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The interrelationship between bus 
transport and neighbourhoods in Karlstad 

Introduction 
How and is the bus transport in Karlstad influenced by the neighbourhoods? If 
it is, which factors, characteristics or variables have profound effect on the bus 
transport demand? Does urban density and diversity matters? What is the effect 
of the urban form of the neighbourhoods?  
 
Karlstad is a small vibrant city with around 60000 inhabitants. It is the capital 
and largest city in Värmland, a county in Sweden on a border with Norway. In 
recent years it has been recognized for its buses and ‘boat buses’ painted in 
orange that traverse the delta of Klarälv that cuts through the city. The buses 
are organized in fewer lines, in easily comprehensive map that looks like a 
subway map. Even more when Färjestad BK, the local hockey team, plays the 
bus network changes. Hockey buses come out to bring Karlstadsborna, the 
inhabitants of Karlstad, to and from the arena.  
 
Karlstad as many smaller cities in Sweden developed rapidly in the twentieth 
century, in years of rapid motorization and decentralization. The planning was 
customized to fit the expanding motorcar ‘society’ (Lundin, 2008) and the ‘city 
on wheels’. It prioritized functionality and traffic safety (Hagson, 2004). The 
‘purity’ and ‘order’ (Le Corbusier, 1998) were essential in the paradigm. An 
extensive and hierarchical road network bypassed the traffic from the 
neighbourhoods, while neighbourhoods were designed as monofunctional, or 
by various functional recipes. The buses played the role of public transport 
alternative to the car on the roads. Bus lines were widely established often 
replacing the traditional tramways and railways. But they were profoundly 
mistreated. They needed busy streets and the streets were taken out of the 
neighbourhoods. They needed steady speeds, but the new planning optimized 
accelerating traffic. In the end the buses, often the only public transport 
alternative performed and perform very poorly on the road hierarchies. The 
private car is dominant often only travel choice. 
 



Karlstad is an artefact of the car ‘society’ that reaches far along motorway E18. 
There are neighbourhoods that are segregated by the road hierarchy of E18 and 
their protective landscaping. There are neighbourhoods with poor access to the 
public transport. It happens sometimes that the bus stops are on the edges or 
out of the neighbourhoods. Sometimes it takes too long time to drive on the 
detouring roads. Some neighbourhoods are dispersed and sparsely populated, 
whereas others are denser. The bus transport demand is somewhere higher and 
somewhere lower. In this study I look into the neighbourhoods and the bus 
transport service to find out how and why the demand varies and what 
profoundly influences the demand. In perspective I see the neighbourhoods as 
flexible, slowly adapting and growing, shifting their urban forms and the future 
bus transport as motif and accommodator for an urban change. 
 
Transports and transport demand, buses and passengers, are often boxed, 
aggregated and quantified. Even though there is a whisper to personalize them, 
there is no strong opposition or uproar in the generalizations. On the other 
hand, the neighbourhoods as complex social phenomena are very sensitive to 
classification and simplifications. They are experienced, felt, perceived, loved 
and hated. Neighbourhood is ‘something vague and indefinite’ (Perry, 1929:29) 
if we compare it for example to a village or city. The notation is qualitative 
rather than quantitative and the neighbourhood usually does not have visible 
borders (ibid., 1929:29-30). Kevin Lynch defines sections of the city with 
‘common identifying character’, which is always recognizable from the inside. 
(Lynch 1960:47) A neighbourhood also gives feeling of belonging or ‘extension 
of personality’ that is ‘strictly a community product’ (Perry, 1929:34). The 
technological revolutions in the last two centuries redefined and redefine 
‘community’, ‘village’ and ‘city’, and therefore the neighbourhoods. The 
‘modern human’ changed not only scale and reach (Lefebvre, 2000:82), but also 
existence, practices, experience and perceptions. ‘Personalities’, ‘communities’, 
‘villages’ and ‘cities’ exist in multileveled realities and social agglomerations 
interconnected by various communication and transport technologies. The 
railways principled the discontinuity of the ‘city’ and faraway coexistence of 
‘neighbours on wheels’, while the cars democratized and sprawled it widely. 
Henry Ford’s ‘world on wheels’ became reality and for an alien observer the 
cities today would look like as they are inhabited by metal boxes (Safdie, 1998; 
Urry, 2007). These urban agglomerations have inherited the ‘city’ property to 
form associations (Weber, 1958) and juxtapose (Amin & Graham, 1997:418) 
these various real and virtual existences. For the subway passengers the ‘city’ is 
obscured from entrance to exit. A car driver perceives a sequence of images of 
neighbourhoods as movable background of landscaped roads, interchanges and 
motorways. The recognition of neighbourhoods as ‘city’ sections fails. There is 



no direct touch or experience. On the other hand, the social connections, 
‘personality’ and ‘communities’ thrive in the discontinued ‘city’. ‘Communities’ 
fluidize and disperse on many scales and in different spaces. The neighbours 
tend to travel and socialize beyond the rigid neighbourhoods where they live. 
The private mobility is dominant on ‘city’ scale in many cities like Karlstad, and 
cars plays crucial role in connecting these liquid ‘communities’. But the car is 
not the only transport mode that can support mobile ‘communities’, 
neighbours and lifestyles. The public transport can also achieve public mobility 
with high speeds, comfort and convenience that can even contribute to better 
and wider social interaction and cohesion (from EC, 1990:40). But how can we 
canalize these liquid ‘communities’ into the public transport?  
 
The advocacy in Europe is for multifunctional, creative, or ‘compact city’. The 
concept favours architectural heritage, by respecting rather than imitating the 
old, greater diversity by mixed uses, particularly housing in inner city areas, and 
solving urban problems within existing boundaries of the city without 
extending its periphery (EC, 1990:30). The argument is that density and 
diversity are more likely to result into people living close to work places and 
services that are required for the everyday life (EC, 1990:40). A similar 
advocacy comes from the USA as transit-oriented development (TOD) which 
provides guidelines for design or development of moderate and high density 
mixed-use urban areas at strategic points along the regional public transport 
system (Calthorpe, 1993:41-45). 
 
The ambition of the ‘compact city’ is to make the private car an option in the 
cities rather than a necessity (EC, 1990:30) by creating integrated, intermodal 
transport systems which fully exploits the potential of public transport (ibid., 
1997: 11-2). New public transport systems with higher speeds and dedicated 
busways like bus transit systems (BTS) and bus rapid transit (BRT) (see Vuchic, 
2007:203-4) or high-speed railways (HSR) will play distinctive roles together 
with integrated urban planning and development.  
 
The municipality of Karlstad is planning a new BRT line that should not only 
bring attractiveness and speed to the bus transport, but also stimulate urban 
renewal of the existing neighbourhoods. It literally means containing and 
canalizing the liquid ‘communities’ from the wide regionally sprawled ‘city’ in 
walkable buffers around the new BRT stations in the city. This is not a small 
challenge. Karlstad is a misbalanced business hub of the region with roughly 
60000 inhabitants and over 40000 work places, where over 32% of the workers 
commute from other and 17% commute to other municipalities achieving 
staggering mobilities. A person in the city of Karlstad travelled 49km per day in 



2004 or 29% more than the Swedish average, whereas a person in the 
countryside travelled 62km per day or 62% more than the average of 38km per 
day (Trivector, 2005:42-7; SIKA, 2009:104).  
 
The purpose of this study is to enlarge the knowledge and understanding of the 
neighbourhoods and bus transport and their effect on bus transport demand in 
Karlstad, to grasp and reflect on the differences between neighbourhoods, BRT 
and conventional bus transport. Indirect purpose is to inspire debate about 
urban development and change of the neighbourhoods along the new BRT line 
in Karlstad and to connect BRT and the neighbourhoods with urban change 
and renewal.  
 
Karlstadsbuss, the public transport authority in Karlstad, is well known for the 
successful advertising and marketing campaigns that increased the use of public 
transport and the satisfaction of the customers from the service. A practical 
objective is to contribute to these franchising efforts with analyzing the 
neighbourhoods and their ability to transform toward the bus transport. Good 
bus transport can be achieved with marketing, but the excellence comes with 
wide efforts that must include urban planning and change. It should not only 
include urban design for example for better accessibility to public transport, but 
also balancing the demand for it and wider system thinking on city level. 

 

 

 

 

 

 

 
 
 



Method 
The neighbourhoods and cities are joined research focus in transport and urban 
analysis, planning and theory. However, their methods can be utterly different. 
In transport the approaches are scientific, to explore transport networks, 
neighbourhoods or cities and travel preferences and behaviour, analyse, model 
and simulate travel patterns (Handy, 1996:152-61) in order to project travel 
patterns or behaviour, to identify traffic problems beforehand, to design 
transport networks or modify the existing ones. The wisdom is pragmatic, 
looking at performances and usefulness, drawing mostly on utility maximising 
theory from economics (see McFadden, 1974).  
 
The wisdom in urban planning was continuously fluctuating in the last century 
from scientific, to sceptical and irrational, neglecting the scientific, to poetic, 
glorifying the creative, dogmatic, in pursuit of aesthetical and societal ideals. As 
these tendencies shifted and mixed, the approaches varied and vary from 
overenthusiastic to excessively sceptic. Garreau (1991:464) writes: ‘No matter 
what you plan, the result will always be a surprise’. The postmodern is a 
paradigm without paradigm where everything and nothing is possible. But there 
is always critique, doubts and never predetermination. If the neighbourhoods 
and cities are explored, analyzed and described it is done without certainty or 
prescriptions. Even a small neighbourhood is complex conglomerate of unique 
individuals constituting an unrepeatable community in certain randomness.  
 
I tried to find a gentle compromise between the scientific that generalizes, 
categorizes, correlates, explains and predicts, and the critique and doubts in 
postmodern planning that will follow. In transports there are three scientific 
approaches on how to study the interrelationship between bus transport and 
neighbourhoods. In the first aggregated data from the neighbourhoods or cities 
is compared with the travel patterns. The second uses detailed data for travel 
behaviour of individuals in order to develop travel choice models and model 
travel patterns. The third approach applies theoretical travel choice models in 
simulations in order to predict and analyse travel patterns in the 
neighbourhoods (Handy, 1996:152-67).  
 
Since every neighbourhood is an aggregate I use the established methods from 
the tradition of aggregated studies drawing inspiration from the Swedish as well 
as British and American schools. I use correlation and linear regression and 
general linear models to analyze the direct effects on the bus transport demand 
in an interrelationship triangle. The interdependence of neighbourhoods and 
bus transport is systematically described with an interrelationship triangle that 



includes bus transport service characteristics and demand (TCRP, 2006:18). 
The neighbourhoods generate travel demand that affects the bus transport 
service. If the travel demand increases or decreases it will influence the service. 
An adjustment in the service can eventually cause a change in the travel 
demand or in the neighbourhoods. People can move out or in, buildings can 
change uses, for example from housing to retail, industry or office, shops can 
cluster, the neighbourhoods can transform, decay or develop. I also try to 
combine or enrich the correlation tradition with quantitative methods from 
urban theory and analysis. I use urban typology, generalization and categories. I 
use means, minimums and maximums. I even solidify the dynamics of liquid 
‘community’ in travel pattern of static means and sums.  
 
I urge for broad awareness that most of methods used here confront the 
existing postmodern paradigm where the neighbourhoods should not be 
generalized or systematized. There are always potential of misinterpretation and 
possibility to make wrong prescriptions.  
 
There is methodological thinking behind this study since it is part of a wider 
project about introduction of BRT and new public transport systems in 
Swedish cities. My intention is to use the same methodology to analyse the 
neighbourhoods and public transport in other Swedish cities and refine it in 
this process. The future research will also take in consideration differences 
between public transport systems, as well as sizes and configuration of cities. 

Research front review 
My first research front includes transport planning and neighbourhoods. It 
consists of articles and books about the interrelationship neighbourhoods or 
cities with public transport, the public transport and its planning, or even the 
interplay of private and public transport in the cities. The public transport 
became research interest as early as the 1950s, when the shift from public to 
private transport started, but it intensified in the 1970s as the share of the 
public transport quickly diminished. I focused closely on three schools of 
aggregate analyses that developed similarly around the same time and were 
heavily influenced by the systems approach.  
 
Bengt Holmberg (1975:13) explored and systematized the neighbourhoods and 
public transport in a framework of costs and benefits, thus establishing the 
Swedish, even Scandinavian tradition of aggregated studies. In this school the 
travel time is the most important factor, either as competitiveness with the cars 
as travel time ratios with the car, or as speed. Other internal factors are 
availability, frequency, accessibility, coverage, reliability, safety, fares, comfort 



and information. External factors that influence public transport are population 
density and localization, income, level of development of the public transport 
network, distance from the city centre, parking fees and congestion (Persson, 
2008:9-16). 
 
