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Introduction 
 

There are serious problems with transport and mobility today: the air and noise 

pollution, the increasing number of road accidents, land-use problems, barrier 

effects, congestion and parking tensions are inherent part of the system, 

deeply perceived by the society. Generally, the transport system as a whole is 

not sustainable. In some of these problems there could be a remarkable relief 

in the near future. The spreading of the electric vehicles will cause a better 

situation in the air and noise pollution (at least on the roads and in the cities). 

With one step later, the appearance and spread of the autonomous vehicles 

will result a much better situation in the road safety. Because its long-term 

nature, the land-use problems and the barrier effects seem to be remaining 

with us. With these developments the number one transport problem will be the 

congestion, mainly the recurrent congestion, which forms the everydays 

mostly.  

Managing the recurrent congestion is an old and legitimate claim of the cities. 

It is widely accepted that the best solution is to influence demand and 

decrease the share of passenger car transport in the modal split. However, in 

spite of the promising solutions, the use of passenger cars outside the city 

centers did not decrease. Rush hour congestions in the urban-suburban areas 

are one of the most disadvantaged phenomena of metropolitan life. The most 

disturbing rush-hour congestions can be found on the arterial roads and the 

joining road networks. In urban areas the only reason for no more increase in 

rush hour traffic today is the not enough parking spaces and congestion. There 

is more traffic demand than appears on the network, but it looks for new routes 

or new times instead of the congested period and drivers generally do not 

choose the public transport instead of congestion. As a result of the widely 

congested state, traffic is spreading over time and space, so congestion is 

becoming more and more frequent. 
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It also was not a helpful practice, that the designers and planners back in the 

70’ and 80’s did not calculate the trip generation effect of the new 

infrastructure elements. Living in a radically different world, the earlier planners 

probably could not imagine that the more traffic could be a serious problem, 

so they did not do anything against it. 

The goal of the traffic planning and management of the congested networks 

was to serve the traffic demands. However, with the increase in traffic, 

infrastructure development could not keep up, so this goal - theoretically - is 

not valid anymore. We are in a paradigm shift: the old goals and old methods 

are obviously not working, but new goals and the tools needed to achieve 

them have not yet been developed. Moreover, there is a general view that 

congestion could not be solved at the traffic planning level, only by managing 

mobility needs. However, this approach has not produced real success (except 

the congestion charge for some cities), and the management of congested 

road sections and networks is among the common traffic design tasks.  

 

Research and analyses of congestion have so far been focused on describing 

the formation of queues; congestion has been treated mostly as a linear, one-

dimensional phenomenon. Based on the results of this research, it is more than 

queues become longer and occasionally interfere with the traffic of other 

intersections. With the presented network operation, the congestion analysis 

could change from the one-dimensional approach of the queues to the 

examination of the entire road network covered by the alternative routes. 

 

According to the measurements conducted in the research, the operation of 

recurrent congestion radically differs from the way it has been assumed so far, 

so a new framework was developed that describes this traffic operation. This 

framework allows us to look for new and valid management solutions and set 

new strategic and operational goals. In this research, it is proposed not to build 
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infrastructure for traffic demands, but to adapt the traffic demands to the 

infrastructure, by creating the optimal congested traffic flow. This will prevent 

negative traffic dynamics and impacts on the network and provide higher 

quality and a more reliable road network operation. The research results have 

led us to theoretical questions like the right of the limitation of the free routing 

on the road network.  

 

The research can be found between theoretical and management research. 

It introduces unfamiliar traffic phenomena that offer new opportunities and 

tools for both researchers and designers in both theory and practice. The 

research outlines a concept which integrates the found interesting and 

important traffic phenomena of recurrent congestions into one theoretical 

system. The concept provides practical applicability in traffic management 

and offers possibility to involve other sciences such as psychology, sociology, 

competition-, decision-making-, and game theory into congestion 

management. The results are based on a wide-range traffic data collection 

(traffic countings, trip time measurement) and their analysis. One of the most 

important results of the measurements and analyzes performed during the 

research was that we know almost nothing about the traffic phenomena of 

such networks and the dynamics of the recurrently congested traffic. The more 

data collected, the more visible was the research gap in both data and 

methods. 

 

Currently, there are no good solutions to the problems of the recurrently 

congested road networks. Taking advantage of the potential inherent in 

existing tools needs much more political courage. The lack of popularity of the 

necessary limitations is a serious obstacle to the introduction of any solution. This 

is not expected to change in the long run, so any new approach and 

opportunity may be important. The objectives outlined in the paper and the 



 
BUDAPESTI MŰSZAKI ÉS GAZDASÁGTUDOMÁNYI EGYETEM 

VÁSÁRHELYI PÁL ÉPÍTŐMÉRNÖKI ÉS FÖLDTUDOMÁNYI DOKTORI ISKOLA 
 

8 
 

presented tools are essentially for facilitating the introduction of the necessary 

limitations. This fact has a particular importance because the motorization 

boom before 2020 probably will continue after the pandemy is likely to predict 

a more serious traffic situation in the future, so to find a solution is without doubt 

timely.  

 

It is impotant to mention that the big-scale infrastructural investments could 

help to decrease the level of congestion. These kinds of developments are 

costly, so it is a real problem, that worldwide it was not possible to fulfil all the 

needed demand. In the developed countries the road infrastructure is 

developed as well and there are newer and newer investments, so there is 

place for the traffic. Without this, some of the possible solution could not work 

(creating bus lanes for example).  

 

With the increasing number and scale of congestion, the final question will be 

how the planners should deal with road networks where there is no more 

capacity at all and where it is not worthwhile to plan more capacity. 

Experience from design work has shown that in more and more places in urban-

suburban areas traffic is exceeding the available capacities. And this situation 

is accepted more and more easier by the designers and the decision-makers. 

One of the most important results of congestion research is that the planners 

have no tools to tackle the congestion: the congestion charge only produces 

results in a narrow niche, and the more efficient traffic provided by different 

developments has to cope with significantly higher traffic. Another important 

relevance is, that in the absence of planning tools and financial resources, the 

decision-makers are prisoners of solutions that have been proven not to work 

for decades. This provided a strong motivation to seek new, somehow game-

changing solutions. 

Congested traffic cannot be efficiently managed by the traditional tools of 
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traffic engineering: they require a new, congestion-related approach. This 

approach accepts congestions and rather tries to influence, regulate, and 

manage the existing demands. The use of the tools of the congestion-related 

approach requires a thorough analysis of the reasons and effects of the 

recurrent congestions. 

 

The task to find a game-changing theory and method is urgent: the number 

and usage of passenger cars is increasing (Figure 1) even in the 

environmentally conscious, progressive countries. The more car means more 

car-related problem and the main transport demands seem to be car related. 

This process controls the path of the transport development, and its result will 

remain with us for decades to be the base and limit of the next generation of 

developments. 

 

 
Figure 1: The increase of the motorisation in the major regions of the world 

(source: https://energy.gov/eere/vehicles/fact-617-april-5-2010-changes-vehicles-capita-
around-world) 
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The dissertation was based on extensive measurements and observations, 

which were later followed by some targeted studies and measurements. The 

main reason for this is that the traffic phenomena presented in the dissertation 

have not been studied so far, so it was not possible to rely on the literature. In 

most cases, the aim was to present various traffic phenomena that have not 

been presented so far and their correlations with the network effects of 

recurrent congestion. It is noted that a HCM published after 2000 started to 

provide simple solutions to solve the design problem. The main goal of the 

dissertation is to provide scientifically based tools for the designers and to share 

the knowledge with the field and the public about this interesting but little-

known phenomenon. 

 

The dissertation focused on the description of the revealed phenomena and 

to create a framework. It is an important goal to find a proper mathematical 

description as well, but this was not an object. In addition, some of the 

phenomena presented can be described as a change, sometimes a 

circumvention of a well-known, mathematically based scientific rule. The 

approach is definitely philosophically and hopefully the framework and the 

phenomena will be later mathematically supported. 

 

In the dissertation, I identified several similar results in relation to each 

phenomenon. This may seem repetitive, but it is mainly due to the fact that the 

individual phenomena described are related to each other, and the 

relationship shown in one is also described in the other. In this way, each 

chapters handle these relationships, and the results can be understood on their 

own.  
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Overview 
 

Congestion and their management have long been an important focus of the 

field. Inspite of this, there is clearly little the number of solutions that really work. 

The constant increase in the traffic all around the world, the increase in the 

number and extent of congestion will bring to the surface again and again the 

question of why the problem did not solved after 80 years of intensive research. 

The answer is relatively simple: because it is wanted to solve a social problem 

with transport planning and management tools repeatedly, wich roots - the 

desire for free movement - genetically encoded in humanity. 

 

The literature is very abundant, with very few comprehensive resources. 

Therefore, in the overview, there are firstly presented the general results of the 

congestion literature. Then, based on state-of-the-art, it is described the most 

promising comprehensive solution, the congestion management tools. Finally, 

in a separate section, the limitations of these tools will be presented. Several 

literature results are also presented at each thesis. 

 

General results in the literature 

According to the base document of OECD-ECMT Summary Document [1], 

congestion in cities is generally the result of prosperous urban economic 

increase. The most important task is not to eliminate congestion but to avoid 

excessive congestion, principally when worthwhile solutions are applicable. The 

congestion can be considered excessive when the marginal costs of 

congestion top the marginal costs of reducing congestion. Recurrent 

congestion is caused by regularly or periodically acting factors on the road 

network and shows a high degree of variability in some of its factors. When near 

full capacity, the vulnerability of traffic to rapid disruption is very important in 

the formation of traffic jams. Congestion has an impact on both average travel 
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speed and travel time reliability, with reliability being more important for road 

users. 

Much remains to be done to solve the problem caused by the oversaturated 

roads, but there is no ideal solution. The traditional strategic and design 

solutions either release existing capacities or build new road capacities. Both 

represent a temporary solution: the traffic of congested road networks will 

need to be managed in the near future. Goodwin [2] pointed out that there is 

no known worthwhile solution to solve the congestion problem and only road 

charges and its complementary actions work in practice. During the design 

process of road networks for densely built-up areas, designers generally do not 

have enough space or funds for a good solution to improve traffic operation. 

In addition to the small number of comprehensive jobs, congestion can be 

encountered in two very different ways in transport research literature. One of 

the ways is the theoretically, especially traffic modelling works. The other typical 

field of research is traffic management, which typically involves examining a 

particular road segment. It is a significant problem that the results of the 

theoretical works are rarely usable in practice (one good example is the 

congestion charge) and that the traffic management tools used in practice 

vary a small number of long-known solutions with no great success. 

Literature contains a wide range of studies on road congestion. The findings are 

generally either too sophisticated for traffic design, too complicated, or are not 

compatible with the design system. New methodologies for the traffic design 

of road networks with recurrent congestion is not within the focus of attention 

of designers and was not included in the standard design procedure until the 

2000s [3], even though the necessary calculation procedures had been 

available since the 1950s. These procedures have stood the test of time well. 

However, it is worth underlining that these calculations generally will not be 

implemented in the design process [4] and the methods only appeared in 

comprehensive design books around the end of the 2000s [5]. The most cited 
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calculation method is the shock wave theory by Lighthill and Whitham [6], 

which can be easily applied by traffic designers. 

 

Congestion management tools and their limitation 

The OECD publication [1] also lists the state-of-the-art solutions in terms of 

integrated design, improving the reliability of urban road networks, limiting the 

benefits of available capacities, building/releasing capacities and, finally, 

mobility management tools. After a brief presentation of each tool, its 

limitations are described as well. 

 

Integrated planning is based on more favorable land use and the exploitation 

of its transport and other benefits, basically with urban planning tools. 

Unfortunately, it will take a long time for an already formed urban structure to 

transform and create more favorable transport conditions, so it is a long-term 

solution that tries to solve the problems in small steps. However, with the 4-5% 

annual growth in motorization and traffic even in the developed countries, this 

tool can’t keep up, so while its use is essential (or should be), it won’t help in the 

current and near future problems. At the same time, it can play a key role in 

preventing further congestion. There is an obvious an old need to find the way 

to use the benefits of the integrated planning. Despite the good examples, 

more problem rose in the field linked to the procedures, communication, and 

the lack of resourced responsibilities [7]. 

 

Improving the reliability of urban road networks operates with three different 

management tools (accident management, road construction management 

and freight traffic management) aimed at preventing and resolving problems 

that inevitably arise during the operation of the road network. These are 

important tools, but disruptions caused by accidents or roadworks during rush 

hours cannot be remedied because there are no excess capacities on 
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congested networks, no detours that offer a real alternative. So, the accident- 

and road construction management are therefore useful in the off-peak, 

otherwise noncongested state.  

The freight management on the other hand is really a long-term solution that is 

not yet mature enough. Most trucks that show up at peak times on crowded 

networks would have a good chance of transporting their goods at other times 

as well. This requires a comprehensive and strictly enforced freight strategy and 

a city logistics system. Unfortunately, this solution is not widespread either, 

although its importance is obviuos, because 20-30% of the urban traffic is freight 

traffic, mostly done by vans. 

These practical tools of this the field are not developed enough to use them 

strategically on the congested road networks, though there are research and 

tools available [8, 9]. 

 

Limiting the benefits of available capacities includes parking and access 

management as well as congestion charge and tolls. Fashionable solutions, 

most of them are still in their childhood, there are few realized cases and thus 

no experience. Any of these tools could alone solve the congestion if the cities 

would take the responsibility to use them radically. But the fear from the political 

consequences limits the effects of these tools. 

The parking regulation in most big cities dates back many decades and can 

be considered successful in many ways. However, parking fees are usually 

simply not high enough to reduce congestion, as these steps are already very 

risky politically. 

