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Abstract 

Since the Swedish health care system is mostly organized at a regional level 
and the population density across the Swedish regions are variating, the 
supply of health care differs among the regions. Population density and 
the centralization of care is also affecting the distribution of health care 
facilities since most opportunities for care will be found where population 
density is high, such as larger cities. In northern Sweden where the larger 
parts of the area are sparsely populated and the main cities are mostly 
located along the coast, accessibility to health care for the rural population 
and their urban counterparts are therefore very different. The level of 
accessibility to health care can be more crucial in some situations than in 
other, one of these is childbirth. Since the labour process can develop 
quickly, the need to get the right care at the right time can be vital for both 
mother and child.  

In the past years there have been changes to the maternity hospital 
distribution in northern Sweden. This is due to the closure of Sollefteå 
maternity hospital and the temporal closing of Lycksele maternity 
hospital. The aim of this thesis is to analyse the change in accessibility 
between 2013 and 2019 as a result of these shutdowns. This is done using 
service area analysis through the ArcGIS network analyst extension. The 
result show that the closures have had large impact on the spatial 
accessibility, increasing travel times to maternity hospitals for the inland 
population. Those who are mostly affected are people who already had 
poor accessibility, these are also places who have a small population. The 
result also shows that around 90 % of the women could reach their closest 
maternity hospital within one hour in 2013 compared to around 80 % in 
2019. Around 40 % of the women are at higher risk of childbirth 
complications since they exceed 20 minutes travel time, this was the same 
value in 2013 as for 2019. As conclusion, closures have decreased 
accessibility for women in the inland of northern Sweden but the largest 
part of the population remain having good accessibility to their closest 
maternity hospital.  

Keywords: Accessibility, Maternity Hospital, northern Sweden, travel 
time 
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1. Introduction  
As other Scandinavian counties Sweden is a welfare state, striving to 
supply equal health care for their whole population. The Swedish health 
care system is mainly organized at a regional level by county councils and 
municipalities in charge over their districts in order for regions to be able 
to supply suitable health services for their population. Because of the 
uneven spread in population density throughout Sweden this has led to 
differences in health service supply across the country and within the 
regions (Anell, et al, 2012).  

There are also other challenges that creates differences across the country. 
Decreasing work and education opportunities in rural and the growth of it 
in the urban context is making the people leave the countryside to live in 
larger cities. This has created need for economic reconstructions in the 
rural areas (Hedlund & Lundholm, 2015). Supplying equal opportunities 
is therefore an issue comparing densely populated places, which are able 
to offer a wider range of services and goods than sparsely populated areas, 
due to the difference in demand and profitability (Farrington & 
Farrington, 2005). Living in larger cities can therefore mean high 
accessibility to a wide range of services even on a local level. This also 
means that rural, sparsely populated areas often need travel further, 
perhaps regionally to access services.  

The supply of health care is organized in the same ways as other services. 
It is in the cities with large populations that hospitals and specialists are 
found while the supply of health care opportunities is often less in smaller 
settlements. In Christaller´s (1933) central place theory this can be 
explained as an urban hierarchy, where highly raked places such as large 
population cities have better access to goods and services than small 
population places with lower ranks.  

As heath care services is facing restructuring towards centralization 
(Combier, et al, 2013) and a more market orientated structure, it also 
makes it harder for rural services to continue to stay open (Kullberg, 
Winblad & Blomqvist, 2018). Instead of finding health care services in 
their closer surroundings, the rural population therefore needs to travel 
further and further to access health care services (Blondel, et al, 2011). One 
outcome of this is that the rural population are seeking medical care less 
than their urban counterparts (Dahlberg et al, 2007 & Chan, Hart & 
Goodman, 2006).  

Accessibility to health care can be one of the more crucial services to have 
access to. Of course, this is the case with primary care since it is a great 
way to maintain a healthy population. It is although perhaps a more vital 
problem when in need of emergency care, such as in time of childbirth. 
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Poor access to maternal hospitals can lead to several health complications. 
Studies have shown that longer travel time can raise the risks of out- of- 
hospital births (Blondel, et al, 2011). There has also been found to be a 
positive relationship between mortality and travel time to maternal 
hospitals (Ravelli, et al, 2011). Beyond higher mortality risks and out- of- 
hospital births, longer travel times may also have other harmful effects for 
both mother and child (Combier, et al, 2013).  

2. Aim and Research Questions  
The aim for this thesis is to analyze the changes in accessibility for the 
female population to maternity hospitals between 2013 to 2019 due to 
closure of maternity hospitals. The analysis is preformed using service 
area analysis in ArcGIS network analyst.  

Questions:  

- How have the closure of maternity hospitals changed the share of the 
female population with good access to maternity hospitals?  

- How does the accessibility to maternity hospitals vary within the 
urban hierarchy?  

The analysis that have been performed includes three counties in Northern 
Sweden; Västerbotten, Västernorrland, and Jämtland. The accessibility 
change after the permanent closure of Sollefteå maternity hospital and the 
temporary closure of Lycksele maternity hospital will be analyzed.  

3. Previous Studies  
In this section you will first get a brief overview of how the Swedish health 
care system is structured. This is followed by a section about Swedish 
maternal care, the challenges it is facing, and the goals set to improve it. 
For the rest of the chapter accessibility and different aspect of accessibility 
will be covered. It will among other sections include, accessibility in the 
rural and the importance of accessibility in maternal care.  

