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Abstract 

Sharing economy and shared mobility has become 

a widespread trend in urban areas worldwide. Due to 

lower population density, car sharing, and other shared 

mobility applications are generally not accessible in 

rural areas. This paper utilizes a Stochastic 

Multicriteria Acceptability Analysis (SMAA) method to 

assess the criteria importance in siting problem of rural 

electric vehicle (EV) sharing systems. Nordic rural 

areas are used as a case study in this analysis, and we 

compare their feasibility to act as a pilot location for EV 

sharing. Seasonal residence, rural tourism and 
counterurbanization are common themes in Nordic 

rural areas and act as enablers for rural vehicle 

sharing. Based on our novel application of SMAA to this 

context, we found that Swedish rural areas would be 

most suitable for a rural EV sharing pilot. High tourism 

and low vehicle ownership were identified to be the most 

important criteria for this siting problem.   

1. Introduction  

The transition from ownership to sharing economy 
has been a global trend during the recent years [1–3]. 
The concept of sharing economy is however still 
ambiguous, and as Schor [3] points out  it is almost 
impossible to come up with a solid definition and 
boundaries for the term. For instance, traditional bed 
and breakfasts are not considered to be part of the 
sharing economy, whereas Airbnb is often regarded as 
one of the most popular sharing economy platforms [3]. 
Generally, sharing economy can be thought as an 
umbrella term for a wide range of services, businesses 
and activities that are somehow connected to sharing 
something [4]. 

Shared mobility is one example of sharing economy 
applications [5]. Shared mobility can further be divided 
into “ride sharing” and “asset sharing” applications, of 
which car sharing is one example [6]. Car sharing has 
recently become a viable alternative to car ownership as 

the users gain benefits of a private vehicles, but don’t 
have to worry about the costs and responsibilities of car 
ownership [7,8]. Car sharing is also an opportunity for 
sustainable transportation development, and car sharing 
has, for instance, been shown to reduce CO2 emissions 
[9,10]. 

In 2010s, in conjunction with the electrification of 
transport megatrend, electric vehicles (EVs) have 
become common in car sharing operations [11].  EVs 
have multiple benefits over conventional internal 
combustion engine (ICE) vehicles, as they do not 
produce local emissions, can be powered by renewable 
energy and can provide ancillary services to support 
power grid stability [10,12,13]. EVs are however still 
more expensive than ICE vehicles, but in EV sharing 
applications the usage cost difference is minimal as the 
total cost of EV ownership is spread among multiple 
users [11,14]. 

Vast majority of current car sharing operations are 
located in urban areas due to high population densities 
and easy accessibility [7,10,15]. Some researchers have 
however shown that even rural areas have potential, and 
be profitable locations, for car sharing operations 
[11,15,16]. Especially rural tourism increases the 
demand for shared vehicles in rural locations according 
to survey done in [11]. According to [11], many tourists 
are city dwellers who are open to new mobility services 
and might already have previous experience with car 
sharing services. Additionally, shared mobility 
solutions have been identified as an important part of the 
solution to tackle the mobility challenges present in 
rural areas [6]. Rural areas generally have limited public 
transportation networks, and the local population is 
highly dependent on private vehicles [6]. Rural shared 
mobility can also be seen as a way to support economic 
development of rural areas, and as a way to save 
substantial amounts of resources [6].  

Car sharing companies operate mainly in urban 
areas due to easily predictable demand. However, as 
previous research has shown, there exists economic 
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potential in rural areas for car sharing services. Research 
is however needed into which factors impact the 
potential of car sharing in rural areas, and which rural 
areas are potential locations for rural car sharing. 

The aim of our study is to examine the influence of 
rural-specific criteria and preference weights in EV-
sharing siting problems. We utilize a with multicriteria 
decision analysis (MCDA) method called stochastic 
multicriteria acceptability analysis (SMAA) in a case 
study where we compare the suitability of Nordic rural 
areas for an EV sharing pilot. Utilization of the SMAA-
method gives important information on the significance 
and weights for decision-making criteria which were 
identified from previous literature.  