Access management basically covers two tools: the protection of downtowns 

(with access restrictions) and special restrictions such as ramp metering on 

highways. There are many more options in this type of tool than could be used 

today, but the scope is very narrow at the moment. 

Congestion charge is the best known and most successful solution, its 
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effectiveness in reducing congestion is recognized and proven. However, it is 

worth noting that according to some examples, the congestion charge does 

not reduce the traffic just rerout the drivers [14] and has a relatively small 

impact outside of the defended zone. The main problem, however, is that its 

implementation is complicated, costly, and politically very risky, so despite the 

obvious results, it has not been introduced in new places for a long time. 

 

Tolls are not usually used against congestion. In Singapore, on the other hand, 

the congestion charge and the toll have been merged and, together with 

other measures, the system has been continuously developed since 1975 to 

build a very successful solution [15]. However, it should not be overlooked that 

Singapore was not exposed to the risks of democratic decision-making. 

 

These methods are in the focus of the theoretical research and the papers 

aimed to solve the congestion problem [10, 11] 

 

Building/release new capacity. It includes traffic and mobility management, 

support for public transport, conversion of existing infrastructure and 

construction of new infrastructure.  

Traffic management seeks to utilize the capacity reserves inherent in existing 

systems mainly through ITS tools, information provision, coordination, central 

management, etc. These measures result in better operation, greater 

efficiency. Unfortunately, with latent demands and the fast growth in traffic, 

the results achieved are melting fast, so even the viability of low-cost efficiency 

measures is questionable. 

Mobility management is another fashionable tool, includes shared mobility, 

increase the use of slow modes (walking, cycling), create a better modal split, 

promote workplace mobility plans, home delivery, home office and 

teleworking, changing travel habits and disseminating knowledge. However, 
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the fact, that the latent demands are high, even in the case of a successful 

intervention the new capaity will be used by new or other cars and traffic is 

only temporarily reduced. 

Supporting public transport is the most common and perhaps most popular 

form of challenge congestion. Unfortunately, the examples of many big cities 

prove that, even with the existence of an almost perfect public transport 

system, congestion will not go away. At the same time, this is the best way to 

provide alternative ways to car dependency. 

Reconstruction the infrastructure and construction a new infrastructure is 

obviously a dead end for the reasons already mentioned several times. Most 

congestion could be relieved, at least temporarily, with the right amount of 

resources. In addition to the obvious failure, it is still a surprisingly common 

engineering task. 

As these are the most used tools, there is a wide range of research and 

practical advice in the field [i.e., 12, 13]   

 

The successful operation of the traffic management solutions has been trying 

to prove many times. According to the coordinated adaptive traffic system 

modeled in Sydney, the system reduces travel time by some 28% and traffic 

stops by 25% [16]. The similar system of the M25 expressway around London 

delayed the formation of congestion by 10 to 20 minutes and improved the 

distribution of traffic between the lanes [17]. In evaluating the results, it is worth 

taking into account that behind the results in congestion alleviation almost 

always the better utilization of the existing capacities, which is ultimately 

capacity increasing [18]. Long time series about the operation of traffic 

management systems have not been investigated so far. It is believed that the 

growing and/or rerouting traffic eventually found and used these new 

capacities. 
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In the theoretical and modeling research, the congested traffic flow has long 

been in the forefront of interest [19, 20]. The most important theories describing 

the traffic flow include hydrodynamic and kinematic models, car-following 

models, and queueing models [21, 22]. The kinematic model is easy to use in 

traffic planning [23]. One of the relatively new research domains, related to 

Daganzo, models the uniformly congesting traffic in urban areas at the 

aggregate level, using the Macroscopic Fundamental Diagram, where the 

accumulation and the speed of vehicles play the leading role [24]. The theory 

was widely discussed and further developed for special circumstances [25]. 

Later, the issue of urban network gridlock was also studied and modeled on this 

base [26].  

It has a long tradition of describing congestion as a two-phase system [27, 28, 

29], where the traffic on the main network elements is a mixture of standing and 

moving vehicles. [30]. Critics of the models used, and the benefits of the 3-

phase system are emphasized by Kerner [31]. Other authors also criticize the 

theoretical models [21, 31], for example, because of the weak correlation 

between the models and the observed traffic, which orienting designers more 

towards empirical models. 

 

If there are so many solutions and research, then the question rightly arises as 

to why planners have not yet solved the problem of congestion? Firstly, the 

congestion is the sign of the success and prosperity of a city: if there is 

congestion, then there is something attractive in the city. With one step further, 

if the congestion linked to the prosperity, then the congestion itself cannot be 

wiped out from the city without causing harm. 

Secondly, in my opinion, mostly because the available solutions do not use 

radically enough due to their political sensitivity, so their impact is also limited. 

Decision-makers are currently trying to restrict the traffic without restrictive 

measures. The real problem here is the political acceptance and acceptability. 
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Whatever will be the solution, the key issue is the political acceptance of the 

necessary restrictions. The current state of the fight against congestion is also 

can be observed through the Google Traffic of an average morning rush hour. 

On the Figure 2 it can be seen the problematic congestion situation in Paris and 

London and the much favorable in Amsterdam. 

 

 

 

 

 

 

 

 

 

Figure 2: The morning rush hour in Paris, London, and Amsterdam on 22. 05. 
2020. (Google Traffic) 

 
Figure 2 maps have shown that the often-recommended solutions, like the 

development of public transport, are almost worthless using alone. Thus, in Paris, 

where can be found perhaps the most advanced public transport in the world, 

almost the whole city is congested in the morning rush hour. Similarly, the 

congestion charge area of London, where congestion is again significant due 

to the long-delayed charge increase. National support for cycling has also 

benefited Amsterdam, which are perhaps the least congested cities, but it is 

important to point out that the examples that have been succeed there, 

perhaps mainly due to the inexportability of the mentality, have not been 

replicated. It looks like the success story is always unique though the problem 

seems to be general. 
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Finally, it is worth presenting some unorthodox solutions: in Qatar, for example, 

lower-income groups of foreigners, who make up most of the population, are 

not issued driving licenses to reduce traffic. A more positive example is that the 

Sheikh of Dubai wants to be the half of the cars in Dubai as a self-driving vehicle 

by 2030 and the necessary measures have been taken as well. 

 

The most important result is that the only solution is widely used is restriction or 

pricing, which can be considered a kind of restriction. Workable solutions are 

usually unique, in other circumstances they do not work based on experience. 

There are congestion management tools that, while far-reaching but not yet 

mature, have no experience with their application. 

 

The recommended method is significantly different from the tools listed 

because it works in a different way and a different area. The network operation 

and dynamics presented in the research and the answers given to it operate 

at the level of the design and operation of the road transport system, i.e., they 

can be implemented within the road system as well. The tools presented above 

do not affect these dynamics and operation. 

An interesting and closely related issue is the role of the commercial route 

planners in the alternative route usage. It is clearly, though not proved yet, that 

they have a role, but the alternative route usage is probably as old as the the 

first congestion. At least, in 2003-2004 there where obvios traces of it. It is likely, 

that the easiness of the handle and access of the routers created a driving 

environment, where it is easier to find alternative routes than before. This could 

lead to more alternative route usage, but there are other factors as well: the 

generally higher road traffic, the more congestion and the higher motorisation 

could result more alternative route usage as well, even without the commercial 

planners. 

On of the important questions, that why do most of the drivers remain on the 
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arterial road, if they could have dynamic information about the best routing? 

The answer and its research would worth a new dissertation and out of the 

focus of this dissertation, but there is some information which could help to 

validate the problem: 

The daily maximum number of WAZE users in Budapest is around 16 000 

according to the wazestats.com. There is no such data about the Google Map 

users but considering the obvious popularity of the WAZE in Hungary, it is 

probably a lower number. At the same time, only from the agglomeration, 

there is more than 250.000 incoming car daily. So generally, it can be said that 

most of the drivers use the roads out of habit. On the routes they use daily it is 

more than likely that the alternative routes are known and no need to use the 

commercial route planners. An adding anecdotal opinion, that in the everyday 

congestion, where most of the drivers are everyday user, there is a new 

equilibrium, where the alternative routes have just a little advantage with some 

dangerous crossings, so many drivers could decide easily not to try them.     
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Traffic operation of the road network with recurrent congestion 
 

This part of the dissertation describes the network operation of recurrently 

congested road networks and some special, but inherent traffic phenomena 

that usually appear on such networks. 

 

The traffic operation and the special features of the found phenomena 

fundamentally determine the design procedures for such networks. It is 

especially important that this operation - in terms of the formation and 

persistence of congestion, its causes and consequences - is radically different 

from it has thought about so far. The presented network operation is much more 

than longer and longer queues and sometimes disrupting traffic at the 

neighborhood intersections as the only networrk consequence of congestion. 

The picture is much more interesting than that. Before a detailed description 

and explanation, it is necessary to briefly review and clarify the terms used in 

the description. For this reason, the following table (Table 1) consist of a short 

terminology, supported by some figure. 

 

Table 1: The terminology of the traffic operation of the recurrently congested road networks 

Recurrent 

congestion 

Congestions could be categorized by the root cause. Recurrent congestion is 

generated by factors that effect on a regular basis on the road network, such 

as commuting. 

Road network 

with recurrent 

congestion 

Urban or suburban road network with recurrent congestion, where the 

dominant part of the analysed traffic has a particular destination, such as the 

city center. 

Arterial road 
Capacitive and interconnected part of the urban or suburban road network 

dedicated to carrying the highest volumes of traffic. 

Local road Road joining the arterial roads. 
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Main flow 

The massive traffic flow in the peak period towards the most wanted 

destinations (like the city center). This flow creates the recurrent congestion. 

The dominant part of the main flow comes from outside of the road network 

with recurrent congestion. 

Local flow 
Traffic flow generated by the local demands and definitely not by the 

alternative route usage. 

Key cross-section 

Recurrent congestion is typically caused by a lack of capacity in one cross-

section of the network. This capacity-causing cross-section is referred to as key 

cross-section. The key cross-section cannot be avoided on the road network 

with recurrent congestion. In the key cross-section the available capacity is 

smaller than the flow that wants to pass, so queues are created. After the key 

cross-section, there is no more congestion until the impact area of the next 

key cross-section. The volume of flow passing through the key cross-section is 

also the real capacity of the key cross-section and the network, which 

changes within tight boundaries during congestion. The key cross-section of 

the road network with recurrent congestion is typically a signalized 

intersection. 

Primary 

congestion 

Congestion resulting from the lack of capacity of the key cross-section of the 

arterial road. The generated queues can be found on the arterial road. 

Alternative route 

A route to avoiding primary congestion on road networks with recurrent 

congestion. Two types of alternative routes are distinguished. The first one 

comes out of the primary congestion and returns before the key cross-section, 

skipping some part of the queue (alternative route type “A” in Figure 3). This 

operation is clearly visible in the congestions. The other alternative route type 

is less spectacular, but more significant in its impact. In this case, the drivers 

from a busy local road decide to avoid the primary congestion (alternative 

route type "B" in Figure 3). Traffic that uses alternative routes wants to skip as 

long as possible queue, so looks for the closest joining option to the key cross-

section. 

Secondary 

congestion 

Congestion on an alternative route. This congestion is mainly generated by 

the drivers avoiding primary congestion. 
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Widely congested 

state 

State of the road network with recurrent congestion where secondary 

congestion occurs along with primary congestion. 

 

The arterial road-local road concept provides information about the location 

of the traffic, the main flow-local flow concepts clarify the origin and 

destination of the traffic. 

 

 
Figure 3: Some element of the concept 

 

1.1. Significant phenomena in the recurrent congestion 
 

The network operation of the recurrent congestion inherents some interesting 

and important phenomena which occurs regularly on such networks. 

Somehow these traffic phenomena even defines and specifies the operation 

and answers the question, why this system does work so differently. Some of 

them later in the dissertation will be presented as thesis, in this chapter just the 

listing and a short introducing took place, in order to make more 

understandable the following chapters and the complexity of the system.  

 

During the congested period, there is a significant change in the traffic flows: 

the flow of the congested arterial road slows down, meanwhile the flows from 

the local roads intensify, fed by the alternative route usage. The whole network 
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starts to work in an absolutely different way including the rules and the 

hierarchy. 

 

The vitality is one of the most important key of this new ecosystem. On a road 

network with recurrent congestion, all traffic directions have a certain 

capability, which is determined by its location, design, and regulations. ThIs 

capability shows the extent to which certain traffic directions allow traffic to 

reach the congestion-causing cross section. This capability is referred to as the 

vitality of the direction. The vitality is changing fast parallel to the congestion. 

The consequences of this phenomenon could not be overestimated: the 

intensifying traffic flows from the local roads take the place of the dedicated 

arterial road so the whole hierarchy is changing as well. 

 

Alternative route usage: This phenomenon is well known; however, the scale 

and the caused effects are mostly unknown and underestimated. With closely 

related the above-mentioned vitality together shape the form of the traffic 

operation during the congested period. There is an important note here about 

the increasing role of the travel planner applications in the traffic situation of 

the recurrently congested road networks. These tools are helpful for the drivers 

use them, but it is spectacular how similar is this to the well-known economical 

analogy of “tragedy of the commons”, because the advantages of fews 

cause disadvantages for the majority and the system as well. 

 

The traffic permeability of a traffic flow describes the difficulty of crossing the 

traffic flow. The permeability is an ability of a traffic flow to keep away or 

accept vehicles that want to cross the flow. Particularly, the change in the 

factor may be interesting. According to the experience and measurements of 

our research, it is easy to cross the congested queue, but the crossing of high-

traffic road sections traveling at relatively high speed can be extremely time-
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consuming and sometimes dangerous. 

