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Introduction 
 
The need to shift from motorized to more sustainable 
transport modes has long been accepted by governments 
across the world, among others Sapporo City. Sapporo, the 
fifth largest city in Japan by population, is experiencing 
significant growth in its city centre. Furthermore, partly 
due to its harsh winters, energy consumption levels are 
twice as high as the national level.  
 One of the city’s efforts to reduce the resultant CO2 
emissions is this shift towards sustainable transport, which 
also suits its objective of becoming a compact city. Gifted 
with nature and large tourist flows, Sapporo City endeav-
ours to further strengthen the cycling tourism industry. The 
potential of cycling as commute mode, however, has yet to 
be tackled. As Sapporo displays favourable conditions for 
the expansion of cycling as mode of commute, the poten-
tial is further investigated in this study. With the Nether-
lands as archetype, the assumption is that more bicycle use 
among commuters may also demonstrate economic, envi-
ronmental and societal benefits at regional level in Japan. 
 The present study explores the potential of the bicycle 
as mode of commute in Greater Sapporo Area (GSA). The 
purpose is to show its prosperous effects on the region, so 
that the need for the bicycle as fully integrated daily com-
mute mode can be substantiated. As a first approach to 
evaluate the bicycle as commute mode rather than leisure, 
a comparative case study with Amsterdam is conducted. 
 
Keywords: sustainable urban transport, bicycle planning, 
multimodality, commute, governance and policy. 
 
Methodology 
 
The main area of focus is GSA1. A comparative case-study 
with Amsterdam2  is conducted, to understand how cycling 
developments and steered policy have led to the bloom of 
a successful cycling-commute culture. Its central location 
and significant commute flows were the main reasons to 
select Amsterdam as reference case. The Netherlands is 
smaller in scale than Hokkaido, and Amsterdam can be 
compared to Sapporo regarding economic activities and 
commute flows to the region.  
 Comprehensive exploration can be achieved by com-
bining three sources of evidence [1]: academics (theory), 
governance (policy), and empiricism (data). Figure 1 dis-
plays the conceptual framework applied in this study to 
explore sustainable urban commuting in GSA. 

The bicycle is assumed as the most sustainable 
mode of commute, and public transport (PT) and walking 
                                                
1 Sapporo City (Chuo-ku, Kita-ku, Higashi-ku, Shiroishi-ku, Toyohira-ku, Minami-
ku, Nishi-ku, Atsubetsu-ku, Teine-ku, Kiyota-ku), Otaru City, Chitose City, Ebetsu 
City, Eniwa City, Kitahiroshima City, Ishikari City, Tobetsu City, Nanporo City, 
Naganuma City. 
2 Data is on national level, policy on Amsterdam level. 

as sustainable complementary modes [figure 1]. After 
thorough literature review, main policy measures in line 
with these theories for the Netherlands are described. Data 
is then statistically analysed and geographically visualized3. 
 Data is analysed for both cities, but the focus in this 
study is on GSA’s situation, with the Dutch data as refer-
ence. Based on the analysis results, problem and solution 
trees have been mapped, based on which urban cycling 
strategy recommendations are given that comply with 
Sapporo City’s strategic vision4. 
 
Academics: Literature and Theories 
 
Sustainable Mobility 
 
Reductions in private car use are very difficult to achieve, 
as this mode is preferable due to individual advantages 
such as comfort and flexibility [2, 3, 6]. Even the train as a 
fast type of public transport would not be able to compete 
against the private car in terms of door-to-door travel times 
(higher accessibility), as the inaccessibility of rail stations 
contributes to longer travel times and discomfort [2, 4, 5].  
 The sustainable mobility paradigm seeks ways to re-
duce the need to travel in cities [7]. Sustainable urban mo-
bility looks to create sustainable urban transport systems, 
encompassing factors such as easy access to key destina-
tions and services, reduction of air and noise pollution and 
energy consumption, safety, cost- and time-effective trans-
portation, and attractive high-quality urban environments.  
 Scholars discuss that high mobility and technological 
innovation only partly provide the solution towards sus-
tainable transport. They emphasize the need for commit-
ment towards planning and technological innovations in 
which behaviour change, city engagement, leadership, and 
supportive policies are the main focus [8]. 
                                                
3 Dutch data: compared over a period of 30 years, from 1987 through 2017 in ten-
year periods. Data is year-long collected through two-stage sampling; the first 
stratification to municipalities, thereafter a-select to individuals (commissioned by 
the Dutch Ministry of Infrastructure and Water Management). GSA data: collected 
in autumn 2006 (most recent data) to understand the effects of moving homes on trip 
pattern and modal choice (commissioned by Hokkaido Government). 
4 Sapporo City has formulated 24 objectives in its strategic vision for future city 
development between 2013 and 2022. 