Traditionally, multicriteria decision analysis is 
limited by uncertain and inaccurate information about 
decision-makers' preferences and criteria evaluations 
[17]. The SMAA method circumvents these 
uncertainties by utilizing the Monte Carlo method and 
different probability distributions in the analysis [17–
20]. SMAA was proposed in [18] for multicriteria 
decision problems where either the criteria 
measurements or preference weights are uncertain or 
missing [18–20].  

The SMAA technique has been utilized in many 
different fields ranging from the healthcare sector to 
business and financial management [17]. It has also 
been utilized in various studies aiming to find the most 
suitable location for a specific operation. SMAA has, for 
instance, been used to determine optimal locations for 
waste treatment facilities, retail stores and air cargo hubs 
[21–23]  

SMAA has not been previously applied in the 
context of sharing economy or EV-sharing. There 
however exists some previous studies where other 
MCDA approaches have been used in these contexts. 
For instance, [24,25] utilized analytical hierarchy 
process (AHP) in selection of optimal locations for 
urban car sharing stations. No previous scientific 
research exists where MCDA methods have been used 
with focus on rural car or EV-sharing. In this study the 
SMAA-method is used to assess optimal weights for 
EV-sharing pilot siting criteria in the context of Nordic 
rural areas. 

2. Background  

As stated previously, the vast majority of previous 
carsharing operations and research concentrate on 
densely populated urban areas [10,11,15]. Due to high 
population densities and lower percentage of car 
ownership, urban locations are the rational first choices 
for large profit oriented carsharing companies [16]. 
However, results of [11] show that rural residents are as 
open as urban residents towards carsharing. Contrary to 

urban population, the demand made by rural population 
is not enough to make rural carsharing systems 
economically viable [11]. That is, additional user groups 
and revenue streams are required in order to establish 
feasible carsharing operations to rural areas. Additional 
target groups for rural carsharing are, for instance, 
tourists and commuters [11]. Further, an EV-sharing 
operation can reach additional revenue from 
participating in demand response schemes during idle 
time periods. 

Car sharing systems are generally divided into 
station-based one-way and two-way systems, to free-
floating systems and to peer-to-peer systems [15]. In 
two-way car sharing systems, the vehicle pick-up and 
drop-off is conducted at the same car sharing station, 
whereas in one-way systems it is possible to drop-off the 
vehicle also to other stations [15]. The shared cars in 
free-floating systems have no dedicated stations, and 
vehicle pick-up and drop-off occur in dedicated zones 
[15]. Peer-to-peer car sharing systems differ from other 
systems, as there exists no dedicated operator and the 
shared vehicles belong to system participants [15]. From 
rural carsharing perspective, two-way systems enable 
shared mobility between rural and possible nearby urban 
areas with car sharing stations from the same vendor. 
One-way systems on the other hand are more dependent 
on local population and tourists arriving with public 
transportation. However, two-way systems are more 
expensive than one-way systems, and this should be 
taken into consideration in the planning stages of a 
venture [15]. 

The SMARTA project [6], set up by the EU to 
research sustainable shared mobility in European rural 
areas, sees shared mobility as an essential part of 
solution for the mobility issues in rural areas. Shared 
mobility and especially car sharing is seen as a way to 
complement public transport and decrease the 
dependence on private cars in rural environments [6]. 
The SMARTA consortium identifies rural tourism as 
one of the future priorities for shared rural mobility [6]. 
During the SMARTA and the MAMBA project, 
concentrating on the Baltic Sea Region, rural shared 
mobility solutions were piloted in 25 countries, with 
dedicated car sharing pilots in Germany, Belgium, UK 
and Sweden with promising results [6,26]. 

According to survey made in [16], potential local 
users of rural carsharing are young, environmentally 
conscious and those that are better aware of carsharing 
services. The authors estimate that the potential for rural 
carsharing is 3.7% of local rural population holding a 
driver’s license [16]. In urban areas, the potential of 
carsharing is larger and the user groups different than in 
rural context. Urban car sharers are typically middle-
aged and highly educated [27,28]. This user group also 
tends to be concerned about environmental issues and 
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lives in densely populated urban areas [27]. The survey 
made in [29], shows that in particular EV sharing is 
attractive for younger non-car owner couples and 
younger families that use shared EVs to supplement 
their own cars. Based on the survey results, current users 
of carsharing services have overall an affinity towards 
EVs in contrary to conventional internal combustion 
vehicles in both carsharing and private vehicle 
ownership [29].  

