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A B S T R A C T   

Geographic accessibility of health services is one of the key dimensions affecting health care access, utilisation 
and may impact population health. We analysed countrywide space-time accessibility to primary health services 
by private car and multimodal walk-ride-walk travel chains of public transport in Finland. The analysis utilises 
register-based population grid cell data at 250m × 250 m resolution, road network with scheduled public 
transport data and geocoded locations of four types of primary health service. Our results show that the Finnish 
population reaches primary health services well, also by public transport, which is most beneficial in urban 
fringes, where health services are not immediately available. However, accessibility of services may be limited 
for some segments of the population, such as carless households located in remote areas, and teenagers who 
access health services independently. Distinct regional differences exist in accessibility, particularly in rural 
areas. The continuous pressure to reduce the number of service facilities may further deter service accessibility of 
these segments of the population. As this kind of transport disadvantage may create or reinforce social disad-
vantage and exclusion, as well as health inequalities, ensuring an equal access to primary health services is 
important.   

1. Introduction 

Geographic accessibility of health services has received increased 
attention in recent years due to the understanding that spatial barriers, 
among other obstacles between providers and population, may poten-
tially lead to lower health care utilisation and use of preventive services, 
contributing to differences in population health (Arcury et al. 2005; 
Campbell et al. 2001; Chen et al. 2015). Besides affordability, avail-
ability, accommodation and acceptability, geographic accessibility is 
one of the five dimensions (A’s) of health care access, as conceived by 
Penchansky and Thomas (1981). The dimension of accessibility specif-
ically refers to the geographic relationship between health care services 
and their users, and unlike the other dimensions describing the fit be-
tween the two, the presence of geographic disparities in access to health 
care is virtually unavoidable: health care services and their customers 
are always separated by distance, and it is the location and the ability of 
customers to travel to overcome the friction of distance that determine 
their geographic accessibility to services. Limited availability of reliable 

transport has been linked with health inequalities, as transport, land use 
planning and service delivery decisions can create or reinforce the social 
disadvantage of some population groups (Kanaroglou et al. 2016; Lucas, 
2012). 

The contribution of Geographic information systems (GIS) to the 
issue of health care accessibility is well documented in the literature 
(Cromley & McLafferty, 2011), and a range of measures have been 
developed to quantify spatial differences in accessibility (Miller & Shaw, 
2001; Wang, 2012). Some of the most commonly used measures include 
provider-to-population ratio, distance to the nearest provider, average 
distance to a group of providers, and gravity-based models (Páez et al. 
2012). As a special case of a gravity model, floating catchment area 
methods combining accessibility to supply and demand have also been 
applied to measure geographic accessibility to health care, and primary 
care in particular, like in studies by Luo and Wang (2003), Delamater 
(2013) and Chen and Jia (2019). Another metric is potential path area, 
denoting the geographical extent where individuals can participate in 
activities subject to certain constraints (e.g. time) (Patterson & Farber, 
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2015): intuitively, individuals walking or using public transport have a 
smaller potential path area than those using a private car. An example is 
provided in Lee and Miller (2018) who analysed the effect of new public 
transit connections to health services in relation to existing car and 
public transports in Columbus, Ohio. 

Geographic accessibility of primary health care services for segments 
of the population using public transport may be significantly lower than 
the ones using car as their transportation mode (Langford et al., 2016). 
Although there exist several studies of geographic access to health ser-
vices or public amenities as a function of the mode of transportation, 
those studies are limited to urban areas (Dony et al. 2015; Fransen, 
Neutens, De Maeyer, & Deruyter, 2015; Langford et al. 2012, 2016.; Lin 
et al. 2018): nation-wide analyses of health care accessibility have been 
rarely conducted, mostly due to the lack of appropriate data (e.g. 
McGrail & Humphreys, 2014; Naylor et al. 2019; Zhang et al. 2018). 
Motivated by the scarcity of geographically extensive research into 
health care accessibility by public transport, we seek to demonstrate the 
possibilities of openly available public transport data for carrying out 
accessibility analyses, and provide understanding of the differences in 
geographic accessibility to a range of primary health care services be-
tween demographic groups. 