Figure 1.   Conceptual Framework Sustainable Urban Commuting 



Commuting by Bicycle 
 
The Netherlands is profiled as leading cycling country, in 
which the bicycle is given status, its use is encouraged, and 
the international image of the Dutch city as attractive liv-
ing environment is strengthened [13]. Other than the socie-
tal and environmental benefits of cycling, the promotion of 
cycling as mode of commute has given rise to the econom-
ics of cycling. The bicycle offers economic chances and 
gives impulse to various branches, such as tourism (more 
overnight stays), the cycling industry (more bicycle sales 
while purchase prices increase), the rise of knowledge and 
consultancy institutes (more research and consults). The 
academic community has acknowledged the following 
components as crucial to commuting by bicycle: 
 Physical health and fitness: health benefits are greatest 
when incorporated in daily repetitive activities. A modal 
shift towards bicycle commute will therefore impact public 
health and tackle obesity levels [9]. A three-kilometre bi-
cycle commute to work on a regular basis would contrib-
ute sufficiently to an increased fitness [10]. 
 Happiness and social interaction: cycling as a physical 
movement has demonstrated physiological effects on men-
tal health disorders such as stress and depression [10, 11]. 
Cyclists also constantly engage in social interaction and 
demonstrate a high degree of freedom to traverse and in-
teract with their surrounding environment, given the infra-
structure, traffic laws and cultural acceptance [12]. 

Easy and low-cost: cycling is a cheap way of move-
ment, and with a well-developed cycling culture and infra-
structure, cycling takes one from origin to destination with 
ease. Cycling allows one to manage personal trip times and 
routes due to its flexible nature [10, 13, 14]. Furthermore, 
with the rise and popularity of the e-bike, cycling becomes 
more attractive and easier for the elderly population. 

Reduced pollution: clean air and silence: traffic is the 
largest source of noise pollution. Technological innova-
tions such as the electric car promote silent traffic and re-
duced air pollution, but still consume space. An increase in 
cyclists may tackle noise pollution, which again can con-
tribute to improved physical and mental health [10, 15]. 

Improved accessibility: cycling is an advantageous 
commute mode in dense urban areas. It can be faster than 
other transport modes as it allows to avoid traffic jams [16, 
17]. Thus, the use of the bicycle in access (home-end) trips 
and/or egress (activity-end) trips may substantially reduce 
door-to-door travel times of PT trips [4]. In addition, ef-
forts to reduce transport resistance factors (e.g. travel time, 
money costs, and effort) will induce more commute [18]. 

Commute-cycling also carries a number of challenges, 
especially when facing faster and more comfortable 
transport modes. Factors such as effort, speed, safety, and 
the absence of facilities such as parking spots and lockers 
show a higher importance in the choice for the bicycle 
commute as motive [19]. 
 
Planned Behaviour and Intention 
 
The Netherlands is characterized as one of the most suc-
cessful countries in promoting cycling for daily commute 
[20]. The reason for this high share in cycling cannot be 
found in the need for less costly modes as the Netherlands 
is affluent. Furthermore, faster or more comfortable modes 
such as the private car and train are easily accessible. 

Moreover, the Netherlands displays car ownership levels 
that are among the highest in the world. 
 For people to commute by bicycle, factors such as the 
inability to afford a costlier (faster) transport mode are not 
a first concern. Rather than the personal attributes of a 
person such as income and education levels, psychological 
factors such as personal beliefs, intention, and the planned 
behaviour are more important [3, 21]. 

 
Governance: Dutch Cycling Policy 
 
Whereas GSA currently lacks bicycle commute-oriented 
policy, the Netherlands witnessed a strong growth in bicy-
cle use after 1980 due to effective policy measures [23]. 
However, cycling has not always been popular. When the 
car was introduced in the 1950s, cycling as a mode of 
transport strongly declined in Amsterdam as well as many 
other West European cities [20, 23, 24, 25]. With cycling-
oriented policy and measures following, car use made way 
for cycling use in city centres of (population and activity-
wise) large cities. At longer distances, between urban areas, 
the role and influence of public transport has grown signif-
icantly. Better bicycle and public transport facilities and 
parking policy led to an increase in passenger-kilometres 
[figure 2].  