 

The traffic absorption of a traffic flow describes the difficulty of merging the 

traffic flow. Traffic absorption measures the ability of a traffic flow to keep away 

or accept vehicles that want to merge. The change of this factor is also 

interesting. According to the conducted measurements, it is easy to merge to 

the congested queue, but joining to the traffic of high-traffic high-speed road 

sections is a time-consuming task.  

 

The giveways are basic property and acting force of the congested traffic 

operation. Based on the conducted measurements, the prevalent majority of 

the gaps for merging and crossing in the congested queue are not the 

consequence of the traffic dynamics, but the result of the giveway gestures of 

the arterial road’s drivers.  
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1.2. The framework of the traffic operation of the road network with 
recurrent congestion 

 

Behind the traffic phenomena experienced on road network with recurrent 

congestion, the next traffic operation is assumed as a framework. All the 

observed and described phenomena fit in. 

 

The traffic flow on the arterial road, towards to the key cross-section passes 

through the intersections. In these intersections, significant flows join into the 

main flow from the local roads. On the road network with recurrent congestion, 

the flow from the local roads increases significantly during the congestion. The 

significant part of this flow in this time is the traffic of the alternative routes serves 

the rat-run. Since the congested arterial does not have capacity reserve, each 

joining flow from local roads causes stops, delays, and traffic disturbances to 

the flow on the arterial. These disturbances form shock waves that go upstream 

in the queue [6]. The travel speed of the arterial road further from the key cross-

section is getting lower and lower. As the drivers on the congested arterial are 

getting closer to the key cross-section and passing through the traffic 

disturbances due to the joining flows, the queue on the arterial is accelerating. 

 

Seeing from another point of view, the joining flows from the local roads take 

capacity away from the congested arterial road, decreasing the vitality of the 

arterial and at the same time increasing the vitality of the local roads. Some of 

the drivers regularly using the road network with recurrent congestion, knowing 

the network and its operation, plan their route to avoid the primary congestion 

and using the alternative routes, joining into the queue near the congestion-

causing key cross-section, thus contributing to forming of the congestion. The 

lack of capacity of the key cross-section causes significantly damming on the 
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arterial road. This damming effect done by the traffic of arterial road is much 

smaller towards the local roads. 

 

The users of a road network with recurrent congestions generally use a certain 

road section on an everyday basis, so most drivers being familiar with the usual 

traffic jams and the rat-runs. Motorists formulate their own strategies to cope 

with the problem. The most important coping method is routing, by which 

drivers decide which route they prefer for their trip. The basic decision is 

choosing between the congested arterial road and one of the rat-runs. 

Unfortunately, drivers located at the decision points are not always have 

enough information to make a good decision (for instance, the congested 

road section is not visible). As a result, many motorists plan their journeys by 

using the rat-runs or planned by an application in the usually congested 

periods, without taking into account the rate of congestion at all. 

 

In the period before congestion, the main flow located on the arteial road and 

doesn’t look for rat-runs. The traffic from the local roads seeks out the fastest 

(which is also the shortest) path to merge with the main flow. When the 

congestion time starts, often independently of the actual traffic situation, an 

increasing number of motorists choose the rat-runs. During the congestion, a 

lot of drivers avoid the arterial road and search for the fastest route that leads 

to the congestion-causing key cross section, to thereby merge into the 

overcrowded arterial road as closely as possible to the key cross-section. 

 

The reason for the primary congestion on the arterial road is the lack of 

capacity in the congestion-causing cross section. The not enough available 

capacity of this cross section should be used by the main flow on the arterial 

road, but the rat-run vehicles entering at nearby intersections overuse this 

capacity when they overtake the vehicles in the queue on the arterial road. 
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That is the reason why the congestion spreads. The consequences of these 

processes are the increased amount of traffic on the rat-runs and more 

merging traffic near the congestion-causing key cross section, which further 

deteriorates the flow on the arterial road. So, the recurrent congestion on the 

arterial road is partly caused by the drivers’ expectations of traffic and their 

decision to use rat-runs. Consequently, the formation and spreading of the 

congestion is a self-generating process. 

 

The traffic demand behind this process is the well-known principle that drivers 

take the routes with lowest costs and that are generally the fastest as well. In 

the routing, the cost represents some quantified factors, like safety, speed, and 

comfort. In the congested road network, the lowest cost route for drivers is to 

choose the alternative routes to avoid the congested arterial road. However, 

for drivers arriving from the local roads, the lowest cost route is to avoid the 

congested road sections and enter the network as closely as possible to the 

congestion-causing cross section. The result of both coping strategies is the 

development of traffic on the alternative routes, which seeks out the merger 

point closest to the congestion-causing key cross section. This process 

generates a significant traffic demand near the bottleneck. 

1.3. Problems with the traffic operation of the road network with recurrent 
congestion 

 

In this chapter, the disadvanteges of the above-described traffic operation are 

presented, which forms the traffic, the traffic management and even the 

design process and the design goals. 

 

The operation of the road network with recurrent congestion is radically 

different from the operation of the non-congested network. Not only the 

speeds are lower, but completely different the routes used and radically 
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change the hierarchy of the road network. These factors cause that the well-

functioning traffic management tools in the non-congested period, including 

signalisation, road markings and signposts, are frequently inadequate during 

the congestion. 

 

The traffic of the road network with recurrent congestion uses masses of road 

sections and intersections that are not designed for such traffic volume. 

Protecting residential streets or the handle of the intersections becoming 

dangerous because of increasing traffic is a very important and unavoidable 

task. These questions involve some philosophical problem of the network 

design, such as the right of the limitation of the free routing on the roads. The 

basic principle of today's network planning that (almost) all traffic flow is 

legitimate. Looking ahead a bit far, in the era of autonomous vehicles, the right 

of the limitation of the free routing may become an essential problem. Until 

then, network control, which is not yet elaborated in its tools, can be the 

solution for controlling and managing congested network traffic. The first step 

of these is the inbound control [32]. 

The operation of the road network with recurrent congestion is not fair. Users of 

some alternative routes gain time comparing to the users of the arterial road. 

In other words, travel times do not equalize on a network level. The question is 

whether this process has an available social optimum, or it is worth achieving 

or not. 

 

Alternative routes are powered by easy joining into the queue on the arterial 

road, nearby the key cross-section. Limiting local roads with excessive vitality 

and thus reducing the benefit of the use of alternative routes would be a major 

step in improving network traffic quality, as it would provide a way to 

accelerate and reclaim the flow on arterial road, thereby mitigating the 
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impact of adverse network processes. There is needed to make the decision in 

principle that it is wanted to strengthen the flow on arterials or not.  

The designation of the arterials has an important purpose in the transportation 

planning. The arterials are capacitive elements, usually there is public transport 

on them, and these are the main channels of the freight transport. If a road is 

designated to an arterial road, then the consequences of this act must be 

considered, and the arterial road has to be able to fulfil this role even in the 

congestion. Another advantage is that at normal operation, the drivers on the 

arterial road have priority. 

 

It can be argued that the use of alternative routes supports the capacity 

utilization of the entire network. This is only partly true because the lack of 

capacity of a cross-section appears only in the key cross-section, results the 

congestion.  Alternative routes do not add additional capacity to it, but their 

use, as it will be presented, causes significant damage to the overall 

dynamics of the system. Another argument could be the Equilibrium principle, 

according to which the resistance of alternative routes is the same as that of 

the main route. According to my research, joining and rejoining from 

alternative routes is easier and faster than using the congested arterial road. 

The resistance of alternative routes in a microscopic level is definitely lower, at 

least in the phase of the formation of the congestion, and this is the 

motivation of the use of alternative routes.   
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1.4. The scenario of the formation of the recurrent congestion 
 
The development of recurrent congestion follows a typical six-step scenario. 

The use of alternative routes and the extreme traffic volumes in the pre-

congestion period play an important role in the creation of the congestion. 

 

This scenario is based on the framework presented in the previous chapter. The 

phenomenon of link spreading, which is strongly related to the operation 

presented here, is a known (Figure 4) but not researched fact. 

 
Figure 4: Spatial spread of rush-hour traffic (source: European Conference of Ministers of 

Transport, 2007. [1]) 

 

A new approach to describing the form of recurrent congestion may be useful 

in traffic modeling procedures and in the development of newer congestion 

management methods. This chapter aimed to familiarize the traffic operation 

of road networks with the characteristics of recurrent congestion. Deeper 

knowledge was provided by wide-range traffic measurements on several 

sections of the southwestern road network of Budapest, mainly on roads are 

leading into the city. There were traffic counts and travel time measurements 

conducted as well.  

 

Based on the measurements, the formation of recurrent congestion follows a 

typical scenario on the road network. This scenario will be introduced than the 

most important steps will be supported in detail. The scenario consists of six 
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consecutive steps. 

1. In urban areas, a significant part of drivers is trying to get to their destination 

before the congestion is occurring. This is a significant traffic volume on the 

road network, actually higher than during the congestion (see on Figure 5). 

However, key cross-sections, which are the least capacitive elements of the 

road network, can still pass surprising traffic volume at that time. This period 

is the most effective time for road network with recurrent congestion. One 

of the reasons for this is that these flows are on the capacitive arterials and 

there are no signs of alternative route use. This time the flows from local 

roads carry significantly smaller traffic than during the congestion. However, 

this state of grace lasts for a short time. The huge traffic volumes quickly 

expire the capacity of the key cross-sections, creating the first queues. 

2. In the key cross-section, the queue transforms into congestion in a very short 

time. This is the primary congestion. It is important, that in this case, in the 

forming of the congestion, road construction work or accidents plays no 

role, even though there is a greater likelihood of accidents at this high of 

traffic volumes. The key-cross sections are on the arterials, so the primary 

congestion is also located on the arterials. In essence, these primary 

congestions are the roots of the widely congested state forming in the next 

steps. 

3. A significant part of the drivers does not want to pass the primary 

congestion. Most of them, knowing the network and its operation, are 

planning their trip on alternative routes. Other drivers are looking for an 

alternative route when realising the congested situation and many drivers 

are just following the instructions of a navigation application. The role of 

applicationss in the traffic operation are surprisingly important, because 

they make natural and effortless the usage of the rat-runs.  
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4. Significant part of the main flow using alternative routes avoids primary 

congestion and joining to the queue near to the key cross-section, thus 

completely transforming the traffic operation (see later in Figure 14) Later 

on, this phenomenon will be presented in a thesis. The ratio of the flow from 

the arterial in the key cross-section decreases considerably, and its place is 

taken up by the flow from the alternative routes. This phenomenon will be 

introduced as a thesis later. It is typical that alternative routes affect 

residential streets and intersections designed for much lower traffic. 

5. Secondary congestion on alternative routes is occuring, and the traffic on 

the whole network is transforming into a widely congested state. An 

important feature of the road network with recurrent congestion is that in 

the peak period every arterial is congested due to the lack of capacity of 

the key cross-sections. This network traffic operation is unfavourable, based 

on the steps outlined so far in the scenario, the congested network extends, 

and significant part of the main flow from the capacitive arterial road 

transfers to local roads. The control in the intersections typically brings the 

arterial road to an unfavorable situation, supporting the local roads. 

Compared to this situation the traffic operation before the congestion (see 

step 1.), it is clearly visible the powerlessness of the flow on the arterials and, 

consequently, the degradation of its traffic operation. 

6. The incoming traffic flow slowly begins to decrease, the queues shorten, the 

congestion ceases and starts the normal, non-congested traffic operation. 
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1.5. The role of the extreme traffic volume in the pre-congestion period in 
the formation of recurrent congestion  

 
One of the typical forms of recurrent congestion is the morning commuter 

peak. In this situation, the roads linked to the main centres on the network show 

clearly the first step of the presented scenario in the previous chapter. This 

phenomenon cannot be observed in the city network because of the generally 

high volume of the traffic.  

 

This chapter introduces the emphasised role of the extreme, short-time traffic 

volumes in the main flow on the arterial roads. Just before the formation of the 

recurrent congestion on the main road to the city centres especially large 

traffic volumes come to the network for a short period. In this period with these 

extreme traffic volumes the quality of the traffic on the arterial road is quite 

high, this situation is the most effective part of the daily traffic operation. But 

these extreme traffic volumes provide the first queues after a while, so they 

have a privileged role in the formation of the recurrent congestion. 

 
In urban areas, a significant part of drivers is trying to get to their destination 

before the congestion is occurring. This is a significant traffic volume on the 

road network, actually higher than during the congestion (see on Figure 5). 

However, key cross-sections, which are the least capacitive elements of the 

road network, can still pass surprisingly high traffic volume at that time. This 

period is the most effective time of the traffic operation on the road network 

with recurrent congestion. The reason for this is that these flows are on the 

capacitive arterials and there are no signs of alternative route use. This time the 

flows from local roads carry significantly smaller traffic than during the 

congestion. However, this state of grace lasts for a short time. The huge traffic 

volumes quickly expire the capacity of the key cross-sections, creating the first 

queues.  
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To support the first steps of the scenario described earlier, the traffic volumes of 

three busy roads in the south-southwestern agglomeration at the border of 

Budapest are presented (Figure 5). At the first step, there are no congestions 

on the presented arterial sections and there is no rat-run as well, so the traffic 

volumes show essentially the number of vehicles towards the city, the traffic 

demand of the main flow. This traffic demand dominates the traffic operation 

of the road network with recurrent congestion, they are typically much greater 

than the local flows. Some drivers from the congested arterial road later use 

alternative routes, but in this step these routes are not used. The chart clearly 

shows that the number of arrivals is significantly higher before the congestion 

than during the congestion, which indicates that the extreme volume of traffic 

occurring before congestion has an important role in forming the congestion. 

 

 
Figure 5: Traffic volumes of 3 agglomeration arterials at the border of Budapest on a working-

day morning rush-hour in the fall of 2017. (own traffic countings) 
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The traffic volumes show the amount of traffic that can actually take place in 

the congestion, the rest of the cars are standing in the congestion. The vehicles 

obstruct other vehicles and result the lower traffic volumes and the increased 

traffic density. 