1.1. Situation in Finland 

Finnish primary health services are provided by local organisations 
and municipalities have the main responsibility to provide adequate 
health services (Health Care Act 1326/2010). However, there is 
currently no national-level coordination of, or even standardised and up- 
to-date information about primary health service facilities and their 
accessibility. While the ageing population increases the demand for 
health care services as well as the costs of health care provision, more 
attention needs also to be paid on how health services are planned and 
arranged on a national level. This need for information is connected also 
to worldwide challenges in relation to inadequate availability of services 
particularly in rural areas (Baeten et al 2018). 

In this study, we measure the geographic accessibility as the easiness 
of a person to physically reach a primary health care facility by car or by 
public transports in Finland. We study both the accessibility by private 
car and, in case of population not relying on private car, by schedule- 
based door-to-door approach consisting of multimodal travel chains of 
walk and public transport (Delmelle & Casas, 2012; Farber & Fu, 2016; 
Neutens, 2017; Wyszewianski & McLaughlin, 2002). We seek to provide 
a more accurate view of health care accessibility, taking account the 
temporal aspect of public transport schedules which, according to 
Neutens (2015) and Fransen, Neutens, Farber, et al. (2015), have often 
been overlooked in favour of more static representations. As we do not 
have sufficient information about the actual need for services of the 
population, our study considers the equality, not the equity of service 
provision (e.g. Roberts, 1997). 

Our main objective is to produce a fine-scale (250 m × 250 m) space- 
time accessibility analysis to explore multimodal (walk – transit with 
changes – walk) travel chains and to compare the result to accessibility by 
private car. The primary health services considered in our study include 
municipal health centres offering primary care, dentists, maternity and 
child health clinics, and pharmacies. These services are the main low- 
threshold primary health services, arranged locally, that are also used for 
non-emergency services. Thus, the round-the-clock primary health care 
emergency services, which have also been studied elsewhere (Huotari et al. 
2013; Lankila, Kotavaara, et al., 2016), are not included in this study. We 
also aim to assess whether public transport is a feasible way of accessing 
these services, and if their accessibility varies between population groups 
(children, 0–6 years; teenagers, 15–17 years and elderly, 65+ years). These 
population groups are distinct from each other in that they may use services 

quite differently. For instance, the elderly consumes health services most 
intensively, while younger segments of the population -who generally do 
not have a driving license - may use services independently from their 
parents. We also attempt to discriminate between individuals who have 
access to a car in their households, and the ones who do not. Multimodal 
service accessibility by car and public transport in Finnish regions, that will 
likely be in key role in the forthcoming social and health care service re-
form in Finland, are also studied. 

The more specific research questions are:  

1. What is the accessibility of primary health services by car and by 
public transport in different parts of Finland? 

2. How does car ownership affect accessibility, and what is the rela-
tionship between accessibility and opportunities to modal change 
from private car to public transport?  

3. What is the level of accessibility to key primary health services 
among different age groups (children, teenagers and the elderly)? 

To our knowledge, our study is the first to use a country-wide 
schedule-based door-to-door approach, – consisting of multimodal 
travel chains of walk and public transport – to assess geographic 
accessibility of primary health care services. 

2. Finnish health care system 

In Finland, most of the population is concentrated in growing urban 
areas, while the rest of the country is sparsely populated. The average 
population density (18.2 per km2) is the third lowest in Europe. It is 
especially low in those sparsely populated areas where the population is 
ageing rapidly (Lankila, Kotavaara, et al., 2016), and accordingly, there 
are critical concerns related to the diminishing supply of services and the 
long distance to services (Verma & Taegen, 2019). Similar to many other 
European countries (Rechel et al. 2013), the Finnish health care system 
is under pressure due to increasing costs and service needs of the ageing 
population. 

In Finland, the accessibility of services forms a key element to service 
quality and availability in sparsely populated areas. Municipalities are 
mandated to organise public transport to social and health services and 
to primary education (Act on Transport Services 320/2017). Social In-
surance Institution of Finland partly compensates the travel cost related 
to sickness or pregnancy (Health Insurance Act 1224/2004). On 
average, Finnish citizens travel 40.7 km, or 73.4 min, in a day, and 
modal share of trips is divided to private car (59%), pedestrian and bike 
travels (30%) and public transports (8%). Average travel times for 
shopping was reported to be 16 min and for other businesses 18 min, 

Table 1 
Accessibility to primary health services by car and public transport in Finland. 
Share of population and *0–6 year children in the reach of the service network.   