 The parking policy introduced in Amsterdam has ac-
counted greatly for the much higher share in bicycle and 
public transport use. This parking policy combined good 
accessibility to high-quality bicycle and public transport 
facilities. This has led to more successful and effective 
bicycle and public transport use, as parking policy alone 
would not suffice [23]. 

  
Empiricism: Commuting by Bicycle in GSA 
 
Commuter Profile 
 
The Netherlands and GSA share similar trends in the main 
commute mode, as the private car accounts for roughly 
half of all commutes for both areas [table 1]. It is more 
interesting to look at the second most popular commute 
mode, which is rail (train/subway) for GSA and the bicycle 
in the Netherlands. The share of car (driver) and bicycle 
commute has stayed stable in the Netherlands, but the 
share of rail (especially the train) has increased whereas 
the share of car passengers decreased.  

A logistic regression is performed to understand the 
commuter’s profile and the significance of influential vari-
ables on the choice for private car or bicycle in commute 
[table 2]. 

Figure 2.   Comprehensive Overview of Trends and Policies in 
Bicycle Planning Developments in the Netherlands [23] 



 
Gender: almost 60 percent of male commuters 

choose the private car, whereas that is 36 percent of female 
commuters. In return, females use the bicycle 2.5 times 
more than males for commute trips. Similar to the Nether-
lands, females tend to work part-time more than males, 
and assumed is that part-time jobs require lower education 
levels and can be found in near proximity.  
 Age: bicycle use decreases as age increases, both in the 
Netherlands and Japan. Factors such as lower mobility of 
the elderly, but also fear and decreased capacity to act in 
uncertain situations play a role. Those aged 60 or above in 
the Netherlands are more active in commute cycling than 
the Japanese in the same age group. Accounting for more 
than one-fourth of all mode choices the bicycle remains 
second popular after the private car (driver) among the 
Dutch in 2017. In Japan, the private car accounts for more 
than half of all commute among the same age group, fol-
lowed by rail (subway/train) and walking. The bicycle 
accounts for less than five percent of all commute. It 
should be noted that after 2007, the e-bike gained in popu-
larity among the Dutch (in particular the elderly). The ef-
fect of the e-bike on commute trips in GSA has yet to be 
investigated.  

Number of cars and bicycles owned: the very strong 
correlation between the number of cars owned and the 
choice for the car or bicycle strengthens the assumption 
that those who own more cars will almost always commute 

                                                
5 It should be noted that necessary variables such as travel cost, distance, effort are 
missing from data. However, this model still suffices to provide basic insights and 
relations, and confirms the further analyzed data.  

by car, whereas those who own more bicycles do show a 
stronger tendency towards using the bicycle but deter less 
from using the car. Further analysis showed that those liv-
ing in the heart of GSA use the bicycle more, but also own 
more bicycles [figure 3].  

Number of household members: those with more family 
members tend to choose the car over the bicycle. Moreover, 
the negative tendency towards the bicycle is stronger than 
the positive tendency towards the car. Assumptions are 
that larger families prefer transport modes that can 
transport more people, such as the private car or PT. This 
may explain the less strong tendency towards the private 
car. 

Total travel time: assumed was that very positive val-
ues would be present among car-commuters against very 
negative values among bicycle-commuters. However, it 
seems that although influential, the total travel time is not 
the most important variable that determines the modal 
choice. It should be noted that those who use the bicycle 
more are females who work more part-time jobs. As short-
er distance (travel time), education and income levels cor-
relate with those employing part-time jobs (following 
Dutch data), it can be assumed that bicycle-commuters 
have less budget for the car and/or live in near proximity 
of their job that make commuting by car unnecessary.  
  
First and Last Mile Connectivity 
 
Especially in higher-trip commutes, the access and egress 
(A/E) to the main commute mode influence the modal 
choice. This is also known as first and last mile connectivi-
ty (F/LMC). F/LMC is applied to describe the commute 
modes for A/E trips respectively, as it helps to discover 
(preferred) travel choices so that effective measures can be 
formulated. Slow transport generally accounts for the first 
and last trips of a travel. A three-trip example would be the 
bicycle (t1) as access (home-end) to the train (t2) as main 
mode, and walking (t3) as egress (activity-end) to work.  
 The bicycle accounts for 44 percent of all access trips  
 in the Netherlands, and almost 30 percent in commute 
access [13]. This trend of the bicycle as A/E in commute 
trips in GSA is almost neglectable. Moreover, the bicycle 
share in the main mode is observed as very small as well. 
 Lower-speed transport modes (e.g. walking, bicycle) 
show greater door-to-door-accessibility, whereas higher-
speed transport modes show limited accessibility [22]. 
This is illustrated in this study, as the more trips are made, 
the greater the share and importance of public transport. 
An important observation is that slower modes serve as 
A/E modes to faster transport, such as walking to public 
transport, but also within public transport. Slower but with 
higher access, the bus/tram is an A/E mode to rail especial-
ly in higher-trip commutes.  
 