3.1 Central place theory  
Before explaining the Swedish health care system more thoroughly, the 
central place theory can give an understanding of how the supply of 
services is efficiently structured. Walter Christaller (1933) introduced the 
theory of central places in attempt to explain how central places and 
settlements supply their population with services in a hierarchical 
structure. The theory argues that depending on population and transport 
possibilities, market areas are formed as seen in figure 1. Places with good 
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transport opportunities and large population are found high up in the 
urban hierarchy. Poor transport opportunities and small population on the 
other hand, indicates a low rank in 
the urban hierarchy. Because the 
needed level of demand varies 
depending on the type service, places 
high up in the hierarchy can support 
a wider range of services than places 
in lower rank. When it comes to the 
Swedish health care structure, the 
supply has been structured in similar 
ways. Larger cities have a wider range 
of health care services, including 
specialist doctors and hospitals. 
Lower ranked places on the other 
hand, may find less services in the 
proximity and may therefor need to 
travel further to access the right care.  

 

3.2 The Swedish health care system  
Three basic principles are meant to lead all Swedish health care provision: 
Human dignity, need and solidarity and cost effectiveness. The human 
dignity principle refers to the right for all individuals to be treated equal 
no matter socio economic status. Need and solidarity stands for giving 
those who needs it most privilege to care at first hand. The cost effective 
principle argue that decisions of health care supply should be made within 
a fair balance between cost and effect. In which health improvement and 
quality of live are weighted for (Anell, et al, 2012). 

Since Sweden is a welfare country health care is seen as public 
responsibility. The health care system can be divided into three levels: 
national, regional and local. Even though the state controls national health 
care policies, the core of the system is found on regional level. It is the 
county council/ regions who are mainly responsible for planning and 
organizing health care suitable for their population (Anell, et al, 2012). 
Funding are mainly paid by public taxes and partly by state contribution 
and user charges. The county and municipalities collect a proportional 
budget from the population income taxes to provide for their services 
(Anell, et al, 2012). 

The county council managing approach is meant to allow the regions to 
supply their population with the appropriate health care suitable for that 
specific region. This has therefore led to regional differences in health care 
supply across the country (Anell, et al, 2012). From the 1990s, Swedish 

Figure 1, Christaller (1933) central place 
theory. Source Mulligan, Patridge & 
Carruthers (2012). 
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health care has been structurally changing from mostly providing 
inpatient hospital care to primary- and outpatient- care. In that way 
patients who do not need the attendance or equipment found at hospitals 
can get health care service at a lower level facility in primary care (Anell, 
et al, 2012). A positive effect of this is that the pressure at hospitals has 
been eased and that these facilities can focus on people who need 
specialized care. On the other hand, recourses that previously has been 
given to the hospitals are now also being distributed differently.  

3.3 Swedish maternity care 
Every year, more than 110 000 children are born in Sweden. The Swedish 
government together with the Swedish association of Local Authorities 
and Regions (SALAR) state that all parents should feel safe for the whole 
journey, before, during, and after pregnancy. The Swedish maternity and 
obstetrics care is one of the world’s best if looking at mother and newborn 
survival rates. Even so, there are still improvements waiting to be made. 
The shortcomings are partly due to regional differences in care and the 
insufficient access to qualified staff (SKL, 2019).  

In agreement between SALAR and the government, multiple actions have 
been made in order to raise quality of maternal care in Sweden. It appears 
in a contract regarding 2017- 2019 with the two parties that the goal is to 
increase accessibility and equality in maternal care, and reinforce stakes 
for women's health (SKL, 2017). This is done by increasing the funds for 
maternal care, mainly to better the staff situation, and also by contributing 
to education of staff and effectively spreading knowledge about maternal 
care.  

The parties have agreed on 7 goals for the Swedish maternal- obstetrics 
care (SKL, 2018):  

- For there to be a clear chain of care. 
- Expanding the after care.  
- Easy access to right care after childbirth complications.  
- Availability of competent staff when childbirth is taking place.  
- For parents to feel confident in that there is room for them at the caring 
place, before and after childbirth, especially for the once that will travel 
far to access maternal care.  
- Supply the staff with the right knowledge and support to prevent, 
diagnose and treat childbirth injuries.  
- Good conditions for research. 

3.4 Accessibility  
Either if it’s commuting to work or school, going to a primary care health 
appointment or driving to the nearest maternity hospital, movement plays 
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a great part in how we live our life. One way of understanding people’s 
movement and way of life is looking at accessibility.   

3.5 Defining accessibility 
There are multiple definitions found to explain accessibility. Firstly, I 
would like to mention Torsten Hägerstrand (1970) who was the first to 
state the time-space concept which points out how individual constrains, 
and distances determine capability for accessibility in time geography. The 
concept has then continued to develop towards a more relative perception 
of space.  

