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Abstract 

In the past decades, the spatial structure of metropolitan areas has progressively changed 
towards a more polycentric structure. Many researchers have studied this polycentric structure 
in the context of North American and European metropolitans by identifying sub-centers, 
mainly using two methods which are analyzing the employment or population density or 
mobility data. In spite of huge effort in identifying sub-centers, fewer studies characterize the 
identified sub-centers and classify them based on their patterns and features simultaneously. 
And this research will identify sub-centers and then classify them as well.  

Following the introduction of polycentricity and a review of previous methodologies for 
identification and classification of sub-centers, this study introduces two different algorithms: 
flow-based and distance-based for identifying sub-centers based on passenger flows data at 
public transport stations. In addition, the study presents the classification process of identified 
clusters based on time-dependent passenger flows data. Temporal profiles of each cluster are 
created and used to describe their characteristics, and then classification is conducted based on 
hierarchical clustering analysis.  

As a case study, the emergence of polycentric structure in Stockholm County is analyzed using 
public transport passenger flows at each station including metros, commuter trains, buses and 
light rails. After comparing results of the two proposed algorithms, the distance-based is chosen 
for Stockholm case. The identification algorithm yields 17 clusters. These 17 clusters are then 
classified using three different indicators based on flow data by time intervals. As a result, we 
have three classification results. Finally, the classification results are analyzed and synthesized 
by considering the urban environment of clusters and their roles in transport network, 
providing a comprehensive interpretation of resulted clusters. Clusters are classified into seven 
more general classes of center, business, residential, hub or combinations of them. The result 
suggests that each cluster is associated with distinctive functions and they are all active, unlike 
‘’sleeping towns’’, however, clusters in the inner city are still able to generate and attract more 
flows and flows are still more concentrated in the central part, indicating the aim to release 
pressure from central part by polycentric structure hasn’t been fully achieved yet.  
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1. Introduction 

In the past decades, urban landscape keeps changing and one of the greatest changes is the 
urban structure transformation from classical monocentric to polycentric, that is, the 
decentralization of people, jobs, and services from inner dense core of cities to less densely-
developed suburbs. The monocentric model in which central city locations are considered as 
the sole functional point for all types of social and economic activity is no longer seen as the 
norm. In many big cities in North America such as Miami, Los Angeles, and Great Boston, and 
European cities such as Paris and London (Davoudi, 2003), a polycentric urban structure has 
emerged within in urban areas, which is at intra-urban level, also known as ‘meso’ level. The 
polycentric metropolis and its potentials keep appeals to many urban planners, geographers 
and policymakers and it can also be applied to ‘macro’ level of inter-urban scale, implying 
multiple centers within one region, for example, north-west of Europe (Albrechts, 1998)and 
Kansai area in Japan (Batten, 1995). Besides, it is also used in ‘mega’ level by the European 
Union which has agreed to promote polycentric and balanced territorial development (Walsh, 
2012) across the European territory, allowing alternative development patterns to emerge; 
thereby a new pattern of development is initialized across Europe.  

For many years, researchers tried to adjust the monocentric model to the polycentric 
configuration of many modern cities. However, they gradually recognize that several factors 
made this monocentric model far away from the current urban pattern. Simin Davoudi 
(Davoudi, 2003) clearly states six reasons for that, including the rapid decentralization of 
economic activities, the increased mobility due to new transport technologies, the multiplicity 
of travel patterns, the fragmentation of spatial distribution of activities, the changes in 
household structure and lifestyle and the existence of complex cross-commuting.   

Basically, an important cause for this city pattern change is ‘economies of agglomeration’ and 
‘cluster of activity’ (Davoudi, 2003). These concentrated centers are called sub-centers, 
implying that they remain subsidiary to an old center district. Based on several case studies in 
America, Anas et al. (1998) classify two types of sub-centers which are old towns incorporating 
into an expanded urban area and newly spawned centers at nodes of a transportation network. 
The growth of the second group is seen as the most popular pattern in the change of urban 
structure, characterized by located at the nodes of major transport networks. Besides, Gordon 
and Richardson (1996) argued that “if metropolitan spatial structure is largely the result of the 
interaction  between transportation and land use, a sub-center anchored on a suburban mall 
may have more significance than one based on an industrial park, even if the latter generates 
more jobs”. So, mobility data such as trip-generations and commuting flows used for 
identification of sub-centers in polycentric urban structure is fairly reasonable since it enables 
us not just to find employment concentrations, but also some other focal points.  

Furthermore, mobility data also enables us to classify sub-centers since transport data such as 
flows can reveal activity patterns of areas to certain degree.  For example, we expect difference 
between stations in residential area and business districts because the flows of traffic should be 
in opposite directions during commuting periods. Residential areas generate more boarding 
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counts in the morning peak hours while business districts attract more alighting counts at the 
same period, and in the afternoon peak hours, it’s vice versus. Moreover, stations located in 
the hub of network are supposed to be different either to residential areas or business districts, 
since the unbalanced ratio of alighting and boarding may be not that obvious. And if we include 
both weekdays and weekends mobility data, we are also able to observe difference of activity 
patterns between entertainment areas and working areas. 

The aim of this paper is to develop a method of identifying sub-centers based on transport data 
and classify the resulted clusters according to temporal profiles, and then apply it to case study 
of Stockholm, revealing and estimating to what extent a polycentric pattern has emerged in 
Stockholm. 

Stockholm has developed a radial urban pattern form the Old Town over centuries (Nelson, 
2010) and it results in problems of high density and transportation challenges. In the past 50 
years, Stockholm has been transformed from a monocentric city to a polycentric metropolis. 
Almost a century ago, Howard (1898) first put forward the idea of building satellite towns 
connected by inter-municipal railways. And the first-generation of new towns including 
Vällingby (1950-54), Farsta (1953-61) and Skärholmen (1961-68) were built after first three 
Tunnelbana lines (metro) were constructed, and the first-generation new towns are called ABC 
towns (A=housing, B=jobs, C=services). The later generations of new towns including Spånga, 
Kista and Skårpnack in 1970s and 1980s, and each was designed as a more specialized 
community. The backbone of the polycentric Stockholm region is the Tunnelbana rail system. In 
fact, Stockholm’s settlement patterns and rail network are mutually dependent and inseparable. 
The blue print for building Stockholm’s transit metropolis was set about building dense satellite 
centers so that residents are located within walking distance of stations and willing to travel 
without owning private cars and now it seems to be quite successful since Stockholm’s new 
towns average indeed high levels of transit commuting and low automobile dependency 
(Cervero, 1995).   

For the very first time, the concept of polycentricity was introduced in the Regional 
Development Plan of Stockholm in 2001 (Eraydin & Tuna, 2013) known as RUFS2001 (Regional 
Development Plan 2001 for the Stockholm Region- RUFS2001, 2003) which depicted the main 
political goals on the intra-urban level (Marcus, 2009), promoting a polycentric urban structure 
consisting of seven regional sub-centers, including Barkarby-Jakobsberg, Kista-Sollentuna-
Häggvik, Flemingsberg, Södertälje, Täby center-Arninge, Skärholmen-Kungens kurba and 
Haninge center. In 2007, the Office of Regional Planning of Stockholm was commissioned to 
update the regional development plan and RUF2001 should act as an important starting point 
for the work with the new plan of RUFS2010  which was finally approved and published in 2010 
(Johnson, 2012). In Regional Towns in Stockholm (Regionala stadskärnor i Stockholmsregionen- 
Uppföljning av utvecklingen i de yttre regionala stadskärnorna, 2013), it adds one more core of 
Arlanda-Märsta, evolving into eight so-called regional urban cores, showing as follows: 
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Figure 1-1 Eight planning sub-cores of Stockholm (Regionala stadskärnor i Stockholmsregionen, 2013) 

For both regional plans, developing a multi-core spatial structure with dense zones remains to 
be one of the important strategies. The Stockholm region has a dominant central core in inner 
Stockholm with high density of services, housing, jobs, education and etc. By establishing 
polycentric structure, the central core is expected to be relieved from oversaturation pressure; 
moreover, it promotes efficient use of resources. 

In addition to RUFS2010, the new master plan of Stockholm named “Walking City” (known as 
Promenadstaden - Översiktsplan för Stockholm in Swedish) was adopted by the City Council on 
March 15, 2010 and was finally approved on 10 April 2012 (Stockholms stad, 2013), as a 
guideline for the future development of Stockholm. In this plan of Vision 2030, it introduces 
strategies of investigating potentially attractive nodes by infrastructure extensions and creating 
attractive housing in denser urban environment, and connecting city areas by creating and 
supporting a stronger network of strategic nodes in the outer city, reducing barriers. Areas of 
concern in the plan are most likely to be the main activity hubs of Stockholm, for example Kista, 
Liljeholmen, Fruängen and Brommaplan. Many ongoing projects are constructed in these areas, 
such as extension of transportation facilities and lines, more residential housing, more offices 
buildings or public services, aim at making these strategic nodes more functional and complete 
(PROMENADSTADEN Översiktsplan för Stockholm, 2010).  
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Figure 1-2 “Walk City” master plan of Stockholm (Bostadspotential i Stockholm, 2014) 

 

 

So, we notice that polycentricity gradually emerges in Stockholm. As one of the best examples 
of integrated planning of rail transit and urban development, about half of the city residents in 
Stockholm municipality live in planned satellite communities which are linked to the inner city 
by public transport system, resulting in overwhelming high share of public transport (Cervero, 
1995). This fact supports us using data of public transport to identify activity sub-centers in 
Stockholm, discovering whether Stockholm moves till now on the way of polycentricity urban 
structure. And furthermore, we are able to classify these sub-centers based on their patterns 
revealed by data. 

The paper is made out of six main sections. Section 1, Introduction, gives a brief overview on 
the background of this study. The following section 2, Literature Review, provides an overview 
on previous studies and literature published on this topic. Section 3, Methodology, outlines the 
research methods applied in this research. Section 4, Case Study, introduces context of research 
area and data preparation. In section 5, Results, the results will be presented and summarized. 
Finally, section 6, Conclusion, contains concluding remarks and implications.  
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2. Literature Review 

Polycentrism, as one of the greatest changes of urban landscape, has been constantly discussed 
recent years. Many interpretations of this vague concept appear depending on the view of 
different researchers. Yang et al. (2012) define polycentric or multicentric development as the 
decentralized, yet clustered, formation of urban activities. Jaume (2012) defines polycentricity 
as the process by which a city gradually distances itself from a spatial structure characterized by 
the existence of a single employment center, moving towards a new one where various 
employment centers of the same or different hierarchic order coexist. And Francois et al. (2007)           
define polycentrism as the existence of more than one center in a conurbation.  

White, M. J. (1999) has implied three main factors for this urban structure. First of all, scarcity 
and high price of center land make the outer suburbs relatively more attractive. The second 
reason is related to transportation cost of labor force and the products. Final reason is the 
agglomeration economies. But these factors are less researched in European case study. Unlike 
North American cities in which polycentricity  arises mainly from a simple process of 
employment decentralization of the city center (McMillen, 2001), European metropolitan sub-
centers are a result of the evolving of pre-existing hierarchical urban system where the 
different centers have been functionally integrated due to the reduction of transportation costs 
(Jaume, 2012).  

Even if polycentrism is a growing field of study for researchers, there is no clear consensus on 
how to identify. For studies carried out so far, methods can be divided into two categories 
including analyzing employment or population density and studying mobility data (Jaume, 
2012).  