It would be worthwhile to further examine the factors behind the surprisingly 

high capacities in this short period, the durability of the period and the main 

factors behind the slowdown of the traffic. The results could be used as the 

ideal situation to find out which factors work for and against the high quality of 

traffic operation. The deeper analysis of this phase was not a focus, because 

teher is no congestion at this time on the network. 
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The concept of the vitality of the traffic directions 
 

During the design process of road networks for densely built-up areas, designers 

generally do not have enough space or funds for a good solution to improve 

traffic operation. Congested traffic cannot be efficiently managed by the 

traditional tools of traffic engineering: they require a new, congestion-related 

approach. New approaches are needed to improve the new design tools for 

this well-known traffic phenomenon. The signs of a promising new approach 

were described by Vörös and Szele (33, 34) in a case study about congestion 

in Budapest. The studies of Vörös & Szele in 2003, examining the congestion in 

Budapest, pointed out that the traffic flows from local roads joining into the 

arterial road close to the bottleneck can join the congested arterial road are 

exceeding their traffic role. It was found that during the formation of the 

congestion, the traffic of the local roads visibly increased. Detailed 

measurements for quantification showed that the increase in traffic was much 

more significant than expected and that there was a significant shift in traffic 

from the main direction in favor of the minor roads. This phenomenon was 

named the vitality of the minor directions. Literature contains no studies on this 

topic.  

 

One of the most important drivers of the traffic operation in the congested road 

network is the change in the traffic flows during the congestion. During the 

congested period, there is a significant change in the traffic flows: the flow of 

the congested arterial road decreases, meanwhile the flows from the local 

roads intensify, fed by the alternative route usage. The vitality is the concept 

which describe this phenomenon. Thesis Ia describes the phenomenon and 

Thesis Ib quantifies it. 
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1.6. Thesis I a 

I have created and quantified the concept of vitality. The vitality of a traffic flow 

measures the capability of this flow to get its traffic flow to the congestion-

causing cross section. On a road network with recurrent congestion, all traffic 

flows have a certain capability, which is determined by its location, design, and 

regulations. This capability is referred to as the vitality. The vitality is changing 

fast parallel to the change in the level of congestion. To quantify vitality, I have 

proposed to use the quotient of the traffic volume in the examined traffic flow 

and the traffic volume of the congestion-causing cross section. The unit of 

measurement is the percentage value (%). [4] 

 

The thesis focuses on the vitality of the traffic flows, its change during 

congestions, and especially on its applicability in traffic design. Using the vitality 

of the traffic directions to study road networks with recurrent congestion is a 

new approach that quantifies the network effects of the congestions. The 

vitality of a traffic direction was interpreted in framework described before. 

 

To quantify vitality, it is proposed to use the quotient of the traffic volume in the 

examined direction and the egressing traffic volume of the congestion-causing 

cross section (Figure 6). The unit of measurement is the percentage value (%).  
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Figure 6: The concept of the vitality 

 

The capacity of the congestion-causing cross section is finite. As a result, as the 

vitality of one direction increases, the vitality of another direction decreases. If 

the vitality of the minor directions increases, the vitality of the main direction will 

decrease. The aggregated vitality of all minor direction is the reciprocal of the 

vitality of the main direction. It is assumed that the concept of vitality could 

play an important role in the description, understanding, and design of road 

networks with recurrent congestion. 

The concept of vitality quantifies the difference and the change of traffic 

routing under congested and normal traffic conditions on road networks with 

recurrent congestions. It is assumed, that the vitality of a direction is closely 

related to the level of the congestion, so it could be a good tool to describe 

and quantify some change in the traffic operation.  
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The relationship between the vitality of the traffic directions and the 
level of congestion 
 

Methodology 

The analysis uses the aggregated vitality of the minor roads as a factor, which 

is equal to the sum of the vitality of all the minor directions. Traffic observation, 

traffic countings, and simulation were used to determine the principal 

components behind the relationship. The examinations were implemented on 

road networks regulated by traffic lights where there was no way to avoid the 

congestion-causing cross section.  

 

Data collection 

Data was collected by recording videos in Budapest and in its suburbs. This was 

followed by the determination of changes in the traffic volumes of the main 

direction and the merging minor directions, as well as the travel times in the 

main direction. The data collections were conducted in the morning rush hour. 

The temporal change of traffic volumes and vitality was calculated based on 

the data. Two arterial roads and the joining minor roads were chosen to collect 

data for the research. 

 

The first arterial road is the Egér Road in Budapest (Figure 7). 
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Figure 7: The first measured arterial road and the minnor directions with excessive vitality on 

Egér Road, Budapest 

 

This arterial road links the southwestern suburbs and the south of Budapest. The 

involved four-lane road section is 3.5 km long, with traffic regulated by 6 

signalized intersections. The speed limit is 70 km/h. The collected data was used 

to perform traffic simulations, the outcomes of which were used for the analysis. 
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The second arterial road is the Balatoni Road in Diósd (Figure 8). 

 

 
Figure 8: The second measured arterial road and the minor directions with excessive vitality 

on Balatoni road, Diósd 

 

This arterial road plays an important role in commuter traffic to Budapest and 

the M0 ring around Budapest. The involved two-lane road section is 1.2 km long 

and contains two roundabouts and 6 additional minor roads regulated by 

“Give Way”. The speed limit is 50 km/h. The outcomes of the collected data 

were used directly for the purposes of the analysis. 

To measure the relationship between the vitality and the degree of congestion, 

a traffic simulation was created based on the traffic measured on Egér Road 

during congested conditions. The five-minute units of the simulation traffic 

volume results were added together to specify the vitality of the directions. The 

vitality of all minor directions was aggregated to compare the vitality of the 

main direction. The congestion level has been taken into account as the 5-

minute-average travel speed of the congested arterial road (the main 

direction). A faster travel speed means a lower level of congestion. 
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The aggregated vitality of all minor direction (Figure 9) before the formation of 

the congestion was 36%, which increased to 64.5% as the congestion 

worsened. Though the variation of the vitality showed a clear increasing 

tendency, the increase was volatile: there were significant differences even in 

the 5-minute-average values. During the congestion, the speed of the main 

direction was almost continuously decreasing. The aggregated vitality of the 

minor directions and the travel speed of the main direction change together. 

 

 
Figure 9: The change of the aggregated vitality of the minor direction and the speed of the 

arterial road during the congestion on Egér road, Budapest 

 

In the case of Balatoni Road in Diósd (Figure 10), the traffic volumes of all 

directions were counted and aggregated to a 5-minute-average to specify 

the vitality of all the directions. The travel speed of the main direction was 

measured and averaged to a 5-minute-average as well. In this case, the 

aggregated vitality of all minor directions showed a non-uniform ascending 

tendency starting from 32.3% (before the formation of the congestion) to a 

value of 67.7% (at the lowest speed in the main direction). The non-uniformity 

of the increase can be explained by the temporary decrease in the vitality of 
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the minor roads as the queue accelerates at the green signal. During the 

congestion, the speed of the main direction was almost uniformly descending. 

In this case, the aggregated vitality of the minor directions and the travel speed 

of the main direction also changes together; however, the relationship 

between these factors is not clear, further research needed. 

 

 
Figure 10: The change of the aggregated vitality of the minor directions and the speed of the 

arterial road during the congested period on Balatoni road, Diósd 

 

To understand the relationship between the speed of the main direction and 

the aggregated vitality of the minor roads during the congestion, charts were 

created based on the results of the measurements. 

As shown on Figure 11, Egér Road experienced only small changes in the 

aggregated vitality of all minor roads during the formation of the congestion, 

while speed decreased from 52.6 km/h to 15.9 km/h. After the increase of the 

congestion, the speed remained within the range of 11.6-16.5 km/h, while the 

vitality fluctuated widely between 32% and 64%. 
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Figure 11: The relationship between the speed of the main direction (the arterial road) and 
the aggregated vitality of the minor roads during the congestion on Egér Road, Budapest 

 

Considerable changes were observed on Balatoni Road during the formation 

of the congestion as well (Figure 12). Speed and vitality decreased almost 

equally, with considerable fluctuations in both. The speed reduction from 45.6 

km/h to 14 km/h was parallel to the growth in aggregate vitality from 27.9% to 

48.1%. In this case as well, speed remained within the range of 10.9-6.2 km/h 

even after the building up of the congestion, while vitality fluctuated widely in 

the range of 33.7% to 67.7%. 
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Figure 12:  The relationship between the speed of the main direction and the aggregated 

vitality of the minor roads during the congestion on Balatoni Road, Diósd 

 

The graphs contain a broadly vertical and a horizontal part. The broadly 

vertical part of the change describes the formation of the congestion, the 

congested condition can be seen on the horizontal part: when the traffic 

operation comes to the congested condition the points start to move 

horizontally. In a very simple way, the relationship between the two analysed 

factors could be presented as a roughly horizontal and a definite vertical line 

where the lines represent the specific traffic conditions. To explain all the details 

further research needed. 

Based on the results, it was also performed a correlation study. Since the 

functions have two well-separable stages (congestion formation (stable) and 

the congested state (instable)), in addition to the full graph, these sub-sections 

were also examined separately. The following results were shown for the 

complete graphs (Egér Road on the left and Balatoni Road in Diósd on the 

right): 
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For the full graphs, R2 is 0.3407 and 0.5536, respectively. The polynomial 

correlations were the highest and the linear correlation were 0.1919 and 0.4625, 

respectively. The following values were resulted when the formation of 

congestion and the condition of congestion were examined separately: 

 

Table 2: The R2 values of the graphs 

R2 
Egér Road, Budapest Balatoni Road, Diósd 

linear polinomial linear polinomial 
the whole graph 0.1919 0.3407 0.4625 0.5536 
formation of congestion 0.096 0.2998 0.6956 0.7556 
congestion 0.041 0.4722 0.3631 0.3635 

 

These values are not convincing, but the following should also be considered: 

• During the formation of congestion, in both examined cases there is a value 

different from the trend, which significantly influences the shape of the function 

in addition to the few measured points. 

• In the congested section, the values essentially perform phase jumps, here 

more methods would probably be needed than the classical correlation test. 

The presented curves are used to describe the relationship between the 

phenomena, and the investigation of the exact causes and background 

requires further scientific efforts.  

Figure 13: Correlation study of the graphs 
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1.7. Thesis I b 
 

I have demonstrated that there is a close relationship between the aggregate 

vitality of the minor traffic flows and the speed of the arterial road which 

represents the level of the congestion. The relationship between the two 

analysed factors could be presented as a roughly horizontal and a definite 

vertical line where the lines represent the specific traffic conditions. [4] 

 

According to the research, the role of the directions also changed in addition 

to the speed of the main direction during the formation of the congestion. 

There is a close, not thoroughly clarified relationship between the aggregate 

vitality of minor directions and the speed of the main direction, and 

consequently the level of the congestion. Simultaneously to the decrease in 

speeds of the main direction, the aggregated vitality of the minor directions 

increased from around 30% to around 70%. At the same time, the speed of the 

main direction decreased from 45-50 km/h to 5-12 km/h. During the formation 

of the congestion in the first examined case, the decreasing of the speed 

occurred without a change in vitality. In this case, the increase of the traffic 

volume in the main direction probably slowed the main direction, and then the 

minor directions could ingress very effectively into the low-speed main 

direction. In the other examined case, the decrease in speed was parallel to 

the change in vitality. It is assumed that the increasing rate of the minor 

direction contributed to the slowing of the main direction. The most important 

observation is that the aggregated vitality of the minor directions is generally 

very high and variable at the low speed of range. The very narrow range of 

speed of the congestion and the similar vitality and speed values of the two 

fundamentally different examined road sections are remarkable. During the 

formation of the congestion and during the congestion itself, vitality can 

change significantly. This change characterised the vitality. Based on detailed 
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research, it is advised to classify vitality. 

 

The concept of vitality quantifies the difference and the change of traffic 

routing under congested and normal traffic conditions on road networks with 

recurrent congestions. The change of traffic routing (alternative road usage) 

and the existence of the minor directions with excessive vitality indicates the 

inadequacy of current road network traffic designs and questions state-of-the-

art traffic regulations and traffic design methodologies. Cutting back minor 

directions with excessive vitality is essential to the success or failure of the traffic 

design. Excessive vitality could principally be limited by the capacity 

distribution of the intersection traffic design. Significantly slowing rat-run traffic 

could play an important role in the limitation of excessive vitality.  

 

The declared strategic objective is to provide the adequate vitality to the 

congested arterial road, the main direction. Including the vitality of the traffic 

directions into the traffic design process provides a new and effective 

congestion-related tool. This tool could play a key role in making effective 

urban traffic control strategies both on the strategic and on the tactical level. 
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The alternative route usage and its importance in the traffic 
operation 
 

Though the extensive use of alternative routes in congestion has not been 

previously unknown, the magnitude of the phenomenon or the rearrangement 

of the network hierarchy have not been investigated so far. Based on the 

literature, the alternative route usage in congestion is out of the focus of 

research. The results are usually too complex or cannot be integrated into 

today's network design system. 

 

Methodology 
Road users on recurrently congested road networks usually use that road 

network daily, most drivers are familiar with congestion and alternative routes, 

so they develop their own coping strategy to overcome congestion. They are 

choosing day by day between the congested arterial road and the alternative 

routes. As the traffic situation at decision points is not always clear (for example, 

the congested section cannot be seen), many drivers plan their journeys on 

alternative routes during congested periods. 

In the pre-congestion period, the drivers of the main flow do not look for 

alternatives. From the very beginning of the period of congestion, often 

regardless of the actual traffic situation, more and more drivers choose to use 

the alternative routes. By this time, some part of the drivers is already avoiding 

the arterial road and looking for the fastest way on the alternatives. This route 

is usually connected to the congested arterial road near the key cross-section. 

