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1. Introduction
There are serious problems with road 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 is not sustainable. In some of these problems 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
autonomous vehicles will result a much better situation in the road safety. The land-use problems
and the barrier effects seem to be remaining with us and the number one transport problem will be
the congestion, mainly the recurrent congestion, which forms the everydays mostly. 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. 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.
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, despite the promising solutions, the use of passenger cars outside the city
centers did not decrease.
According to this 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. It is proposed not to build 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.
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2. Goals
Currently, there are no good solutions to the recurrent congestion. The only exception is the bigscale infrastructural investments, but they are out of focus and they could not help generally solve
the problem. 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 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.
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 networks. The more
data collected, the more visible was the research gap in both data and methods.
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 system.
The task to find a game-changing theory and method is urgent: the number and usage of
passenger cars is increasing even in the environmentally conscious, progressive countries.
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3. Scientific results
3.1.

Traffic operation of the road network with recurrent congestion

The traffic operation and the special features of the found phenomena fundamentally should
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, but
much more decisively is the fact that more and more drivers are trying to avoid the congested main
roads on alternative routes to reach the congestion-causing cross-section. Then nearby this crosssection, they can usually easily join or rejoin to the queue under advantageous conditions.

Figure 1: Some element of the concept

This operation results some interesting traffic phenomena - some of which are known to road users
– shape and determine the congested networks and answering the question of why these networks
operate differently. Most of these phenomena will later appear as separate theses.
During congestion, the speed of traffic on the capacitive arterial roads decreases, while traffic on
alternative routes and associated junctions increases dramatically, resulting a change in drivers'
prioritization habits, which also means a new road hierarchy, differs radically from the regulation.
The traffic dynamics of congested networks can be described by the steps of the formation of
5

BUDAPESTI MŰSZAKI ÉS GAZDASÁGTUDOMÁNYI EGYETEM
VÁSÁRHELYI PÁL ÉPÍTŐMÉRNÖKI ÉS FÖLDTUDOMÁNYI DOKTORI ISKOLA

congestion. The formation is typically a six-step process, the existence of which is known but has not
been described in detail so far. This scenario is based on the framework. The phenomenon of link
spreading, which is strongly related to the operation presented here, is a not researched fact.

Figure 2: Spatial spread of rush-hour traffic (source: European Conference of Ministers of Transport, 2007. [1])

The six steps are:
1. In urban and suburban areas, many drivers want to reach their destination before congestion,
leading to very high traffic volumes in the pre-congestion period. Because of this traffic, the nodes
start to saturate, and the traffic slows down.
2. The first queues are formed quickly in the cross-section with the smallest capacity.
3. Some drivers want to avoid congestion, many of whom plan their journey on alternative routes in
advance.
4. A significant proportion of the drivers using alternative routes appear at the beginning of the
queue, close to the congestion-causing cross-section, and join or rejoin there. This step
fundamentally changes the network dynamics.
5. Secondary congestion is created on local roads and junctions on the alternative routes and in
extreme cases the whole network starts to congest.
6. The traffic that feeds the congestion starts to decrease at the end of the peak period the traffic
returns to its normal operation, with the traditional rules.
The harmfulness of this dynamic can be seen in several places. On the one hand, it shifts traffic from
the capacitive arterial roads to local roads and junctions that are not built for such traffic. On the
other hand, drivers join or rejoin to the beginning of the queue slow down the arterial road traffic,
inspiring additional drivers to use the alternative routes.
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Figure 3: The change in the traffic operation on the 3 analysed arterial road and their joining network with
recurrent congestion
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3.2.

The concept of the vitality of the traffic directions

One of the most important phenomenon of the traffic operation in the congested road network is
the change in the traffic flows during the congestion: 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.
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 vitality is changing in the time, as the level of congestion is
changing. The unit of measurement is the percentage value (%). [4]

Figure 4: The concept of the vitality

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
8
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with recurrent congestion is a new approach that quantifies the network effects of the congestions.
The capacity of the congestion-causing cross section is finite, resulting, if the vitality of one direction
increases, the vitality of all another direction decreases. If the aggregate 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.
Vitality is determined by the location, design, and traffic control of the junction. The vitality in some
traffic directions increases very rapidly after the formation of congestion, closely related to the rapid
increase in the use of alternative routes.
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 the change in the traffic operation.
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3.3.

The relationship between the vitality of the traffic directions and the level of
congestion

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 graph, where the horizontal line represent the formation of the congeston, the
vertical line shows the phase-jumps in the congested situation. [4]
I present the correlation in the dissertation on two recurrently congested road networks (on the Egér
Road in Budapest and Balatoni Road in Diósd). In the first graph, I show the speed of the arterial
road and the aggregate vitality of the minor roads during the congested period.
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Figure 5: 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
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vitality of the minor roads during the congestion, charts were created based on the same results of
the measurements. Based on the following figure, during the formation of congestion, when the
speed of the main road decreased from 52.6 km/h to 15.9 km/h, there was only a small change in
the overall vitality of the minor roads. However, as soon as the speed reached this value, i.e.,
congestion developed, the speed of the main road hardly changed, but the vitality ranged
between 32-64%. There was a period when the main road traffic in the congested cross-section
barely reached one-third ratio.
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Figure 6: 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

I got similar results on Balaton Road, Diósd. Vitality essentially makes the change in the role of traffic
measurable, and its measurement and calculation make it possible to explore unfavorable traffic
processes. 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.
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3.4.