Neimeirer (1997) explains how in the early 1970´s accessibility was 
measured by the travel time to destination calculated by transportation 
mode, time of day, socioeconomic status and travel motives, e.g. leisure or 
work (Cohen & Basner, 1972). The concept has then developed to include 
more affecting factors. By example taking into account travel time limits, 
which also can be explained as a cut off time for when travel would take 
place or not (Black & Conroy, 1977). Level of attraction also came to be 
included to try to integrate the way people have a higher "tolerance" to 
travel to certain places more than others. A time-consuming commute to 
a job is probably more acceptable if the work is highly paid than what it 
would be for a lower wage (Vickerman, 1974).  In the aspects of care on the 
other hand, the situation is different.  In primary care there may still be 
opportunity for choice and preferences since there is not the same urgency 
for care as in a critical situation. In more harmless cases, it may be okay 
for the care seeker to travel further to access the care of need and choice. 
In emergency situations on the other hand, there might not be time for 
compromises nor either may there be a choice depending on care needs. A 
woman in labour is for example in need of maternal care with both 
competent care staff and the right medical equipment to perform safe 
childbirth. Without the right care on the right time, the situation can get 
critical.  

In more recent times Haugen (2012) explains how accessibility has two 
components; Proximity and mobility. Proximity refer to distance, the 
distance to one location in relation to another location. Mobility on the 
other hand, is how to overcome this distance. The proximity and mobility 
will then decide travel time. For example, traveling 3 kilometers 
(proximity) to your closest primary care center can be done in multiple 
ways, some examples are walking, biking, or driving. Choice of 
transportation method may then depend on individual preferences and 
resources. If you are going to a medical appointment at a health center you 
might be capable of walking, it may even be of preference since the level of 
injuries served at these clinics are not critical. In a more urgent situation, 
the type of transportation may play a bigger role in health outcome. When 
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in need of emergency care for example, having access to a car can mean 
faster access to health care. For rural women in labour a car may decide 
the outcome for both mother and child. It is not to be forgotten that 
distance to closest maternity hospital or emergency clinic is important in 
the way of how fast an ambulance or medical staff can get to a person in 
need. For a woman in labour, the need of the right care can as said be 
urgent, the time spend for an emergency vehicle to get to a destination will 
need to be included in the labour time period. In these situations, 
proximity and mobility is therefore vital. 

3.6 Why accessibility is important  
Accessibility can also be seen as the opportunity or ability for people to 
access services and opportunities. It is therefore an important factor for 
social inclusion and social justice (Farrington & Farrington, 2005). 
Accessibility is seldom equal when comparing individuals with different 
socio-economic statuses. Age, sex and income are some examples of 
factors that can influence a person's chance for accessibility. Level of 
income may determine if you are able to own a car and can travel door to 
door. If you instead only can afford riding the bus or even walk to your 
destination, your reach for services may be limited due to restrictions such 
as distance or bus routes. Level of accessibility may therefore indicate what 
services and chances in life a person will be able to reach. Individual 
factors do affect accessibility, but accessibility is also spatial, determined 
by what´s in our surrounding, what we find in our proximity. It is 
determined by distribution of facilities, work, health care, grocery stores, 
and education opportunities that are found in the area we spend our every-
day life.  

In terms of spatial access to services there is a wide range of differences 
when applying the concept in a rural versus urban context. In an urban 
environment, services are most likely found in close proximity to the 
population (Haugen & Vilhelmson, 2013). Since the population density in 
an urban area is high it also means high demand and most likely, a 
profitable basis to maintain services in a wide variety of specialization and 
range. Since population density in rural areas are low, the market for 
services are different. In a rural context, it might not be about choosing 
from a variety of service options but rather what services actually exists 
and are possible to reach (Farrington & Farrington, 2005).  

Accessibility is changing when resources and medical standards are being 
shifted. Economic cuts and an ongoing trend of centralization of care is 
affecting the health care structure. While centralization of hospitals allows 
for those locations to efficiently improve their standards, equipment, and 
staff use. It has also led to the closing of health care facilities where in some 
areas (Blondel, et al, 2011). Depending on where the financial cuts are 
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being made it will have a change of accessibility for parts of the population 
or individuals. In northern Sweden, the trend of centralization and 
financial restrictions has led to the closing of several maternity hospitals. 
This is of course something that can impact all who are expecting an 
addition to the family, but it is mostly something that will affect women’s 
access to the right care and by that an increased risk for women´s health.  

3.7 Accessibility to health care facilities in the rural 
To prevent population health inequalities, it is important to fairly provide 
the whole population access to health care (Wong & Regan, 2009). In a 
study covering health care patients in rural part of America research shows 
that the rural population utilize health care less than their urban 
counterparts (Chan, Hart & Goodman, 2006).  The results also present 
that there can be multiple reasons for this outcome. Individual factors 
such as different socio-economic statuses being one part of the answer. 
Another issue for the rural population health care utilization was the 
distance and how time consuming it was for the rural population to reach 
health care services, making them refrain from seeking care. A Swedish 
study covering mental health patient’s utilization show similar results. 
Showing that the urban participants had at higher extent (77 %) had 
contact with medical services compared to the rural population (52 %) 
(Dahlberg et al, 2007). Arcury et al (2005) argues that transport is one 
important factor enable access to health care. The often poor supply of 
public transport in rural areas makes the opportunity to use a personal 
vehicle more important than in an urban environment.  

