently have a greater
impact on accessibility development in Finland than any foreseen transport investments.
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