The American research on cities and public transport started in the 1950s, but 
most of the American studies follow the traditions established by Pushkarev 
and Zupan in the 1970s. Boris Pushkarev and Jeffrey Zupan (1977:3) argued 
that the demand for public transport increases with population and commercial 
density and depends on its service and price, but even more on the availability 
and price of the competitive mode, the car. Their results show that population 
density explains large part (40.7% in 1960 and 56.8% in 1970) of the public 
transport demand in the American cities (ibid. 1977:24-7). Robert Cervero 
continued this tradition in the 1980s clustering various built environment 
variables in factors that underline density, size, design and entropy of floor uses 
(Cervero, 1989:74-8). The consecutive research recapped these variables in D 
factors. Initially there were three D factors: Density, Design and Diversity (Cervero 
and Kockelman, 1996), that evolved firstly in local Density, Design and Diversity 
and regional Accessibility (Cervero and Ewing, 2001) and later in 3+2+2D 
factors, Density, Design and Diversity plus proximity as Distance to transit and 
Destination accessibility plus Demand and Demographics (Cervero and Ewing, 2010) 
describing and systemizing holistically an entire urban model. But the interest 
in the USA the last twenty years was more on reducing travelled distances and 
decreasing travel demand, then to a shift towards public transport. The 
research showed that these factors are inelastic to travel demand and distances 
and use of public transport, but the assumption is that the cumulative effects 
can be fairly large (Cervero and Ewing, 2001; 2010). The Density average 
elasticity is 0.01-0.07, Diversity 0.12 and Design 0.23-0.29 and Distance to transit 
0.23-0.29 (Cervero and Ewing, 2010). 
 
Several studies on car dependence, private and public transport and cities 
worldwide were also carried out by Peter Newman and Jeff Kenworthy in the 
1980s. Their correlative analyses (Newman and Kenworthy, 1991:45-6; 
1999:68-126; 345-356) showed that population and commercial densities in the 
inner and outer city, proportion of population and work places in the inner city, 
average speed of public transport have positive impact on public transport, 
whereas car ownership and use, road supply, supply of parking in the inner city 
and average speed of private transport have negative. Other factors that 
influence car use and ownership are income, fuel prices, climate, traditions, 
lifestyles and politics (ibid., 1991:69-108).   
 



 
Peter White’s books about planning public transport from 1976 until today and 
guides about public transport demand (like Webster and Bly, 1980; Balcombe 
et al., 2004) can be regarded as a British school. While the models are very 
similar the difference is strong customer orientation, focus on user perceptions 
and marketing to individuals (White, 2009:43-56). Similar tendency towards 
customer satisfaction and distinguishing various customer groups is very typical 
for the public transport in Stockholm as well (see SL, 2011).  
 
My second research front is public transport, buses and BRT. There is a variety 
of books and document about planning public transport and BRT. I used 
TCRP publications, editions of Canadian transit handbook and different Swedish 
manuals and guides. I had also access to two collections of different documents 
on BRT, one compiled by my supervisor Karl Kottenhoff and the other by 
Scott Rutherford. I see my work in line of Karl’s previous research on BRT 
(see Kottenhoff et al., 2008; 2009). In cooperation with Per Gunnar Andersson 
och Malin Gibrand from Trivector, Karl (Kottenhoff et al., 2008; 2009) 
systematized a framework for evaluation of BRT with three standard levels 
(preferred, can be accepted, not acceptable).  
 
The third research front is within urban planning and includes several strands. 
The first focuses on the ‘compact city’, principles and critique. In Sweden and 
everywhere in Europe, traditionally, the public transport was and is intrinsically 
associated with cities. The public transport is often transcribed and understood 
as urban transport. The public transport planning was and is a tradition, rather 
a heuristic practice, where buses, trams and trains often play sentimental and 
enchanting roles in the European cities. I lived part of my life near the ‘last stop 
of bus 3’ in Skopje. ‘The last stop of bus 3’ was one of the landmarks in my 
neighbourhood and it stayed until today, even though now it is known as 
‘former last stop of bus 3’, because the line 3 extended few years ago. This 
close association between public transport and urban planning has been 
incorporated in the ‘compact city’, the first of the two European sustainable 
city principles, pinned together with the image of dense and diverse historical 
urban core, the traditional European city of urban blocks or quarters (see Krier, 
1984). The ‘compact city’ emphasizes intensity and vibrant urban life by vertical 
extension, renewal and regeneration of the existing city supported by effective 
and attractive public transport systems. The horizontal urban expansion is 
halted to protect the environment, thus creating a strong contrast between the 
city and the nature. The development is restricted on the urban fragments 
within the existing boundaries of the city, while the nature outside is left in its 
rhythms (EC, 1998:6-7).  



The adversary stream in urban planning revolves around the ‘green city’, the 
second of the two European sustainable city principles. In its most radical form 
it denies any need for transport (see Krier, 1984) including public transport. 
The proponents inspired by the historical European villages and cities make 
plans for communities contained within walking distances, by human scale, 
drawing inspiration from traditions, the nature and the vernacular. The 
compact city is also heavily criticized for the urban density as deterrent of 
quality of life. The argument (Gordon and Richardson, 2000; Melia et al., 2011) 
is that increasing density of population and work place, barely decreases car use 
and does not affect the public transport. Instead it produces congestion and 
therefore a wide range of local environmental and social problems (Melia et al., 
2011:52). 
 
The second strand is in urban theory and analysis. It includes the history and 
development of the Swedish cities and neighbourhoods and focuses on analysis 
and planning of neighbourhoods. Neighbourhood planning was very early 
integrated in Swedish urban planning and subsequently it became essential 
characteristic of the conventional urban planning today. The neighbourhoods 
are often clearly defined and treated as separated entities, localities with 
distinctive character, and the planning and development is done accordingly. 
Some neighbourhoods are developed or refurbished, while others are 
preserved. That makes it easy to identify and categorize neighbourhoods 
according their planning paradigm, age or urban form. 
 
The latter of Swedish neighbourhoods and cities, from wooden to stone and 
brick and concrete city, from vernacular, classical, modern to post-modern, 
from the small wooden city, villa city, garden city, Stockholm’s subway city, the 
modernism, the Miljonprogramme and prefabricated, to the emergence of ‘car 
society’ and its city with sprawling road hierarchy is comprehensively described 
with similar neighbourhood types by many authors. Johan Rådberg (1988) 
describes the planning doctrines or paradigms behind the neighbourhoods and 
develops detailed urban typology in regard to them (Rådberg, 1995). The city of 
Stockholm developed a neighbourhood typology in the 1990s. A matrix of 
neighbourhood’s types was also developed by Arken Architects and 
Ekologigruppen Ekoplan, together with Jerker Söderlind and Håkan Jersenius 
(Einarsson, n.d.:4). The buildings and cities in Sweden are encyclopaedically 
and chronologically described in the Så byggdes (translated: That is how was built) 
trilogy (Björk et al, 2003; 2009; 2009). The books from Anders Hagson and Per 
Lundin about the traffic and urban planning paradigms and ‘car society’ were 
also readings in this strand. 



Data, variables and characteristics 
I collected and compiled as many variables as I could in a large database during 
2010 and 2011. The data is from the end of 2009. The demand data was 
supplied by Karlstadsbuss and includes daily passenger boardings for each bus 
stop in the primary bus network (that corresponds roughly to 75% of the total 
passenger boardings in the entire network) for year 2009. The GIS data and 
maps are from Lantmäteriet’s (National Land Survey of Sweden) Digital 
Library and municipality of Karlstad. A survey and analysis of the bus transport 
in ArcGIS and VISUM produced data about the bus transport characteristics in 
Karlstad. The three statistical packages BILPAK, AMPAK and FASTPAK 
were partially supplied by the municipality of Karlstad and Statistiska 
centralbyrån (SCB, Statistics Sweden) and the neighbourhoods were also 
surveyed for their characteristics. 
 
There is some mismatch in the GIS data for neighbourhood area from the 
municipality of Karlstad and Statistiska centralbyrån (SCB, Statistics Sweden). 
The NYKO4 areas were not the same and the 0 labelled NYKO4 area (like 
1200) included the entire street area of the consecutive numbers by NYKO4 
(for example 1200 for 1201 and 1202). To do a proper analysis per hectare I 
adjusted the areas in the neighbourhoods. I received a list with all urban blocks 
by NYKO4 area from the municipality of Karlstad.  

Neighbourhoods and bus transport 
There are 55 neighbourhoods in this study and I tried to make the best possible 
fit between the neighbourhood and administrative borders on NYKO4 level 
having in mind the location of the bus stops. I focused on urban form, on the 
fixed, but aware that the neighbourhoods are fluidized by the mobile 
‘communities’. In some cases I merged several NYKO4 areas with similar 
urban form to make a neighbourhood. I also did area adjustments and border 
modifications often neglecting the non built part of the neighbourhoods 
assuming that even the liquid ‘communities’ habituate and crowd equally in the 
built environment. The ‘communities’ can concentrate in some parts for 
example or neglect the built environment. These and many other complexities 
about liquidity and society cannot be assessed with this kind of generalizations. 
 
The detailed table about the neighbourhoods and NYKO4 areas are displayed 
in Appendix: Neighbourhoods and bus transport in Karlstad. The table below shows 
selected averaged statistics about the neighbourhoods. 
 
 



 N Mean Std. Dev. Minimum Median Maximum 
Area in hectares 55 37.6315 23.3997 4.0165 31.3241 110.3053 
Population 55 945.87 804.738 0 685.00 3140 
Work places 55 303.05 550.137 2 88.00 2941 
Population per hectare 55 29.604 22.1096 0 24.500 116.8 
Work places per hectare 55 10.915 25.9696 0.1 2.800 134.3 

Table 1: Figures about the neighbourhoods 

 

 
Figure 1: Map of the neighbourhoods in Karlstad 

 
Karlstad in the last five years has been a good example how to organize and 
manage bus transport in Sweden. Karlstadsbuss uses creative, even guerrilla 
campaigning contributed by reimaging of the orange buses and bus stops. The 
network was reorganized as system that intimately captures the local travel 



demand and needs. There is primary network of eight bus lines that connects 
the important parts in the city with highest frequencies and almost around the 
clock availability. The secondary network includes six special lines that run only 
in peak hours to support better standard of commuting. There are three 
additional four lines that connect different areas in the city centre. In the end 
there are four hockey lines that run only when there is a hockey match.   
 

 
Figure 2: Map of the primary bus network in Karlstad 

 
Despite the uncompetitive travelling times the number of bus journeys in 
Karlstad is steadily increasing, from 3.9 in 2005 to 5.4 million yearly journeys in 
the end of 2009. It is an increase of 38% in the total number of journeys or an 
increase in 28.28%, from 0.18 to 0.23 per day per person (Karlstadsbuss, 2010). 
To compare the travelling times for example it is roughly four times faster to 



drive distances over 5km then to take the bus, and two times faster under 5km 
(Ramböll, 2010:12).   
 

Bus 
line 

Length 
(km) Directness 

Travel time 
(min) 

Speed 
(km/h) 

Buses 
in 
peaks 

Buses 
per 
day 

Bus 
stops 

Bus stop 
distance 
(km) x-O O-x x-O O-x 

1 15.7 1.57 38 36 24.7 26.1 34 113.1 24 0.653 
2 21.9 1.63 50 47 26.2 27.9 24 93.6 54 0.405 
3 11.4 1.68 32 28 21.4 24.9 24 90.3 33 0.346 
4 16.2 1.94 47 41 20.6 23.7 24 88.6 44 0.367 
5 7.6 1.35 23 21 19.8 21.7 16 71.7 24 0.317 
6 11.2 1.72 35 31 19.1 21.6 18 73 31 0.36 
7 9.8 1.66 31 26 18.9 22.6 18 58.9 28 0.349 
8 11.8 1.22 24 24 29.3 29.3 11 34.4 20 0.586 

Table 2: Statistics about the primary bus network 

 
The table above shows statistics about the lines in the primary bus network. 
More detailed tables about the bus lines and stops in the neighbourhoods and 
their comparison with some hypothetical BRT lines can be found in Appendix: 
Neighbourhoods and bus transport in Karlstad.  

Bus transport demand 
The table below summarizes the primary variables for bus transport demand 
that I use in this study. I also use some secondary variables. 
 