In the key cross-section, basically the traffic of the arterial road should use the 

available scarce capacity. However, vehicles entering at intersections close to 

the key cross-section use significant part of the capacity of the key cross-

section, ahead of vehicles lined up in the congested arterial road. Because of 

this, the traffic of the arterial road slows down further, and congestion becomes 
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more extensive. Because of this, even more drivers decide to choose an 

alternative route and appears at the very beginning of the queue worsen the 

traffic situation of the arterial. Congestion of the arterials on recurrently 

congested networks is thus partly due to drivers' expectations of traffic 

(assumption of congestion) and the consequent decision (choice of 

alternatives). The formation and widespread congestion in this form is thus a 

self-exciting process and a vicious circle as well. 

 

The traffic demand behind the use of an alternative route to avoid the 

congested arterial could be explained by the well-known principle that drivers 

choose the route with the lowest cost to get their destination. This route under 

normal traffic circumstancies is the arterial road, which is the fastest one. In the 

case of recurrently congested road networks, this occurs when drivers leave 

the congested arterial and look for alternatives (movement “A” in Hiba! A 

hivatkozási forrás nem található.). Others choose the point of entry into the 

arterial road to find the shortest possible congested road section. (Movement 

“B” in Figure 3). Both appearances generate traffic looking for connection 

points close to the key cross-section. 

 
Data collection 
Three recurrently congested road networks with excessive alternative route 

usage were examined. On these networks, some part of the main flow goes 

through local streets and junctions not designed for this purpose and this 

volume of traffic. Drivers use alternative routes bypass part of the congested 

arterial and join or rejoin to the very beginning of the queue. During the 

measurements, the ratio of each traffic flow was determined at the key cross-

section of the examined network. 

The data collection was conducted in 2003. The traffic regulation has changed 

a lot, since then several important interventions have taken place on this 
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network (for example, the Újpest quay-Nagykörút junction has been 

signalised). To avoid congestion on the Grand Boulevard (and partly on the 

turning lane of Váci út), drivers coming from Váci út use the residential streets 

(Balzac, Katona József, Pannónia) as an alternative route and join to the 

congested arterial at the signalised intersections on the Grand Boulevard. 

These intersections (i.e., Pannónia Street-Grand Boulevard) were obviously not 

designed for the Váci út-Margaret Bridge flow. Likewise, the Újpest Quay-Grand 

Boulevard intersection was not designed to serve this traffic flow, but to serve 

another main flow: Pest Lower Quay-Margaret Bridge. It can be seen that traffic 

is rerouting; the alternative route usage is significant during congested periods. 

 

The second analysed arterial road was the Egér Road (see earlier in Figure 7). 

The traffic situation is quite the same as in the Grand Boulevard, although this 

road serves mainly suburbian traffic demands. Drivers to avoid congestion on 

the arterial at the morning peak use residential streets designed for local traffic 

and (re)join to the beginning of the queue, close to the key cross-section (see 

also type “B” in Figure 3). 

The same phenomenon can be seen on the Balatoni road in Diósd shown in 

Figure 8. This network a typical suburbian main street mainly serves the 

suburbian road traffic and it provides some important connection, like the 

South-Buda suburbs-M0 ring. The position of the congested arterial road is 

worsened here by the fact that the local roads join with either roundabout or 

give way, so the connection to the congested queue is almost unlimited. 

 

To compare and analyse the situations it was created an illustration about the 

change in the traffic flows during the congestion (Figure 14). It is clerly seen, the 

remarkable change of the traffic flow of the arterial road, the increase of the 

local road’s traffic and obvious the role of the alternative route usage in these 

changes. 
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Figure 14:  The change in the traffic operation on the 3 analysed arterial road and their joining 

network with recurrent congestion 

 

In the network-level congestion formation there is a huge problem to quantify 

the number of drivers using alternative routes. It was estimated the number of 

all drivers using the alternative routes to determine the magnitude of the 

problem (Figure 14 and Table 3). The increase of the traffic flow on the 

alternative routes during the congestion is significant, in the three cases 21%, 

50% and 73%, respectively. 
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Table 3: The estimated traffic volumes and rates of the alternative route usage in the 
analysed arterial roads 

  

Northeastern 

part of the 

Grand 

Boulevard, 

Budapest 

Egér Road, 

Budapest 

Balatoni 

Road, 

Diósd 

The increase in the traffic volume of the flow from 

the local roads at the joining point to the arterial 

road (Vehicle/hour) 

361 1320 870 

The increase in the traffic volume of the flow from 

the local roads relative to the traffic volume of the 

key cross-section 

21% 50% 73% 

The estimated traffic volume of the alternative 

routes (Vehicle/hour) 
180 790 520 

The traffic volume of the key cross-section 

(Vehicle/hour) 
1720 2650 1190 
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1.8. Thesis II. 
 
I have demonstrated that the increase of the traffic flow on the examined 

alternative routes during the congestion is significant, in the three cases 21%, 

50% and 73%, respectively. According to the analysis, the alternative route 

usage on the recurrently congested road networks is not a side effect but an 

important driving force in the formation of the congestion. [5] 

 

The most important lesson to learn of the studies is that on recurrently 

congested networks, not only the speed of traffic changes during the 

congested period, but also the role of the roads as well. The function of the 

local roads is basically to serve the local traffic. Based on the measurements, 

the congestion changes the function of the local roads and main flow appears 

on them, which can be much higher than the traffic belonging to the original 

function. Thus, both the design of the cross-sections and the intersections are 

not good enough for this level of traffic. 

 

From the point of view of the road network design, using the alternative routes 

by the drivers is not a solution but the part of the problem. This traffic 

phenomenon is not a side effect, but the essential properties of the road 

networks with recurrent congestion. According to the analysis, the traffic 

demand behind the increase in the vitaility of the local roads is from the 

increasing use of alternative routes. 
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Absorption and permeability of the congested traffic flow 
 

The shape of the traffic operation of the recurrently congested road network 

is mainly formed by the alternative route usage. This pehomenon could not 

be so important without the fact, that these traffic flows could easily join and 

rejoin to the congested main flow. The secret of the operation lies here: the 

easiness of the ingress is the driving force behind the complexity. So, this 

“easiness” was investigated in detail. The phenomenon can be seen as a 

newer aspect of the vitality described earlier. 

 

The inspirational traffic phenomenon of this thesis can be described as 

follows: merging and crossing the congested queue are very simple, safe 

and time-consuming traffic movements. Conversely, these movements in the 

non-congested flow with high traffic volume and high speed are time-

consuming and dangerous. The merging and crossing movements in 

unsignalized nodes are very important factors in the traffic operation. For 

example, the difficulty of merging a queue is an important factor in the 

creation of queue of local roads. To cross a congested queue could be 

significant for traffic that, although not congested, often suffers significant 

delays due to congestion. Both movements are massive on the congested 

networks, and the former has a decisive role in the development of 

unfavorable dynamics. 

 

The introduced concepts of traffic permeability and traffic absorption 

supports the traffic planning process involves congested road sections. In 

particular, the design of the traffic regulations, create the road hierarchy 

and quantifying the effects of traffic management measures could be 

beneficiary. 
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Literature 
According to the literature, merging and crossing the traffic flow at 

unsignalized intersections is specified by the gaps between the vehicles and 

the critical gap accepted by the merging and crossing drivers. Drivers must 

wait until a proper gap to perform their movements. The critical gap is a 

paramount but not directly measurable parameter for capacity calculation 

[35]. The literature discusses broadly the concepts of gap, critical gap, and 

gap acceptance [36, 37]. In these papers, mathematical and statistical 

works are typical, aiming the statistical description of gap acceptance, time 

headway and time gap, such as works of Daganzo [38], and others [36, 39, 

40, 41, 42, 43, 44, 45, 46, 47], which were usually based on large samples. It is 

also common to compare the non-congested and congested traffic 

condition, but the outcomes are mostly theoretical. A significant goal is to 

increase the intersection safety [48, 49], based on detailed measurements 

and analysis of the merging and crossing movements. Another commonly 

discussed phenomenon is ramp metering. 

 

Most studies rely on measurement data to provide operational solutions, but 

with serious limitation due to the complexity of vehicle interactions [50]. Most 

of these papers are also based on large samples and looking for the most 

appropriate parameters [39, 50, 51] claim that when traffic approaches 

saturation, drivers take greater risks and accept smaller gaps. However, 

examining gaps does not say anything about waiting times for merging or 

crossing.  

 

Highway Capacity Manual [52] is the base of the road traffic planning.  It 

provides a methodology to estimate the expected waiting times in Two-

Ways Stop-Controlled (TWSC) intersections. The methodology is based on the 

determination of the control delay. Control delay includes initial 
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deceleration delay, queue move-up time, stop delay and final acceleration 

delay, so the total time elapsed from the time the vehicle stops at the end 

of the queue to the time the vehicle departs from the stop line. Based on the 

control delay, the level of service (LOS) can also be determined. HCM 

recommends using the same methodology with other (but not published) 

parameters for yield sign-controlled intersections. The yield sign-controlled 

intersection examined below, however, is operating as TWSC due to the high 

traffic. 

According to HCM, the worst "F" LOS occurs if there are not enough gaps of 

suitable size to allow a minor-street demand to safely perform. This means 

that the drivers on the minor street selecting smaller than usual gaps, which 

may be dangerous. At TWSC intersections, the critical movement is often the 

minor-street left turn. The lower threshold for LOS F is 50s/veh, which could 

occur sometimes under very low traffic conditions. HCM's methodology for 

LOS at TWSC nodes in many urban intersections, where minor-street left turn 

is allowed, results an F level, but in many cases, it can be assumed without 

calculations. However, other parameters are not sufficient to introduce 

signalized traffic control. HCM points out that the methodology should be 

used with caution in some cases. The 50 s/veh expectation for control delay, 

means service level F, according to everyday experience, is fairly a low value 

in the urban-suburban congestion. 

 

The main findings involve that in the literature there is no significant research 

about the waiting times in the unsignalized intersections. However, the 

increasing number and extension of the congested road networks would 

require the analysis of these attributes. Another important comment, that the 

usual methodology to calculate traffic characteristics is not detailed enough 

to handle the outcomes of the urban-suburban congestion, which does not 

allow to create the best operation mode and develop the planning process. 
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Methodology 

This thesis describes and quantifies the crossing and merging movements in 

congested queue. It was analyzed the differences of the traffic flow with 

high traffic volume and relatively high speed (no congestion) and the 

congested condition. Based on the conducted measurements, some 

crossing movements could be up to ten times faster in the congested 

condition.  

 

The conducted measurements and analyses made it clear that it is easier to 

merge and cross the congested queue than the non-congested traffic flow. 

It was also obvious that in the feasibility of these movements has a major role 

of the arterial road’s drivers, who have been determined the merging or 

crossing movements by their accepting or refusing behavior (see later). 

 

The merging and crossing movements essentially follow the same rules, so 

they will be generally discussed together. Vehicles from local road want to 

cross the traffic flow of the arterial road or want to merge it to get to their 

destinations. The merging and crossing vehicles and the vehicles on the 

arterial road may be in conflict since they want to use the same road 

surface. This conflict is getting worse as the traffic volumes are increasing. 

The vehicles on the arterial road have priority, so merging and crossing 

drivers often must wait. To make the movements through the busy arterial 

road, the following choices are available: 

 Follow the rules: Merging and crossing drivers are waiting for a sufficiently 

long gap. In the case of small traffic, this is a short time. For large traffic, 

this may take up to a longer time. This is a simple case, but with high traffic 

volume, in many places, it is simply not possible to cross or merge the busy 

arterial road this way. 
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 Aggressive merging/crossing: Drivers start the crossing or merging 

movement regardless of the available gap, assuming that some driver on 

the arterial road would accept the maneuver when the traffic is disturbed 

enough. The gesture of give up the priority is not voluntarily in this case. 

This way is fairly not polite, but efficient, and often the only possibility at 

high traffic volume. 

 Giveway: One of the arterial road’s drivers voluntarily accepts the 

maneuver by give up the priority.  

In most cases the choices above are present in different proportions in the 

interaction. 

 

The hypothesis about the cross and merge into a congested queue at an 

unsignalized intersection was the following:  

 It is easy to cross and merge the traffic flow at low traffic volume, as there 

are large gaps between the vehicles on the arterial road. The result is 

obvious, so it wasn’t the part of the analysis.  

 In the case of large traffic with high speed, both movements are getting 

more difficult and dangerous, because the gaps are short and the speed 

of the traffic flow on the arterial road is too high, so it is expected long 

waiting times.  

 It is easy to cross and merge a congested arterial road, because although 

the gaps are short, drivers of the arterial road tend to let cross and merge 

the waiting drivers, so probably the waiting times will be short. 

 

The difficulty of merging and crossing movements were measured by the 

waiting times from the minor directions. The more difficult it is to perform the 

movement, the greater the waiting time. In the research, the main goal was 

to define the differences between the attributes in the congested and the 

non-congested traffic.  
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The traffic permeability and traffic absorption 
 

From the point of view of the traffic planning of the congested intersections, 

the most important is how the congested queue responds the merging and 

crossing traffic. To describe this factor, it is introduced two new concepts, 

the traffic permeability, and the traffic absorption capabilities of the traffic 

flow. 

 

The traffic permeability of a traffic flow describes the difficulty of crossing the 

traffic flow (Figure 15). As the name implies, the permeability is an ability of 

a traffic flow to keep away or accept vehicles that want to cross the flow. It 

is important that crossing traffic flow does not compete with the traffic of the 

congested queue, crossing vehicles do not increase the queue length. 