Health centre 
(N = 530) 

Child health 
clinics* (N =
772) 

Pharmacy (N 
= 808) 

Dentist (N =
740) 

Car/Public 
transport 

Car/Public 
transport 

Car/Public 
transport 

Car/Public 
transport 

10 min 
(very 
good) 

75.9%/18.3% 79.0%/19.5% 83.0%/29.1% 79.6%/ 
23.8% 

20 min 
(good) 

96.2%/53.8% 96.8%/54.1% 96.9%/63.0% 96.0%/ 
57.2% 

30 min 
(low) 

99.2%/68.6% 99.3%/68.4% 99.2%/73.8% 99.0%/ 
70.7% 

60 min 
(poor) 

99.9%/81.6% 100.0%/81.4% 99.9%/81.4% 99.9%/ 
82.4%  
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whereas average travel time in general for all domestic travels is 26.9 
min per trip (Finnish Transport Agency, 2018). 

The Finnish health care system is built on the principle that every 
resident has a right to adequate health care, regardless of their place of 
residence or income (Health Care Act 1326/2010; Primary Health Care Act 
282/2002). The primary health care system is divided into public services, 
occupational health care and private services. Public primary health ser-
vices are defined by law to include the monitoring of the health of the 
population, health counselling, maternity and child welfare services, vac-
cinations, oral health services, mental health care and emergency treat-
ments (Ministry of social affairs and health, 2019). These services are 
universally available to all Finnish citizens and are provided by local au-
thorities (municipalities or joint municipal authorities) either themselves or 
as outsourcing services. Since 2014, Finnish citizens have had an oppor-
tunity to select what public health centre they use, but only a small 

minority (2.6%) of citizens have changed to other than their appointed 
service unit, which is most often the closest one in practice (Junnila et al., 
2016). Occupational health care services are directed to working in-
dividuals, and these services are provided by local authorities or private 
organisations (Health Care Act 1326/2010; Occupational Health Care Act 
1383/2001; Primary Health Care Act 282/2002). Private health services 
are available to all, but with substantially higher user fees. Pharmacy ser-
vices differ from public primary health services because they are based on 
local needs, which are measured by the number of inhabitants, existing 
pharmacy services in the area and the location of other health care services 
(Medicines Act 395/1987). 

Geographic accessibility of health services in Finland has been 
assessed generally in some previous studies (Huotari et al. 2017; Lankila, 
Kotavaara, et al., 2016), focusing on car accessibility, because outside 
city regions and towns car is often the only reasonable means of 

Fig. 1. Accessibility from inhabited grid cells to health centres in Finland by private car, with zoom-in examples of Helsinki, the capital city of Finland, and Oulu, the 
largest city in Northern Finland. 
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traveling especially in remote, sparsely populated areas. Public trans-
port accessibility has received less attention in Finland, even though it 
has been studied in smaller regions (Leminen et al. 2018; Tenkanen et al. 
2016). Some studies have focused on certain limited groups of popula-
tion or patients, when analysing accessibility (Huotari et al. 2020; 
Lankila, Näyhä, et al., 2016). Different population or age groups may, 
however, have different spatial accessibility to health services, because 
the distribution of these groups may not be even. Their need for services 
may also differ substantially, as older people typically use more services 
than the young. Working age population, on the other hand, may benefit 
from the availability of occupational health care, and thus may not be so 
dependent on using public primary health services. 

3. Accessibility analysis 

In order to measure space-time accessibility to primary health ser-
vices by private car and public transports travel chains (see Lee & Miller, 
2018), we calculated distance to the nearest primary health service 
provider for a total of 321,600 inhabited 250 m × 250 m grids cells in 
Finland. Below we describe the datasets used in the calculation in more 
detail. 