3.6 Accessibility to maternal hospitals in the rural  
In a master thesis by Lindström (2017) maternity hospital closure in 
Sweden was reviewed and mapped covering the years 1997 to 2017, based 
on yearly rapports of pregnancy, childbirth and new-borns (Graviditet, 
förlossning och nyfödda) by the The National Board of Health and 
Welfare. Result showed that 15 maternity hospitals had closed down their 
services in the time period. 10 of these closed facilities where located in 
rural municipalities and by that meaning municipalities populated by less 
than 30 000 by the definition of The Swedish Board of Agriculture (2015).   

Closure of maternity hospitals in rural areas are not just a Swedish trend. 
Maternal facilities in rural France are also closing down which have led to 
increased inequalities of geographical access (Combier, et al, 2013). 
Combier, et al (2013) also argues that this is the case in other countries 
where the structure of health care provision is changing towards 
centralization.  
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3.8 The importance of access in time 
The labour process is not something that can easily be predicted. It can 
sometimes happen quickly and without the right medical help it can also 
be risky for both mother and child (Blondel, et al, 2011).  

 Since women in rural areas often have further to travel to nearest 
maternity hospital the time spend getting to the maternity clinic is longer 
than in urban areas. The travel time is something that can delay delivery 
of the baby, increasing several risks such as fetal heart rate anomalies, out- 
of- hospital births, pregnancy hospitalization (Combier, et al, 2013). 

Less than 1 % of child births in Sweden are accidental out-of- hospital 
births (Rodie, Thomson & Norman, 2002). In these cases, the newborns 
where more likely to need neonatal care and higher rates of perinatal 
mortality. The study was performed on women who lived within 10 miles 
(circa 16 km) of the hospital and within that range no relationship between 
outcome and geographical distance was found.  

A French study, covering a larger study area, shows that 4.3 of 1000 
children were delivered out-of- hospital in 2005. For women with nearest 
maternity unit 30 km or longer the risk for out-of- hospital births where at 
least double their counterparts (Blondel, et al, 2011). In the Netherlands, 
women who have 20 minutes or more of car travel to nearest maternity 
hospital are at higher risks for harmful outcomes and mortality (Ravelli, 
et al, 2011).  

4. Study area 
The area of study including Västerbotten, Västernorrland and Jämtland 
county covers 180 978 km2 of Northern Sweden (see figure 2a, p.15). In 
2013, 7 maternity hospitals where found in the study area. These where 
located in; Skellefteå, Lycksele, Umeå, Örnsköldsvik, Sollefteå, Sundsvall, 
and Östersund (see figure 2c).  

In December 2018 the total population combined was 645 887 residents, 
49 % which where women (SBC, 2018). Västerbotten which is largest by 
area with 55 186 km 2, is also highest populated 270 154 people, also in 
which about half are women. Västernorrland is smallest, covering 21 684  

km2 and has a population of population 245 453 (49 % women). Jämtland 
is the second largest of the three, covering 49 443 km2 is also the least 
populated with a total population of 130 260, about half of which are 
women (SCB, 2018).  
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In total, the study area includes 30 
municipalities shown in table 1. In the table, 
these municipalities population change for 
women 2013 to 2018 is shown. As mentioned 
earlier, people have been leaving the 
countryside to live in urban areas due to work 
and education opportunities in the larger 
cities, and the lack of it in the rural (Hedlund & 
Lundholm, 2015). It can be seen in the table 
that 19 of 30 municipalities have had a 
decrease of women population. Umeå, 
Östersund and Åre are the municipalities in 
which the female population has grown most. 
In the municipalities where maternity 
hospitals have closed or is temporarily closed; 
Sollefteå respectively Lycksele there has been a 
decline around 1 %.  

Due to technical difficulties when working with 
large network datasets in the available 
computer lab an analysis of the whole of 
Sweden could not be performed. Because of 
this, the study area had to be limited. Due to 
the uneven distributed population in northern 
Sweden, this area was chosen as an interesting 
study area. Norrbotten, which is located 
furthest north has although been left out of the 
study since no closures of maternity hospitals 
have occurred during since 2013, which was 
the last date of population data available for 
download.  

5. Methods 

5.1 Methodological considerations  
Analyzing drive-time accessibility by car for 
women to maternal hospitals can be done in 
multiple ways. After considerations and 
reviewing of accessibility studies a quantitative 
approach using ArcGIS Network analyst was 
used. A quantitative approach in form of a survey could also have been 
used for the task but reported travel times to maternity hospitals do not 
always match calculated times. Study shows that whether the result of 
reported versus calculated time match each other vary depending on 
geographical context. Rural reported travel times where more equal to 

Municipality  Number  Percent 

Västernorrland   
Ånge -119 -2,6% 

Timrå -44 -0,5% 

Härnösand 135 1,1% 

Sundsvall 603 1,2% 

Kramfors -108 -1,2% 

Sollefteå -139 -1,4% 

Örnsköldsvik 330 1,2% 

Jämtland   
Ragunda -104 -4,0% 

Bräcke -119 -3,9% 

Krokom 37 0,5% 

Strömsund -187 -3,3% 

Åre 483 8,7% 

Berg -35 -1,0% 

Härjedalen -114 -2,4% 

Östersund 1357 4,2% 

Västerbotten   
Nordmaling 55 1,6% 

Bjurholm -9 -0,8% 

Vindeln 13 0,5% 

Robertsfors 17 0,5% 

Malå -65 -4,3% 

Storuman -58 -2,0% 

Sorsele -56 -4,7% 

Dorotea -106 -8,7% 

Vännäs 75 1,7% 

Vilhelmina -55 -1,7% 

Åsele -35 -2,6% 

Umeå 4075 6,4% 

Lycksele -65 -1,1% 

Skellefteå -59 -0,2% 

Norsjö -58 -2,9% 

Table 1, Population 

development 

 in study area 2013 to 

2018 (own table, data: 

SCB.se) 
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calculated times while urban travel times where reported longer that 
calculated (Pilkington, et al, 2018). Due to the disposable time range for 
the study, the large study area including both urban and rural 
environments, a network analysis was seen most appropriate considering 
accuracy and suitability.  