 N Mean Median Std. Dev. Min Max 
Passengers boarding (p) 55 192.6 108 240.7 1 1295 
per bus (pbus) 55 2.84 2.14 2.29 0.7 178.8 
per bus kilometre (pbusKM) 55 4.07 2.3 4.68 0.0 20.7 
per bus hour (pbusH) 55 32.1 17.7 38.03 0.03 8.77 
per population and work places 
(ppwp) 

55 0.112 0.0935 0.078 0.01 0.36 

per population and work and study 
places (ppwsp) 

55 0.16 1.117 0.16876 0.01 1.14 

per hectare (pha) 55 6.34 3.6 8.17 0.1 40.8 

per 100m2 of floor area (pfa) 55 0.4 0.25 0.548 0.02 2.85 

Table 3: Variables for bus transport demand 

 



 
The scores of passengers boarding per bus stop is main variable for demand. I 
aggregate the number of passengers boarding on every bus stop in one 
neighbourhood. 
 
p=SUM(pstopI: pstopJ) 
 
pstopI-J  Passengers boarding on bus stop (I-J) 
 
The primary bus network has a central stop (Stora torget) on the main square 
in the city of Karlstad. It has very strong image and location in the network 
contributed by vibrant and pleasant waiting environment. It is very unlikely that 
transfers will occur in any other bus stop in the neighbourhoods then on Stora 
torget. Intentionally I did not include this bus stop in the analysis to make 
parallel between boardings and daily journeys. Without transfers each boarding 
can be regarded as one origin of a journey. Number of journeys and number of 
journeys per bus hour are most common performance measurements for bus 
transport demand (Balcombe et al., 2004:7; TCRP, 2003). Passenger boarding 
corresponds to number of journeys and p describes number of bus journeys 
from one neighbourhood in one day. 
Three rates describe the bus service as capacity and costs by distance (vehicle 
kilometres) and time (hour of service). Most bus service variables are dynamic 
and flexible to immediate changes and operation optimizations. I generalized 
and fixed these dynamics using the simplest formulas below:  
 
pbus=p/nbus 
pbusKM=p/SUM(llineI: llineJ) 
pbusKM=p/SUM(llineI/vlineI: llineJ/vlineI) 
 
nbus  Number of buses  
llineI-J Length of bus line (I-J)  
vlineI-J Speed of bus line (I-J)  
 
I counted the buses from the Karlstadsbuss’s schedule and number of buses is 
a daily mean of a weekly bus service. The length of bus lines includes only the 
distances of the bus lines in the neighbourhoods. The distances in the 
neighbourhoods were measured in ArcGIS by using overlay. The speed of the 
bus lines is calculated by segments, from the start to Stora torget and from 
Stora torget to the end of the line. The travelling times on the segments were 
included in the schedule and distances also measured in ArcGIS. 
 



I did a regression analysis playing with various community variables to capture 
the characteristics of the neighbourhood. The stepwise regression analysis done 
in SPSS shows that students and study places explain for 48.2% of the number 
of journeys, while the aggregate of population and work places 32.7%. If we 
add the population and work places and make an aggregate the statistical 
explanation increases to 64.8%. 
 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 
1 0.694a 0.482 0.473 168.760 
2 0.769b 0.592 0.576 151.298 
3 0.805c 0.648 0.628 141.767 
a. Predictors: (Constant), Students and study places 
b. Predictors: (Constant), Students and study places. Population 
c. Predictors: (Constant), Students and study places, Population, Work places 
Model R R Square Adjusted R Square Std. Error of the Estimate 
4 0.572a 0.327 0.315 192.384 
a. Predictors: (Constant), Population and work places 
Coefficientsa  

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 (Constant) 126.783 24.504  5.174 0.000 

Students and study places 0.406 0.058 0.694 7.027 0.000 
2 (Constant) 39.584 32.064  1.235 0.223 

Students and study places 0.376 0.052 0.643 7.171 0.000 
Population 0.097 0.026 0.335 3.734 0.000 

3 (Constant) 7.209 32.094  0.225 0.823 
Students and study places 0.343 0.050 0.586 6.791 0.000 
Population 0.103 0.024 0.356 4.218 0.000 
Work places 0.104 0.036 0.245 2.868 0.006 

4 (Constant) 14.906 43.258  0.345 0.732 
Population and work places 0.140 0.028 0.572 5.077 0.000 

a. Dependent Variable: Passengers boarding 

Table 4: Regression analysis of community variables and daily bus journeys 

 
The study places are located only in some neighbourhoods, but they influence 
strongly the bus demand. To get better results for passengers boarding per 
population and work place I take out the student bias. I sum population, work 



places and I multiply students and study places with 3 (by the coefficient ratios 
in the regression analysis model) to get a rate per work places, or I multiplied 
students and study places with 1 to get rate per work and study place. 
 
ppwp =p/(npop+nwp+w*nssp) 
 
p  Passengers boarding  
npop  Number of inhabitants excluding students 
nwp  Number of work places 
nssp  Number of students and study places 
w Study places demand weight (w ppwp=3 w ppwsp=1) 
 
The numbers of inhabitants, work places and students are from SCB, whereas I 
added school places (primary schools over the 6th grade, high schools and the 
university) in the neighbourhoods that had education facilities. I received data 
about Karlstad’s University from the municipality of Karlstad. On the website I 
found a list of public schools and I searched the web for the private schools.  
 
In the end I use two rates that look at the performance of the neighbourhoods 
and the buildings. Some neighbourhoods tend to grow horizontally and sprawl 
over wide areas, whereas others are more compact producing wide range of 
building configurations. 
 
ph =p/a 
pfa =p/af 
 
p  Passengers boarding  
a  Area of the neighbourhood 
af  Floor area of the buildings  
 
The first rate reflects on neighbourhood borders and footprint showing how 
many passengers board per hectare. I adjusted the neighbourhood borders by 
their built ‘edges’ (see Lynch, 1960:47) to get better results. I set the borders 
around the edges of the built real properties and axis of streets. The original 
NYKO4 areas include real property areas for both built and not built and all 
the street area was in one NYKO4 area. In the second rate I generalize the 
buildings in the neighbourhoods. I use 100m2 of floor area that roughly 
correspond to one ‘standard house’ to see how many passengers travel by 
‘standardized floor area intensity’. The built environment rates decompose the 
floor area ratio (FAR) that is commonly used in urban planning and design.  
 



I also use secondary variables for demand that combine the parameters in the 
primary and variables that describe the neighbourhoods like population and 
work places per hectare. 

Bus transport 
There are many internal factors that influence bus transport demand (from 
TCRP, 2003, part 3; Balcombe et al., 2004; White, 2009; Holmberg, 2008:274-
9). I used pieces from these various sourcebooks from the Swedish, English 
and American schools to generalize about bus transport characteristics. I also 
used Karl Kotenhoff’s framework for evaluation of BRT systems to make 
parallels between the conventional and new bus transport systems.  
 
There are however some differences between the schools. In the American 
school there is an emphasis on quality of service as umbrella term that includes 
availability as well as comfort and convenience factors. Availability factors 
include accessibility, frequency, capacity and passenger loads, hours of service 
and service coverage. Comfort and convenience factors include reliability, 
travel time, safety and security, appearance and comfort, and cost. In the 
Swedish school the same factors exist, just there is emphasize on the travel time 
and accessibility as most important, especially the travel time ratios compared 
to the car, as well as quality factors as reliability and information. In the British 
school which is very similar to the Swedish there is an emphasis on customers 
and marketing that cannot be grasped with this aggregate study, but also factors 
like fares, travel time, competition between the travel modes and many 
perception factors exist with wide range of short and long term elasticities 
(Balcombe et al., 2004).  
 
I do not take in consideration factors like reliability, convenience and comfort, 
fares or information with assumption that they do not vary in the primary bus 
network. I have data only about the primary network where the bus lines and 
stops are standardized. These factors will be included in studies of other cities 
to capture the difference between the bus networks.  
 
I focus on factors like capacity, availability and accessibility that vary for each 
neighbourhood. I also conceptualized the factors to fit the framework for 
evaluation BRT service (see Karl Kotenhoff et al., 2009) in order to be able to 
comparisons with new bus technologies like BTS and BRT. Capacity and 
availability includes per day (Monday-Thursday, Friday, Saturday and Sunday) 
and in peak frequencies as well as the span of service, bus hour and kilometres 
in the neighbourhoods. The capacity and frequencies are operational and 
optimized to fit the demand and they have to correlate to the demand.  



 
The accessibility can be conceived on various levels and scales, as ways or 
routes to reach one bus stop or other destination, coverage, interplay of costs 
like distances and time. I used ArcGIS’s to analyze the distances and time of 
the bus and car network of the city of Karlstad. I did not take in consideration 
transfers or network effects, but direct accessibility and its costs in distances 
and time. I also used simpler measurements as access to the bus network as 
distance and access to number of bus stops. 
 
The coverage of the bus service deals with accessibility. Each bus line has 
buffer, an area that covers roughly 300 metres around the line. I overlaid the 
buffers of the bus lines going from one neighbourhood with NYKO4 areas in 
ArcGIS and I calculated how many people, work places, area, real properties, 
buildings, floor areas are accessible by direct bus line from the neighbourhood. 
 
The accessibility can represent distances as well as depths to locations. The 
depth shows the number of sequences as nodes or links in the network on the 
way to or from some location. I calculated network and Euclidean distance and 
depth from the city centre to the neighbourhood, as well as mean, median and 
maximum either network or Euclidean walking distances to the bus stops from 
the buildings in the neighbourhoods.  
 
Another measurement for accessibility and competitiveness of bus with cars are 
the travel time ratios. I calculate the sums of travel times by bus and car from 
the neighbourhood centroids to the city centre (central point in Stora torget) 
and to each other neighbourhood from another and I make ratio of them. The 
travel time by bus is perceived journey time and includes generalized costs for 
walking, waiting and in vehicle time. The walking and waiting time for the bus 
are weighted double. The walking time is calculated by the mean network 
distances from each building to the bus stops. The waiting time is the half of 
the mean headway or 10 minutes if the headway is more then 20 minutes. The 
perceived journey time by car includes 5 minutes penalty for parking and 
walking to the car.  
 
The concept of level of services is widely used in public transport to describe 
and capture anomalies. A frequency of 9 buses is in a same level of services as a 
frequency of 6 buses per hour and they should have similar effect on the 
demand. A speed of 20km/h is not as double better then a speed of 10km/h.  



Levels of service 
The levels of service are adapted from the TCRP manual (2003, part 3) and 
displayed on the table below. I made the categories for the travel time ratios 
against the car according the empirical data from the Stockholm region about 
travel time ratios against the car and the share of public transport use (see 
RTK, 2001) 
 

Level of 
service 

Frequency 
(in peaks)  

Hours 
of 
service 

Speed 
(km/h) Directness 

Travel time ratios 
against the car (share of 
public transport) 

A >10 (>5) 19-24 >30 100-130% <1.5 (30-100%) 
B 6-10 (3-5) 17-19 25-30 130-150% 1.5-2 (20-70%) 
C 3-6 (2.5-3) 14-17 20-25 150-170% 2-2.5 (10-50%) 
D 2-3 (1.5-2.5) 12-14 15-20 170-210% 2.5-3 (10-30%) 
E 1-2  (1-1.5) 3-11 10-15 210-250% 3-4 (5-30%) 
F <1 0-3 <10 >250% >4 (<10%) 

Table 5: Levels of service in the bus transport 

 
The frequency level of service shows number of buses in the rush hours. The 
frequency in brackets is adjusted to examine the service in the city of Karlstad. 
The directness illustrates the relation between network and Euclidean distance 
of the bus lines. The travel time ratios show the difference in travel times by 
car and public transport, whereas the percentages in brackets are assumptions 
about the share of public transport for the various levels of service. 

Tests of optimums for BRT and TOD 
Public transport depends much on experience and testing. Its planning is often 
done heuristically, by rules of thumbs or traditions. The optimums are always 
assumed and tried out. I assume here some optimums for neighbourhood size, 
orientation towards public transport, distance of the neighbourhood from the 
city and distances between bus stops. A regular bus stop attracts people in an 
optimal radius of 300 meters. A railway or bus station can extend that radius to 
600 or even 1200 meters. A neighbourhood can be designed to optimally fit 
these gravities. If the neighbourhood is built in a shorter radius there is a 
possibility of development within the perimeter and vice versa it is not oriented 
to public transport if it is has sprawled beyond the optimum. These optimums 
can be tracked by analyzing the walking distances in GIS for example, both 
network and Euclidean. Here I test how the optimums of walking distances 
affect the passengers boarding per population and work place. The 



neighbourhood radius is assumed to be double of the mean of the Euclidean 
walking distances. 
 

Tentative 
levels 

Walking distance (mean) Minimum 
walking 
distance 

‘Optimal distance’ to the 
city centre (30km/h) 

to a regular 
bus stop 

to a BRT 
station 

A 150-200 m  250-300 m 0-10 m 5-7.5 km (10-15 min) 
B 100-150 m 150-250 m 10-30 m 2.5-5 km (5-10 min) 
C 50-100 m 100-150 m  30-50 m  7.5-12.5 km (15-25 min) 
D 200-300 m 300-400 m 50-100 m 1-2.5 km (2-5 min) 
E 300-500 m 400-600 m 100-150 m <1 km (25-40 min) 
F <50 or  

>500 m 
<100 or  
>600 m 

>150 m >12.5 km 

Table 6: Test of optimums for neighbourhood sizes  

 
The best competitive travel times for public transport on ground are achieved 
on neither too short nor too long distances. People prefer to walk and cycle on 
shorter and drive on longer. These optimums depend on the travel speed of the 
system, but people by the rule of thumb will not easily choose travelling more 
then 30 minutes to work or 1 hour per day back and forward. 
 