3.1. Population grid cell data 

We used grid cell population (250 m × 250 m) and socio-economic 
data from the Monitoring System of Spatial Structure and Urban Form 
(Statistics Finland and Finnish Environment Institute, SYKE, 2017). The 
data allowed us to evaluate geographic accessibility for different age 

Fig. 2. Public transport accessibility from inhabited grid cells to health centres in Helsinki, the capital city region of Finland, and in Oulu, the largest city-region in 
Northern Finland. 
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groups (children 0–6 years, teenagers 15–17 years, and elderly ≥65 
years). The dataset also contains information on car ownership for 
2,484,000 households (0, 1 and ≥ 2 cars). There are 1,700,000 (68.4%) 
households with at least one car, and 78400 households (31.5%) with no 
car. Due to privacy protection, information on car ownership is only 
available for cells having at least ten households, constituting 91.5% of 
all households. 

3.2. Primary health service data 

Information on health centres was obtained from the Finnish social 
and healthcare data collection and reporting system (2018) and Finnish 
social and healthcare service unit register (2018) registers of the Na-
tional Institute for Health and Welfare. Health services selected for this 
study include municipal health centres that offer primary care (N =
530), municipal dentists (N = 740), municipal maternity and child 
health clinics (N = 772) and pharmacies (N = 808). To ensure data 
accuracy, all service outlet locations were manually verified and geo-
coded using online maps services, municipal websites and, if necessary, 
by directly contacting municipal health service organisations. 

3.3. Road network data 

We used the official Finnish Digiroad road network dataset (Finnish 
Transport Agency, 2018) to conduct our accessibility analysis for private 
cars. The dataset provides necessary information to estimate driving times 
between any two locations, but in order to produce more realistic esti-
mates, time penalties of 7 s for right turns, 10 s for left turns, and 3 s for 
passing intersections directly, adopted from a study by Jenelius and 
Koutsopoulos (2013), were added to the dataset. Congestion may cause 
notable delays to traffic also in Nordic countries, but geographic and 
temporal variation is high (Eliasson, 2009). Thus, in urban areas, a 30% 
increase in driving time was applied, to simulate moderate level congestion 
in Finnish cities and towns (TomTom, 2019). Travel time estimates based 
on speed limits and turn penalties are relatively accurate in the majority of 
Finnish regions, but especially in urban cores, and particularly in the 
Helsinki metropolitan area, congestion and its temporal variation may 
substantially affect accessibility (Salonen & Toivonen, 2013). 

3.4. Public transport data 

Open public transport schedule data in the General Transit Feed Spec-
ification (GTFS) format from year 2019, made available by regional au-
thorities and bus operators, was used as a basis for public transport data. 
Complete GTFS datasets were publicly available from all of the largest cities 
having population over 100,000, and from most of the regional cities 
having population over 35,000. Additional datasets were also available in 
the database of the Finnish Transport and Communications Agency (Tra-
ficom). The combined public transport data included information from the 
29 most populated municipalities (out of a total of about 300 municipalities 
in Finland), publicly supported regional transit lines and largest regional 
bus companies. The geographic area covered by the combined dataset 
contains about 85% of the population of Finland. One of the main signifi-
cance of GTFS datasets is that they provide the possibility to take schedules, 
waiting times and reasonable starting times of travel into account in 
accessibility analyses. In our case, we wanted to assess multimodal travel 
chains that consist of walking from home to the bus stop, traveling by bus 
and walking from the bus stop to the health care facility. 

3.5. Measuring accessibility 

Accessibility analyses were implemented on ArcGIS 10.7 (Esri, CA), a 
commercial geographic information system. We used the ‘Closest Fa-
cility’ function to identify the nearest health service outlet from any grid 
cell. We used travel time as the distance metric. GTFS datasets were used 
to produce scheduled transit travel chains including walking to and 
between stops and waiting times of connection routes (Morang, 2017). 
This was crucial for the analysis, as real-world trips from home to health 
care facilities by public transport are multimodal travel chains, as transit 
routes rarely go from door to door. 

We chose Mondays 27th of May and 28th of August 2019, to repre-
sent typical weekdays outside of holiday seasons. The fastest public 
transit connection between a grid cell and the closest health care facility 
was determined by calculating routes at 1-min intervals between 8:00 
and 10:00 a.m., and the shortest travel time was selected to represent 
travel time between the grid cell and the closest health care facility. 