The first category of analyzing density is currently the most commonly used method and can be 
divided into four kinds. The first most straight forward approach uses a reference threshold 
which can be employment density (Giuliano and Kenneth A., 1991), number of jobs or ratio of 
jobs per resident population (Shearmur and Coffey, 2002). The second approach uses a 
criterion based on the identification of density peaks, so areas presenting a local maximum in 
employment density with respect to the surrounding area can be considered as sub-centers 
(Gordon et al., 1986). The third approach is based on identifying positive residuals resulted 
from an econometric estimation of employment density function (McDonald and Prather, 1994). 
The fourth approach has recently been discovered, using spatial statistics tools such as Local 
Indexes of Spatial Autocorrelation (LISA) to identify clusters with higher density than ,its 
surroundings (François Riguelle, 2007). 

However, the above approaches work particularly well for cities evolving by decentralization 
caused by agglomeration economies because the characters these approaches give to sub-
centers are high concentration of employment compared to the surrounding territory. 
Consequently, they are more suitable for some North American metropolitans than European 
Metropolitan. Besides, employment density is a very important index used in the above 
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approaches, so the sub-centers identified by those methods are more likely to be employment 
concentrations while some other activity centers may be ignored.  

Whereas the second method utilizing mobility data showing interaction procedures is more 
sound for European metropolitan areas, which are characterized by integration of historic 
urban centers (Veneri, 2013).  

Different mobility data were used in this method. Bourne  (1989) tests the emergence of new 
urban forms using commuting flows of 27 largest urban areas in Canada. Gordon et al. (1986) 
use trip-generation density for case study of Los Angeles, analyzing the distribution of traffic 
flows and resulted in 18 cub-centers. Burns et al. (2001) identify sub-centers of seven different 
metropolitans in Spain using the criterion of net entry of at least 15% after examination of the 
mobility flows between origin and destination for employment purposes, concluding that 
among the seven cities, Barcelona and Bilbao present visible polycentric structure, while the 
other four including Madrid show a monocentric structure.  Veneri (2013) identifies sub-centers 
of two Italian metropolitans of Rome and Milan using two indicators of flow centrality ratio and 
the productive completeness. The first indicator quantifies how the node plays a central role in 
surrounding territory and the second indictor measures the degree of involvement of a node in 
the surrounding area, in other words, the degree of productivity variety. And Veneri identifies 3 
sub-centers in Rome and 10 sub-centers in Milan. Camille et al. (2011) utlize large scale and 
real-time ‘Oyster’ card database of indicidual person movements in the London subway to 
identify sub-centers and reveal the polycentric structure of the city. They identify sub-centers 
using clustering analsyis based on entangled hierarchical flows. The clustering process is based 
on Eucliean distance which is the natural geographical distance of subway stations attached 
with attributes of their inflows.  

Analyzing mobility data is efficient to find not only sub-centers characterized by employment 
concentrations, but also focal points of metropolitans. Thus in this paper, mobility data is used 
to identify sub-centers.  

Apart from identification of sub-centers, classification of identified centers is also discussed. 
However, very few articles have discussed the identification and classification simultaneously. 
For example, Giuliano & Kenneth A. (1991) clustered the identified 32 clusters into five 
categories including specialized manufacturing, mixed industrial, mixed service, specialized 
entertainment and specialized service. They constitute employment base of each center 
according to industry data, obtaining 32 centers (observations) and 8 industry shares (variables). 
Each observation is able to be described as a point in an eight-dimensional space. Then they use 
clustering algorithms to search for centers that are close to each other in this space, forming a 
new cluster. The distance is the square root of the sum of eight squared difference between the 
industry shares. And they apply the hierarchical clustering to determine the approximate 
number of cluster and then use iterative partitioning to determine the appropriate clusters. 
Bogart and Ferry (1999) characterize and classify sub-centers into three groups including 
downtown, service provision and manufacturing centers by using urban indicators of location 
quotients. Shearmur and J Coffey (2002) classify sub-centers into three clusters including 
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primary poles, secondary poles and isolated poles according to their employment-pole 
structure. Besides these classifications based on employment data, Irina et al. (2012) 
characterize patterns of the three different areas types including residential area, business area 
and transport hub area based on Oyster Card data set which records travel history on the 
London underground, proving that the temporal profiles of flows can reflect patterns of areas 
which provides another way of classification of sub-centers using mobility data.  

In this paper, mobility data is used to identify existence of sub-centers and two different 
algorithms are applied; one of them is similar to Camille Roth et al. (2011) which is based on 
flows counts of stations. And the identified clusters are classified based on dynamic flows data 
since Irina et al. (2012) show the temporal patterns are able to describe characters of areas.  

This paper aims at identifying and classifying clusters of Stockholm by passenger flows data of 
public transport. Marcus Adolphson (2009) has done a research about estimating the urban 
structure changes in the Stockholm region 1991-2004. Three dimensions of polycentricity are 
analyzed in the research including clusters size relation, spatial distribution of clusters and 
potential interaction (accessibility). He concludes that an increasing number of urban nuclei and 
a further hierarchical urban nuclei size distribution combined with an expanded dispersal of the 
urban nuclei appears in the region.  
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3. Methodology 

The research is divided into two parts including activity centers identification and classification. 
The first part is to detect the existing clusters with public transportation data such as passenger 
flows of stations, and the second part is to classify these clusters based on time-dependent 
passenger flows profile. 

3.1. Central Gravity point 
We firstly introduce the calculation of central gravity point which is used to describe the 
average distribution of flows. The concept of central gravity point here coincides with the 
center of mass in physics field. The difference is the weights are measured by passenger flows 
of each station instead of masses in space. Central gravity point is used to find the unique point 
in the flows network that has the property that the weighted position vectors relative to this 
point sum to zero, in other words, it’s the mean location of the distribution of passenger flows 
in the network. It enables us to project the flows distributed in the whole network into one 
point, and we can then compare flows distribution such as for alighting and boarding during 
peak-peak hours by their central gravity points. 

We have to firstly convert latitudes and longitudes (radians) for each location into Cartesian (x, 
y, z) coordinates using the following formula: 

 

 

 

Then the x, y, and z coordinates are multiplied by the weighting factor and added together to 
compute the weighted average x, y, and z coordinates. Here the weighting factor is the flow of 
the station and n is the number of stations included: 

 

 

 

Next, we need to convert the average x, y, z coordinate to latitude and longitude in radians: 

 

 

 



Master Thesis-Yu Zhao Page 9 

 

Finally, we convert form radians to degrees: 

 

 

 

3.2. Identification 
All stations included in the public transport network such as metro stations, bus stations, train 
stations are represented by a node set . Each station s is associated with certain attributes. 
We need to pre-define two parameters of r as the radius of clusters and β as the threshold 
which is used to terminate the identification when certain share of the flows  is allocated to 
clusters. For each cluster , there is one center represented as cc. Assume we have a 
randomly shaped area shown in Figure 3-1. There are 50 stations in the node set  randomly 
distributed in this area and three stations in red are A, B and C. Each station s is associated with 
certain attributes, such as of passenger flows and  of coordinates. Identification is trying 
to cluster the 50 stations into several clusters based on their flows and locations until the 
threshold is met. In other words, it is trying to detect sub-centers which are clusters with 
grouped stations concentrating relatively high flows. Each cluster has one center cc and the 
same pre-defined maximum radius of r.  

 

Figure 3-1 Area with 50 stations randomly distributed 

Two algorithms for identification, flow-based and distance-based, are presented. The input to 
the both algorithms consists of flows records of each station, coordinates of stations, and pre-
determined parameters of radius and threshold. Radius determines the size of each cluster and 
threshold dictates how much flows need to be allocated before the algorithm stops.  The 

A 

B 

C 

S 
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output consists of specific clustering results including number of clusters, the respective centers 
of clusters, stations within the same clusters, and flow counts of clusters.  

3.2.1. Flow-based Algorithm 

In flow-based algorithm, we rank  based on passenger flows , resulted in  which a set of 
ordered stations based on descending flows. If , then , since smaller number 
implies higher ranking order with larger flows. The algorithms starts from the first station in the 
ordered station set , and the stations at top of with larger passenger flows have the 
priority to cluster stations within their radius. In other words, stations will be clustered to the 
center with the highest ranking among all the centers within radius of . It is because the 
clustering process is exactly following the ranking order . For example, stations A, B and C in 
the node set S (Figure 3-1) are with .  Besides, both A and B are centers and C is 
within radius of only A and B among all the other possible centers, then C is determined to be 
clustered to A since when we move to B following , although C is within its radius, it has 
already been clustered to A. In this flow-based algorithm, we expect centers with higher 
rankings may cluster with more stations since they are given the priority of clustering. The 
flowchart of flow-based algorithm is as follows: 
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Figure 3-2 Flowchart of Flow-based algorithm 
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The pseudo code for the flow-based algorithm is as follows: 

for all stations in the node set S 
  sum flows at this station  
endfor 
Rank S based on descending flows, obtaining  
Move along   do 
       for every station s in node set S 
        if s hasn’t been clustered before then 
                           s forms a new cluster cl where s is the center 
                           add in the flow of s to the total assigned flows 
   for every station i with lower ranking than s 
                              if station i hasn’t been clustered before  
                                             AND distance between s and i <= pre-defined radius then 
                                   i is clustered to the center s 
                                         add in the flow of i to the total assigned flows                        
                                 endif 
                           endfor 
               endif 
               if the total assigned flows is up to the threshold 
                           break all loops 
               endif 
         endfor 
                 

 

3.2.2. Distance-based Algorithm 

In distance-based algorithm, we also rank  based on passenger flows , resulting in . So if > 
, then <  since smaller number implies higher ranking order with larger flows and the 

station with the largest flows has .  Compared to flow-based algorithm, stations are 
clustered to the nearest qualified center instead of the one with the highest ranking in , 
which means even if the center has a higher ranking, not all the stations within its radius are 
clustered to it. We need to check if this center is also the nearest one among all the possible 
centers to this station, if not, this station is excluded from this cluster. For example, stations A, 
B and C are in the node set S (Figure 3-1) and .  Besides, both A and B are centers 
and C is within radius of only A and B among all the other possible centers, and C is nearer to B, 
then C is clustered to B instead of A even though A has a higher raking then B, since when we 
come to A following the ranking , we notice although C is within its radius, it is not the 
nearest center to C due to the existing of B, thus C cannot be clustered to A. The flowchart of 
distance-based algorithm is as follows: 
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Figure 3-3 Flowchart of Distance-based algorithm 
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The pseudo code for the distance-based algorithm is as follows: 

for all stations in the node set  
  sum flows at this station in the whole day 
endfor 
Rank  based on descending flows, obtaining  
Move along  do 
for station i from  to the end of the ranking list  
      min_distance=distance between i and  

 for every station s with  
                       if station s is a center AND distance between s and i < min_distance then 
                  min_distance=distance between s and i 
                      record the ranking of the station s  
                       endif 
              endfor 
 
                  if min_distance=distance between i and  then 
           record the ranking as 1 
                 endif 
 
                 if min_distance<= r then 
            station i is clustered to the center s  
                 add in the flow of i to the total assigned flows 
                  if the total assigned flows is up to the threshold 
                                 break all loops 
                                   endif 
                endif 
 
                if min_distance>r then 
           i forms a new cluster cl where i is the center of this cluster 
                  add in the flow of i to the total assigned flows 
                              if the total assigned flows is up to the threshold then 
                                                        break all loops  
                                                 endif 
                                                   for all the stations q with  

                                 if q isn't within r of any other centers cc with , then q is                
unoccupied AND distance between q and i <=r  then 

                                            q becomes occupied 
                                                   add in the flow of q to the total assigned flows 
                                                                  if the total assigned flows is up to the threshold  
                                                         break all loops 
                                                                 endif 
                                         endif 
                                                   endfor 
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                 endif 
endfor 
 
for every station p is occupied  
       find the nearest center cc 
endfor 
                                      
 

Both algorithms applied for the purpose of identification could be appropriate and different 
identification results could be yielded. To select a preferable one, two indicators are used to 
quantify the results, number of clusters and standard deviation (SD) of contribution. The latter 
is used to describe the flow distribution of each cluster to the total assigned flows, so lower SD 
implies that flows of each cluster are more evenly distributed.  As we increase the number 
clusters, SD is expected to decrease, since more clusters result in more evenly distribution of 
flows of each cluster. However, it is not reasonable to increase steadily the number of clusters. 
Thus the considering of both the two indictors is quite necessary.  After choosing the algorithm, 
a sensitivity analysis is necessary to determine the values for parameters and , which are 
used in the algorithm. 