Zonal Commute and Transfers 
 
Effective implementation of cycling policy and measures 
should be done for zones that actually show potential for 
the bicycle as mode of commute. From the nineteen wards 
and cities in GSA, the Chuo, Kita, Higashi and Shiroishi 
wards have shown the greatest potential for the implemen-
tation of bicycle-steering policy and measures.  
 The first observation is that the commute by bicycle is 
the strongest in these wards, as earlier shown in figure 3. 
Figure 4 shows that the departure by bicycle as main mode 

Table 2.  Logistic Model to Car and Bicycle Commute in GSA5 (2006) 

Parameter Private Car Bicycle 
Gender [0-male, 1-female]          -1.069 1.137 
Age [scale] 0.002 -0.018 
# cars owned [scale] 0.945 -0.865 
# bicycles owned [scale] -0.207 0.620 
# household members [scale]    0.192 -0.446 
Total travel time [scale]   0.044 -0.036 
Constant   1.013 -1.891 

Table 1.  Main Mode of Commute for GSA (2006) and the Netherlands (1987-2017), % 

Class I Class II GSA 
2006 

NL 
1987 

NL 
1997 

NL 
2007 

NL 
2017 

Private Car Driver 50.4 (1) 48.6 (1) 47.6 (1) 51.2 (1) 46.2 (1) 
Passenger 7.9 (3) 6.9 (4) 4.2 (5) 3.1 (6) 

Rail 
Train 25.2 (2) 5.9 (5) 9.0 (3) 11.0 (3) 15.2 (3) 
Subway 

6.1 (4) 5.3 (5) 6.8 (4) 7.9 (4) Tram 4.8 (5) Bus/Tram* Bus 
Moped** Moped 0.4 (7) 2.2 (7) 1.6 (7) 1.2 (8) 1.4 (8) 
Bicycle*** Bicycle 7.4 (4) 23.3 (2) 23.8 (2) 20.4 (2) 21.1 (2) 
Walking Walking 8.4 (3) 4.9 (6) 4.2 (6) 3.6 (6) 3.4 (5) 
Other Other 3.3 (6) 1.1 (8) 1.5 (8) 1.6 (7) 1.6 (7) 

*public transport, **motorized bicycles without pedals (50cc max), ***no distinction  
between e-bike and traditional bicycle (the share of e-bikes is only significant in 2017)  

Figure 3.   Bicycle Commute Flows (left) and Number of Bicycles Owned 
to the Distribution of the Bicycle as Commute Mode (right) in GSA (2006) 



of commute is strong in these zones as well. These zones 
show higher shares in rail commute than the other zones 
and the least when it comes to the private car. Secondly, 
these four wards are also the zones with the highest num-
ber of transfers, marking them as crucial transfer zones.  
 Table 3 displays the circulation of transfers in these 
zones. From the fifth transfer (fifth to sixth trip), all trans-
fers were internal and are thus not included in the table. 
Especially the Chuo ward shows very high levels of inter-
nal transfers and is popular as external transfer zone for 
flows from the other zones (not displayed) as well. The 
high share of internal transfers in Shiroishi indicates that 
these commuters tend to both live and work in this zone.  

 
Recommendations: Urban Cycling Strategy 
 
This study is a first approach to explore the influence and 
potential of bicycle as mode of commute in GSA. The fol-
lowing are recommendations for GSA, and in detailed ex-
tent to the four wards (Chuo, Kita, Higashi, and Shiroishi) 
that demonstrate potential for commute by bicycle. 
 Pro-cycling and anti-car measures: considered the 
most powerful in the Netherlands, pro-cycling and anti-car 
measures should be implemented. Pro-cycling measures 
regard safety measures, such as cycling crossings with 
priority for the cyclist or exclusive-right-of-way bicycle 
paths, but also comfort measures that contribute to a 
change in intention and behaviour. The provision of (plen-
ty and free) parking spots around transfer nodes such as 
stations or city centres, easy-to-understand signage, and 
facilities such as strategically located lockers are examples 
of such comfort measures [2, 20]. Whereas pro-cycling 
measures liberate and encourage cyclists, anti-car 
measures are restrictive in nature and make driving less 
attractive. Access restrictions during rush hours and higher 
prices of car parking are effective measures. It should be 
noted that not all streets and roads can afford or need (ex-

