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Road traffic congestion as a problem for the development of tourism
Summary 

Road traffic congestion in tourism cities is most frequently the consequence of vehicles slowing down on a road which would otherwise allow for optimum travelling speed under the theoretical assumption that the surface area of the road is divided by the particular surface area of the vehicles travelling on that road. The results of good traffic planning in tourism cities are seen in the efficient operations of tourism companies. The development of technologies and the application of intelligent transport systems (ITS) leads to increasing flexibility of traffic in tourism cities, which, in turn, creates a better spatial dispersion of users.
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The activity of tourism, just like any other human activity, is performed in a four-dimensional system of space and time. The space of movement is situated in a three-dimensional, physical space, while time, as the fourth dimension, shapes relations in filling up space. Thus, at a set point in time, a particular space of movement may be empty, partially full, or completely full (congested).
With the growth of the number of tourists in tourism cities, the general rule is that both people and goods need more time to cover particular distances (for example, from entering the city to finding a parking space). Since the demand for roads is growing, their capacity for throughput is decreasing, which leads to traffic congestion. The consequences of traffic congestion are:  
a) great losses for the local population, resulting from delays caused by tourists and tourist vehicles travelling more slowly;
b) individuals and tourist groups being late for arrival or departure;
b) higher fuel consumption (it is estimated that cars waiting in line, or barely moving, consume over 350 litres of fuel more per year than they should according to the number of covered kilometres); 
c) greater pollution in cities (in large cities, 60% of harmful carbon monoxide and nitrogen oxides in the atmosphere is caused by road traffic).

What are the solutions? One option would be to build roads and extend the road network in cities where possible. However, although city authorities encourage the use of local public transport, cycling, and walking, a growing number of motor vehicles (for example, in only eight years in Croatia, this number grew from approximately 1,000,000 in 1996
 to 1,750,000 in 2004
) is a reality in the tourism cities of developed and developing countries.
Nevertheless, if the construction of new roads is a disheartening task, can at least traffic on the existing roads be more efficiently managed?
Optimisation of road traffic in tourism cities
The optimisation of road traffic in tourism cities, especially today, is a topical issue for a number of reasons, and primarily due to:
· the growing demand for traffic space (roads);
· the insufficient coordination of particular forms of traffic;
· the great effect that transport has on the economy and the production 
chain;
· the selection of programmes of investment in particular infrastructural 
· elements;
· environmental protection;
· increasing technical capacities, especially in the field of IT.
The way out of the traffic maze may be through:

- the construction of new traffic installations;
- an increase in the quality
 and quantity of traffic signal systems;
- the reconstruction of existing traffic facilities;
- a redistribution (redirection) of traffic demand;
- a reduction of traffic demand;
- traffic restrictions (strict and/or partial);
- keeping the status quo.

The use of Intelligent Traffic Systems (ITS), leading to the optimisation of traffic control and of the road network by using, for instance, a device to regulate traffic light throughput, can help resolve the problem of traffic in tourism cities. ITS is an IT upgrade of the existing traffic (in this case, road) system. 
In order for the traffic system, as a managed and/or self-managed system, to be able to apply an intelligent process, it is necessary to collect and process a sufficient quantity of simultaneous data that are adequately integrated and combined. In practice, this means that the BUILD + ITS principle must be applied in strategic planning, design, and in the construction of traffic infrastructure facilities, as well as in the placing of traffic devices and signals, instead of the traditional and much less efficient BUILD ONLY approach. It is important to mention that ITS will allow for a significant improvement in the existing, but also of the extended, traffic system, and thus for a higher quality of service for end users, with the same level of investment.
Driving on roads always means that decisions are made on the basis of insufficient information. Placing monitors along roads allows vehicles with installed computers to have a current overview of the traffic conditions in every part of the city. A simpler way is to install an induction loop system
 directly in the road, but in such a case we will only obtain information about the number of vehicles that have crossed the loop. 
In addition to introducing IT systems on roads, encouraging users of personal vehicles to use local public transport (if it exists) has produced good results in the practice of many tourism cities. One such solution is the well-known Park & Ride system (car park facilities with connections to public transport). This kind of system is quite neglected in Croatian practice, which does not contribute to improving the situation.
The combination of Park & Ride facilities and various forms of automatisation (parking information and guiding systems, security systems, navigation systems, changeable signals and message systems) in traffic could contribute to a significant reduction in the number of vehicles in general, and especially in the critical areas of the confined city centre.
One long-term option for alleviating traffic problems in the city area is the carpooling concept. This is a common agreement on alternating transport which arises from the normal daily need for transport. In the tourism cities of developed countries, such an approach has produced satisfactory results, because it has helped resolve acute problems such as congestion, parking, pollution, energy consumption, and has also helped reduce individual and social costs. The concept is based on an agreement between neighbours, friends and acquaintances that, during the tourist (summer) season, or the whole year (if the city in question is an all-year-round tourism destination), they will alternately transport one another by car to work, or, for instance, to shopping centres, or wherever they share the same destination and purpose. 