5.2 Geographical information system (GIS) 
The geographical information system (GIS) is a computer-generated 
system used to perform analysis in spatial environments. The program is 
highly used for environmental and urban planning as well as marketing 
research or by other industries that benefits by maps. GIS can be used both 
for producing general- purpose maps such as road maps or atlas maps 
along with thematic maps. Thematic means that the map focuses on a 
specific theme, such as population density (DeMers, 2019). GIS have 
previously been used in several accessibility studies (Levinson & El-
Geneidy, 2009; Lovett, et al, 2002) and it is specially in recent years that 
studies concerning accessibility to health care have grown through the 
possibilities in GIS (Neutens, 2015).  

5.2 Network Analysis 
For analyzing spatial accessibility to services in GIS three methods can be 
used: Euclidian distance, network distance, and Manhattan distance. The 
Manhattan distance however was not seen suitable for the northern 
Sweden context since it meant to be used on a grid system (Levinson & El- 
Geneidy, 2009). The remaining two options: Euclidian and network 
distances are on the other hand 
both highly used in public health 
research (Mizen, et al, 2015). 

The Euclidian distance is a more 
generalizing approach, the 
measurements are done by a 
straight line or by creating distance 
bands, also known as buffers 
around services. The inputs of 
band can be set to distance of 
choice and will give an estimation 
of accessibility. However, the 
Euclidian distance calculated 
measurements by absolute 
distance or "as the crow flies" 
(figure 2a) and do not take built or 
natural access barriers like 
buildings or water bodies into 
account. The network distance, 

Figure 2, Difference between Euclidean (a) 
and network distance (b).  Source: 
Levinson & El- Geneidy (2009). 
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seen in figure 2b will give a more realistic result since it actually measures 
distance traveled along the network that will be used to access facilities, 
with the possibility to measure accessibility both in distance and travel 
time. For studying access to maternal hospitals, time is as previously 
mentioned of high importance and therefore the network distance method 
is most suitable.  

5.4 Network dataset  
The network components are quite simple. It contains points and line 
features also referred to as edges and junctions. By other things, edges are 
used to model streets and pipes while junctions are used to represent 
features such as street intersections or stations (Zeiler, 2010). The network 
analyst extension holds six analysis tools; route, closest facility, OD 
matrix, Vehicle routing problem and Location- allocation. Since route, 
Vehicle routing problem, and OD matrix are more useful when finding 
efficient paths, they are not highly useful when studying accessibility to 
closest maternity hospital. Location- allocation would be helpful if 
deciding where the most appropriate locations for facilities would be to 
keep high accessibility which is important in public sector. On the other 
hand, this is not the task in this study. Even though the closest facility 
extension could have been useful when analyzing travel times to maternity 
hospitals, it would output individual driving times. The analysis would 
therefore be very time consuming considering the study population and 
study area. The used tool for this analysis is the service area analysis. The 
service area analysis is preferably used for accessibility studies since it 
analyses travel times and distances from specified locations, as well as it 
allows the user to input break values.  

5.3 Data  
The data used in the analysis have been downloaded from the 
Lantmäteriet (Lantmäteriet, 2019), Swedish Transport Administration 
data service Lastkajen (Trafikverket, 2018) and from the SLU Geodata 
Extraction Tool (SLU, 2018). Information about the locations for 
maternity hospital has been taken from the health guide at 1177 
Vårdguiden (1177 Vårdguiden, 2019). In table 2 all files used are listed.  
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Table 2, List of utilized data and data sources (own table).  

 

Population by gender is downloaded in 100x 100 m squares. The available 
data covered the years from 2013- 2017. The 2013 data has been used for 
analyzing the change before Sollefteå maternity hospital closed. Because 
no more recent data than 2017 was available, this data has been used for 
analyzing accessibility 2019, after Sollefteå closed as well as the temporary 
closure of Lycksele maternity hospital. Population data for main 
settlements in each municipality have also been downloaded from the SLU 
geodata extraction tool.   

There was no available shape file for the location of previous and current 
maternal hospitals. This was therefore created by using the list of maternal 
hospitals done by Lindström (2017) and the 1177 Vårdguiden website for 
maternal hospital addresses. For maternal hospitals that has closed the 
address for the still running hospital was used.  

The road data contained profound information about the road network. 
Relevant for this analysis was information concerning: Network type, 
length, road construction; bridges/ tunnels, speed limits, road type, 
restrictions and directions. To be able to run the analysis correctly in the 
network additional fields where added. These fields are seen in table 3. 

Table 3, Additional feature attributes in Network (own table). 

