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Abstract
Accessibility research has been a relevant part of today’s geographic information science. The data sources of official statistics offer plenty of relevant administrative data on the population itself and on various services available to the population. These are also combined into statistical products for customers of Statistics Finland. 
This paper discusses many aspects of accessibility statistics. The target here is the whole country. First, the remoteness (index) estimation that has been conventionally computed by Euclidean buffer populations for the Ministry of Finance. Studies funded by the ministry clearly promote the use of a road network based estimation. 
Elementary school accessibility has been taken into account as well. At municipal level, these kinds of statistics offer valuable information for the relevant authorities.
Recently, the need for cultural accessibility statistics has been raised at Statistics Finland. This requires data from many sources: libraries, theatres, movie theatres, orchestras, museums, festivals, etc. Naturally, the road network application is much more suitable than linear distances.
The most advanced application is commuting statistics. Here, the travel time itself becomes relevant and estimating that during the rush hour is a complicated task requiring data integration from many different sources. On the other hand, new data sources such as public transport web services enrich the modelling greatly. Greener commuting, bicycling, has received the most attention, however.
This paper provides both information and motivation for discussions of current and future research of statistical accessibility.
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1. Introduction: statistical accessibility as a concept
Statistical accessibility has been at the centre of geographic information science for quite a long time. Some of the existing indices of accessibility and remoteness, were developed in the 1980s and have been used since with only minor revisions as noted by Alasia, A. et al (2017). They also point out that the obvious development of transportation and communication technologies have altered the meaning and perception of distance, but still, geographic proximity remains an important determinant of socioeconomic outcomes: proximity to points of economic activity, and to population agglomerations. 
At the global level, United Nations’ actions form a base for the estimation of accessibility to services. Sustainable Development Goal (SDG) 3: Good Health and Well-Being for people stresses the importance of accessibility to services starting from clean water and sanitation sources.
From the perspective of official statistics, it can be straight forward to measure distance to population or economic centres, but specific services of interest may require more data sources. Especially travel to the relevant individual travel destination, the workplace, requires high quality micro data, and whether such commuting is daily or not requires even more.
This paper concentrates on accessibility applications of Statistics Finland in order to serve better its customers, and motivates discussion and future research of statistical accessibility. It should be noted that all the examples here target nation-wide computations. 
However, implying other accessibility burdens than long distance (or travel time) are not taken into account in these examples. Especially persons with disabilities have individual burdens requiring high quality data sources in order to model accessibility correctly. The UN SDG 11.2.1: Proportion of population that has convenient access to public transport, by sex, age and persons with disabilities motivates to good cooperation with other public administration bodies in order to get the data, actually at the time of writing this paper.
2. Data sources 
These studies extensively use the Population Statistics Data Warehouse of Statistics Finland and the Business Register that are constructed from several administrative datasets and statistical data files (Statistics Finland, 1/2016 and 2/2016).
These are integrated with many other datasets such as the extensive National Road and Street Database, Digiroad (Digiroad.fi), produced by The Finnish Transport Agency (Piela, P. 2013). Agency’s data from automatic traffic measuring devices are also applied (Piela, P. 1/2016) having obvious big data features.
Specifically, the public transport accessibility requires open public transport web service platforms (Pasila, A. 2016).
Some applications even require customers’ own “service point” data due to limits of the Business Register, either surveyed or register-type of data.
3. Accessibility Applications
3.1. Remoteness index estimation
The Municipal remoteness index of Finland (in Finnish: syrjäisyysluku, in Swedish: kommunernas fjärrortstal) has been decreed with the Government decree on statutory government transfers to municipalities for basic services 1446/2014. It defines a simplified system based on certain relative population counts within 25 kilometres and 50 kilometres (Euclidean) circle buffers around municipal (statistical) population centres, by applying one square kilometre population grids.
[image: ]Figure 1. Linear 25 kilometres and 50 kilometres buffers and the corresponding service area polygons around the statistical population centre of Honkajoki municipality (other centres marked as well). 

Enrichment proposals have been studied for the coordination body, the Ministry of Finance. The current main one are service area polygons around the municipal population centre points by applying Digiroad. (The tested method trims polygon corners to 100 meters on both sides of the roads, applying 250 meters x 250 meters population grids.)
Figure 1 first shows the difference between the route distance – which should, perhaps, been set higher – and the corresponding linear distance. Then it indicates a high difference between remoteness indices depending on which method is used: the 50 kilometre “regional index” covers more populated centres than the route-based one. 
The non-mountainous geography of Finland involves plenty of lakes and waters. One of the municipalities of Finnish Lakeland in Figure 2 still has routes in many directions from its centre, but another one makes a considerable difference in its remoteness index depending on whether the road network is applied.
[image: ]Figure 2. Municipalities of Savonlinna and Rääkkylä of Finnish Lakeland with their service area polygons (25 and 50 km) around their statistical population centres. Town hall locations have been marked for reference.