Particularly, the change in the factor may be interesting. According to the 

experience and measurements of our research, it is really easy to cross the 

congested queue, but the crossing of high-traffic road sections traveling at 

relatively high speed can be extremely time-consuming and sometimes 

dangerous, i.e., there may be significant differences between these two 

typical traffic conditions. 

 
Figure 15: The traffic permeability and the possible crossing movements 
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The traffic absorption of a traffic flow describes the difficulty of merging the 

traffic flow (Figure 16). Traffic absorption measures the ability of a traffic flow 

to keep away or accept vehicles that want to merge. Significant feature of 

the merging flow is that it competes with the traffic of the congested queue. 

The vehicles accepted in the queue increase the length of the queue and 

deteriorate travel time. The change of this factor is also interesting. 

According to our measurements, it is easy to merge to the congested queue, 

but joining to the traffic of high-traffic high-speed road sections is a time-

consuming task.  

 

 
Figure 16: The traffic absorption and the possible merging movements 

 

It was assumed that the two analysed abilities are similarly altered by the 

change in the volume of the traffic of the arterial road. Due to the large 

number of gaps in small traffic, the average waiting time is very small. This 

statement is based well in the literature. With increasing traffic, the waiting 

time also increases, and finally reaches its maximum at saturated traffic flow 

with high speed. When the congestion occurs, the waiting time is expected 

to decrease significantly based on the observations (Figure 17). 
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Figure 17: Hypothesis about the correlation between the traffic volume on the arterial road 

and the average waiting time for merging and crossing 

To make measurements and analyses, it was necessary to clarify when the 

traffic flow was considered as congested. This question brings us back to the 

need to define congestion. As there is no generally used congestion 

definition, it was chosen in the analyses that the traffic flow was regarded as 

congested when the speed of the vehicles was significantly lower than in 

the free flow, the distance between the moving vehicles was generally not 

greater than 4-5 meters, and the slightest disturbance in the traffic flow 

created shockwaves. In contrast, in the examinations the non-congested 

traffic flow had relatively high speed, distances between vehicles typically 

exceed 4-5 meters and disruptions don’t cause schockwaves. 

 

Data collection 
To justify the assumptions, it was necessary to find an unsignalized 

intersection where the two aimed conditions, i.e., the high traffic volume with 

high speed and the congested condition can be well observed, and in both 

cases, there are significant merging and crossing flows. The chosen location 

of the measurement (Figure 18Hiba! A hivatkozási forrás nem található.) was 

a T-intersection. All possible turning flows were present at the junction. The 
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intersection is a yield-sign controlled one, but it is operating as Two-way Stop-

controlled intersection (TWSC), because every vehicle must stop before 

entering because the high traffic volumes on the arterial road. The arterial 

road’s name is Balatoni Road, which is very busy, but tipically not congested. 

For the merging movement a merging lane is provided. 

 

 
Figure 18: The examined T-intersection on the Balatoni Road, and the examined movements 

The data were collected in two period. In the first period normal conditions 

prevailed, in the second period the traffic was congested due to temporary 

road works (a cable protector was on the road surface, so the vehicles had 

to slow down). The measurements were used to describe the difference 

between high traffic with high speed and congested traffic. The small traffic 

condition was not targeted, because the operational mode of this condition 

is obvious and widely researched. 

 

It was used a 15-minute video recording to learn the traffic volumes (number 

of vehicles/15 min), the waiting times (as control delays described in the 

HCM, s/veh), and the giveways (number of giveways/15 min, see the next 

chapter) for the examined nodal movements (see on Figure 18). The 
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measurements took place in the morning peak period when the biggest 

traffic flow went towards the city center. It was examined the traffic 

condition of the arterial (Balatoni Road) towards the city center and the 

three main merging and crossing movements. It would be important to have 

more data collection in this topic, but it was not possible to have more 

measurements during the elaboration of the dissertation due to the lack of 

suitable measuring site. The presented data collection, however, was 

enough to point out to the phenomenon and show the main attributes. 

 

Traffic volumes and speeds 
According to the results of the traffic countings, there was no significant 

difference in the traffic conditions of the high traffic volume with high speed 

and the congested condition (Table 4). In the non-congested condition, the 

total traffic (including all the examined flow) was 351 and 319 veh/15 

minutes in the congested condition. 

  

Table 4: Results of measurements: Traffic volumes [veh/15 min] 

Nodal movements Without congestion With congestion 

Arterial road 289 211 

Merging into the arterial road 29 68 

Leaving the arterial road with a left-turn 

movement from the opposite direction 
30 30 

Merging the non-congested arterial road with 

a left-turn movement from the local road 
3 10 

∑ traffic volume 351 319 

Traffic volume [vehicles/15 min] 

 

There was hardly any difference in the merging and crossing flows. The only 

significant change was that in the congested condition the traffic of the 
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arterial road towards Budapest decreased by 78 veh/15 minutes, while the 

merging flow increased by 39 veh/15 minutes. There was only a small 

difference between the high traffic volume with high speed and the 

congested condition, which provides a good basis for comparing the other 

factors.  

Although, there was a significant difference, however, in the speed of the 

traffic. The traffic flow on the arterial road in the high traffic volume with the 

high-speed condition was at a speed of ~ 59 km/h, although the speed limit 

is 50 km/h. In the congested condition the speed decreased to about 26 

km/h. 

 

Waiting times 
The changes in waiting times show interesting results (Table 6). In the non-

congested condition, there is no delay on the arterial road, almost all vehicle 

moves at a steady speed along the route, except for the few drivers whose 

is giving way for the long-awaited drivers wanted cross or merge.  

 

In the congested condition the arterial road’s drivers had 10 seconds of 

delay only on the examined ~100-meter-long road section, which amounts 

to a total of 2110 seconds in 15 minutes. The total waiting time in the long 

(~800-1000 m) queue could have been about 3-4 minutes for every vehicle, 

but this was not included in the calculation. 

 

The increasing in total loss time was significant: from 418,1 to 2221,4 seconds, 

however the prevalent part of it comes from the arterial’s drivers in the 

congested condition. More interestingly, the average loss of the merging 

and crossing drivers decreased overall from 418,1 seconds to 111 seconds. 

That means the merging and crossing drivers waited considerably less in the 

congested than in the non-congested condition. Thus, in the congestion, the 
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waitings involve mainly the arterial road’s drivers. In contrast, in the non-

congested condition the waitings affect the merging and crossing drivers. 

 

Table 5: Results of measurements: Traffic volumes, average waiting times and total loss time 

 
Traffic volumes 

(vehicle/15min) 

Average waiting/loss 

times (sec/15 min) 

Total waiting/loss 

time 

(sec/15 min) 

Nodal movements 

High traffic 

volume 

with high 

speed 

(travel 

speed: ~59 

km/h) 

Congestion 

(travel 

speed: ~26 

km/h) 

High traffic 

volume 

with high 

speed 

Congestion 

High 

traffic 

volume 

with 

high 

speed 

Congestion 

Arterial road 289 211 0 10 0 2110 

Merging into the 

arterial road 
29 68 1 0.8 29 54,4 

Leaving the 

arterial road with 

a left-turn 

movement from 

the opposite 

direction 

30 30 12.3 1.1 369 33 

Merging the non-

congested arterial 

road with a left-

turn movement 

from the local 

road 

3 10 6.7 2.4 20,1 24 

∑: 351 319   418,1 2221,4 
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In the non-congested condition, the average waiting times were 12.3 and 

6.7 seconds in the two crossing flows. In reality, the average value is 

somewhat deceiving in this case as these values typically come from some 

very long waiting time and a relatively large number of short waiting time. In 

the congested traffic, not only the average waiting time was much lower 

(1.1 seconds compared to 2.4 seconds), but there were no long waitings, 

most vehicles actually waited for quite a short time. In crossing flows, the 

difference in the non-congested (12.3 and 6.7 seconds) and the congested 

traffic (1.1 and 2.4 seconds, respectively) was surprisingly high. 

 

In the congested condition, the prevalent proportion of the waiting time 

belongs to the congested arterial road. In the non-congested condition, the 

waiting time of the merging and crossing flows are significantly bigger and 

affects mainly the merging and crossing flows. The most important 

observation may be, that although time losses have increased significantly 

in the whole system during the congestion, the loss of local flows has 

decreased significantly, that means, not only have the time losses overall 

increased, but also completely rearranged. 

 

Based on the HCM LOS classification, the arterial road gets “A” at the high-

volume high-speed condition. In the congested case, the average waiting 

time was 3-4 min, which is definitely an “F”. The minor street gains “A” in both 

examined traffic conditions, except the leaving left movement from the 

arterial road, which is a “B” without congestion. The only other difference is 

that in congestion, waiting times are substantially around 0 for the merging 

and crossing flows. 

The waiting time of the merging traffic was slightly different in the two cases. 

However, in fact, there was a big difference in the way of merging: in the 

non-congested case, drivers could accelerate on the merge lane and join 
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to gaps between vehicles. In the congested condition, almost all 

movements needed the giveway help of the drivers of the congested 

arterial road, because there are no natural gaps in the congested traffic 

flow. 

 

Discussion 
The results of the measurements helped to find answers for the hypothesis 

presented in the Methodology chapter. In the case of large traffic with high 

speed, the merging and crossing movements are getting more difficult and 

dangerous, because the gaps are short and the speed of the traffic flow on 

the arterial road is too high, so it is needed more waiting time to perform. In 

contrast, in the congested flow it is easy to cross and merge the arterial road, 

because although the gaps are short, drivers of the arterial road tend to let 

cross and merge the waiting drivers, often using the zipper merge, so there 

is no need for long waiting times anymore to perform the movements.  

 

Waiting times for the crossing movements in the congested case are much 

smaller than for the non-congested condition. There is a tenfold difference 

between the measured values, which means that crossing the congested 

queue is not simply an easier movement, but it is much easier. The congested 

queue has virtually no resistance to crossing movements, all the crossing 

movements were done without considerable waiting time, i.e., the 

congested queue has very strong traffic permeability. 

 

It is easier to merge the congested queue than a non-congested one. Based 

on the measurements, in the non-congested condition it was needed an 

average of 1 second compared to the 0.8 second in the congested 

condition. The difference between the numbers is not great, but there is a 

great difference between the two cases in the simplicity and safety of the 
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movement. In the congested queue, for the merging movement the needed 

speed is slow, and the drivers can expect the giveway gestures of the drivers 

in the queue. On the other hand, a higher speed (and more time) is needed 

to merge the non-congested queue, and the drivers of the arterial road are 

less helpful in this situation. 

 

It can be said that it is easy to merge both the congested and the non-

congested condition, the waiting time values in the two cases are quite 

similar. The congested queues have about 20% higher traffic absorption than 

the high traffic volume with high-speed situation. The real difference is in the 

quality of merging movement. In congested condition, merging is safe and 

supported movement, but in the high traffic with high-speed condition it is 

often dangerous, and the drivers of the arterial road are less helpful. 

Generally, based on the measurements of the waiting times, the traffic 

absorption of the traffic flows is quite similar in the two examined cases, 

although in the quality there is a considerable and meaningful difference. 

 

It could be already approved the correctness of the hypothesis graph about 

the correlation of the waiting times in Figure 17 with the results (Figure 19). As 

the no traffic and the low traffic cases are considered to be certain, only 

medium traffic is questionable. The shape of the graph for crossings is the 

same as that shown in the hypothesis, although there is a quite great - 

twofold - difference between the values. 

 

In the case of merging, the peak is virtually non-visible, it is practically a near 

horizontal line with low values. Particularly interesting is the fact that behind 

the almost equal values can be found very different phenomena described 

above. In case of high traffic with high speed, the merging is a dangerous 
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and non-supported movement, by comparison in the case of the congested 

queue the merging is a secure and supported movement. 

 

 
Figure 19: The change of the traffic permeability and absorption. Dotted lines indicate the 
probable run of the graphs in unmatched ranges  
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1.9. Thesis III a 
 

I have created the concept of the absorption and permeability of the traffic 

flow. The absorption and permeability are the attribution of the traffic flow 

and describe the difficulty to merge and cross the flow. These attributions 

change significantly in the congested situation compared to the normal 

traffic operation. [11] 

 

The results on gap and gap acceptance in the congested condition found 

in the literature, namely the statistical description of the gaps and gap 

acceptances created by the traffic dynamics can hardly be interpreted in 

the light of the measurements and analysis. 

 
The concept of the priority of the roads cannot be interpreted in the 

traditional way, because in the congested situation the traffic acts like the 

local roads had priority. The reason behind this that the congested queue 

can be crossed and merged much easier. The arterial road is not the main 

direction anymore, and the local roads do not work as subordinate 

directions. This phenomenon is closely related with the wide-range use of the 

zip-merge in the congested traffic situation. 
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The role of the giveways and their importance 
 

In the measurements in the previous chapter, it was found that giveway 

gestures of the arterial road’s drivers for the merging and crossing drivers is 

one of the most important factors in these movements. This pehomenon is 

an aspect of the vitality as well. 

 

Literature 

In the evaluation of the gaps and gap acceptance statistical data (see in 

the previous chapter), certain human interactions have not been examined, 

the results do not pay attention to the spontaneous or deliberate creation of 

the gaps. Only Kita [53] studied the interactions between drivers while 

merging the congested traffic flow. He claims that previous studies did not 

address the interaction between drivers, particularly the giveway motion, 

which he believes is a decisive factor of the traffic operation. The 

phenomenon was studied with the tools of game theory. On the other hand, 

the cooperative behaviour in the intersections is getting more and more 

attention, for example, to serve the demand of the development of the 

autonomous vehicles using special, sociological-psychological approach 

[54, 55].  