Name Type  Expression 

To From (minutes) Cost Length x 60 / (Speed (with) in km/h x 1000) 

From To (minutes) Cost Length x 60 / (Speed (against)in km/h x 1000) 

Oneway Restriction FT= Restrict against TF= Restrict with  

Road type Subtype 1= Road= Any Vertex , 2= Under/overpass or bridge= End point  

 

The to from and from to (minutes) fields are cost attributes used to 

measure cost of travel. In this study cost of travel will mean time to access 

File Source  

Road data Lastkajen 

  
Population data Geodataextractiontool 

Urban areas  Geodataextractiontool 

  

GSD- Maps of Sweden  Lantmäteriet  

  

Maternity hospitals 1177 Vårdguiden 
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maternity hospital by car. The expression used for both fields will output 

travel time along the network in minutes. In the road data downloaded 

from Lastkajen information about speed limits in both driving directions 

where included in separate fields. The specific field for each direction has 

therefore been used in the separate expressions.  

Oneway is a restriction field. This is used to forbid car travel along a line 

that only allows traveling in a specific direction which is important for the 

measurements to be reliable. As example this is important when 

calculating routes along a multi-lane highway, in which case it is important 

that the traveling does not go against allowed driving directions but 

instead in the correct lane to be able to take the right exit. When using FT 

& TF as inputs for an Oneway field, the network will recognize the inputs 

and execute the restrictions.   

The road type field was created to separate bridges, over and underpasses 

against regular roads in order to set connectivity rules. Rules are 

important when working with networks, it supports the integrity and 

quality of the data. Connectivity rules allows the user to decide how 

features connect to other features (ArcGIS, 2019a). Since this analysis 

have omitted other transport modes but car travel only one connectivity 

group where needed. The subtypes for road type however, where used to 

set edge connection. As seen in table 3 roads where set to any vertex 

connection while bridges and over- underpasses have been set to end 

point. This allows the regular roads to 

connect to other roads (figure 3, e1 & e2). 

End point connectivity, seen in the figure 

3 as line l1 will on the other hand only 

allow connection at next the end point 

vertex, restricting car travel to leave the 

bridge or underpass until the line connect 

at another vertex.  

5.5 Service Area analysis 
The service area analysis can be used to model accessibility to facilities, 
such as a primary care office or a maternal hospital. The extension outputs 
a polygon which covers a user set distance or travel time limit. Since it also 
allows the user to set multiple polygon breaks it is also useful when 
analyzing level of accessibility (Zeiler, 2010). Since time is an important 
factor in childbirth this was used for evaluating accessibility. The 4 breaks 
used for this analysis where set to 20, 60, 120 180 minutes by car travel. 
The 20- minute break was set based on the research result by Ravelli, et al 
(2011), showing women with 20 minutes or more to closest maternal 

Figure 3, Vertex connectivity rules 
(Source: ArcGIS, 2019b). 
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hospital are at higher risk of complications.  The level of accessibility will 
decrease as the minute break values increases. The 20- and 60-minutes 
break is seen as good access. The 60 minutes break is included in the good 
access zones since this population still live in proximity to a larger city. 
Population with higher travel times, probably living in more rural places 
will be seen as having poor access.  

When the service areas have been defined, it is then possible to identify 
how much of another feature is accessible within the impedance (ArcGIS, 
2019c). In this case the measured feature is population of women. Because 
the analysis focus is on how many percent of the study population is 
reached within each break value and not the percent within proximity to 
each facility the polygons have been set to merge by break.  

5.6 Spatial Join  
To be able to measure the percent of women included in each polygon the 
spatial join tool has been used. This tool joins information from one join 
feature to a target feature based on their spatial concurrence (ArcGIS, 
2019d). With the spatial join tool, the women population data was joint to 
the service areas based on their spatial location.  

5.7 Ethical considerations  
Although research is both necessary and important for individuals and 
society, it is also important to protect the people included in the research 
from getting harmed. One aspect in protecting the involved is by keeping 
the individuals and their living conditions away from improper 
transparency (Swedish Research Council, 2019).  

The data that has been used for this study has been downloaded from 
open- or semi- open geodata sites. All data available by the geodata sites is 
provided by credible sources; Statistics Sweden (SCB), Swedish Transport 
Authority and Lantmäteriet, which belongs to the Swedish Ministry of 
Industry. For Geodata Extraction downloads access by any Swedish 
University is needed while Lantmäteriet and Lastkajen provides data for 
users with an account registered at their sites. Data used in the analysis is 
therefore largely open to public use.  

Population data can be sensitive information. There is although no 
personal information included in the analysis except for the approximate 
geographical location of the women´s homes. Also, values less than 4 may 
have been adjusted by SCB to protect identities. Considering that the 
analysis focus is on division of accessibility for women to maternal 
hospitals. The study will show population measures inside the buffer 
polygons and not pinpoint approximate home locations. The identities of 
these women are therefore still anonymous.  
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6. Results  

 

Figure 4, a) Study area, b) Population in settlements, c) Accessibility 2013, d) 
Accessibility 2019, e) Accessibility summer 2019. (Own maps, Sources: see table 2). 
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6.1. Accessibility in 2013 
The distribution of maternity hospitals seen in figure 4c are from 2013, 
before Sollefteå maternity hospital closed. As seen in the figure, a total of 
seven maternity hospitals where located within the study area at the time 
and most of which are located along or around the east coast with an 
exception of Östersund. This gives most of the population living along or 
near the coast less than one hour and therefore are seen as having good to 
nearest maternity hospital. The cities with maternity hospitals are also 
those who are highest populated, although Lycksele and Sollefteå are the 
places with the smallest population compared to the others (see figure 4b 
& 4c).  