Generally, if the distribution of the network is more dispersed, indicating possible existence of 
natural distances between sub-centers, flow-based algorithm is better because it gives more 
weights to flows of stations. Whereas if the distribution of the network is more concentrated, in 
other words, the flows concentrate in the same part of the network, distance-based algorithm 
is preferred, because it considers more about the distance between the station and the center. 

3.3. Classification 
Classification is to assign the resulted clusters CL into several classes C by agglomerative 
hierarchical clustering algorithm. Based on the identified clusters CL in the previous part, for 
example in Figure 3-4, we result in five clusters  and , marked with different 
colors (black points are stations haven’t been captured) for all the 50 stations. The unit of 
classification is cluster which includes all stations belonging to it, and each cluster carry some 
characteristics which is the sum of all stations included, such as flow of the cluster . 
They could be used to calculate the indicator  for comparing the similarity or dissimilarity of 
clusters. The degree of dissimilarity could be measured by a distance function. For example, in 
Figure 3-5 we show one of the possible classifications resulting with three classes from the five 
clusters of  and . Based on the interpretations of each class in C, we analyze 
the characteristics of clusters belonging to it.  
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Figure 3-4 Example resulted with five clusters from 50 stations 

 

Figure 3-5 Example resulted with three classes from five clusters 

The input to the classification algorithm consists of results of clusters identification in the 
previous stage, including centers of clusters CC and flows of clusters , then we can calculate 
indicator X of each cluster. The output consists of dendrogram illustrating the arrangement of 
clusters produced by hierarchical clustering, indicators for the evaluation of classifications, 
specific resulted classes and both inter-cluster and intra-cluster distances. The hierarchical 
cluster analysis is offered in the statistic toolbox of Matlab and the flow chart of classification 
process is as follows: 
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Figure 3-6 Flowchart of Classification 

Step1 and step2: We firstly need to decide the indicator x we want and calculate it for each 
cluster separately. 

Step3: Based on indicator x of clusters, calculate the “distance” of each pair of clusters as 
follows: 

 

                        

Where  and  are two different clusters and t denotes time intervals if data is dynamic.  
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Step4: We determine the linkage criterion by the cophenet correlation coefficient 
(http://www.mathworks.se/help/stats/cophenet.html). Different linkage criterion results in 
different hierarchical cluster tree and we use the cophenetic correlation coefficient to evaluate 
trees. Cophenetic correlation coefficient is a linear correlation coefficient between the original 
distances (y) used to construct the tree and the cophenetic distances (z) obtained from the tree. 
So it is a measure of how truthfully the tree represents the dissimilarities among observations. 
The coefficient is calculated as follows: 

 

 

Where is the original distance between and , is the cophenetic distance 
between  and  which is based on the linkage criterion we select,  and  are the average 
values. The closer to 1 this coefficient is, the higher quality the solution is.  

Step5: Based on the selected linkage criterion, we can obtain the agglomerative hierarchical 
cluster tree.  

Step6: After creating the hierarchical tree of binary clusters, two options of creating clusters are 
available (http://www.mathworks.se/help/stats/hierarchical-clustering.html). The first option is 
to find the natural divisions in data depending on the inconsistency coefficient 
(http://www.mathworks.se/help/stats/inconsistent.html) threshold as a cutoff. Inconsistency 
coefficient compares the height of a link in a cluster hierarchy with the average height of links 
below it. The height indicates the distance between objects and is calculated by the linkage 
function. The objects at the bottom of the tree, known as leaf nodes, are with inconsistency 
coefficient of zero since they have no further objects below. The inconsistency coefficient of the 
links in the cluster tree can identify the natural division where the similarities between objects 
change abruptly. However, this method may but not necessarily correspond to a horizontal slice 
across the dendrogram at a certain height, because the cutoff is based on inconsistency rather 
than on distance, so discontinuous number of clusters might be obtained. The other option is to 
pre-determine the number of clusters n as we want. This time, it cuts the hierarchical tree at a 
lower point at which a horizontal cut through the tree leaves n or fewer clusters. This option 
enables us to pre-define a range of a discrete number of clusters.  The way we use to evaluate 
which method is better is to sum the total intra-cluster distance  that each classification 
result with. Assume we have n classes, is calculated as follows: 

 

 Where  and  are within the same class of c. By comparing and the marginal effect of 
adding one more class, we are able to select the cluster method.   
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The pseudo code for the classification is as follows: 

Create the indicator X 
for every cluster  in resulted cluster set CL in the previous stage 
 for every time interval t 
                        calculate the indictor  
              endfor 
endfor 
for each pair of clusters  and  in CL 
      calculate  
endfor 
Determine the linkage criterion 
Create the binary hierarchical tree using linkage function based on distance created 
Use one of the two options of cluster to create classes 
 

After determining which method to be chosen, we calculate inter-cluster distances  based 
on distance between centroids of each class and compare it with . So we first divide total 
flows of each class by the number clusters included in this class, and then we use these average 
flows  to calculate indicator x for each class. Then distance between different pairs of classes 

and  is calculated as follows: 

 

Assume we resulted in classes set of C, then  is calculated as follows: 

 

Where  and  are two different classes in classes set of C. 
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4. Case Study 

The area of this case study is mainly focused on Stockholm County, with small extensions to 
Uppsala County, especially municipalities of Uppsala and Östhammar. In this chapter, we have 
four sections. The first section is about background introduction of Stockholm County. Since 
major flows occurring within Stockholm Municipality, in section two, we give an introduction of 
Stockholm Municipality in terms of geography, population and commuting. In section three we 
introduce public transport of Stockholm. And section four is about data preparation of this case 
study including data type, data source, data visualization and descriptive statistics.  

4.1. Stockholm County 
Stockholm County (known as Stockholm län) is our main research area which consists of 23 
municipalities and boarders Uppsala County and Södermanland County.  

 
Figure 4-1 Population density of Stockholm County (SLL, 2010) 

From the above Figure 4-1, we observe that among the 23 municipalities, Stockholm 
municipality (City of Stockholm) is the largest one in terms of population but one of the smaller 
in terms of area, resulting in the most densely populated. Besides, while the populations are 
different, the distributions of people at different ages are quite similar; population between 35 
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and 64 takes the most part, population between 0 and 15, 16 and 34, and over 65 take similar 
parts.  

 
Figure 4-2 Commuting of Stockholm County (SLL, 2010) 

Figure 4-2 shows three commuting statistics, including lives and works in the area, commute to 
the area and commute out of the area, of Stockholm County. The commuting patterns are quite 
different. For example, for the Stockholm municipality, people live and work in this area takes 
the most while relatively fewer people commute out of the area; while for the municipality of 
Huddinge, more people commute out of this area while fewer inner-city trips occur.  
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4.2. Stockholm Municipality 
As the most densely populated municipality, City of Stockholm is expected to attract many 
passenger flows, which is of our major interest. Stockholm municipality consists of three areas 
which are subdivided into totally 14 districts.  

Table 4-1 City districts of Stockholm Municipality 

Stockholm City Center South Stockholm West Stockholm 

Kungsholmen Enskede-Årsta-Vantör Bromma 

Norrmalm Farsta Hässelby-Vällingby 

Södermalm Hägersten-Liljeholmen Rinkeby-Kista 

Östermalm Skarpnäck Spånga-Tensta 

 Skärhölmen  

 Älvsjö  
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Figure 4-3 Population distribution of Stockholm Municipality (SLL, 2010) 

Figure 4-3 suggests that Stockholm City Center and West Stockholm are with relatively higher 
density and South Stockholm is more dispersed. And we notice that the development of public 
transport of Stockholm is intimately tied with the urban structure, more concentrated in the 
inner city areas and also extended towards Stockholm suburbs.  
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Figure 4-4 Commuting patterns of Stockholm Municipality (SLL, 2010) 

Figure 4-4 shows three commuting statistics, including lives and works in the area, commute to 
the area and commute out of the area, of Stockholm Municipality. From these commuting 
statistics, we are able to know general characters of each district. For instance, Norrmalm, 
Östermalm and Kista are with apparently more people commute to compare to people 
commute out, which suggests that these districts are more likely to be commercial areas, 
providing large number of jobs and attracting many trips. On the contrary, Hässelby-Vällingby, 
Skarpnäck and Skärholmen are with more people commute out than commute to, which 
suggest that these districts are more likely to be residential areas and may generate many trips 
during weekdays.  
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Figure 4-5 Unemployment statistic of Stockholm Municipality (SLL, 2010) 

Compared Figure 4-3 and Figure 4-4, we find that some districts such as Hässelby-Vällingby and 
Skarpnäck are with large population but small commuting; some districts such as Norrmalm and 
Östermalm are with both large population and commuting. And the unemployment statistic in 
Figure 4-5 can explain this. Since this case study is only about weekdays trips, higher rate of 
unemployment can result in fewer trips generated even with higher population density. And 
this is exactly the case of Hässelby-Vällingby and Skarpnäck. 

 

4.3. Public transport of Stockholm 
Every weekday, more than 700,000 people travel by public transport in Stockholm. The various 
means of transport – buses, metro, commuter trains and local rail services – are integrated 
within a constantly growing transport network (SLL, Stockholms läns landsting, 2012). Such 
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huge passenger flows in this transport network is of our great interest which can help us reveal 
the structure of the city.   

There are three categories of bus lines including inner-city trunk bus lines traversing in the 
Stockholm inner city, suburban trunk bus lines traversing between the suburbs and public 
transport hubs in the greater Stockholm area providing cross-suburbs connections, and 
ordinary bus lines which are usually regular buses and mostly running in residential areas.  

The metro in Stockholm consists of three groups of lines including blue lines (T10, T11), red 
lines (T13, T14) and green lines (T17, T18, T19). Total length of the metro network is 109,48km 
with 100 station and 5 branches. The maximum number of transfers is one.  

Since our case study is mainly located in the Stockholm County, we do not take cross-regional 
and national train services into consideration. As for suburban rail, there are three distinct 
systems including commuter rail (J35, J36, J37 and J38) serving communities to the north and 
south of the city, Roslagsbanan (L27, l28, L29) serving the affluent north-eastern suburbs and 
Saltsjöbanan (L25, L26) serving the south-eastern suburbs.   