However, according to [30] individual 
demographics of carsharing users are not as important 
factors for carsharing success as the neighborhood 
characteristics. Most important neighborhood 
characteristics for carsharing success are low vehicle 
ownership, high household density and easy commuting 
by public transportation or walking [30,31]. In addition, 
high percentage of one person households, high 
percentage of population over the of age 24 and scarcity 
of parking space seems to support car sharing success in 
urban areas [30,31].  

The research on which factors impact the potential 
of car sharing in rural areas, and which type of rural 
areas are potential locations for rural car sharing 
operations is however very scarce. As noted in [15], 
rural areas are excluded from almost all recent studies 
focusing on carsharing. Most approaches to carsharing 
viability are based heavily on modelling the expected 
demand through previously mentioned 
sociodemographic and neighborhood characteristics 
which is difficult and imprecise for rural scarcely-
populated areas mainly due to lack of data [15]. The 
results of the fleet operation simulation made in [15] 
prove that carsharing in rural areas can be profitable, 
especially if the low demand by rural residents can be 
compensated by demand from nearby urban areas. 
However, as the authors argue in [15], the 
characteristics of viable rural carsharing differ from 
urban instances, and more research is needed to fill 
existing research gaps. Our research aims to supplement 
existing knowledge by utilizing stochastic multicriteria 
acceptability analysis in siting of rural EV-sharing 
operations. The criteria used to assess possible locations 
for an EV-sharing pilot are based on previous literature, 
and the SMAA-method is used to assess optimal 
weights for these criteria in the context of Nordic rural 
areas.  

3. Case Nordic Rural Areas  

Multiple factors support Nordic rural areas as a 
viable pilot location for rural EV-sharing operations. 
Nordic countries are technologically oriented and early 
adaptors of shared services [32–34]. There exists several 
sharing economy operators in the Nordic countries, with 
the largest focus on vehicle and transportation segment 

[33]. Nordic countries have strong climate policies and 
they are committed to ambitious climate goals [35]. 
Especially electric vehicles are identified to be essential 
tool to decarbonize transportation [35]. The Nordic 
countries additionally share similar geographical, 
climatic and historical background [36], climate 
policies [35], cultural heritage and ideological 
basis [37].  

The Nordics are well-known for their nature and 
natural values which has led to widespread rural tourism 
[38–42]. In Nordic countries most of the main tourism 
attractions are located in rural areas [39,43]. The beauty 
of nature and unique geophysical features attracts 
international tourists to the rural areas of the region [39]. 
In addition to international tourism, domestic rural 
tourism is also very popular in the Nordic region [39]. 
For instance, berry picking, camping and other outdoor 
activities enabled by everyman’s rights have been 
common recreational activities in Nordic countries for 
ages [44]. 

What deviates Nordic rural areas from most rural 
areas in the World is the widespread seasonal residence 
in these areas. It is very common in the Nordic countries 
to own a cottage or a “second home” located in a rural 
area [45–47]. It has been estimated that nearly half of 
the Nordic population have access to a second home, 
and the number of second homes in the Nordics has 
increased in the recent years [40]. Recent trend has been 
that people spend even more time in their second homes, 
and year-round usage is increasing [47,48]. On average, 
people spend multiple months in their second homes 
every year [48].  

Second homeowners are typically urban dwellers 
who travel from their ‘urban’ permanent homes to 
‘rural’ second homes or cottages for vacation and 
recreation. This flow of people from urban areas to rural 
second homes during weekends and holidays is 
sometimes referred to as “formidable seasonal 
counterurbanization” [49]. This causes significant 
seasonal population variability to rural areas [49], which 
in turn increases the number of potential users for shared 
services. 

Seasonal residents are potential users of rural EV-
sharing due to multiple reasons. Urban second 
homeowners typically have at least some experience 
with shared services, which lowers the threshold of 
using these services in new locations. Car ownership is 
also less likely in urban population, which increases the 
need for car rentals or car sharing in rural areas 
[30,50,51].  