Tentative 
levels 

‘Optimal distance’ between bus 
stops in conventional service 

‘Optimal distance’ between bus 
stations in BRT 

A 250-350 400-600 
B 350-450 300-400  
C 450-600 600-800 
D 600-800 800-1600 
E 150-250 200-300 
F <150 or >800 <200 or >1600 

Table 7: Test of optimums for distance between bus stops and BRT 

 
In the end I test how the distance among bus stop influences how many 
passengers per population and work place board the buses. I examine with two 
optimal tentative levels by conventional and BRT configurations. The optimal 
distance for the BRT stations is further developed from the framework for 
evaluation of BRT (Karl Kottenhoff at al., 2009). 



Neighbourhoods 
The variables from BILPAK, AMPAK and FASTPAK, the statistical packages 
from SCB make the core of the neighbourhood database in Karlstad. The 
surveyed characteristics complete the database. I focus on the measurable and 
quantifiable. Some categories like building types and sizes are conceived to help 
negotiate urban development and transformation of neighbourhoods. 

AMPAK 
AMPAK shows statistics about the labour market and commuting. It includes 
detailed data by categories of jobs and company types, per NYKO4 area, 
number of commuters out and in the neighbourhood, as well as amounts of 
paid gross salaries per category of jobs on municipality level. I calculated the 
amounts of gross salaries per neighbourhood by multiplying the number of 
jobs within one category with the mean gross salaries.  

Population statistics 
The population statistics consists of age groups and students. I received the 
data from the Karlstad’s municipality. I manually coded study places in the 
neighbourhoods with schools over the sixth grade, high schools and the 
university to better capture the student travel pattern and demand.  

BILPAK 
BILPAK is statistical package about privately owned cars by persons, one 
person companies and households per NYKO4 area. The car ownership is 
often emphasized as one of the most important detractors of public transport. 
The competition between private and public transport however is not limited 
only to car ownership, but also to availability of parking and travel time ratios. 

FASTPAK 
FASTPAK includes detailed statistics about buildings, real property and the 
built environment per NYKO4 area. There are several categories of land uses 
according their taxation: 
 
 Agricultural and forestry (translated in Swedish: lantbruk) 
 One or two-dwelling translated in Swedish: småhus) 
 Multi-dwelling and commercial (translated in Swedish: hyreshus)  
 Industrial (translated in Swedish: industri)  
 Special (translated in Swedish: specialfastighet) which include institutions, 

community services, assembly, leisure and recreation and defense 
installations 



Function 
There are established land uses in urban planning that are not considered in the 
FASTPAK. I used the Swedish and British land use classification systems to 
categorize the functions in the various neighbourhoods as: 
 
 Mixed (translated in Swedish: blandstad)  
 Agricultural and forestry (translated in Swedish: lantbruk) 
 Residential (translated in Swedish: bostäder, bostadsområde) 
 Retail and professional services (translated in Swedish: centrum, handelsområde, 

köpcentrum)  
 Business and industrial (translated in Swedish: industri- eller arbetsområde, 

verksamhetsområde) 
 Community services (translated in Swedish: samhällstjänster)  
 Assembly and leisure (translated in Swedish: iddrots- eller rekreationsområde) 

 
The land use classification systems do not include mixed land uses as separate 
categories. I define mixed functions simply as vertical combinations of various 
land uses or combinations of land uses that are horizontal, but within one 
urban block. There are three functional characteristics. Composite function is a 
combination of all the functions in the neighbourhood. Distinctive function is 
the main function of the neighbourhood. Each neighbourhood is in the end 
attributed with three categories for each function (‘Yes’ if it is the distinctive 
function in the neighbourhood, ‘Partly’ if it is not or ‘No’ if there is no such 
function in the neighbourhood). 
 
Urban diversity can be also quantified using population and work places or 
residential and commercial floor area in the neighbourhood. In average the 
labour force is 50-60% of the population and that would be the percentage of 
work place if we have contained ‘community’. I categorize urban diversity by 
classes. If the ratio of population is over 80% of the sum of population and 
work places it is residential neighbourhood. If the ratio is 80-20% it is mixed 
neighbourhood and in the end of the ratio is lower than 20% it is a work area. 

Configuration  
The configuration deals with urban form and includes arrangements of streets 
and buildings, building types and sizes, alignment to the bus transport to the 
neighbourhood and configuration of the bus line. I simplified the street 
configurations from the variety of classifications compiled in Stephen Marshal’s 
book Streets and patterns. His research on urban form and patterns also inspired 
my classifications of the neighbourhoods.  



 
I added number of intersections (total, X, T or cul-de-sacs) and number of 
intersection per square kilometre as variables. The heuristic argument is that 
interconnectivity of streets influences walking and thereafter the use of public 
transport. The elasticity of intersection density as strongest design factor is 0.23 
to 0.29 (Ewing and Cervero, 2010:274). The calculations were done in ArcGIS 
in a network that was modified in VISUM. VISUM automatically calculates the 
number of links that connect each node.  
 
 

 
Figure 3: Sketch of configurations of streets 

 
The configuration of streets (hybrid, linear, tree, radial and cellular) and buildings 
(detached, semi-detached, in rows, in blocks, as diagrams or in quasi-blocks and complexes) 
are illustrated on the sketches above and below.  
 
 

 
Figure 4: Sketch of configurations of buildings 



The configuration of buildings does not influence the bus transport directly, 
but certain configurations like buildings in blocks, buildings as diagrams or in 
quasi-blocks or building complexes, even buildings in rows are completed and 
they are very rigid to changes. I have also organized the configurations by 
inflexibility (from left to right).  
 
I use five building types (single, block, enclosed block, tower and complex) and height 
of buildings. I make difference only by low-rise, high-rise, low-rise and high-
rise buildings. I want to simplify the building configurations and relate to the 
further research in residential preferences and preferences for urban 
development and change. It is easier to discuss single building versus blocks or 
low-rise and high-rise or single building versus tower with the general public 
then to go in details. 
 
The last configuration characteristic includes alignment of the neighbourhood 
(central, lateral, external and terminus) to the public transport and by configuration 
of the bus lines (core, convoy, corridor or line). I attributed (‘Yes’ if it is the 
distinctive ‘Partly’ if it is not or ‘No’ if there is no such for alignment. The 
drawing below illustrates the categories. 

 
Figure 5: Sketch of alignments of the neighbourhood to the public transport 

 

 
Figure 6: Sketch of configurations in the public transport lines 



The categorization is done like for function with distinctive and composite 
categories and by each category (‘Yes’ if it is distinctive in the neighbourhood, 
‘Partly’ if it is not, but is exists, or ‘No’ if it does not exist).  

Character 
The character is probably the most comprehensive and complex characteristic 
of neighbourhoods that unifies many or emphasizes some characteristics. It is 
broad or narrow describer for urban form, density and diversity. Here I use 
character and neighbourhood type interchangeable. I categorize the character 
by the urban typology that was described in the research front review and by 
expanding on the main planning paradigms in Sweden that were suggested by 
Johan Rådberg (1988). In the list I add the vernacular and postmodern 
neighbourhoods to his original three planning doctrines or paradigms.  
 
 Urban by (1-2 storeys, ~10%, far 0.10) (translated: urban village) 
 Trästad (1-3 storeys, 25-50%, far 0.25-1.50) (translated: wooden city 

neighbourhoods) 
 Stenstad (3-7 storeys, 50-90%, far 1.5-6) (translated: stone city 

neighbourhoods) 
 Ursprunglig stadskärna (1-8 storeys, 50-90%, far 0.5-5) (translated: 

embryonic, irregular or unplanned city core) 
 
The vernacular neighbourhoods occurred randomly from the beginning of 
humanity in many forms. They cannot be pinned to certain age or have no 
planning paradigm. These neighbourhoods include haphazardly grown and 
agglomerated villages and embryonic and unplanned city cores. 
 
 Småstadskvarter (2-4 storeys, 50-90%, far 1-3) (translated: small scale city 

neighbourhoods in urban blocks) 
 Storstadskvarter (4-8 storeys, 50-90%, far 2-5) (translated: large scale city 

neighbourhoods in urban blocks) 
 Storstadsstorgårdskvarter (4-8 storeys, 50-90%, far 2-5) (translated: large 

scale city neighbourhoods in urban blocks with spacious courtyards) 
 Skyskrapor i kringbyggda kvarter (18-110 storeys, 50-90%, far 10-44) 

(translated: city of skyscrapers in urban blocks that does not exist in Sweden, 
but it is the final evolution today of the classical city of urban blocks). 

 
The classical and neoclassical neighbourhoods include planned city cores by 
various regulations that emerged from the antiquity and consecutively until 
today in its eclectic neoclassicism or neotraditionalism.  



 
 Trädgårdsstad (1-3 storeys, 10-50%, far 0.10-0.50) (garden city 

neighbourhood with mix of functions) 
 Villastad (1-3 storeys, 10-50%, far 0.10-0.50) (translated: area with detached 

houses in regular, rectangular internal street network without cul-de-sacs) 
 Småhusområde (1-2 storeys, 10-25%, far 0.10-0.25) (translated: area with 

detached houses with hierarchical street network often with many cul-de-
sacs reaching each house or cluster of houses) 

 Radhusområde (1-2 storeys, ~25%, far 0.25-0.50) (translated: area with 
row houses) 

 Gårdhusområde (1-3 storeys, ~75%, far 0.70-2) (translated: area with 
quadrangles)  

 
The garden city emerged in the end of the nineteen century as critique of the 
overcrowded, unhealthy, polluted and dangerous industrial city that kept its 
classical and neoclassical form with staggering densities and poor conditions of 
life. Very few garden cities were built according the paradigm as contained 
communities in nature (Hall, 2002:87-141). In the twentieth century the garden 
city metamorphosed in an eclectic garden suburb or suburb in nature with 
variety of detached, semi-detached, row houses and quadrangle configurations 
and architectural styles.  
 
 Storskalig funktionalistisk stad (over 3 storeys, 10-30%, far 1-10) (large 

scale modernist city neighbourhood with mix of functions) 
 Småskaligt funktionalistiskt bostadsområde (to 3 storeys, 10-30%, far 

0.30-1) (small scale modernist residential area) 
 Storskaligt funktionalistiskt bostadsområde (over 3 storeys, 10-30%, far 

1-10) (large scale modernist residential area) 
 Centrum (1-30 storeys, 10-50%, far 0.10-10) (modernist centres) 
 Köpcentrum eller handelsområde (1-3 storeys, ~10%, far 0.10-0.25) 

(shopping centres and areas) 
 Industri- eller arbetsområde (1-30 storeys, 10-30%, far 0.10-10) 

(commercial or industrial parks, areas or complexes) 
 Idrottspark eller rekreationsområde (1-3 storeys, ~10%, far 0.10-0.25) 

(sport, recreational or leisure parks, areas or complexes) 
 Institutionspark (1-10 storeys, ~10%, far 0.10-1) (community services parks, 

areas or complexes) 
 
 
 



The modernist neighbourhoods emerged in the 1920s and mainstreamed after 
World War Two. Heavily criticized from the 1960s it has strong roots even 
today. The modern neighbourhoods before World War Two had small scale 
and they were located peripherally to the historical cities. After World War Two 
the modernism became a leading planning paradigm. The architects and 
planners cleared the slums of the historical cores and improved the standards 
of life, but on the other side the standardization caused uniformity and 
boredom. There is incredible creativity and variety of urban patterns within the 
modernist paradigm. The buildings were almost always arranged as diagrams or 
as complexes, striving to monumental timelessness. The neighbourhoods were 
envisioned and authored as completed, closed and efficient systems for living, 
working and leisure on smaller or larger scales. They stand very rigid to changes 
and often out of context. The modernist neighbourhoods can be conceived as a 
whole, functional entity or modernist city or as functional parts. 
 
 Nyare kvarter- eller kvasikvarterstad (3-6 storeys, 30-50%, far 0.90-3) 

(translated: city neighbourhoods in quasi-urban blocks) 
 Neofunktionalistiskt bostadsområde (3-6 storeys, 30-50%, far 0.90-3) 

(translated: small scale neomodernist residential area) 
 
The postmodernism emerged as critique of the boredom modernism and it is 
deeply eclectic selectively choosing pieces or returning completely to some of 
the preceding paradigms. Large part of the planning is deeply neomodernist 
today still enriching the extensive database of urban diagrams and patterns. 
There is one striking hybrid that reaches into the classical and liberated the 
enclosed urban blocks with arrangements as quasi-urban blocks. They are 
timeless and fixed as the most lucid modernist diagrams and therefore are as 
inflexible to changes. The other historical reminiscence besides the redesign of 
traditional urban core is the improvement of the modernist block in nature that 
has great reputation and liveability attractiveness in Sweden. The neomodernist 
block is refurbished with balconies and wider windows. 
 
In the end, as conclusion of the review of neighbourhood types and to simplify 
and group I classify the neighbourhoods by historical artefacts, haphazard 
possibilities and foundations for postmodernist inspirations. This classification 
reflects on the present conceptions.  
 
The first neighbourhood type includes haphazardly grown villages around 
cities. The following two are historical neighbourhoods. The last three 
represent the tendencies in the planning in recent years, towards single and 
multifamily housing neighbourhoods. The first stream in multifamily housing 



draws inspiration from the classical city of urban blocks, whereas the second 
from the best examples of modernist blocks in nature. 
 