There are limits to people’s willingness to walk great distances. For 
example, in Sydney, 90% of passengers walked less than 1 km to the bus 
stop (Daniels & Mulley, 2013). In a similar fashion, in Singapore, 90% of 
passengers walked less than 1 km to the metro station (Olszewski & 
Wibowo, 2005). If multiple public transport modes were available, people 
tended to walk longer distances to metro stations than bus stops, and even 
shorter distances to bus stops, as 90% of passengers walked less than 300 
m, 1040 m being the longest observed distance (Olszewski & Wibowo, 
2005). As the bus is the most widely used mode of public transport for 
people in our study area, a 1 km cut-off was set for walking distance. 

4. Results 

4.1. Accessibility by car and by public transport 

According to our results, geographic accessibility of primary health 
services (including at least a general practitioner) is good for most 
people: at least 96% of people can reach any of the four types of primary 
health care service within 20 min by car (Table 1), which is comparable 
to typical travel time of shopping trips. Accessibility of primary health 
services by public transport is significantly lower than by car; however, 
at least 50% of the population living in the area covered by the public 
transport data can reach any of the primary health services in 20 min, 

Fig. 3. Accessibility of health centres and modal comparison of car, public 
transport travel chain and walking (cumulative share in relation to total pop-
ulation). Walking cut-off is 45 min, corresponding to 3 km. 
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Fig. 4. Travel time difference between public transport and walking in Helsinki, the capital city region of Finland, and in Oulu, the largest city-region in North-
ern Finland. 
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and 68% in 30 min, which exceeds average trip length of 26.9 min 
(Finnish Transport Agency, 2018). As expected, pharmacies have the 
best accessibility, due to the high number of service outlets. 

Population centres generally have good accessibility to health ser-
vices by car, and only rural and sparsely populated areas have poor 
accessibility (Fig. 1). Distances to the services are by far the greatest in 
the northern parts of the country, but these most remote areas account 
for only a tiny fraction of the entire population, as only 0.1% of the 
population has to travel more than 1 h to reach primary health services. 
In addition, the abundance of lakes and other water bodies in the south- 
east acts as a barrier restricting movement, resulting in pockets of poor 
accessibility. Public transport is a viable option mostly for local trips in 
the largest urban areas (Fig. 2). 

4.2. Efficiency of public transport travel chains 

Public transport allows people greater mobility without the need to 
use a car, but, in urban areas where distances between health service 
facilities may be very short, public transport does not necessarily bring 
noticeable differences to travel times compared to traveling the whole 
distance by foot (Fig. 3). Public transport brings most benefits on parts of 
urban areas, where there are no health services in immediate sur-
roundings (Fig. 4). 

We also analysed the effect of car ownership to health centre 
accessibility by comparing accessibility of households that have a car, 
and households that do not have a car. Due to privacy protection, 
however, rural areas are largely excluded from the analysis as infor-
mation about car ownership is not available for grid cells having less 
than 10 households. Car ownership data was available for 80.9% of 
households. Carless households are highly concentrated to urban areas 
and near health services, as 90.5% of carless households reach health 
centre in 30 min. To analyse the opportunity of car owning households 
to use public transport, accessibility by both modes are compared. In a 
group of car owning households reaching health centre in 20 min, 
relatively large 80.8% share of the could reach the services also by 
public transport in 30 min. Using of public transport would, however, 
affect markedly to accessibility, as 6.0 min average driving time would 
increase to 19.6 min public transport travel time. In general, public 
transport reaches Finnish households well in urban areas having a high 
population density. 

4.3. Accessibility to primary health services in different age groups 

For children younger than 6 years old, accessibility to child health 
clinics was markedly better than to regular primary health centres, both 
by private car and by public transport (Fig. 5). For the elderly (≥65 years 
of age), pharmacies and health centres were well accessible. As stated 
earlier, pharmacies are the most accessible type of health service both by 

car and by public transport. This is especially true for the elderly. 
Interestingly, 15–17-year-olds have the lowest accessibility of all age 
groups to health centre services, especially by public transport. 