There are three light train lines (L12, L21, L22) and one tram line (S7) in Stockholm. Besides 
these, another tram 7N also exists as a heritage tramway.  

 

4.4. Data preparation 

Data source 
Our data source is provided by Storstockholms Localtrafik (SL) which is Stockholm’s public 
transport authority.   

Data type 
Two datasets are used in this study – demand and network data. Passenger demand is 
expressed in terms of passenger flow counts and network information refers to station 
coordinates. 

� Passenger flow counts 

We have passenger flow counts for each public transport mode - metro, bus, light rail and 
commuter train – per stop during weekdays. In total, there are 4128 station records for metro 
system in the period between August, 21st 2006 and June, 15th 2007, while there are 307,501 
stop/station records for the other modes for the period between August, 22nd 2011 and June, 
21st 2012. Every record consists of several columns as follows: 

Table 4-2 Information included in the original data set 

Date type Weekdays for all records 

Start date Metro: 20060821  Others: 20110822 

End date Metro: 20070615  Others: 20120621 
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Start time 0, 600, 900, 1500, 1800 

End time 600, 900, 1500, 1800, 2400 

Line number  Bus lines: 1 to 898 

Metro: 10, 11, 13, 14, 17, 18, 19 

Light rail: 12, 21, 22, 25, 26, 27, 28, 29 

Commuter train: 35, 36, 37, 38 

Station name Name of all the stations included 

Station ID Totally 12757 different IDs included 

Statistic Alighting (Avstigande), Boarding (Påstigande) 

Counts Passenger flows 

 

� Date type indicates that this data set is about the weekdays records, not including 
weekends, thus all the analysis results are about weekday.  

� Start time and End time imply when these data are recorded.  
� By different combinations of start and end time, we can create multiple time windows 

such as 0 to 2400, 0 to 600, 600 to 900, 900 to 1500, 1500 to 1800 and 1800 to 2400, so 
we can create the temporal profiles of passenger flows in Stockholm, knowing how 
passenger flows distribute through the whole day, comparing patterns of passenger 
flows during peak hours and off-peak hours and etc.    

� Line number tells us which line takes these passengers, thus we are able to observe how 
busy the line is in different time. Besides, we can also observe the different capacity of 
different travel modes. 

� The stations may have the same names but with different IDs, thus ID is the only index 
to refer to the specific station, because stations with different coordinates are assigned 
with different IDs. For example, the station Slussen, has altogether 32 different IDs, one 
for light rail station, four for metro station and twenty-seven for bus station. Although 
all of them are called Slussen, since they are located at different places with different 
latitudes and longitudes, they are assigned with different ID to differentiate from each 
other.    

� The statistics consists of alighting and boarding counts.  

So, by choosing the specific time window, the station name or ID and the statistic, we can 
get the number of passengers alighting (boarding) at that specific station during the 
selected time intervals.  
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� Station coordinates 

ID of stations is the only reference we use to connect the two data sets. We have station 
coordinates of metro, bus, light rail and commuter train separately. So for every ID, we have a 
pair of latitudes and longitudes which enable us to present on the map and visualize it.   

Data visualization 
Using ArcMap 10.1, we are able to visualize the spatial distribution of stations included in the 
datasets. 

 
Figure 4-6 Distribution of Public transport in Stockholm 

In Figure 4-6, red points represent metro stations, black points represent commuter train 
stations and green points represent light rail stations. We can clearly see the lines of different 
travel modes, finding that commuter train is more extended to suburbs of Stockholm; metro is 
concentrated in central Stockholm, whereas light rail concentrates in northern and eastern 
Stockholm.   
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Table 4-3 Mode share of public transport in different time intervals 

Mode Share all Day 0 to 6 
6 to 9 

morning 
peak 

9 to 15 
15 to 18 

afternoon 
peak 

18 to 24 

bus 41,35% 37,30% 42,52% 43,57% 40,71% 38,54% 

commuter train  9,90% 15,37% 10,65% 9,34% 10,00% 9,02% 

light rail 5,14% 4,79% 5,18% 2,98% 4,64% 7,17% 

metro 43,60% 42,53% 41,65% 44,11% 44,65% 45,27% 

 

Figure 4-8 shows the modes share in the all day. People choosing bus and metro take up 85% of 
total passenger flows and they are almost half split. Commuter train takes up 10% while light 
rail contributes least as 5%.  

From Table 4-3 we discover some small changes occur in modes share during different time but 
still bus and metro take more than 80% and light rail is the least. The first major difference 
happens during before morning peak hours, 0 to 6, when higher contribution for commuter 
trains appears. The weekday’s schedule of public transport suggests that the services of public 
transport mostly begin approximately 5am and end around 1am.  Since commuter train is more 
extended to suburbs of Stockholm, aiming at providing services for people living further, most 
of these people have to spend more time taking commuter train entering central Stockholm 
first and then transfer to other lines to destinations. In order to make this, they have to 
departure early in the morning, reaching central Stockholm before morning peak hours to not 
to be late for work. Consequently, higher contribution from commuter train is results. Second, 
light rail percentage increases in 18 to 24, because after afternoon peak hours, passenger flows 
of other modes decrease dramatically while passenger flows of light rail decrease only slightly, 
thus the percentage of light rail increases.  
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� Flow distribution  

 
Figure 4-9 Flow distribution within day of each mode 

Assuming that passenger flows within each time interval remains the same; we get the flow 
distribution graph in Figure 4-9. The vertical axis presents flows per hour. Considering the actual 
operating hours of public transport during weekdays, for the first time interval (0-600), we 
divide total flows within this period by two hours instead of six. We observe the obvious two 
peaks for all modes taking place between 6 to 9 and 15 to 18. Flows at night and in the early 
day are relatively lower and similar.  

� Alighting/Boarding 

 
Figure 4-10 Ratio of alighting and boarding of different modes in different time intervals 
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Figure 4-10 shows the distribution of alighting and boarding of different modes in different time. 
We observe that most ratios are around 1 which indicates that the alighting and boarding are 
balanced in most occasions. The unbalanced phenomenon often happens on the mode of light 
rail, especially for the intervals of 0 to 6 and 18 to 24. In the interval of 0 to 6, due to the 
operating hours of public transport in weekdays, more flows are expected occurring during the 
early morning hours leaving for work, consequently, more boarding counts than alighting 
counts. For the interval of 18 to 24, we believe it may be resulted from the ways of counting. 
Due to the relatively old facility of light rail, there’s no sensor on it and the counts is done by 
conductors on board when they check tickets, whereas for the other modes, the counts are 
usually done by sensors on vehicles.  

� Concentration of flows 

 
Figure 4-11 Cumulative total stop-flows 

Figure 4-11 indicates the concentration of passenger flows which is the cumulative density 
function of total stop-flows. We observe the decreased effect of adding one more station. Half 
of the total passenger flows in fact concentrate on the top 1.4% stations; top 2.4% stations 
contribute to 60% flows; top 4.0% stations contribute to 70 % and 80% flows concentrate on 
top 7.0% stations among all the 12757 stations.  

� Central gravity point 

We calculate the central gravity points of alighting and boarding based on five time intervals (1 
- 00:00-6:00, 2 - 06:00-9:00, 3- 09:00-15:00, 4- 15:00-18:00, 5- 18:00-24:00) separately.  
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Figure 4-12 Central gravity of alighting and boarding in different time intervals 

Figure 4-12 shows that the central gravity points of alighting and boarding always appear in the 
western and a little northern Stockholm. In other words, the centers of gravity of both alighting 
and boarding for different time periods concentrate in the same area, which indicates that 
there may be a lot of inter-area movements such as north-north, south-south existing. 
Furthermore, comparing the alighting and boarding central gravity points at the same time 
periods, we find that in the earlier periods (labelled with 1, 2, 3), boarding is south to alighting, 
whereas in the later periods (labelled with 4 and 5), it appears vice versa, which suggests that 
although the difference is very minor, still we can observe people tend to move from south to 
north in the morning and day periods while from north to south in the afternoon and night 
periods. 
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5. Results 

This chapter presents the results of all the data analysis. It consists of five sections. The first 
three sections are about results for the part one of clusters identification and the fourth and 
fifth sections are about results for the part two of clusters classification. The first section, flow-
based and distance-based, presents the results of these two algorithms, giving a comparison of 
them and determining a more suitable one. The second section, sensitivity analysis, runs the 
selected algorithm with different parameters combinations, testing the robustness of the 
method and deciding a better combination of input parameters. The third one, identification 
results, presents detailed results of the selected algorithm and parameters, including map 
visualization and flow patterns of each cluster.  The fourth section, three indicators, provides 
the classification results based on three different indicators. We first present the basic data 
used, and then for every indicator, we present detailed classification process including 
dendrogram plotting, classes deciding, resulted classes with maps showing, time-profile of 
classes and characters descriptions of classes. The final section, classification summary of the 
identified clusters, is a summary and interpretation of classification results for each identified 
clusters.  

5.1. Identification 

5.1.1. Flow-based and Distance-based  
Two algorithms, flow-based and distance-based can be used, so we run both the two algorithms 
with different parameters (radius and threshold) combinations, using two indicators, number of 
clusters and standard deviation (SD) to quantify the results. The result is as follows and we 
select a more suitable algorithm based on this result.  

Table 5-1 Comparison between results of Flow-based and Distance-based with different parameters combinations 

Radius Threshold Flow-based Distance-based 

number of 
clusters 

SD of 
contribution 

number of 
clusters 

SD of 
contribution 

1 0.5 16 0.063 16 0.066 

0.6 28 0.044 26 0.045 

0.7 50 0.030 50 0.031 

0.8 75 0.022 75 0.024 

1.5 0.5 9 0.120 9 0.094 

0.6 17 0.076 17 0.067 

0.7 31 0.052 31 0.047 

0.8 50 0.037 50 0.034 
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Radius Threshold Flow-based Distance-based 

number of 
clusters 

SD of 
contribution 

number of 
clusters 

SD of 
contribution 

2 0.5 6 0.218 6 0.192 

0.6 11 0.143 11 0.126 

0.7 20 0.093 20 0.085 

0.8 33 0.064 33 0.060 

2.5 0.5 4 0.305 4 0.255 

0.6 9 0.172 9 0.160 

0.7 14 0.123 14 0.112 

0.8 24 0.085 24 0.078 

3 0.5 4 0.318 4 0.294 

0.6 7 0.211 7 0.192 

0.7 11 0.151 11 0.133 

0.8 18 0.105 18 0.095 

3.5 0.5 3 0.407 3 0.379 

0.6 5 0.271 5 0.240 

0.7 8 0.189 8 0.169 

0.8 14 0.130 14 0.118 

4 0.5 2 0.615 2 0.661 

0.6 4 0.348 4 0.355 

0.7 7 0.237 7 0.234 

0.8 12 0.163 12 0.156 

4.5 0.5 1 0 1 0 

0.6 3 0.427 3 0.408 

0.7 6 0.266 6 0.255 

0.8 11 0.175 11 0.165 
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Figure 5-2 GIS visualization of two algorithms with same parameters of R=1.5km, Th=60% 
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Figure 5-3 GIS visualization of two algorithms with same parameters of R=2km, Th=60% 

The above figures show that the centers of clusters are exactly the same for the two algorithms 
while the major difference is the number of stations clustered to each cluster. In the graphs on 
the right, the clusters are more evenly distributed with similar size whereas in the graphs on the 
left, the clusters locating in the central part are larger than the rest, which suggests the 
assigned flows concentrate in these clusters.  