Nevertheless, in spite of the use of modern technologies, traffic planners and road builders are facing the impossible task of trying to enable decades-old (and, in the centre of town, even centuries-old) infrastructure to deal with 21st century traffic volume.
Rationalisation and savings
Transport rationalisation not only results in measurable savings expressed through physical indicators in transport, but it also affects economic revenues through general type-standardisation, the application of loading-unloading equipment, means of transport, infrastructure, etc.  
Generally, the basic task of optimisation in the transport process is to reduce “resistances” in movement flows. In this context, these resistances may be:
a) temporal;
b) spatial;
c) financial;
d) security related, etc.
Optimisation of movement and traffic may be viewed as a logistic concept in the traffic and transport process. It is the procedure of identifying the optimal structure of the traffic system. The spatial problems of the production chain (production and consumption) are resolved through means of transport, and the temporal inequality between production and consumption is resolved by storage. Due to the four-dimensional character of human activity, the temporal requirements in the tourism concept may be even tougher than the spatial ones. 

This means that there are time limits within which all tourism services must be delivered. These services, in terms of time, might arise, exist, grow and decrease (become obsolete). Basic tourism activities in transport may be observed as functions of:
· loading and unloading activities; 
· transport activities (in between the loading and unloading activities).
For flows that are thus identified, quality criteria must also be defined, which are not easy to identify in every case. Besides the usual quality criteria (costs of transport, time of transport), it is also necessary to process the loading and unloading technology, the handling quality, identification of the form of transport, the effect of the process on the environment, and the accessibility (availability) of traffic space (roads), etc.
Causes of the slowing down and congestion of traffic
Congestion is most frequently the consequence of vehicles slowing down on a road which could allow for an optimum travelling speed under the theoretical assumption that the surface area of the road is divided by the particular surface area of the vehicles travelling on that road. The theoretical assumption that all cars are travelling at the same speed is needed here, since coming onto a road (acceleration until the optimum speed is reached actually slows down the vehicles travelling behind) and leaving a road (reducing speed to leave a road again slows down the vehicles travelling behind) causes a reduction of speed and increases the possibility of congestion. 
We can say that there are four types of speed reduction of a moving vehicle on a particular road:

a) the first type of speed reduction is caused by the technical characteristics of the vehicle in question, and by the physical and psychological characteristics of individual drivers (for example, a vehicle with a weaker engine is slower than one with a stronger engine, and a tired and inexperienced driver tends to drive more slowly than a well-rested and experienced driver);
b) the second type of speed reduction is caused by Earth’s gravity (based on mutual attraction: the larger the vehicle the stronger the attraction, which means that more power is needed for a heavier body to move at the same speed as a body of less weight); 