 Urban by (includes the same category) 
 Trädgårdsstad (includes all the older single house neighbourhoods) 
 Traditionell kvartersstad eller stadskärna (includes the historical city 

cores and enclosed urban blocks neighbourhood) 
 Eklektisk eller funktionalistisk trädgårdsstad (includes the newer single 

house neighbourhoods) 
 Funktionalistisk eller neofunktionalistisk stad (includes the older and 

newer functional neighbourhoods) 
 Nyare kvarter- och kvasikvartersstad (includes the newer enclosed or 

partially enclosed urban blocks neighbourhood) 
 
.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Results 

Bus transport 
The bus capacity, frequencies and span of service are optimized operationally 
to fit the demand and they have to correlate and show significant results. 
Passengers boarding correlates with number of buses, bus kilometres and hours 
and the span of service in the neighbourhoods (see the tables about capacity, 
availability and accessibility in the Appendix: Bus transport in Karlstad) with an 
explanation interval 25-35% (see the table below). 
 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 
1 0.553a 0.306 0.293 202.503 
a. Predictors: (Constant), BUSES DAY 
2 0.517a 0.267 0.253 208.098 
a. Predictors: (Constant), BUS HOURS DAY 
3 0.599a 0.359 0.347 194.55 
a. Predictors: (Constant), BUS KM DAY 
Coefficientsa  

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 
 

(Constant) -2.528 48.762  -0.052 0.959 
BUSES 2.983 0.618 0.553 4.831 0 

2 
 

(Constant) 2.351 43.67  0.054 0.957 
BUS KM DAY  3.261 0.598 0.599 5.45 0 

3 
 

(Constant) 105.331 34.388  3.063 0.003 
BUS HOURS DAY 8.045 1.832 0.517 4.392 0 

a. Dependent Variable: Passengers boarding 

Table 8: Regression analysis of bus capacity and journeys 

 
The direct correlation with accessibility variables that generalize on coverage or 
on ‘direct access by bus to’ shows significant results for all bus transport and 
neighbourhood variables like directly accessible bus stops and kilometres in the 
network or accessible population and work places. It means as wider the ‘access 
to’ is there are more bus journeys. The chart below shows correlation to 
population and work places.  
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Chart 1: Direct coverage of population and work places by bus versus demand 
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Chart 2: Network and Euclidean distances to the city centre versus passengers 
boarding per population and work places 



 
Other variables like directness of the bus lines, network or Euclidean distance 
(displayed on the chart above), depth, speed (except maximum speed), travel 
time ratios (displayed on the chart below) showed insignificant results when 
compared with the rates (the results about accessibility are also included in the 
tables in Appendix: Bus transport in Karlstad).  
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Chart 3: Bus/car travel time ratios versus passengers boarding per population 
and work place 

 
I also analyze the levels of service to see the ‘by class’ effect of the bus 
transport service on the demand.  

Level of services 
In the general linear model analysis I use three rates, per population and work 
places, population and work and study places and per floor area, as dependent 
variables versus the levels of services (A-F) as fixed factors in SPSS. The 
 
There are two analyses of frequencies. In the first one the levels of service are 
as prescribed by TCRP and the American manual for public transport. In the 
second analysis I modified the classes in tentative levels that better describe the 
bus service in Karlstad where there are no A or B levels of service. 



 
The results (displayed on the table below) show highest means for ‘passengers 
boarding per’ for the highest level of service, but with fairly small sample sizes 
(just two levels have samples higher then N=30). There is also incoherence in 
the classes. The class or classes with high samples like D in the middle tend to 
have the lowest means that is roughly -10% of the total mean.  
 
Dependent Variable: 
Passengers boarding per 
population and work places 

Dependent Variable: 
Passengers per 100m2 
of floor area 

LOS Frequency 
 Mean Std. Dev. Mean Std. Dev. N 
C 0.172 0.128 1.288 1.001 5 
D 0.103 0.071 0.313 0.413 46 
E 0.137 0.078 0.340 0.264 4 
Total 0.112 0.079 0.403 0.548 55 
TL Frequency 
A 0.236 0.049 1.610 0.919 2 
B 0.039 0.011 1.370 1.513 2 
C 0.103 0.073 0.258 0.151 30 
D 0.115 0.093 0.440 0.743 13 
E 0.128 0.063 0.346 0.219 8 
Total 0.112 0.079 0.403 0.548 55 
 

Table 9: Descriptive statistics for frequency level of service and tentative levels 

 
The explanation of the demand varies in the general models, but it improves in 
the tentative levels. The tables with parameter estimates for the general linear 
models are displayed in the Appendix: Bus transport results. 
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Dependent 
Variable: 
Passengers 
boarding per 
population and 
work places 

Dependent 
Variable: 
Passengers 
boarding per 
100m2 of floor 
area 

Mean Std. Dev. Mean Std. Dev. N 
B 
  
  
  
  
  
  

A 
  
  
  

A 
  
  

B 0.093 0.050 0.465 0.633 12 
C 0.113 0.079 0.522 0.738 20 
D 0.099 0.069 0.258 0.188 12 

B C 0.018  0.050  1 
B 
  
  

B 
  

C 0.108 0.036 0.320 0.075 3 
D 0.017  0.060  1 

C C 0.134  0.190  1 
C C C C 0.267 0.119 0.367 0.121 3 

D E 0.152 0.085 0.360 0.368 2 
    Total 0.112 0.079 0.403 0.548 55 

Table 10: Descriptive statistics for combinations of hours of service levels 

 
The analysis of the span of service includes the levels of service by the day, for 
Monday to Thursday, Friday, Saturday and Sunday, as well as the interactions 
between them (the combinations of the levels are displayed on the table above).  
 
The results in the combinations are fairly random, whereas the samples are low 
(N<30). We cannot see on these levels if more passengers board if there is 
better level of service. There are sectors in the sample, like the neighbourhoods 
with aggregated C levels of service that generate most passengers.  
 
The explanation coefficients in the general models are also poor for passengers 
boarding per 100m2 of floor area and per population and work and study 
places. The explanation of the demand in the first rate ranges to 21% 
(R2=0.219) for the levels of service on Saturday. The descriptive statistics for 
separate levels of service and parameter estimates tables for the general linear 
models are displayed in the Appendix: Bus transport results. 
 
The charts below illustrate the means, but the samples are very low for many 
levels of service or tentative levels. 
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Chart 4: Frequency and hours of service versus the rate of passengers boarding 
per population and work place 
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Chart 5: Frequency and hours of service versus the rate of passengers boarding 
per 100m2 of floor area 



I looked at the average (mean), maximum and minimum speed and directness 
separately and in combination. 
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 Dependent 
Variable: 
Passengers 
boarding per 
population and 
work places 

Dependent Variable: 
Passengers boarding 
per 100m2 of floor 
area 

Mean Std. Dev. Mean Std. Dev. N 
A A A 0.236 0.049 1.610 0.919 2 
B A B 0.032  2.440  1 

B B 0.100 0.051 0.276 0.149 16 
C 0.134 0.008 0.375 0.035 2 

C A D 0.047  0.300  1 
B B 0.036  0.160  1 

C 0.165 0.086 0.983 1.264 4 
D 0.018  0.050  1 

C C 0.101 0.089 0.222 0.167 18 
D 0.100 0.033 0.290 0.086 4 

D C D 0.224 0.089 0.447 0.242 3 
D D 0.075 0.081 0.220 0.226 2 

  Total 0.112 0.079 0.403 0.548 55 

Table 11: Descriptive statistics for combinations of speed levels 

 
The results in the combinations for speeds are random, whereas the samples 
are low (N<30). We cannot see if more passengers board if there is better level 
of service. There are sectors in the sample with some levels where more 
passengers board, like neighbourhoods with same combinations of levels of 
service (probably bus lines) that generate most passengers. The class or classes 
with higher samples like BBB or CCC tend to have the lowest means that is 
roughly -10% of the total mean for passengers boarding per population and 
work place, and -30-40% for passengers boarding per floor area. 
 
The descriptive statistics for separate level of service and parameter estimates 
tables with varying R2s are displayed in the Appendix: Bus transport results. 
 
The results in the combinations for directness are almost same as for speed, but 
the better results cluster around different levels of service (probably bus lines) 



that generate most passengers. We cannot see with these sample levels (N<30) 
if more passengers board if there is better level of service. The class or classes 
with higher samples like CCC tend to have slightly higher means of the total 
mean for passengers boarding per population and work place, and almost 
+50% for passengers boarding per floor area. 
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Dependent 
Variable: 
Passengers 
boarding per 
population and 
work places 

Dependent Variable: 
Passengers boarding 
per 100m2 of floor 
area 

Mean Std. Dev. Mean Std. Dev. N 
A A A 0.080 0.090 0.153 0.119 6 
B 
  
  

A C 0.096 0.015 0.257 0.055 3 
B 
  

B 0.114 0.050 0.352 0.217 6 
C 0.164 0.067 1.555 1.831 2 

C 
  
  
  

A E 0.018  0.050  1 
B D 0.260  0.660  1 
C 
  

C 0.118 0.070 0.600 0.716 16 
D 0.140  0.400  1 

D 
  
  
  
  
  
  
  

A E 0.226  0.670  1 
B 
  
  

D 0.311  0.480  1 
E 0.130 0.006 0.260 0.099 2 
F 0.047  0.300  1 

C D 0.075 0.051 0.193 0.143 3 
D 
  
  

D 0.130 0.130 0.192 0.063 5 
E 0.162 0.056 0.397 0.247 3 
F 0.047  0.300  1 

E 
  
  

D 
  

D 0.031  0.060  1 
E 0.098 0.046 0.315 0.106 2 

E E 0.017  0.060  1 
F F F 0.055 0.002 0.155 0.007 2 
  Total 0.112 0.079 0.403 0.548 55 

Table 12: Descriptive statistics for combinations of directness levels 

 
The descriptive statistics for separate level of service and parameter estimates 
tables with varying R2s are displayed in the Appendix: Bus transport results. 



 
There results for the combinations for bus/car travel time ratio levels (on the 
table bellow) are most dispersed. The class with highest sample (N=11) like FE 
tend to have lower means -30% of the total mean for passengers boarding per 
population and work place, but slightly higher +10% for passengers boarding 
per floor area with large deviation in the sample. 
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Dependent 
Variable: 
Passengers 
boarding per 
population and 
work places 

Dependent Variable: 
Passengers boarding 
per 100m2 of floor 
area 

Mean Std. Dev. Mean Std. Dev. N 
B C 0.128  0.350  1 
  D 0.040  0.210  1 
  E 0.053 0.015 0.155 0.021 2 
C D 0.051 0.021 0.200 0.057 2 
D B 0.201  0.960  1 
  C 0.064 0.045 1.350 1.541 2 
  D 0.193  0.510  1 
  F 0.077  0.200  1 
E B 0.133 0.121 0.920 1.162 3 
  C 0.127 0.087 0.347 0.281 3 
  D 0.095 0.052 0.273 0.153 4 
  E 0.133 0.105 0.286 0.176 8 
F C 0.260  0.660  1 
  D 0.097 0.042 0.226 0.119 5 
  E 0.089 0.061 0.457 0.811 11 
  F 0.137 0.100 0.283 0.189 9 
 Total 0.112 0.079 0.403 0.548 55 

Table 13: Descriptive statistics for combinations of bus/car travel time ratio 
levels 

 
The descriptive statistics for separate level of service and parameter estimates 
tables with varying R2s are displayed in the Appendix: Bus transport results. 
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Chart 6: Speed, directness and bus/car travel time ratio levels of service versus 
the rate of passengers boarding per population and work place 

 

The charts above and below show the means for passengers boarding per 
population and work place and floor area for speed, directness and bus/car 
travel time ratio levels of service. These results are prone to change with 
increase of the samples in the continuous research. 
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Chart 7: Speed, directness and bus/car travel time ratio levels of service versus 
the rate of passengers boarding per 100m2 of floor area 

 

Tests of optimums for BRT and TOD 
In addition to the conventional levels of service I test three optimums, the size 
of the neighbourhoods in regard to public transport, or the walking distances, 
the distance to the city centre as optimal zone for public transport users and 
distance between stops as optimum for performance of one bus line. The 
walking distances and location of the neighbourhoods are important to achieve 
neighbourhoods that are oriented to public transport. 
 