After quantitatively and visually comparing results of the two algorithms, the distance-based 
algorithm is selected, because it results in more evenly distributed clusters, less concentrated 
on the top ranking stations, besides, it takes the distance between stations and centers into 
consideration which implies it considers more about the spatial distribution. 
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5.1.2. Sensitivity analysis 
After determining choosing distance-based algorithm, we also need to decide values of 
parameters of radius and threshold. 

Table 5-2 Results of Distance-based with different combinations of parameters 

Radius Threshold 

Distance-based 

number of 
clusters 

SD of 
contribution 

minimum contribution of 
clusters 

1 

0.5 16 0.066 0.55% 

0.6 26 0.045 0.49% 

0.7 50 0.031 0.23% 

0.8 75 0.024 0.11% 

1.5 

0.5 9 0.094 3.24% 

0.6 17 0.067 1.16% 

0.7 31 0.047 0.48% 

0.8 50 0.034 0.20% 

2 

0.5 6 0.192 1.24% 

0.6 11 0.126 1.25% 

0.7 20 0.085 0.60% 

0.8 33 0.060 0.20% 

2.5 

0.5 4 0.255 5.8% 

0.6 9 0.160 1.35% 

0.7 14 0.112 0.23% 

0.8 24 0.078 0.17% 

3 

0.5 4 0.294 7.78% 

0.6 7 0.192 0.85% 

0.7 11 0.133 1.20% 

0.8 18 0.095 0.47% 

3.5 0.5 3 0.379 8.17% 
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Radius Threshold 

Distance-based 

number of 
clusters 

SD of 
contribution 

minimum contribution of 
clusters 

0.6 5 0.240 4.58% 

0.7 8 0.169 1.23% 

0.8 14 0.118 0.83% 

4 

0.5 2 0.661 3.25% 

0.6 4 0.355 3.13% 

0.7 7 0.234 1.24% 

0.8 12 0.156 1.02% 

4.5 

0.5 1 0 100.00% 

0.6 3 0.408 7.30% 

0.7 6 0.255 1.27% 

0.8 11 0.165 0.23% 

5 

0.5 1 0 100.00% 

0.6 3 0.470 3.31% 

0.7 5 0.309 1.34% 

0.8 8 0.204 1.17% 
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From the above figures, we find that when we constraint the minimum contribution of the 
cluster to the total assigned flows within 1.00% and 1.50%, only five candidates (within 3km 
radius) we have (marked with red in the Table 5-2). Then among the five candidates, we choose 
the one with the smallest standard deviation with parameters of radius as 1.5km and threshold 
as 0.6.  
 
5.1.3. Identification results 
Using ArcMap10.1, we visualize the clustering result of distance-based algorithm with radius as 
1.5 km and threshold as 0.6. 

 
Figure 5-7 GIS visualization of distance-based algorithms with R=1.5km, Th=60% 
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There are 17 clusters on the map and except for the cluster of Märsta, all the other clusters are 
concentrated and majority of them (except for Mörby centrum and Solna centrum) are in the 
Stockholm municipality (known as Stockholm kommun or Stockholm stad in Swedish, which 
consists of three parts including innerstaden-Stockholm City Center, Söderort-South Stockholm 
and Västerort-West Stockholm).  

Here follows is the information about each cluster and we rank the clusters based on their 
contribution to the total assigned flows: 

Table 5-3 Statistics for the resulted 17 clusters 

Centers Stations 
included 

Flows Percentage of 
total assigned 

flows ID Name Alighting Boarding Total 

2051 T-Centralen 159 461567 420650 882217 28,00% 

1152 Fridhemsplan 155 193731 217786 411517 13,06% 

5134 Stockholms södra 126 176112 183009 359121 11,40% 

1551 Gullmarsplan 142 125537 124051 249588 7,92% 

2603 Liljeholmen 145 110315 113660 223975 7,11% 

2222 Tekniska 
högskolan 

105 93587 94946 188533 5,98% 

2112 Karlaplan 108 64856 68724 133580 4,24% 

4525 Alvik 74 43669 56229 99898 3,17% 

2302 Mörby centrum 75 44540 45984 90524 2,87% 

2132 Ropsten 60 39129 46008 85137 2,70% 

3252 Kista 64 41181 42301 83482 2,65% 

3212 Solna centrum 10 39226 39493 78719 2,50% 

1231 Brommaplan 62 34980 34648 69628 2,21% 

2712 Skärholmen 94 33273 32753 66026 2,10% 

2851 Fruängen 131 24452 24526 48978 1,55% 

2232 Universitetet 37 21610 21983 43593 1,38% 

5121 Märsta 70 18147 18554 36701 1,16% 
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From Table 5-3 we observe that in most cases more stations included results in higher 
contribution but still a few exceptions, for example, the cluster of Fruängen has 131 stations 
but the contribution is only 1.55%, ranking the least three, whereas the cluster of Alvik has only 
74 stations with contribution of 3.17%. This is probably because most stations included in the 
Fruängen cluster are bus stations since Fruängen is end of metros line and no connection to 
other lines.  Whereas the cluster of Alvik includes more metro, light rail stations compared to 
Fruängen since it is on lines of metro T17, T18 and T19, besides, it is also connected to light rail 
lines of L12 and L22. Due to the higher capacity of metro and light rail, higher contribution is 
with the cluster of Alvik. Another example is the cluster of Solna centrum with only 10 stations 
included but not the least three stations. This is because Solna centrum is also a transfer station 
connecting metro line of T11 and light rail line of L22, attracting many passengers. Besides, this 
cluster includes stations of Västra skogen, locating at the cross of two metro lines of T10 and 
T11 which also own large passenger flows. 

Besides, flows are still concentrated in central part. For example, the cluster of T-Centralen 
takes up almost one-third of the total assigned flows, and clusters of Fridhemsplan and 
Stockholms södratake each take up approximately 12% on average. So, these top three clusters 
together take up around 52% while the rest 14 clusters take up only 48 %.  

Furthermore, comparing alighting and boarding of each cluster, we notice that they are almost 
balanced. 

5.2. Classification 
The first part of identification of clusters is based on the total flows of the whole day, whereas 
in this part, when we classify clusters based on flow patterns within each time intervals, we 
exclude the first time interval of 0 to 6. The flow shares of different time intervals are as follows:  

 
Figure 5-8 Pie chart of flow shares of different time intervals 

From Figure 5-8, we observe that the flow share of 0-600 is only 3%, far lower than the other 
shares. This is expected since during weekdays, except for night buses, all the other public 
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transport operate till around one o’clock in the morning and start around five o’clock in the 
morning.  However, since we will put weights which are proportional to the duration of the 
time interval in our classification process, and this first interval is supposed to be given a high 
weight. Consequently, although it doesn’t contribute a lot to the total flows, it is given a higher 
weight compared to peak hours, and this is not reasonable at all. So, we exclude the first time 
interval and in the whole classification process, we will only include the other four time 
intervals.  

Generally, altogether we name nine different classes based on temporal profiles and clusters 
would be assigned to one of the classes based on the indicator used. 

� Business areas involving transport hub: This class presents business patterns with more 
alighting during the morning peak hours and more boarding in the afternoon peak hours, 
but since transport hubs are located in these areas, the unbalance between alighting 
and boarding (more boarding than alighting) is more obvious in the night hours. 

� Residential areas involving activity centers: This class presents residential patterns with 
more boarding in the morning peak hours and more alighting in the afternoon peak 
hours, but due the existence of other activity centers such as shops, supermarkets, 
restaurants, cafes in this area, the unbalance between alighting and boarding (more 
alighting than boarding) is more obvious in the night hours. 

� Business areas involving activity centers: This class presents business patterns with more 
alighting during the morning peak hours and more boarding in the afternoon peak hours, 
however, during the night, since many activity centers such as shops, supermarkets, 
restaurants, cafes in this area, more alighting is resulted. 

� Extreme business areas: This class presents very typical business patterns. During 
morning peak hours, there are more alighting; during afternoon peak hours and night 
hours, there are more boarding; and during the day, almost balanced alighting and 
boarding. 

� Medium business areas: Similar to the class of Extreme business areas but the 
unbalance is not as obvious as that either in terms of ratio or in terms of magnitude. 

� Light business areas: Similar to the class of Medium business areas but the unbalance is 
not as obvious as that either in terms of ratio or in terms of magnitude. 

� Residential areas: This class presents very typical residential patterns. During morning 
peak hours, there are more boarding; during afternoon peak hours and night hours, 
there are more alighting; and during the day, almost balanced alighting and boarding. 

� Light rail connection areas: This class is characterized by huge flows contribution from 
light rail and the boarding dramatically increases during the night, causing the most 
extreme unbalance occurring during night hours instead either of peak hours period. 
And this may be attributed to the inaccurate counting of passenger flows. 

� Not obvious: This class presents almost stable patterns with minor difference between 
alighting and boarding compared to the previous classes. And several reasons may cause 
this. For example, in the whole day, alighting and boarding remains balanced. Or the 
total flows is too small, thus the difference is hard to observe.  
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5.2.1. Three indicators 
We create three indictors, A-B, A+B and (A-B)/(A+B), to describe characteristics of each cluster 
in terms of magnitude, directness and distribution of alighting and boarding. And we assume 
that the flow patterns within each time interval remain the same. The alighting and boarding 
counts for each cluster within four time intervals are as follows, and all the three indicators are 
calculated based on this: 

Table 5-4 Alighting and boarding statistics of each cluster based on different time intervals 

Center of the 
cluster 

600-900 900-1500 1500-1800 1800-2400 

        

T-Centralen 120318 69446 148365 121296 119917 130836 58618 88540 

Stockholms södra 46075 31847 54191 55056 44403 55554 26944 35864 

Ropsten 9692 10721 10540 11327 11833 10550 6071 11684 

Fridhemsplan 53766 38304 60694 67566 46159 66466 28250 40586 

Liljeholmen 28134 27160 30443 33489 29553 31121 19080 18446 

Tekniska 
högskolan 

24989 16136 30513 28884 23359 27930 12707 20000 

Gullmarsplan 28723 31818 36286 35580 34145 32340 22484 20596 

Mörby centrum 13477 14302 11256 11796 12268 12607 5941 6177 

Karlaplan 20959 10908 19818 19994 14776 22877 7761 13956 

Alvik 11345 12989 11640 13684 11696 11264 7941 15155 

Fruängen 4056 8468 6888 7821 8082 4732 4686 2703 

Märsta 3423 4014 6076 6041 4488 4510 3044 3153 

Kista 12001 8672 11869 11879 9828 13090 6379 7461 

Skärholmen 4028 5724 13886 12172 9786 9058 4804 4954 

Brommaplan 8190 10647 9660 10519 10138 8134 5993 4502 

Universitetet 6057 2265 9383 8531 3448 6978 2344 3885 

Solna centrum 9970 11254 10283 11798 10408 10206 7343 5154 
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Figure 5-9 Ratio of A and B during 600-900 

 

Figure 5-10 Ratio of A and B during 900-1500 

 
Figure 5-11 Ratio of A and B during 1500-1800 

 

Figure 5-12 Ratio of A and B during 1800-2400
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the patterns are still not clear enough for each cluster, thus we quantify it by indicators as 
follows.   

� Indicator (A+B) 

 

Where    represent alighting and boarding of cluster 
 and  within each interval. 