The Nordic countries also maintain extensive high-
quality statistical databases that are comparable with 
each other. These kind of comprehensive databases on 
rural population, seasonal residence, tourism and 
vehicle fleets by municipality are important and reliable 
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criteria for multicriteria decision analysis. Information 
used in this study was mainly gathered from national 
statistics agencies of the Nordic countries and from the 
mutual Nordic Statistics database [52]. 

All the afore mentioned aspects make it reasonable 
to consider Nordic countries, and their rural areas, as 
prospective locations for viable EV-sharing ventures. 
Due to the similarities between the Nordic countries and 
their rural areas, it is also relatively effortless to expand 
demonstrated EV-sharing operations from the pilot 
country to other Nordic countries. 

4. Methodology 

4.1. Stochastic Multicriteria Acceptability 
Analysis 

Stochastic multicriteria acceptability analysis 
(SMAA) is an advanced multicriteria decision analysis 
(MCDA) method family, able to deal with missing 
preference information and inaccurate or uncertain 
criteria values [17–19,53]. SMAA is an inverse method 
based on weight space analysis that computes support 
weights and stochastic acceptability indices for each 
alternative [18,19]. In SMAA, inaccurate or missing 
criteria and preference weights are represented as 
probability distributions [19]. The SMAA method is 
especially useful in situations with missing or uncertain 
preference information, and it can be used to describe 
criteria valuations, i.e., preferences, that are needed for 
each alternative to be the preferred one [19].  

The SMAA-2 method used in this study, is an 
extension from the basic SMAA, developed especially 
for situations with imprecise criteria and weight 
information [19,20]. In addition to SMAA-2, we are 
utilizing the SMAA-O extension in this study for ordinal 
(ranked) criteria [20]. The ordinal criteria are treated as 
cardinal values by simulating rank consistent random 
cardinal values via ordinal-to-cardinal mapping [20]. 

Main results of the SMAA-2 analysis are rank 
acceptability indices, central weight vectors and 
confidence factors for each addressed alternative [53]. 
Rank acceptability index, 𝑏𝑖𝑟, represents the proportion 
of all weights where the alternative i gains the rank r, 
and it is calculated with multidimensional integrals over 
criteria distributions and supporting rank weights with 
the following equation [19,20,54].    

 
𝑏𝑖
𝑟 = ∫ 𝑓(𝜉)

𝑋
∫ 𝑓(𝑤)𝑑𝑤𝑑𝜉
𝑊𝑖

𝑟(𝜉)
  (1) 

  
In equation 1, 𝑓(𝜉) is the joint density function of 

criteria values treated as stochastic variables in space X, 
𝑊𝑖

𝑟(𝜉)  is the set of favorable rank weights, and 𝑓(𝑤) 
is the weight density function. Extensive formulations 

can be found in [19]. The most favorable alternatives are 
those with high acceptabilities for best ranks, whereas 
alternatives with high acceptabilities for worst ranks 
should be avoided [19].    

The central weight vector is the expected centroid, 
or center of gravity, of the favorable first rank weights 
of an alternative. This central weight vector can be 
calculated as a multidimensional integral over favorable 
first rank weights and criteria distributions with 
equation 2. [19,20,54]  

 
𝑤𝑖
𝑐 = ∫ 𝑓(𝜉)

𝑋
∫ 𝑓(𝑤)𝑑𝑤𝑑𝜉/𝑏𝑖

1
𝑊𝑖

1(𝜉)
 (2) 

 
This central weight vector with the assumed weight 

distribution can be estimated to represent the valuations, 
or preferences, of an average decision maker who 
supports the alternative i [20]. That is, the alternative i 
would be the preferred alternative with confidence 𝑝𝑖𝑐  if 
the decision maker would agree to preferences identical 
to the central weight vector. This confidence is the 
confidence factor of an alternative. 