  
  

Dependent 
Variable: 
Passengers 
boarding per 
population and 
work places 

Dependent 
Variable: 
Passengers per 
100m2 of floor area 

TL radius BUS 
  Mean Std. Dev. Mean Std. Dev. N 
A 150-200 m 0.127 0.080 0.310 0.180 22 
B 100-150 m 0.087 0.048 0.285 0.238 11 
C 50-100 m 0.271  2.260  1 
D 200-300 m 0.075 0.064 0.527 0.876 15 
E 300-500 m 0.141 0.069 0.320 0.197 5 
F <50 or >500 m 0.311  0.480 . 1 
TL radius BUS MAX 
A 300-400 m 0.052 0.023 0.187 0.121 3 

B 200-300 m 0.096 0.004 0.233 0.015 3 
C 100-200 m 0.271  2.260  1 
D 400-600 m 0.096 0.059 0.474 0.614 14 
E 600-1000 m 0.123 0.088 0.383 0.558 24 
F <100 or >1000 m 0.116 0.087 0.285 0.159 10 
TL radius BRT 
A 250-300 m 0.121 0.130 0.350 0.382 2 
B 150-250 m 0.105 0.077 0.401 0.586 35 
C 100-150 m 0.087 0.048 0.285 0.238 11 
D 300-400 m 0.141 0.069 0.320 0.197 5 

F <100 or >600 m 0.291 0.028 1.370 1.259 2 
TL radius BRT MAX 
A 500-600 m 0.089 0.082 0.730 0.908 6 
B 300-500 m 0.088 0.041 0.255 0.119 11 
C 200-300 m 0.096 0.004 0.233 0.015 3 
D 600-800 m 0.128 0.101 0.309 0.224 14 
E 800-1200 m 0.104 0.064 0.421 0.706 14 
F <200 or >1200 m 0.161 0.107 0.583 0.764 7 
Total 0.112 0.079 0.403 0.548 55 

Table 14: Descriptive statistics for combinations of walking distances 
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Dependent 
Variable: 
Passengers 
boarding per 
population and 
work places 

Dependent 
Variable: 
Passengers per 
100m2 of floor 
area 

Mean Std. Dev. Mean Std. Dev. N 
150-200 m 400-600 m 0.097 0.055 0.282 0.180 9 
  600-1000 m 0.157 0.102 0.352 0.206 10 
  <100 or 

>1000 m 
0.114 0.019 0.253 0.060 3 

100-150 m 300-400 m 0.052 0.023 0.187 0.121 3 
  200-300 m 0.096 0.004 0.233 0.015 3 
  400-600 m 0.132 0.069 0.503 0.409 3 
  600-1000 m 0.059 0.032 0.180 0.028 2 
50-100 m 100-200 m 0.271  2.260  1 
200-300 m 400-600 m 0.037 0.008 1.290 1.626 2 
  600-1000 m 0.079 0.066 0.491 0.959 8 
  <100 or 

>1000 m 
0.085 0.076 0.278 0.209 5 

300-500 m 600-1000 m 0.156 0.070 0.345 0.218 4 
  <100 or 

>1000 m 
0.082  0.220  1 

<50 or 
>500 m 

<100 or 
>1000 m 

0.311  0.480  1 

  Total 0.112 0.079 0.403 0.548 55 

Table 15: Descriptive statistics for combinations of walking distances for tests 
according to the tentative classes for the conventional bus stops 

 
The charts above and below show the means for passengers boarding per 
population and work place and floor area for various walking distances for 
conventional and BRT stops. These results are prone to change with increase 
of the samples in the continuous research. 
 
The results in the combinations are fairly random, whereas the samples are low 
(N<30). We can see small trend for increase when the mean walking distance is 
fixed and maximum distances are slightly larger. 
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Dependent 
Variable: 
Passengers 
boarding per 
population and 
work places 

Dependent 
Variable: 
Passengers per 
100m2 of floor 
area 

Mean Std. Dev. Mean Std. Dev. N 
250-300 m 800-1200 m 0.030  0.080  1 

  
<200 or 
>1200 m 

0.213  0.620  1 

150-250 m 500-600 m 0.121 0.130 0.350 0.382 2 
  300-500 m 0.103 0.040 0.283 0.119 6 
  600-800 m 0.137 0.109 0.304 0.227 11 
  800-1200 m 0.096 0.053 0.506 0.828 10 

  
<200 or 
>1200 m 

0.083 0.059 0.167 0.107 3 

100-150 m 500-600 m 0.201  0.960  1 
  300-500 m 0.096 0.004 0.233 0.015 3 
  200-300 m 0.059 0.032 0.180 0.028 2 
  600-800 m 0.087 0.048 0.285 0.238 11 
300-400 m 600-800 m 0.154 0.085 0.250 0.131 3 
  800-1200 m 0.082  0.220  1 
 <200 or 

>1200 m 
0.291 0.028 1.370 1.259 2 

  Total 0.112 0.079 0.403 0.548 55 

Table 16: Descriptive statistics for combinations of walking distances for tests 
according to the tentative classes for BRT stations 

 
The descriptive statistics for walking distances per separate level, distances to 
the city centre and bus stop distances are displayed in the Appendix: Bus transport 
results. 
 
The results for distances to the city centre show that there is Euclidean radius 
of 5-7.5 km where people tend to take the bus more per population and work 
places. The sample is rather low (N<30) though. Within this radius there are 
two sectors with network distances of 1-2.5 and 5-7.5 km where more people 



take the bus, while there are half as many passengers generated in the 2.5-5 km 
sector. This points out to some randomness within the sectors. 
 
The tests with bus stop distances show a tendency to double the passengers 
boarding per population and work place for increase of bus stop distances over 
600 metres. If there are less stops more passengers board. The sample for high 
stop distances (600-800m) is rather low (N=2) though. 

Neighbourhoods 

AMPAK, population and BILPAK 
AMPAK is a statistical package about the labour market and commuting. The 
correlation with the bus transport demand shows significant results for many 
variables of the package. A table with correlations is displayed in the Appendix: 
Neighbourhood results. 
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Chart 8: Workers and work places versus demand 

The correlation with the demand is a bit stronger for workers that live in the 
area, then for work places in the area. For people that live in the 
neighbourhoods the bus transport demand correlates with almost all jobs 
except agriculture and forestry, financial and insurance, and information and 
communication jobs, but the demand correlates with people that work in these 
jobs in the neighbourhoods, but do not live there.  



 
The highest correlation is between the demand is with people that work in 
education. The demand also correlates with number of employees and does not 
correlate with people that own businesses. It also correlates with people that 
work in the local government.  
 
The correlation of bus demand with the population BILPAK, the package 
about private car ownership, shows also significance for many variables. The 
correlations are presented in the Appendix: Neighbourhood results. 
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Chart 9: Population and students versus demand 

 
The strongest correlations are between demand and total population, 
population over 60, students living and attending schools, high schools and 
university, number of households. The correlations with the various age groups 
scatters for population from 40-50, whereas it conforms for age 20-40 and over 
60. 
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Chart 10: Populations from 20-29 and 30-39 versus demand 
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Chart 11: Populations from 60-69 and 70-79 versus demand 



The demand correlates differently with the car ownership and income. I use as 
monthly salary (the variation of salaries is not very large and on neighbourhood 
level almost always exceeds 20000 Swedish crowns) as average or sum for the 
neighbourhood and private cars per 1000 people or households. The table 
below and the following charts illustrate some of the relations. 
 

  

Passengers boarding 
per population and 
work places 

Passengers boarding 
per population and 
work and study places 

Pearson 
Correlation 

Sig. (2-
tailed) 

Pearson 
Correlation 

Sig. (2-
tailed) 

N 

Private cars per 1000 persons -0.279* 0.039 -0.348** 0.009 55 
Private cars per 1000 households -0.164 0.233 -0.258 0.057 55 
Income of the workers that live 
in the area AVERAGE 

-0.351** 0.009 -0.127 0.356 55 

Income of the workers that 
work in the area AVERAGE 

-0.010 0.940 -0.383** 0.004 55 

Income of the workers that live 
in the area SUM 

-0.136 0.324 -0.152 0.268 55 

Income of the workers that 
work in the area SUM 

-0.031 0.824 -0.092 0.505 55 

  
Passengers boarding 
per hectare 

Passengers boarding 
per 100m2 floor area 

Private cars per 1000 persons -0.185 0.177 -0.166 0.225 55 
Private cars per 1000 households -0.339* 0.011 -0.156 0.254 55 
Income of the workers that live 
in the area AVERAGE 

0.057 0.677 0.057 0.678 55 

Income of the workers that 
work in the area AVERAGE 

0.025 0.859 -0.270* 0.046 55 

Income of the workers that live 
in the area SUM 

0.079 0.568 -0.085 0.537 55 

Income of the workers that 
work in the area SUM 

0.301* 0.026 0.068 0.624 55 

Table 17: Correlation coefficients of car ownership and income 

 



y = -0.0005x + 0.318

R2 = 0.1208

y = -0.0001x + 0.2478

R2 = 0.0674

0

0.1

0.2

0.3

0.4

0.5

0.6

0 500 1000
Cars

P
as

se
ng

er
s 

bo
ar

di
ng

 p
er

 p
op

ul
at

io
n 

an
d 

w
or

k 
pl

ac
e

Private cars per
1000 persons

Private cars per
1000 households

Linear (Private cars
per 1000 persons)

Linear (Private cars
per 1000

d

 
Chart 12: Car ownership versus demand 
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Chart 13: Income versus demand 

 



FASTPAK 
FASTPAK is a package that includes statistics about the built environment. 
The correlation analysis also showed significant results for many variables and 
the coefficients are displayed in the Appendix: Neighbourhood results.  
 
The strongest correlation is with special buildings (institutions, assembly and 
community services, leisure and recreation, and defence) followed by 
multifamily and commercial buildings. The correlation extends over area under 
these buildings, numbers of real properties and buildings as well as population 
in these buildings. 
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Chart 14: Area under buildings versus demand 

 
There is significant correlations with the total built area or total residential area, 
whereas there is no significant correlation with total commercial area.  
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Chart 15: Floor area by age versus demand 
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Chart 16: Floor area by use versus demand 

 



Function of the neighbourhoods 
The descriptive statistics and parameters estimates with the R2’s from the 
general linear models for the neighbourhoods by distinctive and composite 
functions and by each function are displayed in the Appendix: Neighbourhood 
results.  
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Chart 17: Passengers boarding per population and work places by function 

 
The neighbourhoods that are distinctively residential (n=41) have lowest mean 
which is around -15% for passengers boarding per population and work places 
and -20% per floor area. The distinctively mixed-use neighbourhoods (n=5) 
have +10% for passengers boarding per population and work places and -10% 
per floor area. The highest means for passengers boarding per population and 
work places are +300% for retail and professional services (n=2) and per floor 
area +600% for community services (n=2). 
 
The neighbourhoods that are partly mixed-use (n=9) have +30% higher mean 
for passengers boarding per population and work places and +130% per floor 
area. The neighbourhoods that are not mixed (n=38) have -10% for passengers 
boarding per population and work places and -25% per floor area. 
 



The distinctive residential neighbourhoods (n=43) have -10% lower mean for 
passengers boarding per population and work places and -5% per floor area. 
The neighbourhoods that are partly residential have +10% higher mean for 
passengers boarding per population and work places and -5% per floor area 
and +60% per floor area. The non residential neighbourhoods (n=5) have 
+50% higher mean for passengers boarding per population and work places 
and -50% per floor area. 
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Chart 18: Passengers boarding per floor area by function 

 
The neighbourhoods that have no community (n=40) or retail and professional 
services (n=44) have -10% lower mean for passengers boarding per population 
and work places, whereas those who have partly (n=14 and n=9) have +10% 
higher mean. 
 
The R2 vary from 0.656 (adjusted R2=0.621) to 0.008. The neighbourhoods 
with community services like schools and universities are only significant 
predictor for the general linear model for passengers boarding per floor area 
with adjusted R2=0.656 (adjusted R2=0.621), whereas all distinctive functions 
are significant predictors for passengers boarding per population and work 
places R2=0.346 (adjusted R2=0.281). By each function retail and professional 
services have highest R2=0.314 (adjusted R2=0.288) for passengers boarding 



per population and work places, whereas community services (R2=0.411, 
adjusted R2=0.389) and mixed-use (R2=0.196, adjusted R2=0.165) have highest 
R2 adjusted for passengers boarding per floor area. 
 

0.000 0.112 0.224

Diversity of residential and
commercial floor area

Diversity of residences and
work places

Passengers boarding per population and work places

Mixed
Residential
Work

 

0.000 0.403 0.806 1.209

Diversity of residential and
commercial floor area

Diversity of residences and
work places

Passengers boarding per 100m2 of floor area

Mixed
Residential
Work

 
Chart 20: Passengers boarding per population and work places and floor area 
by commercial and residential diversities 

 
The results for passengers boarding per population and work places show that 
dominantly working neighbourhoods (n=5 for diversity of population and 
work places and n=6 for diversity of floor areas) have +50 and +80% higher 
means per diversity of population and work places and floor areas, whereas 
residential neighbourhoods (n=42) have -10% lower means for both diversities. 
The mixed neighbourhoods (n=8 for diversity of population and work places 
and n=7 for diversity of floor areas) have -20% lower mean per diversity of 
population and work places and +20% higher per floor areas.  
 
For passengers boarding per floor the mixed neighbourhoods have +50% 
higher mean per diversity of population and work places and +130% higher per 
floor areas. The working neighbourhoods have -50 and -60% lower means per 
diversity of population and work places and floor areas 



The R2 in the general linear model for diversities vary from R2=0.081 (adjusted 
R2=0.046) and R2=0.147 (adjusted R2=-0.114) for passengers boarding per 
population and work places versus population and work places diversity and 
R2=0.171 (adjusted R2=0.621) and R2=0. 0.031 (adjusted R2=-0.006) versus 
floor areas diversity where only the mixed neighbourhoods are significant 
predictor.  