Then we use the cophenet correlation coefficient to determine the linkage criterion:   

Table 5-5 Cophenet correlation coefficient of different linkage criterion based on (A+B) 

 Linkage criterion single average complete weighted 

Cophenet correlation coefficient 0.9538 0.9719 0.9626 0.9712 

 

From Table 5-5, we determine to choose the linkage criterion of average and by using the 
function Cluster in Matlab statistic toolbox, we get the dendrogram 
(http://www.mathworks.se/help/stats/dendrogram.html) as follows: 

 
Figure 5-14 Dendrogram based on average linkage criterion of indicator (A+B) 

The vertical axis of the dendrogram represents the dissimilarity between clusters. The 
horizontal axis represents the clusters. With different cut level, we can get different clusters, 
but the cluster of T-Centralen is an outlier since it is fused at much higher distance.  
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Based on the resulting hierarchical cluster tree, we can choose method of creating clusters, and 
the comparison of the two methods is as follows:  

Table 5-6 Comparison between two cluster methods of indicator (A+B) 

cutoff pre-determine 

number of 
cluster 

total 
distance 

average marginal 
effect 

number of 
cluster 

total 
distance 

marginal 
effect 

4 1985635 
 

4 4881096 
 

6 555959 714838 5 3820694 1060402 

13 90410 66507 6 3436393 384301 

   7 2516603 919790 

   8 1567121 949482 

   9 1513652 53469 

   10 626610 887042 

   11 552820 73790 

   
12 539520 13300 

   13 324640 214880 

 

Due to the characteristics of the cut off method, we can only get discontinuous number of 
clusters, so we use the average marginal effect instead. From Table 5-6, for both of the two 
methods, the marginal effect of adding one more cluster decreases, but since the whole 
process is not linear; the marginal effect is not decreasing monotonically. The cutoff method is 
always better than the pre-determine method because of smaller total intra-cluster distance. 
And for the cutoff method, the average marginal effect dramatically decreases when we 
increase the number of clusters from 6, so we decide 6 as our number of clusters and the 
classification result is as follows:  

Table 5-7 Classification result based on indicator of (A+B) 

1 Fruängen, Märsta, Universitetet  

2 Karlaplan  

3 Liljeholmen, Tekniska högskolan, Gullmarsplan  

4 Stockholms södra, Fridhemsplan  

5 T-Centralen 
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6 Ropsten, Alvik, Solna centrum, Skärholmen, Mörby centrum, 
Brommaplan, Kista 

Then we calculate intra and inter distances as follows: 

Table 5-8 Intra-cluster and inter-cluster distances of resulting six classes based on (A+B) 

 
C1 C2 C3 C4 C5 C6 

number of clusters 3 1 3 2 1 7 

C1 10594,67 89357 172946,70 334170,50 815644 37700,29 

C2 0 0 83589,67 244813,50 726287 51656,71 

C3 0 
 

38302,67 161223,80 642697,30 135246,40 

C4 0 
  

25928,50 481473,50 296470,20 

C5 0 
   

0 777943,70 

C6 0 
    

51058,57 

 

From the above table, we discover that except for class six, the rest are with smaller intra-
cluster distances compared to inter-cluster distance, indicating good class compactness and 
class separation. As for class six, we notice the relatively higher intra distances caused by more 
clusters included, so when we characterize this class, a more specific description is more 
suitable.  
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Using ArcMap10.1, we are able to visualize the classification results as follows: 

 
Figure 5-15 GIS visualization of classification based on indicator of (A+B) 
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Then we use the cophenet correlation coefficient to determine the linkage criterion:   

Table 5-9 Cophenet correlation coefficient of different linkage criterion based on (A-B) 

 Linkage criterion single average complete weighted 

Cophenet correlation coefficient 0.9498 0.9759 0.9233 0.9544 

 

From Table 5-9, we determine to choose the linkage criterion of average and by using the 
function Cluster in Matlab statistic toolbox; we get the dendrogram as follows: 

 
Figure 5-17 Dendrogram based on average linkage criterion of indicator (A-B) 

The vertical axis of the dendrogram represents the dissimilarity between clusters. The 
horizontal axis represents the clusters. With different cut level, we can get different clusters, 
but the clusters of T-Centralen and Fridhemsplan are always outliers since they are fused in at 
much higher distance.  
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Based on the resulting hierarchical cluster tree, we can choose method of creating clusters, and 
the comparison of the two methods is as follows:  

Table 5-10 Comparison between two cluster methods of indicator (A-B) 

cutoff pre-determine 

number of 
cluster 

total 
distance 

average 

marginal 
effect 

number of 
cluster 

total 
distance 

marginal 
effect 

4 684858 
 

4 684858 
 

8 76763 152023,75 5 411436 273402 

12 18059 14676 6 384719 26737 

   
7 203821 180898 

   8 136597 67224 

   9 128966 7631 

   10 42415 86551 

   11 26744 15671 

   12 22420 4324 

From the above table, when the number of clusters is 4, two methods result in the same, and 
when the number of clusters is larger than 4, cutoff method is always better because of smaller 
total distance within clusters, besides, the average marginal effect decreases dramatically when 
the number of clusters increases more than 8, thus we determine choosing cut off method with 
the number of clusters as 8, and the classification result is as follows:  

Table 5-11 Classification result based on indicator of (A-B) 

1 Gullmarsplan, Fruängen, Brommaplan  

2 Liljeholmen 

3 Ropsten, Alvik  

4 Kista, Universitetet 

5 Stockholms södra, Tekniska högskolan, Karlaplan 

6 Fridhemsplan 

7 T-Centralen  

8 Mörby centrum, Solna centrum, Skärholmen, Märsta 
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Then we calculate intra and inter distances as follows: 

Table 5-12 Intra-cluster and Inter-cluster distances of resulting six classes based on (A+B) 

 
C1 C2 C3 C4 C5 C6 C7 C8 

number of clusters 3 1 2 2 3 1 1 4 

C1 3754 12087 12768 16546 34507,33 62110 126639 6115,75 

C2 
 

0 13414 9827 27788,33 50023 119920 6963,25 

C3 
  

2162 16089 23846,33 49342 115978 9128,75 

C4 
   

1026 18411,33 47130 110093 10430,25 

C5 
    

11449,3 28718,67 92131,67 28391,58 

C6 
     

0 96325 56565,25 

C7 
      

0 120523,30 

C8 
       

6194,3 

 

From the above table, we discover that except for class eight which includes the most clusters, 
the other classes are with smaller intra-cluster distances and larger inter-cluster distances, 
indicating good class compactness and separation. As for class eight, we notice the relatively 
higher intra distances cause by more clusters included, so when we characterize this class, a 
more specific description is more suitable.  
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Using ArcMap10.1, we are able to visualize the classification results as follows: 

 
Figure 5-18 GIS visualization of classification based on indicator of (A-B) 
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2 

Liljeholmen 

Business areas involving activity centers: during the day, 
the pattern is like business pattern caused by many 
employments in this area. And in the night, since many 
shopping malls, restaurants, cafes locate here, attracting 
many people, resulting in more alighting than boarding. 

 

3 

Ropsten, 
Alvik 

Light rail connection areas:  these two clusters are areas 
connecting light rail and metro, so it is expected that 
light rail counts have great contribution. The graph 
shows a more dramatic unbalance during night time 
interval with more boarding than alighting, however, 
this may be not accurate due to the inaccurate counts of 
light rail at night time interval. But the almost balanced 
flows during the day is reasonable. The cluster of 
Ropsten includes area of Norra Djurgåtds-staden which 
is Stockholm Royal Seaport providing a lot jobs, and the 
cluster of Alvik whose core area is Alvik with many office 
buildings also include area of Ulvsunda which is a 
historical industrial park build in 1900s and today is still 
with diverse industrial buildings, also providing many 
employments. And since these two clusters are also 
transport hubs connecting light rails, metro and bus 
lines, many people board and transfer here too.   

 

4 

Kista, 
Universitetet 

Light business areas: class 4 shows a typical business 
area pattern in which in the morning, the area attract 
people, resulting in larger alighting, and in the afternoon 
and night, more people leave the area, resulting in more 
boarding. And in the day time (900-1500), alighting is 
almost balanced with boarding. Both these two clusters 
are typical workplace areas, reasonably with the result 
of more alighting in the morning peak hours and 
boarding in the afternoon peak hours. And the 
difference is smaller compared to class 5 and class6, 
probably because fewer stations and flows included in 
these clusters. 

 

5 

Stockholms 
södra, 
Tekniska 
högskolan, 
Karlaplan 

Medium business areas: class 5 shows a similar typical 
business area pattern as class 4 but with more flows, 
resulting in more apparent business pattern.  
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6 

Fridhemsplan 

Extreme business areas: class 6 also shows a typical 
business area pattern but more obvious than class four 
and five since it concentrates more flows. Besides, in the 
day time (900-1500), alighting is slightly smaller than 
boarding. This cluster involves with not only office 
buildings, but also activity centers, shopping malls, 
restaurants and etc. Trips generated and attracted are 
not as regular as class 5 and 6 which are mainly working 
areas with fewer activity centers. So during the day, the 
unbalance is more apparent compared to class 4 and 5.  

 

7 

T-Centralen 

Business areas involving transport hub: the difference 
between alighting and boarding decreases from positive 
to negative step by step in the four time intervals. In the 
morning peak hours more people alight, and in the 
afternoon peak hours more people board, and this 
unbalanced phenomena increases in the night time 
interval (1800-2400). Because T-Centralen is a very 
important transport hub where people transfer with 
different modes and lines, not just the final destination, 
even after afternoon peak hours people for example 
who work late or want to go shopping after work still 
need to take public transport. Besides, this is the only 
one cluster grouped into this class; this is because the 
extreme high passenger flow results in large distance 
between the cluster of T-Centralen and the other 
clusters especially during peak hours. 

 

8 

Mörby 
centrum, 
Solna 
centrum, 
Skärholmen, 
Märsta 

Not obvious: since the pattern graph is based on the 
average of clusters within the same class, it cannot 
reflect the original cluster exactly, however, the 
character of clusters within class eight is they do not 
have obvious peak hours’ pattern compared to other 
clusters. The flow rankings of clusters identified can be 
used to explain this. Since this indicator is based on 
absolute difference between alighting and boarding 
while these clusters are with relatively smaller flows and 
in the meanwhile the patterns are not as obvious as 
clusters such as Universitetet and Fruängen, they are 
grouped into one class even though inside this class, 
they may appear some differences. For example, the 
cluster of Solna centrum actually presents a step 
increase pattern, because is near the National City Park 
and many housing nearby, while the cluster of Mörby 
centrum remains balanced almost through the whole 
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day, because this cluster is an important transport hub 
and alighting is almost overlapped with boarding, 
resulting in this almost balanced phenomena.  

 
 
 

� Indicator (A-B)/(A+B) 

Since we assume the flow patterns remain the same within each time interval, we have the 
distance between  and  as follows: 

 

                   

Where    represent alighting and boarding during morning peak and afternoon 
peak hours and since the duration of these two intervals is three hours, we give the weight as 
three. represent alighting and boarding during off-peak hours and since the 
duration of these two intervals is six hours, we give the weight as six.  

After determining the distance function, we also need to decide on the linkage criterion to use 
based on the cophenetic correlation coefficient.  