c) the third type of speed reduction is the consequence of the force of friction (it is considered that man, with the help of some props, can walk on anything, even on water or ice, while road vehicles cannot); 
d) the fourth type of speed reduction is caused by space and time if a particular space at a certain period of time is completely or partially filled with vehicles moving in the same (or the opposite) direction.
Tolls for using the traffic infrastructure
The rapid expansion of tourism traffic, especially road traffic, which has led to the continuous growth of demand for space, causes traffic congestion. Investments in building new roads are not sufficient to meet all the needs. This, in addition to the feature of the indivisibility of the road infrastructure, causes supply to grow in leaps and bounds, or in time intervals.
The problem of charging a toll for the use of traffic infrastructure in tourism cities seems particularly hard to solve. In order to achieve an optimum allocation of funds, the toll should match the marginal cost, but there are difficulties in consistently implementing this concept. The precise calculation of the marginal cost requires an analysis of the problem, both in theory, by taking into account the categories of users and the existence of competitive infrastructure, and in practice, taking into account the identification of the necessary statistical background. 
The practical application of marginal costs may require very different means which are more or less acceptable. All these means require a redistribution of the tariff, or such a distribution to users, which will not cause significant economic losses. However, due to the relatively small role that tariffs play in the users’ choice, and due to the very low short-term elasticity of demand, the principle of regulating demand through tariffs may be questioned.
Tolls can also meet another goal – to create a good infrastructure management organisation. If we observe the problem from this perspective, then there is perfect alignment between setting tariffs according to the marginal cost and the choice of investment theory. However, in practice, there are some facts that can disrupt this perfect balance. For example, the payment incapacity of the city authority (even of the state) which may lead to a postponement of investment with a view to increasing the marginal cost (a hypothetical example is when a road is not widened until the point is reached where it becomes so congested that no additional vehicle, in this case in the marginal domain, can any longer use this road), frequent occurrences of deficit, and difficulties in alleviating this deficit by introducing a flat tax (which is removed through a system of contributions based on a budget balance with or without loans, or a total costs system).

Certain inaccuracy arises in the case of existing infrastructures and in the sharing of common costs among several categories of users. Seeking the optimum steering of demand while respecting the budget balance helps solve this problem and represents a kind of alignment with the goals of the optimum allocation of funds. Finally, the last problem related to the budget balance must be faced, and this is the question of the scope that has to be covered: total traffic, each separate category, or some very small part? In any case, budget balance is not the end in itself, but just the means and a component part of a good management organisation, which touches upon the field of organisation and management. Certain autonomy and a certain level of responsibility of the authority are desirable in order to have an effect on the applied tariff system.
However, decentralisation should not go too far without considering the other objectives of the tariff policy, which represent an instrument reserved for the state. These are the objectives of localising activities both at the level of town planning, which considers a city’s way of life, and at the social policy level, where there are problems of transferring costs and public services’ obligations. This last category of objectives always involves a certain intervention by the state on the infrastructure management organisation and on its tariff system.

If we try to establish the key elements in determining charges for using the infrastructure based on general considerations, then the procedure should be as follows: total traffic should first be separated into homogeneous categories, then marginal costs must be established within each category, next, the price structure of the decisions and regulations that define the administrative service activity should be analysed, and, in line with this, the tariff must be determined according to the marginal cost, taking care that termination of tariffs forms the optimum, and that a small variation does not cause economic loss. In any case, it is necessary to predict certain exemptions within the system, in order to meet the needs of general economic policy, spatial planning and traffic.
An optimum distribution of marginal cost over all the participants in traffic would lead to the optimisation of the transport of people and goods, which is one of the prerequisites for balanced city development.
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Figure 1   Relation of the development of traffic infrastructure in space and time

Source:  author’s work
In Figure 1, the increase in the number of vehicles (demand for roads) has been marked D, and the supply of space (roads) S. The dark spaces mark the periods in which demand is higher than supply, so that the possibility of congestion (due to the specific characteristic of the supply of space) is the highest.

The congestion of city roads differs from the congestion of other roads because it is impossible to widen the space for traffic in the existing city structures, especially within city centres. Attempts to resolve these problems include various methods of traffic regulation (one-way streets, synchronised traffic lights, traffic prohibitions, etc.) and a higher contribution of public transport in the total traffic. Thus, since 2001, Dutch car drivers began to pay “congestion tolls”. Between 6 and 10 a.m., driving in the centre of large cities, such as Amsterdam and Rotterdam, is additionally charged.
 However, daily traffic jams show that these measures have limited scope. In the same city, in 2007, a programme of using the tram tracks was introduced, where goods are transported by tram, in cooperation with electric lorries,
 with very good initial results.