4.4. Regional differences in accessibility 

There are notable regional differences in accessibility to health ser-
vices in Finland (Fig. 6). Regions where the largest share of population 
reaches services in the shortest time are generally highly populated, 
especially regions in the south, including the capital region Uusimaa 
(30.6% of Finnish population with population density of 185.7 in-
habitants per km2) and Southwest Finland (second highest population 
density of 44.9 inhabitants per km2) (Table 2). As an exception, the 
predominantly rural Central Ostrobothnia (population density of 13.6 
inhabitants per km2) has the third best accessibility among the Finnish 
regions. Regions with poorest accessibility include Southern Savonia 
and South Karelia, both strongly characterised by lakes, as well as 
Lapland and Kainuu, which are among the most northern and sparsely 
populated regions having a population density of 1.9 and 3.6 inhabitants 
per km2, respectively. 

Corresponding to the fact that the largest cities typically have the 
best public transport, public transport accessibility is also the best in 
regions encompassing large cities. Regions at the higher end of the table 
have all the large national or regional capitals, including the capital city 
of Helsinki with 655,000 inhabitants in Uusimaa, Tampere with 238,000 
inhabitants in Pirkanmaa, and Turku with 193,000 inhabitants in 
Southwest Finland. 

5. Discussion 

In this study, accessibility to primary health care services was ana-
lysed by car and public transport at a 250 m × 250 m spatial resolution, 
at which register-based population data are available in Finland. While 
it appears that for the most part, the potential users of primary health 
services can reach the services very well, regional differences in acces-
sibility are evident, especially when using public transport as the main 
mode of transportation. Carless households can reach primary health 
services well by public transport, and the same holds true also for car 
owning households if they chose to use public transport instead of pri-
vate car. Both the elderly (≥65 years) and children (0–6 years) can reach 
primary health services well, whereas young people in their mid-teens 
(15–17 years), dependent on public transport, may encounter chal-
lenges in reaching the services. 

Even though Finland has a relatively low overall population density, 
health services can be reached well also by public transport, as popu-
lation is largely concentrated to cities and smaller towns. Travel dis-
tances and travel times to services are very long in certain places, 
especially in the northern and eastern parts of the country, but poor 
accessibility affects only a relatively small number of people. There is at 
least one health centre and a dentist in virtually every small town, or in a 
district of a large city or a physically extensive rural municipality 
(Lankila, Kotavaara, et al., 2016), improving overall accessibility. 

Large city regions are evidently associated with good health service 
accessibility, and a large share of car owning household have the op-
portunity to use public transport to reach primary health services in a 
reasonable time. Bus transport is even available in smaller towns and, to 
certain extent, in rural areas, as public transport has been designed to 
support school transport in Finland (Metsäranta & Weiste, 2019). 
Nevertheless, public transport is most beneficial in urban fringes, where 
health services are not immediately available, making walking too time 
consuming. It must be noticed, though, that in our study, the travel time 
estimates for walking are based on the velocity of normal walking pace 
of healthy adults. These estimates may not be relevant to the elderly, 
children and population groups with mobility limitations. Besides, 
travel time is not the only matter to be considered in the assessment of 
availability and use of public transport, as for example, travel costs or 

Fig. 5. Accessibility to primary health services (health centre, pharmacy and 
child health clinic) by private car and public transport (PT) in selected age 
groups as a function of travel time. 
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ability to use public transport may be important. However, potential 
Path Areas (e.g. Patterson & Farber, 2015) of different population 
groups and individuals may be more equal in areas where there are 
multiple choices for mobility. 

Children and the elderly – population groups that typically are 
frequent users of primary health services – seem to have good overall 
accessibility to primary health services in Finland. In order to assess, 
how strongly service use of different age and socio-economic groups 
varies, we would need to also have patient level data available. The 
elderly, in particular, reach pharmacies very well both by private car 
and public transport. This is probably partly due to more commercial 
and consumerist nature of pharmacy services, which has ensured good 
availability of pharmacy services especially in densely populated urban 
areas. Elderly people are also more likely than the general population to 
live in central urban areas in close proximity to services and public 
transport. The finding that youth aged 15–17 years have the lowest 
accessibility to health centres, especially by public transport, is note-
worthy. This is possibly related to the residential preferences of families 