Configuration of the neighbourhoods 
The descriptive statistics for the neighbourhoods by distinctive and composite, 
and by each configuration of streets, with the ANOVA tables and parameter 
estimates are presented as tables in Appendix: Neighbourhood results.  
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Chart 19: Passengers boarding per population and work places by 
configurations of streets  

 
The neighbourhoods with distinctively hybrid configuration of streets (n=3) 
have highest mean for passengers boarding per population and work places 
which is around +65% higher, whereas the mean is -20% lower per floor area. 



The neighbourhoods with linear configuration of streets (n=12) have also high 
mean +65% higher for passengers boarding per population and work places 
and +80% higher per floor area.  
 
The neighbourhoods with distinctively tree or cellular configuration of streets 
(n=16 and n=24) have -5% and -10% lower means for passengers boarding per 
population and work places whereas the mean is -25% and -15% lower mean 
per floor area. While the partly cellular configuration of streets (n=6) increase 
the mean to +25% higher for passengers boarding per population and work 
places the partly tree configurations (n=15) decrease it to almost -30% lower. 
For passengers boarding per floor area the configuration behave opposite. The 
partly cellular configurations decrease the mean to -20% lower and the partly 
tree increase it slightly to -5% lower. 
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Chart 20: Passengers boarding per floor area by configurations of streets 

 
The R2 in the general linear model for configurations of streets are general low 
R2<0.108 (adjusted R2<0.074) without significant predictors.  



 
An argument in the American school is that the intersections influence walking 
and thereafter the use of public transport, but in the correlation of bus demand 
with number of intersections, X, T and cul-de-sacs shows insignificant results. 
The correlation coefficients are presented in a table in Appendix: Neighbourhood 
results. 
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Chart 21: Passengers boarding by intersections and cul-de-sacs  

 
The descriptive statistics for the neighbourhoods by distinctive and composite, 
and by each configuration of buildings, with the ANOVA tables and parameter 
estimates are included in Appendix: Neighbourhood results. 
 
The configurations of buildings are crucial for urban transformation. Buildings 
like complexes or arrangements as diagrams or in quasi-blocks or in urban 
blocks are more rigid and therefore more difficult to change. The results show 
that building complexes (n=6) have +80% higher means for passengers 
boarding per population and work places and +50% higher mean per floor 
area. The detached buildings and buildings in urban blocks which have -10% 
and -15% lower means for passengers boarding per population and work places 
and -15% and -30%  mean per floor area 
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Chart 22: Passengers boarding per population and work places by 
configurations of buildings 
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Chart 23: Passengers boarding per floor area by configurations of buildings 

 
 
 
 



 
The neighbourhoods that have configuration with partly detached buildings 
(n=7) have +40% higher mean for passengers boarding per population and 
work places and +60% higher mean per floor area. The neighbourhoods with 
partly buildings arranged as diagrams or in quasi-blocks configuration (n=5) 
have -20% lower mean for passengers boarding per population and work places 
and -50% higher mean per floor area. 
 
The R2 in the general linear models are low R2<0.135 (adjusted R2<0.102) with 
only building complexes as significant predictor of the demand of the demand 
only for passengers boarding per population and work places.  
 
The deeper exploration in types of buildings summarizes on configuration of 
buildings, while reaching similar results. The single detached and semi-detached 
building and some buildings in shorter rows are included in single. The blocks 
include building in long rows, detached blocks in buildings arranged as 
diagrams or in quasi-blocks. The towers are in some configuration of buildings 
arranged as diagrams or in quasi-blocks. The descriptive statistics, ANOVA 
tables and parameter estimates by distinctive, composite and by each building 
type, are included in Appendix: Neighbourhood results. 
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Chart 24: Passengers boarding per population and work places by building type  



 
The neighbourhoods with complexes (n=10) have +70% higher means for 
passengers boarding per population and work places and +90% higher mean 
per floor area. Neighbourhoods with distinctive blocks (n=14) and enclosed 
blocks (n=4) have -20% lower means for passengers boarding per population 
and work places, whereas -35% and -25% lower mean per floor area. 
 
The R2 in the general linear models are low, but slightly higher then for 
configuration of buildings R2<0.211 (adjusted R2<0.181), again with only 
building complexes as significant predictor of the demand both for passengers 
boarding per population and work places and floor area. 
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Chart 25: Passengers boarding per floor area by building type 

 
The descriptive statistics, ANOVA tables and parameter estimates by sizes of 
buildings are also included in Appendix: Neighbourhood results.  
 
The two category classification gives highest samples and the results come 
closer to the mean. The low-rise buildings (n=32) have +10% higher means for 
passengers boarding per population and work places and +20% higher mean 
per floor area. Neighbourhoods with high-rise buildings (n=15) have -15% 
lower means for passengers boarding per population and work places, whereas 



-25% lower mean per floor area. Neighbourhoods without low-rise buildings 
(n=8) have -45% lower means for passengers boarding per population and 
work places and -25% lower mean per floor area. 
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Chart 26: Passengers boarding per population and work place and per floor 
area by size of buildings 

 
The R2 in the general linear models are among the lowest, R2<0.156 (adjusted 
R2<0.123), with few significant predictors of the demand.  
 
The descriptive statistics for the neighbourhoods, ANOVA tables and 
parameter estimates from the general models by alignment to public transport 
and configuration of the bus lines are displayed in the Appendix: Neighbourhood 
results.  
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Chart 27: Passengers boarding per population and work place and per floor 
area by configuration of the bus lines and alignment to public transport  
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Chart 28: Passengers boarding per bus and per hectare by configuration of the 
bus lines and alignment to public transport  



It is expected that the laterally aligned neighbourhood perform worst, but the 
terminuses in these neighbourhood act as major attractors doubling the mean 
per population and work places. The terminuses have somewhere strong effect, 
whereas somewhere not and there it is fairly random. The effect is different for 
different demand measurements as shown on the charts above and below. 
 
The lateral alignment to public transport (n=21) has +10% higher mean for 
passengers boarding per population and work places whereas the centrally 
aligned neighbourhoods (n=34) -10% lower means due to the terminus bias. 
The results for central alignment for passengers boarding per floor area, per 
bus or per hectare are up to double better then for the laterally aligned 
neighbourhoods. 
 
The configurations of the bus lines as convoys (n=9) have +15% higher means 
for passengers boarding per population and work places and +110% higher 
mean per floor area. 
 
The R2 in the general linear models are low, R2<0.175 (adjusted R2<0.072), 
with few significant predictors of the demand.  

Character of the neighbourhoods 
The character coincides with neighbourhood type and in a more general sense 
with a paradigm of planning. Very often the neighbourhoods are composites of 
neighbourhood types and paradigms of planning. The possible composite 
characters include 8841761993739700000000000000000 total combinations in 
the present framework of neighbourhood types, but many combinations are 
very uncommon. This confirms the complexity and uniqueness argument that 
is fundamental in the postmodern paradigm. It also makes the neighbourhoods 
very difficult to generalizations. The descriptive statistics, ANOVA tables and 
parameter estimates of the general linear models by distinctive, composite, and 
by each character or neighbourhood type are included as tables in the Appendix: 
Neighbourhood results. 
 
The modernist shopping centres and areas (köpcentrum eller handelsområde) 
(n=2) have +300% higher mean for passengers boarding per population and 
work places followed by sport, recreational or leisure parks, areas or complexes 
(idrotts- eller rekreationsområde) (n=1) with +60% higher mean. The large and 
small scale modernist residential areas (storskalig and småskalig bostadsområde) 
(n=10 and n=4) differ from +10% higher mean to -50 lower mean. There are 3 
neighbourhoods that are modernist cities (funktionalistisk stad) that have -10% 
lower mean per population and work places. 
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Chart 29: Passengers boarding per population and work places by character of 
neighbourhoods 

 



The neighbourhoods with single buildings like småhusområde (n=11), villastad 
(n=12) and radhusområde (n=2) have -10% lower, -5% lower and same mean 
for passengers boarding per population and work places. The neighbourhoods 
in urban blocks (småstadskvarter) that are regarded as attractive as the 
neighbourhoods with single buildings (Rådberg, 1997:82-94) have also -10% 
lower mean. Some neighbourhood types like the modernist shopping centres 
and areas (köpcentrum eller handelsområde) or centrums show consistent 
decrease in the mean for ‘Yes’, ‘Partly’ and ‘No’ categories, whereas others like 
småhusområde have consistent increase.  
 
One community services park, area or complex (institutionspark) shows the 
highest mean (+600 higher) for passengers boarding per floor area and the 
mean decreases for ‘Yes’, ‘Partly’ and ‘No’ categories. The large scale modernist 
residential areas (storskalig bostadsområde) (n=10) have +50 higher mean. The 
modernist cities (funktionalistisk stad) have -25% lower mean, whereas the 
shopping centres and areas (köpcentrum eller handelsområde) (n=2) have -10% 
lower mean per floor area. The neighbourhoods with single buildings like 
småhusområde (n=11), villastad and radhusområde have -25% lower, +25% 
higher and -15% mean per floor area. The neighbourhoods in urban blocks 
(småstadskvarter) also have -25% lower mean. 
 
The community services parks, areas or complexes (institutionspark) and sport, 
recreational or leisure parks, areas or complexes (idrotts- eller 
rekreationsområde) have +50% higher mean for passengers boarding per bus 
and small scale city neighbourhoods in urban blocks (småstadskvarter) have 
+300% higher mean for passengers boarding per hectare. The neighbourhoods 
with single buildings like småhusområde (n=11), villastad (n=12) and 
radhusområde (n=2) have -60% lower, -20% lower and -20% lower mean for 
passengers boarding per hectare. The large and small scale modernist residential 
areas (storskalig and småskalig bostadsområde) (n=10 and n=4) differ from 
+50% higher mean to -65 lower mean. 
 
The R2s in the general linear models for passengers boarding per population 
and work places are higher R2=0.315 (adjusted R2=0.289) only for shopping 
centres and areas (köpcentrum eller handelsområde), whereas per floor area are 
higher R2=0.271 (adjusted R2=0.243) for commercial or industrial parks, areas 
or complexes (industri- eller arbetsområde). The other R2s are very low. The 
general linear model has R2=0.171 (adjusted R2=-0.041) for distinctive 
character per population and work places and R2=0.331 (adjusted R2=-0.119) 
per floor area with no significant predictors of the demand.  
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Chart 30: Passengers boarding per floor area by character of neighbourhoods 
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Chart 31: Passengers boarding per bus by character of neighbourhoods 
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Chart 32: Passengers boarding per hectare by character of neighbourhoods 

 
 



The character or the neighbourhood types maybe vaguely explain the bus 
transport demand, but they have high (R2>0.6, adjusted R2>0.5) explanation 
coefficients for population (R2=0.717, adjusted R2=0.646), work places 
(R2=0.781, adjusted R2=0.725) and floor areas (R2=0.848, adjusted R2=0.809) 
densities per hectare. 
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Chart 33: Passengers boarding per population and work place and per floor 
area by planning paradigm  
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Chart 34: Passengers boarding per population and work place and per floor 
area by planning paradigm  

 
The descriptive statistics, ANOVA tables and parameter estimates of the 
general linear models by distinctive, composite, and by each paradigm are 
included as tables in the Appendix: Neighbourhood results. 
 
The R2 in the general linear models for the bus transport demand are very low 
R2>0.05. While the neighbourhood types have very high R2>0.6 (adjusted 
R2>0.5) explanation coefficients for population, work places and floor areas 



per hectare, these numbers are only halved for population (R2=0.233, adjusted 
R2=0.172), while they are very similar for work places (R2=0.755, adjusted 
R2=735) and floor areas (R2=0. 774, adjusted R2=0. 756) per hectare. 
 
Most generally the garden city (trädgårdsstad) neighbourhoods (n=6) have -5% 
lower mean for passengers boarding per population and work places, whereas 
the newer eclectic garden cities (eklektisk trädgårdsstad) (n=19) have -10% 
lower mean. The traditional cities with enclosed urban blocks (traditionell 
kvartersstad eller stadskärna) (n=4) have -15% lower mean. The modernist 
cities (funktionalistisk eller neofunktionalistisk stad) (n=24) in their functionally 
separated parts have +15% higher mean. 
 
For passengers boarding per floor area the garden city (trädgårdsstad) 
neighbourhoods have +50% higher mean, whereas the newer eclectic garden 
cities (eklektisk trädgårdsstad) have -30% lower mean. The modernist cities 
(funktionalistisk eller neofunktionalistisk stad) have +15% higher mean, 
whereas the traditional cities with enclosed urban blocks (traditionell 
kvartersstad eller stadskärna) have -30% lower mean.  
 