clusive) cycling paths. Simple alterations, like time-
restricted car access, car-free zones, speed bumps or traffic 
islands may provide low-cost and non-radical changes to 
encourage cycling. This is known as traffic calming, which 
improves comfort as well as overall traffic safety [20]. 
Other, more advanced measures can be found in the Dutch 
junction design, in which many rules and ways of rights 
(e.g. traffic lights but also traffic islands, shark’s teeth, 
cross-overs and waiting blocks) cross each other. However, 
without a thorough understanding of how this system 
works, road users will deter from using the bicycle. 
 Education: whereas riding a bicycle refers to the opera-
tion of a bicycle and is the same worldwide, using a bicy-
cle differs to the complexity of the cycling system context. 
The Netherlands has adopted a highly complex cycling 
system throughout the years, which interacts with its cy-
cling culture. This exposure to how to use a bicycle with 
regards to traffic rules, unspoken techniques, and signage 
manifests as soon as children learn how to ride a bicycle. 
Adapting such a system would mean a shift in traffic edu-
cation across Japan rather than in GSA only, and would 
require time and efforts to implement and get adjusted to.  
 Governance and collaboration: the abovementioned 
proposals can only be implemented successfully if close 
collaboration within governmental departments as well 
between citizens, knowledge institutes, companies and 
other actors is established. If consensus regarding the need 
for the bicycle as mode of commute is not discussed and 
acknowledged by main actors, actual implementation may 
not occur, and if it does it will likely take a very long time. 
 
Conclusions 
 
The findings indicate that the bicycle as commuting mode 
can indeed contribute to prosperity in GSA if appropriate 
measures are implemented. The Chuo, Kita, Higashi, and 
Shiroishi wards display the highest potential for cycling 
commute, seen that they already have the highest shares in 
cycling commute and as they accommodate the most trans-
fers. Especially internal transfers (A/E modes, such as 
walking, bicycle, and bus/tram) are very high in these 
zones. If the share in bus/tram commute is replaced by the 
bicycle (mostly cyclable distances), the number of trips 
(less transfers, as several trips can then be made with one 
mode) can be reduced significantly. This implies faster 
traffic flows and overall reductions in travel time and traf-
fic volume. On individual and company level, more bicy-
cle commute will reduce travel costs and improve mental 
and physical health, which allows people to perform better 
at work. On societal level, GSA can turn into an attractive 
and safe compact city characterized with less noise, air, 
and visual pollution. On regional level, more bicycle use 
will give room to new cycling industries to surge, contrib-
uting to the regional economy. Moreover, a further promo-
tion of cycling tourism will be possible, as better cycling 
infrastructure and facilities and an attractive cycling envi-
ronment are necessary conditions for leisure cyclists also. 
 It should be understood that this current study is only 
exploratory, and that the results are by no means sufficient 
to propose a transport plan for GSA within the current 
conditions. Follow-up research should include commuter 
characteristics and behaviour data, actor analyses, social 
cost-benefit analyses, and implementation feasibility stud-
ies as conditions in Amsterdam and GSA differ geograph-
ically, demographically, and culturally. 

Table 3.   Transfer Zones to the Four Greatest Cycling Zones (%, Greater Sapporo Area, 2006) 

Arrival Transfer ~ 1 transfer ~ 2 transfers ~3 transfers ~ 4 transfers 

Chuo Internal Chuo 10.8 Chuo 83.3 Chuo 98.6 Chuo 97.7 
External Toyohira 16.4 Kita 3.9 Nishi 1.0 Nishi 1.6 

Kita 
Internal Kita 18.3 Kita 20.6 Kita 55.0 Kita 80.0 
External Toyohira 12.2 Chuo 64.3 Chuo 44.5 Chuo 18.2 

Higashi 
 

Internal Higashi 18.6 Higashi 30.0 Higashi 57.0 Higashi 87.3 
External Kita 16.5 Chuo 49.8 Chuo 30.4 Kita 7.3 

Shiroishi Internal Shiroishi 22.0 Shiroishi 52.4 Shiroishi 73.2 Shiroishi 93.8 
External Chuo 16.8 Chuo 25.0 Chuo 24.8 Chuo 6.2 

Figure 4.   The private car, PT and bicycle as main commute to departure 
(upper) and arrival zones (under) in Greater Sapporo Area (2006) 
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