having children, as they may favour large apartments located predom-
inantly in suburban areas. As this age group may access health services 
without being accompanied by their parents, low accessibility by public 
transport may increase the need for accessible health services elsewhere, 
for example, in secondary level educational institutes. On the other 
hand, digital health services (Jormanainen et al., 2019) might provide 
an appropriate solution for compensating long distances and inadequate 
public transport accessibility especially for this age group. The study by 
Hämeenaho (2014) showed that while young mothers in Finnish rural 
areas have the readiness to use services, the lack of services may 
diminish the trust in social services and weaken the feeling of security. 
Long distances create a reliance on private mobility via car, and poor 
accessibility of services makes daily scheduling difficult to mothers with 
their multiple daily tasks and duties. So, it is worth noting, that even 
though some population seemingly can reach the services well, there 
may be also other issues than distance that make services difficult to use, 
especially in sparsely populated areas. As transport disadvantage may 
create or reinforce social disadvantage and exclusion (Lucas, 2012), as 

Fig. 6. Public transport and private car accessibility to health centres in Finnish regions as a share of population reaching services within travel time thresholds.  
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well as health inequalities, ensuring an equal access to primary health 
services is important. 

The observed accessibility differences between regions in Finland are 
typically – with only a few exceptions – related to population density, 
such that regions with higher population density and large cities are 
characterised by better accessibility. Poor regional accessibility is, in 
some cases, related to natural geographic barriers such as lakes, which 
often increase distances as roads need to be routed around lakes. Sec-
ondly, poor accessibility is related to low urbanisation and a scattered 
population structure. Even though travel distances in Lapland, by far the 
largest and northernmost region of Finland, can be very long, the pop-
ulation of the region is mostly concentrated to towns, resulting in better 
accessibility than in some smaller regions. The presence of large cities is 
even more clearly apparent in the regional differences in public trans-
port accessibility. Public transport has a potential to serve a relatively 
large share of people to access primary health services in many regions 
in Finland even though public transport has not been especially designed 
to facilitate health care accessibility. 

The situation is most dire in rural areas, where challenges related to 
geographic accessibility and demographic trends coincide with reduc-
tion of health services coverage. In order to guarantee adequate health 

service accessibility with reasonable cost-efficiency in these areas, taxi 
transport and ride-sharing arrangements may be needed to supplement 
insufficient public transport provision. However, benchmarking the 
acceptable travel time is not straightforward. While there are some 
guidelines to how quickly a patient should receive treatment in certain 
kinds of emergency situations (e.g. acute coronary syndromes (DeVon 
et al., 2011)), what is acceptable travel time or distance to local service 
is more difficult to determine. In Finland, Zitting and Ilmarinen (2010) 
have investigated what is perceived to be the appropriate travel distance 
to different local services, and this was found to depend on the type of 
area the respondent was living. Appropriate distance to everyday ser-
vices (including health services) was perceived to be 5–9 km in rural 
areas and 2–4 km in urban areas, though also the ability to travel, for 
example because of old age, or whether respondent had car or not, 
influenced on this. The study also stated that according to literature, the 
travel time maximum would be about 30 min and walking distance no 
longer than 2 km, or for elderly no longer than 1 km. 

The strengths of this study include the extensive data sets of primary 
health service provider locations, demographic structure and household 
car ownership at a 250 m × 250 m spatial resolution, nationwide road 
network, and public transport routes and schedules in municipalities 
comprising a majority of the entire population of Finland. Using these 
data it was possible, for the first time, to produce a national scale view of 
the geographic patterns of car and multimodal public transport acces-
sibility in Finland, involving comparisons between regions and popu-
lation groups. The study also has certain limitations: while the locations 
of primary health service outlets were known, non-spatial information 
about the outlets was not available. Information about the number of 
personnel or service hours could have allowed us to assess the provider- 
to-population ratio of primary health services as well as the regional 
differences in accessibility which are due to differences in service pro-
vision capacity. The possibility to do analysis with actual patients using 
these services would also have strengthened the findings (e.g. Delmelle 
2013). We also used a cut-off of 1 km for walking distance, but in-
dividuals residing in different environments may be willing to walk 
different distances to public transit. Nevertheless, our study demon-
strates how public transport data can be used to assess differences in 
health care accessibility across large geographic areas while maintaining 
relatively fine spatial and temporal accuracy. 