The alternative route usage and its importance in the traffic operation

In the network-level congestion formation there is a 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.
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]
To verify the thesis, I used the measurement results of the Szent István Boulevard (Budapest), the
Egér Road (Budapest) and the Balatoni Road in Diósd. At the three measurement locations, I
estimated an increase of 21%, 50%, and 73% in alternative route traffic during the congested period.
Table 1: 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

361

1320

870

21%

50%

73%

1720

2650

1190

road (Vehicle/hour)
The increase in the traffic volume of the flow from
the local roads relative to the traffic volume of the
key cross-section
The traffic volume of the key cross-section
(Vehicle/hour)

The most important lesson to learn from 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
12
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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.
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.

3.5.

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 phenomenon 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 complex system. This
“easiness” was investigated in detail. The phenomenon can be seen as a newer aspect of the
vitality described earlier.
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]
Traffic permeability and absorption of the traffic flow quantifies the difficulty of joining and crossing
a traffic flow. The results are based on data collection the changed traffic situation during the
13
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renovation of the bridge on the Balatoni Road over the railway line 1 in Budapest. Three traffic
conditions were compared: low traffic, high speed with high traffic flow, and congested traffic. The
comparison was based on measuring and analyzing the waiting times required for connection and

Average wating times [sec]

crossing.
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leaving the arterial road with a left-turn movement from the opposite direction (traffic permeability)
merging the arterial road with a left-turn movement from the local road (permeability&absorption)

Figure 7: The change of the traffic permeability and absorption. Dotted lines indicate the probable run of
the graphs in unmatched ranges.

Waiting times for both merge and cross were significantly - in some cases up to ten times - lower for
congested main road traffic. The congested queue has virtually no resistance to either cross or
merge, i.e., both traffic absorption and permeability are high. However, in a traffic condition
characterized by high speed and high traffic, these values are much lower. High-volume and highspeed traffic flow is able to protect themselves from the decelerating effects.
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3.6.

The role of the giveways and their importance

In the measurements mentioned 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.
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.
There is only one important article in the literature related to this phenomenon, its findings have
been taken into account. The problem was described with the help of the measurement presented
in connection with the permeability and absorption of the flows. It was counted and examined the
interactions between drivers when a driver on the arterial road gave up his or her priority in favor of
a driver on the local road. It was found 11 such cases in the non-congested case, compared to 78
in the congested situation. The most important finding is that in the congested state, most crossing
and merging movements would not have been possible without this assistance, which is also
expected by the drivers from the local roads.

15
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Figure 8: Number of giveways in the three analysed movements. Dotted lines indicate the

probable shape of the graphs in unmeasured ranges.

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.
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3.7.

Proposed traffic management goals for network design of recurrently congested
road networks

There is currently a paradigm shift in network design. The old solutions no longer working in today’s
traffic conditions, but new solutions have not yet crystallized. The old solutions and increasing traffic
together are paralyzing designers. So it is needed new goals to set.
I propose setting new strategic goals for the design of congested networks as follows [10]:


The self-destructive traffic dynamics inherent in the recurrently congested road network
should be eliminated



At the designing of the congested road networks the focus should be on achieving quality
goals instead of quantitative goals

At the operational level, I propose to set the following goals:


Tha main traffic should be kept on the arterial road, the motivations of using the alternative
routes should be eliminated



The fastest possible but still congested condition of the arterial road traffic is desirable



Residential streets must be protected from the harmful effects of the alternative routes, the
situation of intersections that become dangerous due to increasing traffic must be tackled



The needs of crossing and weaving tr/8affic must also be taken into account.

17
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3.8.

Creating the optimal congested flow

Thesis IV.
I have created the concept of the optimal congested flow, which is a planned congestion. I have
proposed a new design process to create the optimal congested flow to achieve the proposed
strategic and operational goals. 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 9: The design process of the optimal congested flow

18
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Threshold for the application of optimal congested flow
Methodologically, it was used the concept of excessive congestion to create the threshold for
optimal congested traffic. Congestion is excessive when the marginal cost of congestion to society
exceeds the marginal cost of reducing congestion. The usage of the excessive congestion in design
is usually outside of realistic scenarios.
My proposal is that eliminating the widespread self-destructive traffic dynamics of the recurrently
congested road networks by the optimal congested flow is a significant step forward in itself
because it makes travel plannable, makes cities interoperable without attracting new traffic.
The theory was developed for the arterial roads. To overcome this, a well-defined area of a city, or
even the whole road traffic of a city can be planned in this way. The idea calls into question
principles such as free routing.

19
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4. 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.
Finally, in the period of the autonomous vehicles there will be a much more congested period for
the urban-suburban networks, where the new approaches could provide escape.
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