Longer travel times are found in the inland, except in the proximity to 
Östersund, Sollefteå and Lycksele hospital. Even so, only a few settlements 
in those areas like Kromom and Hammarstrand have access within one 
hour. It is also in the inland, with longer travel times than one hour where 
many of the smaller population settlements are found. These are for 
example Ånge, Bräcke, Strömsund, and Dorotea. The longest travel times 
are found near the west border. On the west side is also parts of grey areas, 
which is areas not reached within 180 minutes. This is also where the small 
settlement Hemavan is found. 

6.2 Accessibility in 2019  
In 2017 Sollefteå maternity hospital closed its services. The map in figure 
4d shows the six maternity hospitals that still remains in the study area in 
2019. Accessibility for the population living along the coastline has barely 
been affected of the closure. The change is seen towards the inland as the 
area where Sollefteå’s clinic used to be is now in a 61 to 120 minutes zone. 
This has means that Sollefteå, Hammarstrand, together with Kramfors 
and Frönö are seen as having poor access. Closest maternity hospital from 
in and around Sollefteå would now be Örnsköldsvik or Sundsvall.  

6.3 Accessibility in summer 2019 
During parts of summer in 2019, Lycksele maternity hospital closes down. 
In figure 4e it is possible to see that the population in Lycksele will then 
have poor access and need to travel for longer than one hour to reach 
closest maternity hospital. Decreased accessibility will also affect Åsele, 
Vilhelmina, Storuman, and Sorsle who now are placed in the 121 to 180 
minutes zone.  

6.4 Change in accessibility  
In table 4 is the calculated change from 2013 to 2019 as well as the change 
from 2013 to the parts of summer 2019 when also Lycksele maternity 
hospital is temporarily closed.  
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It is possible to see that over half of the study population could reach their 
closest maternity hospital within in 20 minutes in 2013. Within the 21 to 
60 minutes buffer about an additional third of all women has reached their 
closest maternity hospital. This means that around 90 % of the population 
are seen as having good access and 10 % poor access to their closest 
maternity hospital in 2013. 1% have longer travel times than 180 minutes. 

Moving on to 2019, the total population in the study area have increased 
with 5292 women since 2013. After the closure of Sollefteå maternity 
hospital the proportion of women in the good reach zone (up to 60 
minutes) have decreased with 6 % and includes now around 80 % of the 
population. There was an increase in the poor accessibility buffers to be 
around 15% as a result from 61 to 180 minutes buffer growing with 4 %.  

During parts of summer in 2019, the good accessibility zone decreases an 
additional 2 % but still includes around 80 % of the population. The poor 
accessibility group is now 17 % since the 121 to 180 minutes zone has grown 
with 2 %. The not reached within 180 minutes group remains at 1 %.  

Table 4, Drive time accessibility change from 2013 to 2019 (own table, data: Geodata 
extraction tool). 

  2013 2019 Change 2019 2019 Summer  Change summer 

Total count 311035 316327 5292 316327 5292 

0-20 62% 60% -2% 59% -3% 

21-60 27% 23% -4% 22% -5% 

61- 120 9% 13% 4% 13% 4% 

121- 180 2% 2% 0% 4% 2% 

Not reached 1% 1% 0% 1% 0% 

 

7. Discussion.  
Level of accessibility can indicate which opportunities or abilities that 
people have to access services. As Farrington & Farrington (2005) argues, 
accessibility is because of this an important element for achieving social 
inclusion and social justice. In the aspects of health, a spatial division of 
accessibility can lead to health inequalities among a population (Wong & 
Regan, 2009). The centralization of care has restructured the access to 
health care services in many countries (Blondel, et al, 2011). For the 
Swedish population, this have changed the spatial accessibility to health 
care, increasing the gaps of accessibility between the urban versus rural 
areas (Anell, et al, 2012). Of course, this can be a problematic factor for 
supplying the population with equal health care opportunities. Perhaps 
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especially in situations in need for emergency care like childbirth may be, 
poor accessibility can have vital outcomes. The goal for this thesis is to 
analyze the change in drive time accessibility for women in northern 
Sweden to closest maternity hospital due to the closures and temporal 
closures of maternity hospitals between the years 2013 to 2019.  

The analysis was performed by creating service areas in ArcGIS extension 
Network Analyst. The method of using GIS in accessibility analyses have 
become more regular though the years due to the possibilities with the 
program (Neutens, 2015). Especially in the occurrence of childbirth when 
the process can develop drastically, the possibility to perform travel time 
analysis with network distance the program is highly useful.  