6. Summary 

Accessibility measures assessed in this study indicate that while a 
great majority of Finnish population can reach primary health services 
well, also by public transport, accessibility of services may be poor for 
carless households, teenagers who access independently to health ser-
vices and some population groups in remote, rural areas. The continuous 
pressure to reduce the number of service facilities may further deter the 
service accessibility of these population groups. This suggests that there 
would be more room for innovative, cost-effective service or transport 
modes such as digital services, ride-sharing or call-based public trans-
port, which might provide alternative solutions for regions and popu-
lation groups in facing deteriorating service accessibility. Maintaining 
geographic equality or equity in different communities is challenging, 
and an overall view of geographic accessibility by different travel modes 
should be considered when planning the resources and service delivery 
options. 

Table 2 
Accessibility of population to health centres in Finnish regions as a function of 
travel time. Share of population in the reach of the service network.   

Accessibility by passenger 
car 

Accessibility by public 
transport 

10 
min 

20 
min 

30 min 10 
min 

20 
min 

30 
min 

Etelä-Karjala/South 
Karelia 

58.0% 93.5% 98.4% 5.7% 20.9% 32.2% 

Etelä-Pohjanmaa/ 
South 
Ostrobothnia 

64.7% 95.9% 99.9% 6.9% 22.3% 38.0% 

Etelä-Savo/South 
Savo 

55.8% 90.3% 97.8% 9.1% 24.1% 39.5% 

Kainuu 59.8% 88.4% 95.3% 9.7% 37.3% 62.3% 
Kanta-Häme/ 

Tavastia Proper 
73.2% 94.6% 99.6% 12.8% 40.2% 61.0% 

Keski-Pohjanmaa/ 
Central 
Ostrobothnia 

68.6% 96.0% 99.8% 6.2% 26.3% 43.0% 

Keski-Suomi/ 
Central Finland 

72.2% 95.1% 99.4% 16.5% 45.8% 64.0% 

Kymenlaakso 64.6% 91.1% 99.4% 7.9% 22.5% 37.7% 
Lappi/Lapland 63.2% 83.9% 91.4% 7.1% 20.9% 32.9% 
Pirkanmaa/ 

Pirkanmaa 
80.4% 97.3% 99.8% 18.5% 66.2% 79.7% 

Pohjanmaa/ 
Ostrobothnia 

70.6% 94.7% 98.5% 20.1% 46.1% 56.1% 

Pohjois-Karjala/ 
North Karelia 

66.0% 92.0% 98.5% 8.4% 29.9% 52.9% 

Pohjois- 
Pohjanmaa/ 
North 
Ostrobothnia 

69.3% 96.0% 98.6% 11.4% 47.7% 67.5% 

Pohjois-Savo/North 
Savo 

64.3% 92.1% 98.8% 10.1% 28.7% 44.9% 

Päijät-Häme/ 
Päijänne Tavastia 

75.6% 97.7% 99.7% 21.5% 66.0% 84.1% 

Satakunta 76.9% 98.3% 100.0% 18.8% 49.8% 67.4% 
Uusimaa 87.3% 99.3% 99.9% 28.6% 75.4% 86.2% 
Varsinais-Suomi/ 

Southwest 
Finland 

79.3% 98.3% 99.7% 19.5% 62.6% 79.6% 

Finland 75.9% 96.2% 99.2% 18.3% 53.8% 68.6%  
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Hämeenaho, P. (2014). Everyday networks of wellbeing in sparsely populated rural 
Finland. Ethnological research on mothers’ perceptions regarding public services. In 

National Institute for health and welfare (THL). Research 129 (p. 236). Helsinki, 
Finland 2014. 

Health Care Act 1326. (2020). Ministry of social affairs and health. Finland URI https 
://www.finlex.fi/en/laki/kaannokset/aakkos.php?letter=H. 

Health Insurance Act 1224. (2004). Ministry of social affairs and health. Finland URI htt 
ps://www.finlex.fi/en/laki/kaannokset/2004/en20041224_20110911.pdf. 

Huotari, T., Antikainen, H., Keistinen, T., & Rusanen, J. (2017). Accessibility of tertiary 
hospitals in Finland: A comparison of administrative and normative catchment areas. 
Social Science & Medicine, 182, 60–67. 

Huotari, t., Antikainen, A., & Rusanen, J. (2013). Perusterveydenhuollon 
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