 

Methodology 

For the description of the phenomena, it was used the definition of giveways 

based on the work of Kita [53]. He described the giveway as a “through car 

takes a cooperative motion for the crossing or merging car called “giving 

way'' by slowing down”. It is important that the concept makes no distinction 

between the enforced or voluntary giveways, but it is worth noting the 

difference. It is assumed that the numbers of giveway gestures change by 

the traffic condition, determined mainly by the traffic volumes and the 
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consequent speed of the traffic on the arterial road. In the case of small 

traffic, the number of giveways is very small: there is no need to support the 

minor flows. With the increase in traffic, the number of giveways increases 

and finally, in the congested situation, the value reaches its maximum (see 

in Figure 20). The shape of the curve is obvious, but the exact numbers have 

to be determined. 

 

 
Figure 20: Hypothesis about the relationship of the traffic volume on the arterial road and the 

number of giveways 

 

The situation of the giveways in the intersection could be described as the 

follow. If a driver on the arterial road comes at a relatively high speed in high 

traffic, giving the way is expected to result in significant slowdown, then re-

accelerate, and loss of the momentum and overall travel comfort. This is the 

way to understand the reluctance of drivers to giving the way. However, if 

someone lets in another vehicle, the momentum of the traffic flow is broken. 

The drivers could feel this as a serious disturbance, however, this does not 

cause a significant loss of time in long term, because the flow has enough 

reserves to keep the disruption for only a short time. If the driver gets to the 
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same situation in congestion, he or she has to slow down from the low speed 

even a little further, which will not cause any significant loss of time, so the 

tendency to admit is understandable. 

To sum up, each merged vehicle by giveways causes delay for all the cars 

in the queue upstream, which disruption cannot be lost. So, in the case of 

high traffic at high speed, giveway would not cause a significant loss, but it 

is uncomfortable for the driver, so he or she will not do it. In case of 

congestion, giveway is bad to the traffic operation, because erodes the road 

hierarchy and benefits the local roads instead of the arterial road, and 

increases the loss time for the entire queue, but does not cause discomfort 

to the driver, so he or she will do it. 

 

Data collection 

The drivers of the arterial road have an important role in the feasibility of the 

merging and crossing movements. It was aimed to take into account this 

role by the number of giveways. In the data collection to base the concept 

of traffic absorption and permeability in the previous chapter it was 

conducted a measurement of the giveways as well. 

In the conducted data collection, when a driver of the arterial slowed down 

to give a way to a crossing or merging driver, it was considered as a giveway 

regardless of its voluntary or forced background. The number of giveways 

was counted from the video as well. 

 

Discussion 

In the non-congested case, there was counted a total of 11 giveways, which 

helped 13 drivers (Table 6). The difference between the numbers of giveways 

and the number of helped drivers is due to the frequent phenomenon that 

some drivers used simultaneously the same gap created by one giveway. 
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In the congested case, the number of giveways was 78, and the total 

number of helped drivers was 87. The quite big difference was due to the 

merging traffic, where many drivers have used the gaps created by the 

giveways for crossing drivers. In the merging movement, the use of the zipper 

merge was observed by the drivers of the congested arterial road. The 

number of giveways was considerably higher in the congested condition. 

Comparison with traffic data (Table 4) clearly shows that in this condition 

almost all movements required the giveway gesture of the drivers on the 

arterial road. 

Table 6: Number of giveways (number of helped drivers/15 min) and the traffic volumes 

 
Traffic volumes 

(vehicle/15min) 

Number of giveways (number 

of helped drivers/15 min) 

Results of the 

measurements 

High traffic 

volume with 

high speed 

(travel speed: 

~59 km/h) 

Congestion 

(travel 

speed: ~26 

km/h) 

High traffic 

volume with 

high speed 

Congestion 

Merging into the arterial 

road 
29 68 7/7 46/47 

Leaving the arterial 

road with a left-turn 

movement from the 

opposite direction 

30 30 3/5 23/30 

Merging the non-

congested arterial road 

with a left-turn 

movement from the 

local road 

3 10 1/1 9/10 

∑ giveways/helped 

drivers 

  
11/13 78/87 
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Based on the discussion it can be approved the the correctness of the 

hypothesis about the relationship between the giveways and traffic volumes 

as shown in Figure 20. It can be seen in that Figure, that all the three 

movements examined have a similar shape. In this case, however, the 

highest values belong to the merging and the smallest values are at the 

crossing of the arterial road. The values of no traffic and low-traffic cases 

can be estimated well, as presumably very low values. The values of medium 

traffic can be probably found on the line linking the values of the high traffic 

and the no traffic cases.  

 

Perhaps the most important result is that the number of giveways in the 

congested condition is very high compared to the high traffic with high-

speed condition, where the values are generally very low. The hypothesis is 

well approximated by all three cases, albeit with different values. 

 

 
Figure 21: Number of giveways in the three analysed movements. Dotted lines indicate the 

probable shape of the graphs in unmeasured ranges. 
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1.10. Thesis III b 
 
I have demonstrated that in congested situation the giveway gesture of the 

drivers on the arterial road have a significant role in the merging and 

crossing movements. The number of giveways was considerably higher in 

the congested condition. Comparison with traffic data clearly shows that in 

this condition almost all movements required the giveway gesture of the 

drivers on the arterial road. [11] 

 

The results show that the giveways are basic property and acting force of 

the congested traffic operation. Based on the measurements, the prevalent 

majority of the gaps for merging and crossing in the congested queue are 

not the consequence of the traffic dynamics, but the result of the giveway 

gestures of the arterial road’s drivers, which questions the outcomes of the 

literature on gap and gap acceptance. 

 

The gesture of giveway plays a very important role in merging and crossing 

the congested queue. In these movements, the helping gestures of the 

drivers of the arterial road are necessary and inevitable. The most important 

thing, however, is that the gesture of the giveway makes it safe and 

convenient for both merging and crossing movements. 

 

The giveways have an important effect on the everyday usage of the 

congested roads: the zip-merge is a widely used tool to cope with the 

common congested situation, where one of the lanes disappears [9]. 
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Proposed traffic management goals for the network design of the 
road network with recurrent congestion 
 

The described traffic management tools in the overview chapter showed a lot 

of different tools to tackle the congestion. The most important comment is the 

listed solutions that without serious limitation they did not result better traffic 

operation. These tools are just not radical enough, because decision-makers 

try to use them politically safe. Unfortunately, with this act the tools lose all the 

profound impacts on the congestion.  

 

The ultimate question is that there is any possible method to improve the quality 

of traffic operation in a widely congested state, without straight or latent 

capacity increase? The future of the traffic management should not be the 

direct or indirect increase in capacity, but rather to tackle the traffic on the 

existing infrastructure by admitting its limitations and to improve of the quality 

of the congested traffic operation. 

 

In the development of new management tools, it is fundamentally to consider 

that the conventional traffic planning logic is still alive, so the goal of the 

planning process is mostly still to serve the traffic demand. However, this goal 

has long been unreachable. Many cities have a dedicated goal of reducing 

road traffic, especially because the necessary capacities in urban areas 

cannot be provided. 

 

The result of the traffic management process involved urban-suburban areas' 

recurrently congested networks, under the most favorable network operation 

available under the given circumstances is often far behind the client's ideas 

and the wishes of the motorists. Sadly, this result looks more and more easily 
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accepted by the stakeholders and the local communities. In the traffic design 

work, network traffic management solutions and ITS tools are becoming more 

and more prominent, but for the underlying problem, which is the low capacity 

of the network, they do not provide a solution in the peak period, especially in 

the light of rapidly increasing motorization and traffic. The old-fashioned design 

and management methods and the growing demands together paralyze the 

designers. New methods are needed, and the new methods require new goals.  

 

Essentially, there is a need for a paradigm shift that aims achievable 

management goals and can reach them. Understanding and accepting the 

dynamics presented helps to understand the impact of the interventions on a 

network level, so can base the desired paradigm shift. 

 

1.11. Proposed strategic goals of the traffic management of congested 
urban-suburban arterial roads 

 

According to the previous point, it is needed to find new strategic goals for the 

traffic management and design of the congested arterial roads in urban-

suburban areas, because the old way is now clearly a dead end, because it 

does not respond to the real operation. Goals based on the concept 

presented in the dissertation and in line with the dynamics described can result 

a better traffic operation.  

 

Congestion is an inevitable part of the urban-suburban areas, its elimination is 

not possible and not necessarily due to their traffic control effect since these 

congestions are keeping away the latent traffic demands. So, the basic goal is 

not to eliminate congestion, but to control, regulate, and limit it. To fulfil this aim 
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there are two proposed strategical goal to base a new design system. (see 

Figure 22) 

 

1. The self-destructive traffic dynamics of the congested road network have to 

be eliminated. It is very important that the internal rules of the traffic 

operation should act for the desired goals and not against them as today. 

Today it is quite common situation that the traffic flow on the arterial road is 

much slower than the traffic on the alternative routes. This traffic operation 

is proposed to be transformed. The aimed operation form is a relatively fast 

arterial road and definitely slower alternative routes. This also means that a 

large part of the waiting time during the congestion will be on the local 

roads instead of the arterial road. It is fundamental to prevent the creation 

of alternative routes, which undermine the favourable traffic operation 

dynamics. For the extra waiting times, drivers on the local roads can be 

compensated with better travel times on the arterial road. 

2. Network designers should set qualitative goals instead of quantitative goals. 

The design goals are essentially quantitative in the old paradigm, mostly 

focusing on the determination of traffic volumes and providing capacity for 

them. Sometimes certain quality features have been checked, like the LOS. 

Unfortunately, the quantitative, especially traffic volume-based design 

method no longer valid in the congested network, so it is worth 

concentrating on quality goals. 

 

Looking for qualitative goals it is worth reversing today’s design logic. With 

optimizing the network elements by not the traffic volume, but the quality of 

the traffic operation, it is possible to achieve goals that can effectively improve 

the traffic operation of the arterial road. The key features of traffic are the traffic 

volume, the speed, and the vehicle density. The traditional design 

methodology takes into account the traffic volumes, because the speed is 
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given, or sometimes it is checked in the form of delays or waiting times. In the 

design process of the congested network, it would be quite self-explanatory to 

design the speed of the traffic, as the low speed is the most characteristic 

feature of congestion. Doing this, the aim of the design could be to provide a 

certain travel speed, and the results are the traffic volume and the vehicle 

density.  

Since congestion is inevitable, it is advisable to design a traffic operation that 

is congested but has relatively high speed. The main goal is not to maximize the 

capacity (although it would be the most naturally goal), but to maintain a 

better traffic operation, close to the available capacity. In other words: not to 

have shorter queues but have relatively fast queues. 

Since the main goal is the optimal operation of the arterial road, therefore, 

traffic flow with such characteristics is called optimal congested traffic flow. 

Therefore, the design of the optimal congested traffic flow on the arterial road 

can be the goal, within the limits of the existing infrastructure, with special 

attention to the characteristics of congestion on urban-suburban networks. 

 

1.1. Proposed operational goals of the traffic management of congested 
urban-suburban arterial roads 

 

Based on the strategic goals presented in the previous chapter it is possible to 

set the operational goals of the network design. There are four proposed 

operational goal. 

 

1. The arterial roads have an important role in traffic operation: these 

capacitive roads are designed for high traffic volumes. These are the 

most important channels of public transport, public services, and urban 

transport. Based on these, the logical and only acceptable location of 



 
BUDAPESTI MŰSZAKI ÉS GAZDASÁGTUDOMÁNYI EGYETEM 

VÁSÁRHELYI PÁL ÉPÍTŐMÉRNÖKI ÉS FÖLDTUDOMÁNYI DOKTORI ISKOLA 
 

83 
 

the main flow is here. So, the first and most important goal is that the 

prevalent part of the main flow has to remain on the arterial road and 

should not look for alternative routes (Figure 22). 

 

2. The second goal is to make the optimal congested flow on the arterial 

road as fast as possible but still in a congested condition. Keeping this 

condition has two goals: on the one hand, when the arterial road traffic 

is relatively fast, drivers are less likely to look for alternative routes and, on 

the other hand, faster traffic could defense themselves from the merging 

local flows which tend to ruin the traffic operation. As a result, alternative 

road use decreases considerably, which means a better traffic operation 

and a more favourable traffic balance. 

 

 Figure 22: The strategic and operational goals of the management of the congested urban-
suburban arterial roads 
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3. Protecting residential streets and handling the dangerous intersections 

due to increasing traffic is the next operational goal. 

 

4. Support the crossing and weaving flows. In addition to the prevalent 

presence of the main flow on the congested urban-suburban road 

network, there are several traffic flows which are complicated by the 

congestion. These are typically the crossing and weaving flows, which 

suffer serious delays because of the congested arterial road. These traffic 

flows suffer from congestion and often unnecessarily waiting. So, the last 

goal could be to minimize the delays of these flows. The relatively high 

speed of the arterial road considerably reduces the delays of these 

traffic flows, by speeding up the weaving flows. 
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Creating the optimal congested flow 
 

To reach the strategic and operational goals described in the previous 

chapters, it is recommended to create the optimal congested flow. Creating 

the optimal congested flow is a network-level design task, a special design of 

a mostly signal-controlled road network.  

The detailed descriptions of the design phases are the following: 

 

In the first phase, it is needed to learn the network to be designed. To find the 

right answers, it is essential to have a detailed and thorough knowledge of 

traffic. The following information requires: 

 Identification of the main flow in term of traffic volume, period, vehicle 

composition, etc., 

 Identification of the key cross-section and its main features (traffic volumes 

and their change in time, signal phase, etc.), 

 Traffic volumes and waiting times of the local flows and their change in time, 

 Alternative routes used, their traffic volumes, the joining intersections, and 

local flows with high vitality, 

 The traffic volumes of the crossing and weaving flows on the examined 

network and their change in time, 

 Features of the congestion on the arterial road: travel speeds and their 

changes in time, traffic disturbances occurring in the flow. 