   

Table 5-14 Cophenet correlation coefficient of different linkage criterion based on (A-B)/(A+B) 

Linkage criterion single average complete weighted 

Cophenet correlation coefficient 0.5443 0.7732 0.6620 0.6704 

 

From Table 5-14, we determine to choose the linkage criterion of average and by using the 
function Cluster in Matlab statistic toolbox, we get the dendrogram as follows: 
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Figure 5-20 Dendrogram based on average linkage criterion of indicator (A-B)/(A+B) 

The vertical axis of the dendrogram represents the dissimilarity between clusters. The 
horizontal axis represents the clusters. With different cut level, we can get different clusters, 
but the cluster of Fruängen is an outlier since it is fused in at much higher distance.  

Based on the resulting hierarchical cluster tree, we can choose method of creating clusters, and 
the comparison of the two methods based on two indicators of total distance within clusters 
and marginal effect is as follows:  

Table 5-15 Comparison between two cluster methods of indicator (A-B)/(A+B) 

cutoff pre-determine 

number of 
cluster 

total 
distance 

Average 
marginal 

effect 

number of 
cluster 

total 
distance 

marginal 
effect  

6 31,4133 
 

5 40,0295 
 

7 14,5648 16,8485 6 23,181 16,8485 

11 4,4438 2,5302 7 14,5648 8,6162 

   
8 13,2346 1,3302 

   9 8,5523 4,6823 

   10 6,7452 1,8071 

   11 5,8810 0,8642 
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For both the two method, by increasing the number of clusters, the total distance is decreasing 
as we expect, however, the marginal effect also decreases.  For the method of pre-determining 
the number of clusters, the marginal effect decreases from 8.6 to 1.3 dramatically when the 
number of clusters increases one from 7 to 8, and accidently, the two methods reach the same 
result with the number of clusters as 7. Thus we decide to determine the number of clusters as 
7 while the total distance is 14.5648. And we can cut the dendrogram created as follows, 
resulting in the 7 classes: 

 
Figure 5-21 Create 7 classes from the dendrogram 

The resulting classification of clusters is as follows: 

Table 5-16 Classification result based on indicator of (A-B)/(A+B) 

1 T-Centralen, Tekniska högskolan 

2 Brommaplan, Solna centrum 

3 Karlaplan, Universitetet 

4 Ropsten, Alvik 

5 Fruängen 

6 Stockholms södra, Fridhemsplan, Kista 

7 Liljeholmen, Gullmarsplan, Mörby centrum, Märsta, Skärholmen 
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Then we calculate intra and inter distances as follows: 

Table 5-17 Intra-cluster and Inter-cluster distances of resulting seven classes based on (A-B)/(A+B) 

 C1 C2 C3 C4 C5 C6 C7 

number of clusters 2 2 2 2 1 3 5 

C1 0,4254 4,3372 1,6362 2,5552 6,4183 1,4360 2,7575 

C2  0,4321 5,4654 3,0282 2,0811 3,3716 1,5797 

C3   0,6651 3,0454 7,5465 2,0938 3,8857 

C4    0,2290 5,0761 2,5498 2,3722 

C5     0 5,4527 3,6609 

C6      0,7974 2,0543 

C7       1,7339 

 

Except for class seven which includes the most clusters, the other classes are with smaller intra-
cluster distances and larger inter-cluster distances, indicating good class compactness and 
separation. As for class seven, we notice the relatively high intra distances due to more clusters 
are included, so when we characterize this class, a more specific description is more suitable.  

 

 

 

 

 

 

 

 

 

 

 

 



Master Thesis-Yu Zhao Page 66 

 

Using ArcMap10.1, we are able to visualize the classification results as follows: 

 
Figure 5-22 GIS visualization of classification based on indicator of (A-B)/(A+B) 
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2 

Brommaplan, 
Solna centrum 

Residential areas involving activity centers: converse to 
class 1. The percentage of difference between alighting 
and boarding in total flow increases from negative to 
positive step by step in the four time intervals. In the 
morning peak hours more people board, and in the 
afternoon peak hours more people alight, and this 
unbalanced phenomena increases in the night time 
interval (1800-2400) since many shopping malls, activity 
centers, restaurants located in these areas and attract 
many trips, consequently, unbalance increases with 
decrease of total flow in the night hours. 

 

3 

Karlaplan, 
Universitetet 

Extreme business areas: class 3 shows a typical business 
area pattern in which in the morning, the area attracts 
people, resulting in larger alighting counts and in the 
afternoon and night, more people leave the area, 
resulting in more boarding. And in the day time (900-
1500), alighting is slightly larger than boarding. 
Universitetet, compared to Tekniska högskolan, owns one 
of the largest students’ residential areas in Stockholm- 
Lappis. Thus there’s considerably alighting counts also 
happen in the afternoon peak hours, and the unbalance 
between alighting and boarding compared to the total 
flows remains more stable in the afternoon peak hours 
and night hours.  

 

4 

Ropsten,  

Alvik 

Light rail connection areas:  these two clusters are areas 
connecting light rail and metro, so it is expected that light 
rail counts have great contribution. The graph shows a 
more dramatic unbalance during night time interval with 
more boarding than alighting, however, this may be not 
accurate due to the inaccurate counts of light rail at night 
time interval with ratio of alighting to boarding averaging 
as 0.65.  

 

5 

Fruängen 

Residential areas: class 5 shows a typical residential 
pattern. In the morning peak hours, more people leave 
the area, resulting in negative values, and in the afternoon 
and night time, more people come to the area. Many 
housing are built in area of Fruängen such as Gyllene 
Ratten and Långbro, resulting in a typical residential area.  
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6 

Stockholms 
södra, 
Fridhemsplan, 
Kista 

Medium business areas: class 6 also shows a business 
pattern which is similar to class 3 but not as obvious as 
that. Because in these cluster areas, many offices 
buildings and companies locate here. Besides, in the day 
time (900-1500), alighting is slightly smaller than then 
boarding. Take the cluster of Fridhemsplan as an example, 
this cluster includes several important nodes besides 
Fridehemsplan itself, such as areas of Odenplan, Norra 
station and Västra-Kunsholmen, and these areas are not 
only business areas but also with many housing, thus the 
unbalance is smaller. 

 

 

7 

Liljeholmen, 
Gullmarsplan, 
Mörby 
centrum, 
Märsta, 
Skärholmen 

Not obvious: since the pattern graph is based on the 
average of clusters within the same class, it cannot reflect 
the original cluster exactly, however, the common 
character of clusters within class 7 is they do not have 
obvious peak hours’ pattern. The unbalanced compared 
to the total flows is relatively small, thus seems more 
stable compared to the other clusters.  For example, the 
cluster of Skärholmen which was the first generation 
satellite towns built in 1960’s has great variety of homes 
with both multi-family and single family areas, 
characterized by one of the most balanced towns with 
roughly equal number of jobs and housing units in 
Stockholm (Cervero, Sustainable new towns- Stockholm's 
rail-served satellites, 1995). So it is expected featured with 
more balanced flows. And the cluster of Liljeholmen 
evolves from an industrial and activity centers to a mixed 
urban areas able to attract and generate trips in several 
years. Besides, it is also a transport hub connecting two 
metro lines and one light rail and several bus lines, result 
in a relatively balanced pattern. 
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5.2.2. Classification summary of the identified clusters 
In this part, urban environment and transport role of clusters are related with their patterns 
reflected by the above three indicators, which enables us to classify and interpret the functions 
of clusters. Generally, there are four different function including center (C), hub (H), residential 
(R), and business (B), and some clusters are characterized by combinations of functions such as 
center and hub (C+H), business and hub (B+H). 

T-Centralen (C+H): As one of the most important areas in Stockholm, the cluster of T-Centralen 
concentrates extremely high passenger flows during the whole day. It is not only areas with 
high density of activity centers, restaurants, office building and etc., but also a transport hub 
connecting different modes and lines. During the morning peak hours, more people alight here 
and during afternoon peak hours, more people board here. And during the night hours, the 
total flow decreases dramatically while the unbalance between alighting and boarding 
increases with much more boarding than alighting.  

Fridehemsplan (B+H): This cluster includes 155 stations and several strategic areas such as 
Odenplan which is already a strong hub in the city, Norra Station which is a research center in 
the field of life science, Fridhemsplan which is of great importance for the development of the 
whole Kungsholmen and a key node for the communication towards the western suburbs. In 
addition, this cluster connects five metro lines and many bus lines. Thus it ranks number two in 
the total passenger flows with really large passenger flows and high density, presenting a 
typical business pattern with more alighting counts in the morning peak hours and more 
boarding counts in the afternoon peak hours but still many balanced trips generated during 
peak-off periods. In night hours, the absolute difference between alighting and boarding 
decreases but due to the simultaneous decrease of total flows, the percentage of the difference 
in the total flows remains stable compared to the afternoon peak hours, suggesting the lasting 
existence of the unbalance because of many activity centers in this area. 

Stockholms södra (B+H): This cluster is very similar to the cluster of Fridhemsplan but with 
fewer passenger flows. It includes 126 stations, besides the commuter train station of 
Stockholms södra, it also includes metro stations of Mariatorget connecting two metro lines of 
T13 and T14, and Medbolgarplatsen connecting three metro lines of T17, T18 and T19. Thus it 
concentrates high passenger flows and ranks number three. Besides, office buildings, shopping 
malls and a few expensive housing are located in this cluster. As a result, it shows business 
pattern with more alighting during the morning peak hours and more boarding during the 
afternoon peak hours and night, while almost balanced but active during the day time between 
9 and 15.  

Gullmarsplan (C+H): This cluster located at the area connecting three metro lines of T17, T18 
and T19 and light rail line of L22. It is a very important public transport hub for the south 
districts and also workplace and activity areas with high density. From the indicator of (A-B), we 
observe a typical residential pattern of this cluster with more boarding in the morning and 
more alighting in the afternoon even though it functions as a center. This is because from 
Figure 4-2 Commuting of Stockholm County , the district of Ensked-Arsta where the cluster of 
Gullmarsplan mainly locates in presents the almost equal number of people commute to and 
out of this area. Thus the unbalance is in fact caused by commuters who transfer here, and in 
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the morning, people need to get off here to their destinations and in the night they need to get 
on here to go back, as a result, it shows like a residential pattern instead. But if we refer to the 
indicator of (A-B)/(A+B), due to the large total flows happen in this area, the unbalance is not as 
obvious as the other clusters.  

Liljeholmen (C+H): The flows pattern of this cluster is different from the others, because for the 
rest clusters, the unbalance of alighting and boarding remains the same during afternoon peak 
hours and night hours, in other words, the alighting counts are always more or fewer than 
boarding counting in both periods of 1500-1800 and 1800-2400, whereas for this cluster, 
boarding is more than alighting in the afternoon peak hours but vise versus in the night hours. 
Liljeholmen is historically an industrial areas and many activity centers are planned here, thus 
during the day time, still it presents the typical business pattern with more alighting in the 
morning and more boarding in the afternoon, but in the night, because many pubs, restaurants, 
shopping malls are located here, people who may alight here for dinner, shopping and 
relaxation, causing alighting more than boarding. In addition, two metro lines of T13 and T14 
and one light rail of L22 are connection here, and it also connects several bus lines, so it is also a 
transport hub, concentrating high flows and ranking number five among all 17 clusters.  