If the central weight factor is chosen, the 
confidence factor represents the probability that an 
alternative gains the first rank. Confidence factor is 
calculated by integrating over criteria distributions with 
equation 3. [19,20] 

 
𝑝𝑖
𝑐 = ∫ 𝑓(𝜉)𝑑𝜉

𝜉∈𝑋│𝑟𝑎𝑛𝑘(𝑖,𝜉,𝑤𝑖
𝑐)=1

  (3) 
 
The multidimensional integrals in equations 1-3 are 

calculated with Monte Carlo simulation method where 
random numbers are generated for the criteria and 
weight vectors from their proprietary distributions 
[19,20]. 

Overall, the SMAA results can aid in the decision-
making process with missing preference information. 
The results are also useful in order to examine the 
impact different criteria preferences have on the 
decision-making problem. This study utilizes the open 
source SMAA implementation introduced in [54]. 
Detailed formulation and background for SMAA can be 
found from [18], for SMAA-2 from [19] and for the 
SMAA-O extension from [20].  

4.2. Criteria selection 

Multiple different criteria can be used to assess the 
potential of different locations for car sharing 
operations. In [25], the authors used potential users, 
potential travel demand, potential travel purposes and 
distance from existing stations as decision criteria for 
car sharing siting. In [24,55], a multicriteria decision 
approach was used based on following criteria: 
population density, parking difficulty and cost, mix of 

Page 2425



land use, presence of target groups, transit/multimodal 
access and vehicle ownership. Car sharing service 
locations in Istanbul were studied in [56] based on 
proximity factors, traffic congestion, car ownership, 
financial factors and availability of parking. A vast 
majority of this previous research focuses however, on 
urban locations, and studies focusing on localization of 
car sharing services to rural areas are virtually non-
existent [15].  

Due to lack of previous research and differences 
between urban and rural areas, the criteria used in this 
rural EV-sharing localization multicriteria analysis have 
to emphasize different aspects than in cases 
concentrating on urban areas. The criteria used in this 
study are a combination of criteria used in urban car 
sharing localization studies and of criteria that take into 
consideration the special attributes and differences of 
Nordic rural areas. The five criteria that encompass the 
suitability of a Nordic rural area for EV-sharing 
operations are seasonal residency, tourism, experience 
with sharing services, car ownership and potential of 
ancillary services providable by EVs in the region. 
These criteria and their data sources are introduced in 
the following paragraphs.  

The Community impact (CI) indicator, developed 
by Nordregio, is used in this study to describe the 
seasonal residency of Nordic rural areas. Nordregio, 
established by the Nordic Council of Ministers, is a 
leading Nordic and European research centre for 
regional development and planning [57]. The CI 
indicator demonstrates the impact that second homes 
have on the local rural communities [40,58]. The 
indicator is based on the relationship between the 
estimated annual population and the permanent 
population of rural municipalities [40,58]. CI can be 
calculated with the following equation, where PP stands 
for permanent population and SH for the number of 
second homes in the municipality.  

 
𝐶𝐼 =

𝑃𝑃+3∗𝑆𝐻

𝑃𝑃
  (4) 

 
 In equation 4, the number of second homes is 

multiplied by three, which is an estimate of the average 
household size that utilizes these second homes [40]. 
The CI can be used as an indicator for the potential 
community impact recreational tourism made by second 
home owners has in the municipality [58].  If there are 
few second homes in a municipality, the number of 
annual inhabitants (AI) and regular population are 
nearly equal, and the CI indicator is close to one [58]. In 
contrast, a large CI indicator indicates a high level of 
second homes relative to inhabitants who live 
permanently in the municipality [40,58][40].  

Ten municipalities with largest number of second 
homes from each Nordic country are used to calculate 

the combined rural CIs used in this study as the seasonal 
residency criterion. Calculation is done with statistics 
gathered by Nordregio [40]. The most popular second 
home municipalities are logical locations for proposed 
rural EV-sharing operations due to influx of yearly 
stable tourism made by seasonal residents.  

In addition to seasonal residents, tourists are 
potential users of sharing services in rural areas. 
Tourists require short-term use of services such as 
shared EVs, which allow flexible and spontaneous 
movement in rural areas. On the other hand, moving in 
rural areas without a car is almost impossible as the 
distances are long and there exists no comprehensive 
network of public transportation. Tourists are also one 
of the main users of car rental services. In addition, the 
Nordic countries have a long tradition of domestic rural 
tourism and the potential for international rural tourism 
is growing [42]. As there exists no uniform rural tourism 
statistics from Nordic countries, tourist guest nights in 
2019 per Nordic country were selected as the criterion 
that represents tourism in this study. Data for this 
criterion was gathered from the Nordic Statistics 
database [52]. 