 

Determining the data above is not easy. Identifying the main flow, in particular 

separating it from local and weaving flows or determining travel speeds of a 

queue requires special data collection techniques. To define the boundaries 

of the affected road network is also a hard task. But without this data, the 

planning process of the optimal congested flow cannot start. 



 
BUDAPESTI MŰSZAKI ÉS GAZDASÁGTUDOMÁNYI EGYETEM 

VÁSÁRHELYI PÁL ÉPÍTŐMÉRNÖKI ÉS FÖLDTUDOMÁNYI DOKTORI ISKOLA 
 

86 
 

 

The traffic design begins in the second phase. The most important step is to 

determine the travel speed of the planned congestion. According to the Figure 

9 and Figure 10, the average travel speed on the arterial road is typically 12-15 

km/h. At this speed range, intensive alternative road use is observed, hence it 

is recommended to increase the travel speed range to 15-20 km/h from where 

a more favourable traffic operation can be observed. 

 

From the measured values in the phase one the number of vehicles in one 

signal period on the arterial road could be derived. To maintain the planned 

travel speed a certain number of vehicles could be on the arterial road and 

this number could change only in a very narrow limit. In addition, this number 

of vehicles may be different on different sections of the arterial road due to 

several factors (number of lanes, design speed, crossing or weaving flows, etc.). 

In this step, essentially, the traffic of the planned congestion is determined and 

the traffic condition in which the arterial road should work. 

 

In the third phase, the capacity of the key cross-section plays the most 

important role. With the help of this, it could be calculated how many vehicles 

should enter the congested arterial road in a given period in order to maintain 

the planned vehicle number and travel speed but not to overload and slow 

down the system. It is worthwhile to give a rank in the form of minimum and 

maximum traffic flows because too many vehicles could create greater 

congestion and alternative route usage begins. On the other hand, in the case 

of too few vehicles, congestion can disappear, which could attract new traffic 

from elsewhere therefore the system could lose the balance. 

 

In the fourth phase, the traffic volume calculated in the previous step is 

distributed between the entry points feeding the congested arterial road. With 
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this act, planners can provide more space for the main flow on the arterial 

road. Based on Figure 14 and other professional considerations, the traffic 

volume of the key cross-section during congestion should be predominantly, at 

least 50% consist of the main flow versus the experienced 10-20% ratio. 

 

For the local flows it must provide a shorter green time. It is important, that the 

traffic condition of the local roads cannot be better than the arterial road’s 

condition. By doing so, planners could prevent the usage of alternative routes 

and the forming of traffic flows with high vitality. As a result of the process, the 

vehicles from the local roads will have less green time in the new traffic 

operation, so they will form longer queues in the local roads. If the green times 

for the local roads could be more than the minimum for the local flows, it is not 

necessary to allocate the full green time between the traffic directions. More 

preferably, the gained green time could be dedicated to pedestrians or 

cyclists, to make a better transport quality. 

 

Since there could be significant differences in the peak period of the different 

traffic flows, it is advisable to plan the optimal congested flow in the unit of the 

cycle time of the key cross-section, to adapt to the changes. This also gives the 

opportunity to take advantage of the synchronization possibilities inherent in 

the system. 

 

The design starts in the key cross-section by distributing of the entering traffic 

flow between the main flow and the local flows. The targeted minimum 50% 

participation rate of the arterial road’s flow in the traffic has to be given here, 

in the form of traffic volume per cycle time. This traffic volume is the most 

important input data of the planning process, this flow is the main characteristic 

of all the intersections of the arterial road. The remained capacity of the 

intersections is distributed between the local roads and other transport modes. 
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Planning process means a distribution of the capacity intersection by 

intersection. 

 

In a more complex network, it may be possible to provide dynamically 

changing capacities in time and space within the framework of the optimum 

traffic flow of the arterial road, for example using a system like SCOOT. It can 

be the topic of further research. 

 

In the fifth design phase, the design results are checked and fine-tuned. 

Checking the adequacy of the following factors is important: 

• The travel speed of the arterial road on the whole regulated section has to 

be around 15-20 km/h, 

• The travel speeds of the alternative routes have to be lower than the speed 

of the arterial road, 

• The waiting times on the local roads have to be longer than before the 

implementation of the new traffic control. 

Fine-tuning could focus on the handling of the crossing and weaving flows 

avoid the key cross-section. High-level serving these needs is important 

because it could significantly reduce loss done by congestion. To speed up the 

traffic of the arterial road and to improve the access to the exits could help a 

lot. 

 

The key to the system's ability to function is limiting the access to the congested 

arterial road, so it is important not to allow for any flows to have high vitality, 

thus creating an alternative route. The issue of non-signalized intersections must 

be handled, the system cannot operate if there are unlimited access points to 

the arterial road. 

It is also important to enforce the rules. It is desirable to set up automatic control 

methods for sanctioning run the red traffic light, due to the longer waiting times 
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on the local roads, which, for the first time, could be annoying for the drivers. 

Communication is a key point here. Local drivers have to know that the longer 

red lights are for reducing traffic in their area and after joining to the arterial 

road, they could gain a lot from the new operation form. 

 

Further measures may also be required to ensure optimal congested flow. Thus, 

for example, the capacity of the key cross-section should be maintained during 

congestion, bulk lane changes or other disturbances should not reduce the 

volume of the outbound traffic. As a last step, it is recommended to synchronize 

the signalization of the intersections along the arterial road, according to the 

demand of the arterial road in the optimal congested condition. 

Particular attention should be paid for the period of the creation of the 

congestion and the way how the traffic of the arterial road changes to the 

optimal congested flow. One of the most important tasks is to define the 

change of the traffic distribution during the transition. 

 

It was suggested that the outlined procedure could be verified by 

microsimulation. The idea can be supported, but it should be taken into 

account, that the parameterization of the simulation can fundamentally 

influence the results. Reliable parameterization of the congested condition 

requires extensive measurements, which were not possible during the 

preparation of the dissertation.  
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1.2. Thesis IV. 

 

A method is investigated for creating the optimal congested flow. I have 

proposed a new design process to create the optimal congested flow to 

achieve the proposed strategic and operational golals described in the IVa 

thesis. The process consists of five phases: 

1. To learn all about the traffic operation and dynamics of the road network 

and its dynamic, 

2. To determine the characteristics of the congested flow (the speed of the 

flow, the resulting vehicle density, and the number of vehicles on the arterial 

road) in the examined periods, 

3. The number of vehicles entering the arterial road is determined based on 

the number of vehicles exiting in the key cross-section, 

4. The distribution of the entry vehicles between the entry points, 

5. The designed system is controlled and fine-tuned. [10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29: The design process of the optimal congested flow 
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1.3. The treshold of creating the optimal congested flow 

 

The concept of excessive congestion [1] determines the intervention threshold 

of the congested road section or network. The congestion is excessive when 

“the marginal costs to society of congestion exceed the marginal costs of 

efforts to reduce congestion”. 

 

By calculating the cost and the benefits of a congestion management system 

like congestion charge in Stockholm and London, [56, 57, 58] it is clearly can 

be seen the effectiveness of the implementations. These calculations based on 

the concept of the excessive congestion and take into account all the 

externalities. However, in other cases, this theoretical approach is in practice 

hardly could be used. The main reason behind this, that the benefits of tackle 

congestion are generated on a social level, does not result real money. But the 

money spent on congestion management (the costs) is the part of the city 

budget. Consequently, in practice, the money spent on managing congestion 

is compared by decision-makers to the direct, easy-to-measure, visible, and 

generally much lower benefit. In this approach, most of the congestion is no 

longer perceived excessive and only minimal interventions are cost-effective. 

The low level of efforts and resources for managing congestion justified this 

approach. The bigger the city, the bigger the chance is that all the costs and 

benefits will be considered during the decision making. That is why complex 

management systems were introduced preferably in big cities. However, if the 

concept of excessive congestion cannot be used in practice, then there is no 

theoretical basis for the intervention threshold. 

 

In the view of this research, it is worth changing every urban-suburban, 

recurrently congested road network by using the concept of the optimal 
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congested flow. In this way, the self-destructive, negative dynamics of the rush 

hour congestion could be eliminated. Most road networks are unlimitedly 

accessed by the vehicle. If there is a faster route, drivers will look for and find it. 

Consequently, it is only reasonable to handle the congestion if it is possible to 

keep away the rerouted traffic flows. That means, to maintain a high-quality 

traffic operation on the arterial road, it is needed to limit the access to it. 

Therefore, there is a good chance that the access to the arterial road itself 

should also be limited at the first suitable signalized intersection or to solve this 

problem it is needed to plan the whole network together. The optimal 

congested flow could work on its own only when it is ensured that no new traffic 

from other arterial roads comes. However, in this condition, it is very worthwhile 

to use this tool.  

 

If the optimal congested flow on all arterial roads could be created in a city, 

probably the road transport would be much better; cities are likely to become 

interoperable and easily accessible. Looking further, planning the whole city 

road network together could create a territorial optimal congested flow. This 

question should be further researched. These questions involve some 

philosophical problem of the network design, such as the right of the free 

routing on the road networks. The basic principle of today's network planning is 

that (almost) all traffic flow is justified. Looking ahead a bit far, in the era of 

autonomous vehicles, the right of the limitation of the routing may become an 

essential problem. 
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Summary 
 

The dissertation presents the traffic operation of recurrently congested road 

networks. The use of alternative routes plays a significant role in the operation 

of the network, and therefore the traffic flows joining near the congestion-

causing (key) cross-section increases remarkably. Due to the rerouting of traffic 

flows, the traffic on the arterial road will further slow down, which will further 

encourage the use of alternative routes. 

Special phenomena take place on recurrently congested road networks 

completing the described operation. These typical traffic phenomena are 

partly the consequences of the operation and determine it. These phenomena 

are the following: 

 In the formation of the recurrent congestion the extreme, but short traffic 

volumes just before the congested period have a privileged role. 

 The traffic flow of local roads joining near the congestion-causing cross-

section will be greatly increased after congestion due to the mass use of 

alternative routes. 

 This change is described by the concept of vitality. To quantify vitality, it 

is proposed to use the quotient of the traffic volume in the examined 

direction and the egressing traffic volume of the congestion-causing 

cross section. The unit of measurement is the percentage value (%).  

 There is a close relationship between the aggregate vitality of the minor 

directions and the speed of the main direction, and consequently the 

level of the congestion. 

 The alternative route usage on the recurrently congested road networks 

is not a side effect but an important driving force in the formation of the 

congestion with remarkable level of traffic flows. 
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 The absorption and permeability are the attribution of the congested 

traffic flow, which describes the difficulty to merge and cross the 

congested traffic flow. These attributions change significantly in the 

congested situation compared to the normal traffic operation. 

 In the congested situation the giveway gesture of the drivers on the 

congested arterial road have a significant role in the merging and 

crossing movements. 

Based on the described operation and the phenomena new strategical and 

operational goals are proposed, mainly to avoid the negative aspects and 

effects of the operation and the phenomena. 

The main proposed tool to have a better traffic operation is to create the 

optimal congested flow. This flow is congested but has a significantly higher 

speed than the traffic on the alternative routes, preventing the bad 

consequences of the traffic operation in the recurrently congested networks. 
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Applications 
 
The whole content of the dissertation serves the design process of the 

congested networks, where the designers do not have tools today to have 

results. 

The framework of the operation of the recurrently congested road network, the 

concept of vitality and the description of the special phenomena can be 

utilized for the traffic design in the congested urban-suburban networks. 

The extreme short-term traffic volumes before the formation of the congestion, 

the described scenario and the remarkable role of the alternative route usage 

could help to understand the development of the traffic congestion and may 

lead the future researcher to new tools. 

The relationship between the vitality of the directions and the level of 

congestion provides a new approach to the deep-level examination of the 

cause-and-effect relationship on network level. 

The descriptions and effects of the traffic absorption and traffic permeability 

could draw attention to the operation of the congested queues, mainly 

focusing on their specialties. 

The significant role of the giveways in the traffic operation of the congested 

intersections puts the gap and gap acceptance in a new light. 

The proposed strategical and operational goals and the creation of the 

optimal congested flow could help the designers finding new ways in the 

network planning process. 
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Novel scientific results 
 
Thesis I a 
On a road network with recurrent congestion, all traffic directions have a 

certain capability, which is determined by its location, design, and regulations. 

This capability is referred to as the vitality of the direction. Vitality measures the 

capability of a traffic direction to get its flow to the congestion-causing cross 

section. The vitality of a direction is changing fast parallel to the change in the 

congestion.  

 
Thesis I b 
There is a close relationship between the aggregate vitality of the minor 

directions and the speed of the main direction, and consequently the level of 

the congestion. 

 
Thesis II 
The alternative route usage on the recurrently congested road networks is not 

a side effect but an important driving force in the formation of the congestion 

with remarkable level of traffic flows. 

 
Thesis III a 
The absorption and permeability are the attribution of the congested traffic 

flow, which describes the difficulty to merge and cross the congested traffic 

flow. These attributions change significantly in the congested situation 

compared to the normal traffic operation. 

 
Thesis III b 
In the congested situation the giveway gesture of the drivers on the congested 

arterial road have a significant role in the merging and crossing movements. 

 
Thesis IV 

The process of creating the optimal congested flow consists of five phases: 
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1. To learn about the traffic operation and dynamics of the road network and 

its dynamic, 

2. To determine the characteristics of the congested flow, in particular, the 

speed of the flow, the resulting vehicle density, and the number of vehicles 

on the arterial road in the examined period, 

3. The number of vehicles entering the arterial road is determined based on 

the number of vehicles exiting in the key cross-section, 

4. The distribution of the entry vehicles between the entry points, 

5. The designed system is controlled and fine-tuned. 
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