Tekniska högskolan (B+H): This cluster is a very typical education area including KTH main 
campus and Albano which is a research center of three schools of Stockholm University, 
Karolinska Institutet and KTH. So during the day time the pattern is very similar to the typical 
business pattern with more alighting in the morning and boarding in the afternoon. The 
difference is the unbalance is more obvious in the night compared to afternoon referring to the 
indicator of (A-B)/(A+B).  In fact both the alighting and boarding counts decrease in the night, 
but the boarding counts decreases with lower rate, resulting in larger gap between alighting 
and boarding then. This may be caused by two factors. Firstly, working hours of researchers and 
students may not as regular and fixed as other kinds of jobs and boarding is not as 
concentrated as other work areas. Secondly, metro line of T14 is connected with three light rail 
lines here, so this cluster also functions as a transport hub and people living in suburbs but 
work in inner city also need to board here.  

Karlaplan (B): This cluster locates in the district of Östermalm and from Figure 4-2 Commuting of 
Stockholm County , we notice that this area is with much more commuting to than out of. Many 
services office buildings are in Karlaplan. And Gärdet which is area with a lot of public buildings 
and institutions such as Royal College of Music, National Maritime Museum, Swedish Film 
Institute and etc., is also included into this cluster. As a result, this cluster presents a business 
pattern with more alighting in the morning and more boarding in the afternoon and night, and 
balanced but active during the day time.  

Alvik and Ropsten (H): These two clusters are always classified to the same class whatever 
indicators we select, suggesting that many common things these two clusters share in terms of 
different aspects. Two main reasons contribute to this, the first is their similar roles in public 
transport and the second is their land use patterns. Both the two clusters include transport 
hubs connecting metro lines and light rails, thus although they include fewer stations (Alvik=74, 
Ropsten=60), still result in large total flows and high rankings (Alvik=8, Ropsten=10). And both 
the two clusters are with land use of office buildings and industrial areas, providing jobs. Cluster 
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of Alvik concentrates a lot of offices and service and include the industrial park of Ulvsunda 
which was built in 1900s and today is with very diverse industrial buildings. And the cluster of 
Ropsten includes area of Norra Djurgårdsstaden, also providing many jobs. However, compared 
with the number of people commute to work here, the number of people transfer here 
contributes more. The slight unbalance doesn’t imply fewer trips, on the contrary, implying 
overlap of boarding and alighting during peak hours, exactly the features of transport hubs. As 
for the night period, inaccuracies are caused by the method used to collect counts, thus it 
presents the unexpected pattern with extreme higher boarding than alighting.  

Mörby centrum (H): This cluster is located at the end of metro line T14 and connected with 
three light rail lines of L27, L28 and L29. Although it includes only 75 stations, several light rail 
and metro stations are in it, so it concentrates higher passenger flows and ranks nine among all 
the 17 clusters. Based on flows of alighting and boarding of this cluster, we notice the balance is 
caused by the overlap of boarding and alighting which is exactly the character of transport hub.  

Kista (B): Kista is a very typical workplace area. From Figure 4-2 Commuting of Stockholm County  
we notice that in Kista district, apparently more people commute to the area than out of the 
area. Kista is known for high concentration of world-leading IT and telecom companies, 
providing large number of jobs. Consequently, it shows the typical business pattern with more 
alighting in the morning and more boarding in the afternoon and night.  

Solna centrum (R+H): This cluster is near the National City Park and many housing are built here 
(Översiktsplan för dagens och framtidens Solna 2006-2025, 2011), thus we are able to observe 
a slight residential pattern from the indicator of (A-B)/(A+B). However, the unbalance is not 
quite obvious because this cluster also functions as a transport hub, so boarding and alighting 
almost overlap in some periods. This cluster includes stations of Solna centrum connecting 
metro line of T11 with light rail line of L22, and the station of Västra skogen connecting two 
metro lines of T10 and T11, consequently, with only 10 stations included, it still has a not lower 
ranking.  

Brommaplan (C+H): This cluster includes the station of Brommaplan which is an important 
transport cluster is with few passenger flows and lower ranking in total flows (Brommaplan=13). 
Many residential areas are in this area and many new residential projects are undergoing.  In 
the meanwhile, this area is also designed as a downtown with many shops, restaurants, church, 
schools and activity centers. But from Figure 4-2 Commuting of Stockholm County , we notice the 
Bromma district is still with more commuting out of the area then in the area. As a result, this 
cluster represents a residential pattern and as the total flow decreases, the unbalance between 
alighting and boarding is more obvious in the night hours compared to the afternoon peak 
hours.  

Skärholmen (C): One of the most important features of this cluster is it has one of the first-
generation new towns- Skärholmen which was built in the early 1960s and till today, it is still 
one of the most balanced towns with roughly equal number of jobs and housing units in 
Stockholm (Cervero, Sustainable new towns- Stockholm's rail-served satellites, 1995). In 
addition, it features the largest commercial center of all Swedish new towns, with an enclosed 
pedestrian mall and many commercial attractions. Besides, it has the biggest parking garage in 
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Scandinavia with more than 4000 cars (Cervero, Sustainable new towns- Stockholm's rail-served 
satellites, 1995). Since this new town is approximately nine miles away from Stockholm inner 
city and only one metro line T13 across here, the total passenger flows by public transport is 
not large, ranking 14 in all the identified 17 clusters. Although we can observe the existence of 
unbalance between alighting and boarding during peak hours, it’s not obvious. And by 
refereeing to the total flows, we notice that the total flow in night peak hours actually much 
more than other time intervals while the unbalance is still not obvious. This could be explained 
by the center function of this cluster. In the late day time, people finish working and come to 
this area buying things, result in the same distributed alighting and boarding 

Fruängen (R): This place is strategically located near E4/E20 for the purpose of commuter 
parking. Besides, it is a major transfer point for bus services to Älvsjö and Huddinge which are 
areas with high density of housing units. And there are actually two other housing projects 
undergoing- Gyllene Ratten with 1000 apartments and Långbro with 2000 apartments 
(PROMENADSTADEN Översiktsplan för Stockholm, 2010). Consequently, we expect the typical 
residential pattern of this cluster which is exactly what reflected by the temporal profile of 
passenger flows. In the morning peak hours, much more people board than alight; and during 
the day, slightly more boarding counts; and in the afternoon peak hours and night, alighting 
counts are more than boarding counts. Although this cluster is with small total flows because of 
lower capacity of buses, we can still clearly observe the extreme residential patterns. In 
addition, we notice that during day time, activities still occur within this area in a more 
balanced way.  

Universitetet (B): The main campus of Stockholm University locates in this area which attracts 
many trips, resulting in a very typical business pattern. More people come to this area in the 
morning and leave this area in the afternoon and night, while during the day, it is active but 
almost balanced.  

Märsta (H): The pattern of this cluster is similar to the cluster of Mörby centum, almost 
balanced during the whole day but with fewer passenger flows compared with Mörby centrum, 
because it is located at the end of the commuter train line of J36 without any connections to 
other lines except for several bus lines which are with much lower capacity. This balance exactly 
fits the features of a transport hub because if we refer to the alighting and boarding counts in 
different time intervals, they are almost overlapped.          
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6. Conclusion  

This paper consists of two parts: identifying clusters in Stockholm based on passenger flow data 
of public transport, and classifying the resulted clusters according to temporal profiles.  

In the first part, two different algorithms identifying clusters in Stockholm are applied and 
compared. Based on dynamic data provided, the second algorithm of Distance-based is selected. 
Referring to the context of Stockholm city and sensitivity analysis of parameters, we determine 
the radius of clusters is limited to 1.5 km and the total captured flow is 60% of total flow. 
Consequently, we result in 17 clusters with 14 of them are located in Stockholm Municipality, 
one located in Solna Municipality, one located in Sigtuna Municipality and one located in 
Danderyds Municipality. 

In the second part, three different indicators are created to describe characters of clusters in 
terms of different aspects. Classification of the resulted 17 clusters is based on three indicators 
separately, and different classes the same cluster may be assigned to since each indicator can 
just characterize the cluster in one aspect, not complete enough. So in the final part, we 
integrate all the three indicators and backgrounds of clusters such as urban environment and 
transport role, giving a more specific and accurate interpretation for each cluster, and then 
classify them into 7 more general classes. 

� Center: Skärholmen (shopping center to be more specific) 
� Residential: Fruängen 
� Business: Karlasplan, Kista, Universitet 
� Hub: Alvik, Mörby centrum, Ropsten, Märsta 
� Center+Hub: T-centralen, Gullmarsplan, Liljeholmen, Brommaplan 
� Residential+Hub: Solna centrum 
� Business+Hub: Fridhemsplan, Stokcholms södra, Tekniska högskolan 

For classes of hub, center+hub, residential+hub, two peaks appear for both alighting and 
boarding and their temporal profiles are almost overlapped with each other. For the class of 
business+hub, there are two peaks for alighting counts but one for boarding counts. For classes 
of residential, there is only one peak for both alighting and boarding but occurs in different 
periods: peak for boarding is in the morning and for alighting is in the afternoon. For the class 
of business, it is similar to residential but vice versus: peak for boarding is in the afternoon and 
for alighting is in the morning. And there is only one cluster of Skärholmen classified to the class 
of center in this research: characterized by one peak for both alighting and boarding but occur 
at the same time of afternoon peak hours.   

We conclude that the identified clusters act with different functions in the city structure, 
resulting in different temporal patterns attached to them. Thus we are able to observe and 
characterize these clusters based on dynamic passenger flows data. And there are 17 clusters 
identified and classified to be 7 different classes. In spite of different functions and patterns of 
clusters, they are all able to concentrate certain flows and keep attracting and generating trips 
in the whole day (more in the peak hours and fewer in the peak-off hours), indicating that they 
keep being active during the day, unlike “sleeping towns”. However, we also notice that, 
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although every cluster is able to concentrate certain flows, their abilities are quite distinguished 
and the inner city part still concentrates much more compared to the rest. In addition, the 
geographical distribution of clusters implies that many identified clusters still gather in the 
central part of Stockholm, and this suggests that the aim to release pressure from central part 
by polycentric structure hasn’t been achieved yet. And when we relate this result to the 
Regional Planning of Stockholm about the planned eight sub-cores, we also notice some 
identified clusters are overlapped with the planned cores, such as Kista and Skärholmen, 
however, majority sub-cores are still not identified such as Flemingsberg, Södertälje and etc., 
this may suggest that the public transport network design is not complete enough, since it is 
stronger in central part while much weaker in outskirts. However, the identified clusters are 
more consistent with the plan when we compare them with the strategic nodes and areas in 
the master plan of ‘’Vision 2030’’, in fact, most areas covered are identified to be activity 
centers. This is because compared with the eight sub-cores, strategic areas and nodes in ‘’Vision 
2030’’ are more likely to be in the central part which concentrate most passenger flows.  

Due to the limited time and data, a few limitations appear in this work. For example, we 
assume flow patterns remain the same in each time interval but this doesn’t fit the reality lead 
to some inaccuracies. In addition, in the distance-based algorithm, we consider the distance 
between the unclustered stations and the center of the cluster; however, the nearer center 
doesn’t imply the nearer cluster, so to be more accurate, the station is not really assigned to 
the nearest cluster. In addition, we give weights which are proportional to the duration of time 
interval when we calculate distances, but it would be fairer if we also counts flows. 

For the future work, the Distance-based algorithm can be improved by considering distances 
between the possible stations and the nearest stations already within the cluster instead of the 
center of the cluster. Besides, the fixed radius in this research is also worthy more 
considerations, because in reality the sizes of sub-clusters are not necessary to be exactly the 
same. In addition, it is also interesting to examine whether these different kinds centers have 
different influences on urban structure by exploring relations among identified centers. 
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