Sharing services, and especially car sharing 
services, are relatively popular in Nordic countries. For 
instance, according to a Eurostat survey conducted in 
2019, in Iceland, 23 percent of respondents had used a 
website or app to arrange a transport service from 
another individual [59]. The corresponding figure was 8 
in Finland, Denmark, and Sweden [59]. Similarly, in 
Norway, 9 percent of respondents reported that they 
have used a website or app to arrange a transport service 
from another individual [59].  

If people have previous experience of using shared 
services and shared cars, they are more willing to use 
these services in a new context or new locations, such as 
in rural areas. Therefore, the case countries were ranked 
based on people’s previous experiences of using shared 
services. The basis for this ordinal criteria was the 
Eurostat survey concentrating on the use of 
collaborative economy services [59]. The Nordic 
countries were ranked based on the average survey 
results related to the use of websites or apps to arrange 
accommodation and transport services. 

People living in large cities and especially in city 
centers are less likely to own cars than those who are 
living in rural areas and small towns [50]. This applies 
particularly to the capital regions [50]. Non-car owners 
are the most potential users of the shared cars, as they 
need vehicles especially for long weekends and holiday 
trips to the countryside [50]. For these reasons, the 
proportion of cars in relation to the population in Nordic 
metropolitan areas was chosen as a criterion. 
Metropolitan area vehicle fleet sizes and populations 
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were gathered from official statistics of each Nordic 
country [60–69]. 

The final criterion is the potential of ancillary 
services providable by EVs in the rural region. For this 
criterion, the Nordic countries were ranked based on the 
participation possibilities EVs have on ancillary 
electricity service marketplaces. EVs connected to 
chargers can be used to balance the power grid via 
different demand response programs. Participation to 
these programs helps the grid stability and is encouraged 
with monetary incentives for participants. Participation 
to, for instance, frequency containment reserve (FCR) 
markets are however not open for power loads, such as 
EV charging, in all Nordic countries. The ordinal 
ranking for this criteria was done based on ENTSO-Es 
and Iceland’s transmission system operator Landsnets’ 
data [70,71].    

The selected criteria and their values for all Nordic 
countries presented in table 1. Of the criteria, seasonal 
tourism (S_RES), tourism (TOURISM) and car 
ownership (VEHICLES) are cardinal, and experience 
with sharing economy services (S_ECON) and 
potential for ancillary services (ANC_SERV) ordinal 
criteria.  

 
Table 1. Criteria considered in the analysis 

 

5. Results 

This section introduces the results of the stochastic 
multicriteria acceptability analysis performed with 
alternatives, criteria and criteria values of table 1. The 
analysis was conducted without any known preference 
information for criteria weights.  

The results of the rank acceptability analysis are 
presented in table 2 and figure 1. In table 2, the rank 
acceptability indices are the horizontal categories (r1 
stands for first rank etc.), and the values for alternatives 
represent the acceptability of an alternative for that rank. 
For instance, based on table 2, Sweden is the most 
accepted alternative for the first rank with 67% 
acceptability. Norway and Denmark however have an 
acceptability of 0% for the first rank, and thus they are 
the least preferred options based on this analysis.  

 
 
 
 
 
 

Table 2. Rank acceptability indices for the 
alternatives 

 
 

 
Figure 1. Rank acceptability 

 
The rank acceptability indices for the alternatives 

are additionally depicted in figure 2 as a 3D bar graph. 
This graph illustrates the distribution of rank 
acceptabilities between the alternatives. It can be seen 
that Sweden performs well and has high acceptability 
values for first ranks and low values for ranks 3-5. The 
rank acceptabilities for other alternatives have more 
variance, for instance, Iceland has the second largest 
acceptability for the first rank, but it is also the most 
accepted alternative for the last rank, making it an 
unreliable choice.   