Source: Statistics Finland and National Land Survey open data Creative Commons 4.0

3.2. Cultural accessibility
Cultural accessibility has been studied in joint cooperation with the Finnish Center for Cultural Policy Research CUPORE. The idea was the same as in the previous section: estimating the proximity by using the population grids and service areas around each cultural “point”. These have been studied for different types of cultural institutions and for some other cultural events. These data partly come from the administrative register and partly from cultural institutions. Especially orchestra locations can be a complex issue and the study data was collected and validated by CUPORE itself in the end.
Among those mentioned in Table 1, libraries are expected to be accessible by foot for most of the population. After all, almost half of the population lives within 1,500 meters from the nearest public library, and as Table 1 shows, 72.4 percent live within 3,000 meters (Piela, P. 2/2016). 

Table 1. Relative populations within Service areas of certain cultural institutions and events.
	
	Proximity zone

	
	3 km
	10 km
	30 km

	Libraries *
	0.724
	0.925
	-

	Movie theatres *
	0.300
	0.663
	0.827

	Theatre	s
	0.200
	0.500
	0.715

	Museums
	0.331
	0.679
	0.881

	Festivals **
	-
	0.597
	0.820

	Orchestras
	0.159
	0.438
	0.710



Statistics are based on information on 2017 except *) based on information on 2015, **) based on information on 2016. **) Data source: Finland Festivals, state subsided only. 


3.3. Elementary school accessibility
Municipal elementary school proximity by road has been estimated annually due to demand. It is possible to estimate it by taking into account maximum numbers of pupils in each school. But due to simplicity, this has been estimated just by point-to-point road distance (pedestrian roads allowed) within the same municipality in each age class and school type. On the other hand, private schools are few in Finland and irrelevant from this perspective.
Figure 3 describes the preliminary school accessibility in Kuopio. 38 percent of the preliminary age group, 7 to 12 years, live within one kilometre of their nearest school, 80 percent within three kilometres accordingly.
Figure 3. Preliminary school accessibility in Kuopio municipality (2017): the shortest path from a dwelling (grid) to a school is simplified here as a direct line for presentation purposes.
[image: ]
Source: Statistics Finland and National Land Survey open data Creative Commons 4.0

3.3. Statistical commuting
[bookmark: _GoBack]Statistical commuting is currently the most sophisticated statistical accessibility example of Statistics Finland. It is targeting the challenging travel time estimation to enrich the existing official statistics. The commuting time and distance can be calculated as a point-to-point estimate from almost every employee’s home to a corresponding workplace – the national coordinate coverage being about 93 percent. 
Models are built for both commuting time and distance by driving, cycling and using public transport within the national route network. This requires different datasets of which automatic traffic measuring devices and public transport timetables and routing estimation platforms represent here the new data integration task. 
The actual travel time and distance estimation is computationally a complex procedure. Here it has been solved by parallel computing: Python™ programs calling ESRI ArcGIS® Network Analyst Route Solver for estimations of the shortest, travel time optimised, paths (hierarchical routing, non-hierarchical in the case of walking or cycling). In the case of public transport, web services’ (such as the nationwide Journey.fi, FTA (2018)) large datasets have been retrieved via application programming interface.
All of the new estimates are compiled to a micro level database. The new database includes the following variables to be merged with other demographic data: Commuting distance and time by private vehicle, Cycling distance and time, Public transport commuting distance and time (in the whole country), Helsinki Region Public Transport commuting distance and time and Corrected commuting time for trips to and from the central Helsinki area (Piela, P. and Pasila, A., 2017).
Among these, bicycle commuting statistics have received most publicity. Cycle commuting time median in Finland is 27 minutes (30 minutes in the Capital Region): half of the population can cycle to their workplace within half an hour. The contribution of Statistics Finland to the VeloFinland and Walk This Way 2017 seminar can be seen as a YouTube video on bicycle commuting: Statistics Finland (2017).
In the analysis of commuting time, the area type is a relevant factor to be taken into account. For example, the median commuting time by private car is about 12 minutes according to these statistics. In the inner urban area it is 11 minutes with lesser deviation and in the rural area close to urban area it is almost 20 minutes. In the rural heartland area, 12 percent have less than 100 meters to their workplace and the median becomes nine minutes only. This kind of analysis requires a detailed urban-rural classification to be applied (Piela, P. and Pasila, A. 2017). 
Figure 4 shows one example of the potential of comparative studies: commuting time differences between the use of public transport and private car (arithmetic difference). The example is an experimental one due to under coverage problems of the public transport web services. In practise, however, there are not very large areas excluded from the service. 
In this case, the differences between different types of urban and rural areas are not crucial, except within the inner urban area, where the difference is smallest. There is a moderate, positive correlation between the commuting (drive) distance and the commuting time difference. 
4. Conclusions
Many data sources have been successfully implemented throughout these studies to enrich existing official statistics and to meet customers’ needs better. Statistics on accessibility and proximity analysis are made possible by rich administrative data sources when integrated with other valuable data. The travel time especially remains a challenge in geospatial analysis requiring further research and new data sources.
As mentioned in the beginning, further research will handle United Nations SDG indicators on accessibility. A special note is given to the UN SDG 11.2.1: Proportion of population that has convenient access to public transport, by sex, age and persons with disabilities. It motivates good cooperation with other public administration bodies in order to get the data.


[image: ]Figure 4. Differences in commuting times between the use of public transport and private car in Finland by municipality. The classification is based on quartiles: blue colours mark values below the median 30.30 minutes and red colours above. Åland Islands have been excluded due to missing public transport data.
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