The network dataset used for the analysis have been built with additional 
restrictions and cost attributes (seen in table 3) to give a realistic travel 
time output. Although, as previous research shows reported travel times 
do not always match calculated travel times, especially in an urban context 
(Pilkington, et al, 2018). This could be the consequence of different 
accessibility obstacles such as dense traffic or traffic lights that can slow 
down the actual travel time. Obstacles can also be found in the rural 
environment, as for example poor road quality demanding lower speed 
than the speed limits the analysis is calculated upon. Also, worth 
mentioning is that in some emergency cases an ambulance might be 
needed which first have to travel to the patient, that means that this would 
also need to be taken into account as it would increase travel time to 
hospital. With that said, even if the network distance can give a realistic 
travel time output, there are other aspects not included in the analysis that 
probably would increase travel times in reality, especially for the women 
in the outer zones.   

The analysis of changes in drive time accessibility for women to closest 
maternity hospital was done with several time zones, so called buffers. The 
buffers where divided into good (0- 60 minutes) and poor access zones 
(61- <180 minutes). The division where about 90 & good versus 10% poor 
in 2013. After the Sollefteå maternity hospital closure the accessibility 
values where altered so that about 6% less where found in the good access 
zone. During parts of summer 2019, an additional decrease of 2% of the 
population have good access to maternity hospitals. Along with a 
population decrease of 2 % this made the divisions around 80 % good, 20% 
poor accessibility in 2019.  

Comparing the accessibility in 2013, 2019, and in summers 2019 there has 
been a spatial withdrawn of accessibility zones in each step and most 
change is happening in the inland. Even if this seems to have a great 
impact for level of accessibility for the population in the study are, the 
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accessibility values have not been dramatically changed considering the 
extent on spatial change.  

Not to say that there has not been an effect, accessibility to maternity 
hospitals in these parts of northern Sweden have decreased during the 
study period. Due to the high concentration of population along the east 
coast and the sparsely populated inland the closures have not affected the 
larger parts of the population. Even if accessibility to maternity hospitals 
are equally important for all, the share of women who are affected of the 
closures are rather small compared to the total population. The places that 
have been affected on the other hand, are what can be argued not highly 
ranked in Christaller´s (1933) urban hierarchy. The analysis shows that 
most decrease in accessibility is happening to small population 
settlements wich are far from the main cities and have longer travel times. 
The settlements who are mostly affected are therefore largely the ones that 
already have low accessibility in the beginning.  

With that said, it´s important to remember that longer travel times comes 
with risks. According to Rodie, et al (2002) less than 1 % of Swedish 
childbirths where accidental out- of- hospital deliveries in 2002. It would 
be interesting to see if this number has changed after the closure of 
maternity hospitals up until 2019, since travel times have become longer. 
Although after knowing that only a small part of the population has gotten 
increased travel times, this is not a sure thing. I also need to mention that 
this thesis does not take into account the age aspect and since not all 
women in the study area will be in the age of probably having children, 
they can give misleading results.  

In this thesis, good accessibility means access within one hour but as 
studies have shown the risks of childbirth complications increases when 
travel times passes 20 minutes (Ravelli, et al, 2011). Consequences of 
childbirth delays, like travel to hospital can result in health risks for both 
mother and child (Combier, et al, 2013). If only including the 20 minutes 
buffer in the good access zone the proportion of women within good access 
would instead be around 60 %. In that case, the good accessibility zones 
would have decreased from 62 % in 2013 to 59 % parts of summer 2019, 
meaning that the closures of maternity hospitals still would have little 
effect looking at the whole population because of the difference in 
population density. It would also mean that around 40 % would be seen as 
having poor access. In reality, they are in the time frame of the higher risk 
group and this can arguably be a problem when striving to give the 
population secure childbirth opportunities especially for women in the 
rural. Because of the population distribution being concentrated around 
the still open maternity hospitals it would have a more dramatic effect 
closing one of the remaining facilities. On the other hand, would the risks 
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of that happening perhaps not be very large, considering their high level 
of rank in the urban hierarchy.  

Even if population change not is the focus of this thesis, the result of 
population changes in the municipalities between 2013 to 2018 (table 1) 
shows interesting values as many of the rural municipalities have had a 
decrease in population. As Hedlund & Lundholm (2015) argues, this is a 
result of the rural lacking work and education opportunities which can be 
found in urban areas. I would argue that rural living, especially in places 
low in the urban hierarchy has become even more difficult as the already 
narrow supply of public services such as maternity hospitals or for 
example schools are shutting down which creates yet another problem for 
the people who still lives rurally. This could be the reason for people to 
leave the rural and perhaps also make it less attractive to move there. On 
the other hand, maybe it is the people who moved that has made it harder 
for services to keep their business going. Probably, the reason is both and 
many more.  

An interesting way to proceed studies in the accessibility to maternity 
hospital theme would be to compare the development in the north to the 
development in south of Sweden. As the south is higher populated the 
result would probably show differences between the two, but there are still 
rural areas in the south and an interesting aspect would be to see if that 
population are facing the same changes due to economic cuts and 
centralization.   

7.1 Conclusions 
The closure of Sollefteå maternity hospital and the temporary closure of 
Lycksele maternity hospital have change the accessibility to closest 
maternity hospitals in northern Sweden. The change has to a large extent 
affected the inland population, in places with small populations. If looking 
at the whole population in the area, only a small proportion of women are 
affected. This is due to the concentration of population along the coast, in 
the cities of the remaining maternity hospitals and how sparsely populated 
parts of the inland is in rest of the study area. The closures changed the 
share of women with good accessibility from 90 % in 2013, to 80 % in 2019.   
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