 

 
Figure 2. Rank acceptability indices of 

alternatives (%) 
  
The confidence factors and central weights for 

alternatives are presented in table 3. The confidence 
factors represent the probability of an alternative to be 
the most preferred if the decision maker’s preferences 
coincide with the presented central weights. The 
confidence factors of top 3 alternatives are 100%, 100% 
and 72% respectively. This means that Sweden and 

Alternative S_RES TOURISM S_ECON VEHICLES ANC_SERV
Finland 1.48 18658358 4 0.53 1
Sweden 1.86 46427917 2 0.39 4
Norway 1.79 25024305 3 0.52 3
Denmark 1.68 21037168 5 0.55 2
Iceland 3.52 4533065 1 1.24 5

Alternative r1 r2 r3 r4 r5
Finland 0,09 0,17 0,24 0,27 0,22
Sweden 0,67 0,27 0,04 0,02 0,01
Norway 0,00 0,38 0,44 0,15 0,04
Denmark 0,00 0,03 0,23 0,53 0,21
Iceland 0,24 0,14 0,06 0,04 0,53
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Iceland can be chosen with 100% confidence if the 
decision maker approves the central weights of 
corresponding alternatives. 
 
Table 3. Central weights and confidence factor 

(CF) for alternatives and criteria 

 
 

The central weights of different alternatives are 
additionally plotted in figure 3. Central weights reveal 
the preferences that are favorable for each alternative. 
For instance, it can be seen, that Denmark, Norway and 
Finland are favored by emphasizing ancillary services 
(ANC_SERV) somewhat more than other criteria. 
Iceland is the most preferred alternative with emphasis 
on seasonal residency (S_RES, 38%), while vehicle 
ownership (VEHICLES) has only a little importance 
(9%).  
 

 
Figure 3. Central weights of alternatives 
 
Overall, based on the rank acceptability indices, 

confidence factors and central weights, it seems that 
Sweden would be the logical first choice as the first pilot 
country. Sweden is the most accepted alternative for the 
first rank and the least preferred alternative for the last 
ranks based on rank acceptability analysis. Additionally, 
the central weights of Sweden have the least variance, 
and thus the decision maker does not have to put a 
significant emphasis on a certain criterion in order to 
justify this selection. Sweden also has a confidence 
factor of 100% with the central weights presented in 
table 3, thus if the decision maker’s preferences coincide 
with these weights, the probability of Sweden to be the 
most preferred alternative is 100%. Overall, it can be 
stated that if the decision maker has no significant 
opinions that one criterion should have more importance 
in the decision than others, Sweden is a safe choice for 
the first rank.   

6. Discussion & Implications  

According to the results of our SMAA-analysis, Sweden 
is the most promising country for a rural EV sharing 
pilot. Sweden was the most accepted alternative for the 
first rank based on conducted rank acceptability analysis 
with 67% acceptability for the first rank and had the 
lowest acceptabilities for last ranks. That is, based on 
rank acceptability alone, Sweden would be a safe choice 
for a rural EV-pilot.  

However, based on central weight and confidence 
factor analysis, Iceland and Finland would also be viable 
alternatives for the pilot. Sweden and Iceland reached a 
confidence factor of 100% in this analysis, signifying 
that both these alternatives could be chosen with full 
confidence if the final decision makers would agree to 
preference weights presented in table 3. However, 
Iceland could be chosen as the most suitable location 
only if the decision makers emphasizes the seasonal 
residency criterion more than other criteria. If all criteria 
were seen somewhat equally important, Sweden would 
be the most suitable alternative for the rural EV-pilot.  

Sweden has the largest number of tourist guest 
nights and, the lowest vehicle ownership rate of 
metropolitan area compared to other Nordic countries. 
It seems that rural EV sharing ventures are supported 
especially by a large number of (rural) tourists and low 
vehicle ownership rate in the metropolitan area. In 
future region-scale analysis, data is needed from each 
prospective rural region. However as pointed out in 
[15], gathering this data from rural regions is difficult, 
and there exists no open data on for instance rural 
tourism from Nordic rural communities.  

Our analysis also shows that people’s previous 
experience with sharing economy services supports car 
sharing in rural areas. This is supported by previous 
studies such as [16]. In [16], the authors note that the 
success of shared car services is affected by how 
informed people are about sharing services and this is 
true especially in rural areas.  