The traditional cities with enclosed urban blocks (traditionell kvartersstad eller 
stadskärna) have +300% higher mean for passengers boarding per hectare, 
double then the modernist cities (funktionalistisk eller neofunktionalistisk stad) 
with +50% higher mean and roughly six times more then the garden city 
(trädgårdsstad) neighbourhoods with -40% higher mean and the newer eclectic 
garden cities (eklektisk trädgårdsstad) with -50% lower mean. 
 
For passengers boarding per bus the tendency is to better results for the the 
modernist cities (funktionalistisk eller neofunktionalistisk stad) with +40% 
higher mean, garden city (trädgårdsstad) neighbourhoods and the newer 
eclectic garden cities (eklektisk trädgårdsstad) revolving around the mean and 
the traditional cities with enclosed urban blocks (traditionell kvartersstad eller 
stadskärna) with -50% lower mean.  
 
 
 
 
 
 
 
 
 



Discussion 

Data and analyses 
The data comes from different sources and I do modifications and 
categorizations, but the overall data quality and inputs are sufficient for the 
analyses. There is probably some error in measurement, but it will not reflect 
the results dramatically. I also tried to be very consistent in the adjustments and 
typology. There is also incomplete picture about the different bus transport 
networks in Karlstad, but the aim is to study the primary networks as is in case 
with BRT and their interrelationship with the neighbourhoods. 
 
Using categorization and general linear models in this scope and detail is new 
approach and not usual for research in transports. The reason is that the scope 
goes beyond the transports in urban planning and design and transformation of 
neighbourhoods. Previous research includes comparisons for example between 
two very similar neighbourhoods (see Cervero and Radisch, 1996) to capture 
their differences. 
 
An exploration of a single city cannot generate much data since there are is 
limited number of neighbourhoods and even smaller number of cases that can 
be analysed. Some neighbourhoods are too diverse to be categorized or they 
are out of the bus network. Karlstad is one of several cities that should be 
surveyed with the same methodology to draw better conclusions. A dramatic 
change of the results might happen in the consecutive research. 

Bus transport 
The bus transport service is dynamic and optimized to fit the demand and that 
confronts the methods of static, average and aggregated. Using any regression 
or general linear model of a causal relationship for dynamic interrelationship is 
ought to be taken with weaker or stronger critique or awareness of possible 
wrong prescription. Weaker awareness is needed for more static variables for 
example like coverage as overall ‘access to’, or configurations of bus lines, stops 
and stop points in the neighbourhoods, whereas stronger for more dynamic 
variables like buses, bus kilometres or hours per period of time. 
 
The aim is to explore and understood the interrelationship triangle as 
aggregates and in detail, and not only in Karlstad, but in other Swedish cities 
and make comparisons between. I do not model or generalize, but I use the 
methodology as exploratory and explanatory. 
 



The results from the correlation and regression analyses correspond with 
studies before like Boris Pushkarev and Jeffrey Zupan (1977:24-7), just the 
explanation coefficients are slightly lower for example for population. In this 
study I did not made factor analysis as for example Cervero (1989) did in his 
study, but it will be direction for the further exploration of the database.  
 
Same awareness should be applied for the analyses of the levels of service and 
tentative levels and the aggregated methodology seems promising if other 
Swedish cities are explored. As I mentioned before the neighbourhood sample 
from only one city is very low and it needs further research with the same 
methodology to capture aggregate effects. The tendency for the higher samples 
however is to equalize around the mean and considering deviations for the 
levels or classes probably also will be important. 

Neighbourhoods 
While urban density is often straightforward rate, for example between 
population and area, urban form is fairly undefined. I use categories like 
configurations, arrangements and typologies to do simplifications on urban 
form. The categorization and making stereotypes is always questionable. The 
generalizations simplify the consensual complexity around neighbourhoods and 
often neglect the details that might be important.  
 
But categorizations and stereotypes are used even in real life. For example 
neighbourhood types are commonly used in Sweden to describe qualities of life 
and I am trying to use this sympathy to publicly negotiate urban transformation 
towards public transport. The rigidity of the neighbourhoods is a major 
obstacle in introduction and integration of new public transport systems. 
Rådberg (1997) already connected neighbourhood type with attractiveness and 
quality and I want to continue in that direction including public transport 
systems, routes and stations in the consecutive research.  
 
The neighbourhood types have high (R2>0.6, adjusted R2>0.5) explanation 
coefficients for population (R2=0.717, adjusted R2=0.646), work places 
(R2=0.781, adjusted R2=0.725) and floor areas (R2=0.848, adjusted R2=0.809) 
densities per hectare, but it needs more research and bigger samples to make 
conclusions how good the neighbourhoods can be explained by its type. 
 
In the question: ‘Does urban density, diversity and form matters for public 
transport?’ the urban diversity is most difficult to define. Robert Cervero has 
suggested entropy of land uses, Peter Calthorpe normative percentages of 
various mixes as I do here, but in reality these measurements are not fully 



applicable especially for the liquid ‘communities’ and neighbourhoods. Our 
lifestyle today requires access to variety of services, some more common, some 
very rare, and not only access to service, but to affordable or quality service. 
We cannot make diversity measurement based on residential and commercial 
floor use. We can have areas with lots of shops, but too expensive or of a same 
type. In my measurement for urban diversity it will show as diverse and mixed 
area, but in reality it will not be. 
 
The pursuit of contained city, city in walking distances which is often dominant 
in urban planning from the anarchist communists like Peter Kropotkin, later by 
Ebenezer Howard and the garden city and today in the ‘green city’ of European 
commission. But this diverse and contained city or neighbourhood is rather an 
ideal today. Those who exist they try to limit the access to various services with 
simpler lifestyles. The tendency of businesses is to cluster in various areas or 
offer cheaper services literally in the middle of nowhere; making urban areas 
very specialized by the market. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Conclusions 

Bus transport 
The results show that more bus transport service and wider coverage causes 
more passengers to board the buses. These results should not be taken without 
wider awareness as prescription. The bus transport service is dynamic and the 
static and summative methodology of aggregations, correlations and regression 
cannot capture their dynamics. 
 
We cannot draw conclusions on aggregates for now if we look at the levels of 
services and tentative levels. The sample sizes are too low. The relevance to the 
BRT is that even in this early stage of low samples the levels of services and 
tentative levels show mush better results for speeds, frequencies and bus stop 
distances. The results are always at least double for the highest levels of services 
and tentative level. 
 
Worth mentioning is that the decomposition of the levels of services and 
tentative levels revealed sectors as combinations of levels (usually highest, but 
not always), or specific bus lines, that perform better then others. In the future 
research a ‘per sector’ methodology with a focus on only one bus line and the 
neighbourhoods along can shed new light on the interrelationship triangle and 
why more people travel by bus from a perspective of a unique bus line. This is 
also relevant for BRT where every bus line should aim to A levels of services, 
but also each bus line should be unique, designed and organized to serve the 
neighbourhoods along. 

Neighbourhoods 
By function for passengers boarding per population and work places the 
mixing is best with partly adding retail, professional and community services. 
But the sample rates are fairly low. The single use residential neighbourhood 
perform lower then the mean for function for passengers boarding per 
population and work places and per floor area. The sample are rather low 
(n=2-5, except residential n>40), but the R2s are not low. 
 
The conclusion is that neighbourhoods from 20-80% mixes are best for 
passengers boarding per floor area, whereas work areas have highest mean for 
passengers boarding per population and work places. The sample are rather low 
(n=5-8). 
 



Overall seems that avoiding only residential areas and mixing with retail, 
professional and community services will improve passengers boarding per 
population and work places and per floor area. 
 
The hierarchical configurations of streets like tree show decrease of the means 
to -10% to -30% lower for partly configurations, whereas linear, distinctive 
hybrids and partly cellular configurations of streets produce increases from 
+20% to +50%. The sample are rather low (n=4-16) and the R2s are low. One 
solution can be designing linear with partly cellular in distinctive hybrids, or 
interconnecting the tree into cellular and further transforming it into partly 
linear configurations (something that is recommended by Peter Calthorpe 
(1993:64) as well). 
 
The inflexible configurations and types of buildings like complexes show best 
results, but it is doubtful that the configuration or the type of buildings are 
factors, since building complexes often imply functions like retail, professional 
and community services. The results however point out that much can be done 
with configurations of partly detached and semi-detached building, buildings in 
rows, single buildings and less flexible configurations like arrangements as 
diagrams or in quasi-blocks or urban blocks, blocks and enclosed blocks. 
 
If we take out the terminus biases the central alignments to public transport are 
better then the lateral, but the effect on bus demand per population and work 
places is meagre compared to the high effects per floor area or per hectare. The 
terminuses of the bus lines can strongly influence the demand per population 
and work places but not in all cases. It seems that there are terminuses that are 
very attractive and ones that are not.  
 
The character or the neighbourhood types vaguely explain the bus transport 
demand, but they have high (R2>0.717, adjusted R2>0.646) explanation 
coefficients for population, work places and floor areas densities per hectare. 
The sample sizes are small, but it seems that neighbourhoods of same type vary 
very little in these parameters and that can be used for planning and design of 
neighbourhood types that will produce demand by hectare in some interval. 

Final words 
What matters for public transport? More population and work places, more 
floor area, bus capacity and speed, wider distances between bus stops, are all 
significant in the neighbourhoods in Karlstad. Increasing population and work 
places densities increases congestion in the urban areas (Gordon and 
Richardson, 2000; Melia et al., 2011), but it also increases number of journeys 



by public bus. If the service is not disturbed by the congestion and the system 
has capacity and speed to compete with the private car, adding buildings, 
residences and work places will increase the attractiveness and use of public 
transport. BRT is a system with capacity and speed to compete with the car on 
some radiuses, but it is necessity to give full priority in the traffic with 
undisturbed busways. The second challenge is to balance the population and 
work places around the stations. 
 
In the end it is not only about the speed and capacity, new public transport 
systems or increasing and balancing urban densities, but there are also other 
factors that go beyond the scope of this study like perceptions, experiences and 
attitudes. It is important to make the public transport very attractive, available, 
accessible even personal. The marketing, franchising and customer orientation 
that are emphasized by the British school play an essential role here.  
 
How can we canalize the liquid ‘communities’ dispersed throughout the regions 
into the public transport? There is a need of some kind of systems thinking and 
participatory planning hybrid. It is about concentration and dispersal of the city 
in its region, along the roads and around the public transport network. The 
planning should accommodate balance of population and work places, but also 
density around the stations. Designing very attractive monofunctional areas out 
of the public transport network or inside, but with high public transport/car 
travel ratios, will decrease the use of public transport and further disperse the 
liquid ‘communities’ from the public transport.   
 
The perceptions and attitudes toward urban development of neighbourhoods, 
living denser and transformation from one to another neighbourhood type are 
also important. Designing BRT line along neighbourhoods that are preserved 
by the laws, have no capacity or preference for transformation will not affect 
the city and its development. The planning should free the neighbourhood and 
make them as welcoming, adaptable, captivating, distinctive and again as much 
as personal and unique. If the character or type is a generalized descriptor of 
one neighbourhood, its name is the unique. The people often identify with the 
neighbourhoods where they live. I lived 20 years in a modernist neighbourhood 
called Aerodrom in Skopje. Aerodrom has over 70000 people and it consists of 
many smaller neighbourhoods. I was 7 when my family moved in the newly 
built neighbourhood with uniform buildings in many colours. We lived in the 
blue buildings that had pink balconies. There was some landscaping, but it was 
destroyed the first years by the people who hated it and the municipality did 
not do anything afterwards. There were no trees or shadows and Skopje can be 
terribly warm in the summers and cold in the winters. But the people in the 



neighbourhood after several struggling years organized themselves and planted 
trees around. Some people opened small shops on the bottom floors of the 
buildings and everyone redecorated their balconies differently. This spread 
throughout the small neighbourhoods as some kind of beatification fever. The 
people associated around that. We, the youths even ‘recycled’ some wood 
beams and plates to make baskets and goals and cleared the jungle of grass and 
thorns that grew in the green areas around to make the football field. We 
created some kind of chaotic, multicoloured and fairly green paradise from the 
uniformed concrete neighbourhood. Aerodrom today is one of the most 
liveable neighbourhoods in Skopje. 
 
The neighbourhoods in the European cities influences people’s lives from early 
ages, particularly the children. They usually walk or take the public bus to 
school, explore the neighbourhood and city and socialize on the streets. But 
these neighbour traditions are slowly dying in Europe with people frequently 
changing addresses, school buses and babysitters for children and finished 
neighbourhoods that do not need any involvement. People cannot even change 
some neighbourhoods due to architect’s copyrights. I lived in Kista for several 
months, a modernist neighbourhood in Stockholm with as ugly architecture as 
Aerodrom in Skopje and there it was forbidden to paint the window from the 
outside in other colour then some kind of brown. The future planning should 
not forbid small details, but enable the neighbourhoods to be places where the 
neighbours can achieve some kind of ‘extension of personality’ as Clarence 
Perry suggests on collective level. The ‘community’ involvement in planning 
and transformation of neighbourhoods can give that ‘extension’ and belonging 
value. Turner (1976) also argues for more open and decentralized planning 
systems that add use value. If that includes public transport it will undoubtedly 
incorporate it in the neighbourhoods.  
  