Seasonal residence also has an impact on the 
potential of shared car system in rural areas. However, 
the impact of this criteria is smaller than other criterion 
such as tourism, vehicle ownership rate and experience 
with sharing economy services. Ancillary services 
provided by shared EVs is the least critical criterion 
according to our analysis. Despite Sweden being the 
least favored by this criterion, it achieves the first 
overall rank in the performed acceptability analysis.   

Based our results and the existing literature we 
suggest that a Swedish rural community relatively close 
to an urban city would be the ideal location for an EV 
sharing pilot. We propose that the pilot is a station based 
one-way EV sharing system, that is located close to a 
public transportation hub such as a bus or train station. 

Alternative CF S_RES TOURISM S_ECON VEHICLES ANC_SERV
Finland 0,72 0,11 0,09 0,14 0,17 0,50
Sweden 1,00 0,15 0,25 0,19 0,24 0,17
Norway 0,02 0,15 0,06 0,08 0,19 0,53
Denmark 0,05 0,16 0,07 0,07 0,12 0,58
Iceland 1,00 0,38 0,10 0,25 0,09 0,17
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This way the shared vehicles are accessible to tourists 
and second homeowners who come to the rural area by 
public transport. This kind of car sharing supports rural 
tourism and enables urban second homeowners to visit 
their second homes without a necessity to own a private 
vehicle. Additionally, establishing one-way EV sharing 
systems is less cost-intensive, and the one-way pilot can 
in the future be upgraded to a two-way system with 
stations in nearby urban areas, tourist attractions and 
other rural transportation hubs.  

Uncertainty of our study is mainly related to 
the criteria selection and the data. The criteria used in 
our analysis is gathered mainly from previous studies 
concerning car sharing. However, as most of the 
previous studies focus on urban car sharing, some 
alterations had to be done for the rural case. Most 
uncertainty however arises from the country level data 
used in the analysis. For instance, tourist guest nights 
per country was used as a criterion, but it does not 
distinguish tourism in rural areas and urban areas. As 
pointed out earlier, region-scale data is however 
difficult to gather or non-existent. In the future the 
analysis should be extended to regional scale with data 
gathered straight from each addressed rural region either 
via interviews or prospective regional statistics.   

7. Conclusions  

Multiple criteria have to be considered when 
comparing viable locations for a rural EV sharing. 
Based on earlier research and locational aspects, Nordic 
rural regions affected by seasonal residence would be 
ideal locations for a rural EV sharing pilot. In this study, 
we utilized stochastic multicriteria acceptability 
analysis (SMAA) in this multicriteria decision problem.   

The suitability of rural areas of Nordic countries for 
an EV-sharing pilot was analyzed based on five criteria. 
These criteria are seasonal residency, tourism, 
experience with sharing services, car ownership and 
potential of ancillary services providable by EVs in the 
region. Based on our analysis, Swedish rural regions 
experiencing seasonal counterurbanization would be the 
safest choice for an EV sharing pilot. Based on our 
analysis, the most important criteria for this kind of 
decision-making problem are tourism and vehicle 
ownership. Overall, high tourism and low vehicle 
ownership increases demand for shared mobility, and 
thus improves the profitability of shared EV systems.  

The results of the conducted stochastic multicriteria 
acceptability analysis highlight the fact that with 
different preferences, different alternatives can be the 
most preferred choices. However, even with a major 
emphasis on the least critical criterion, ancillary 
services, the choice of Denmark or Norway for the pilot 
location could not be made with high confidence. 

Whereas Iceland could be a confident choice if most 
emphasis is on seasonal residency, but on average this 
would be a poor choice as Iceland is the most accepted 
alternative for last rank in this comparison. 

Overall, Sweden would be the confident choice for 
a rural EV sharing pilot, based on our novel application 
of SMAA to this multicriteria decision making problem. 
However, more research and region-scale data would be 
needed to verify these results and to extend the problem 
to regional level. Especially useful would be to 
interview potential decision makers in order to verify 
the suitability of the criteria used in this study, and in 
order to gather some tentative preference information 
that could be utilized in future analysis.  
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