Here a difference must be made between flat fees for the use of roads and road contributions in the price of fuel (which are applied in most countries) on one hand, and congestion tolls on the other hand. Namely, the former two charges and paid regardless of the roads that are used, and of the level of congestion. The congestion toll was introduced for particular, most frequented, roads, and is paid only at certain times of the day when traffic congestion is at its peak.
The purpose of such a toll is to make drivers who value less the chance to drive on a road than the amount of toll they have to pay for it, use alternative routes, change the time of travel, use public transport, or forgo the trip.

The effect that this toll has on congestion is shown more clearly in Figure 2, where the social costs are presented on the x axis and the flow of traffic on the y axis (number of kilometres per vehicle within a time unit). The cost curves show the operating costs and the costs of lost time, without mentioning that all the social costs are not included here (the effect of traffic on pollution, etc.).

The ac curve below represents the average social costs, and the mc curve the social limit costs. Up to point T1, costs are inflexible in relation to the traffic flow, but above that point, the traffic participants impose additional costs on one another, and thus the cost curves rise.
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Figure 1   Relation of costs of supply and demand for space in city road traffic 

Source: Marko Škreb, Pristojba na zagušenost kao mjera za rješavanje prometne zagušenosti u gradovima, p. 456.
If demand is not met even at the maximum capacity point T4, and new participants join the traffic, the traffic flow will begin to decrease, but the costs will continue to rise. Therefore, after point T4, the average costs curve obtains a negative slope. The limit costs become infinite, and they are not defined for the negative slope of average costs.
Seasonal oscillations in demand can be seen in the curves, where DD represents the demand curve outside peaks, and D1D1 during peak time. Since the demand for road space varies from moment to moment, these curves must be understood only as a rough estimate of the entire range of demand curves.
Curve ac may also be interpreted as the curve of the limit cost incurred by a new participant joining the traffic, because he/she does not take into account the costs imposed on others. The mc curve includes the costs of all traffic participants, which means that the difference between mc and ac represents the economic costs of congestion in a particular traffic flow.

Since individuals make the decision of joining the traffic, in the case of peaks, the traffic flow without intervention would amount to T3. At this point, the benefit of the last participant joining the traffic would amount to BT3, and the social cost would amount to CT3, which would incur a loss to the amount of CB for society.
 It is evident from this figure that T2 represents a socially optimal traffic flow. However, in order to set it up, it is necessary to impose an additional cost of AD on the participants, and this is precisely the amount of the congestion toll. The purpose of this toll is not to completely eliminate congestion, but to reduce traffic to an optimum level.
Any increase in the traffic flow above T2 would mean a loss, while a flow below T2 would mean a sub-optimum exploitation of roads. From such an analysis, it becomes clear that there is a need for social intervention in the case of traffic congestion.
ITS as a potential solution
Even though many city authorities do not tackle the problem of road congestion in the city by charging a congestion toll (for instance, because it is difficult to establish how to collect it), traffic jams, and the high costs that arise due to the slowing down and standstill of vehicles (delays, faster wear of vehicles, pollution, noise, etc.) are daily occurrences in cities, and create large problems for city economies.

The solution of the congestion problem, the optimum distribution of costs to the users of the road infrastructure, and the optimum organisation of the transport of people and goods are elements that form an answer to the question of the further development of traffic in tourism cities. Reducing the costs of traffic and achieving a faster flow of people, goods and services will alleviate many difficulties that encumber tourism cities and will help remove the development bottleneck (literally) most frequently caused by city traffic.
Therefore, traffic management in tourism cities, or traffic policy, can be successful if it is based on a valid modelling of the use of roads. Mistakes are made in this process, because reasons for and types of travel are only observed from one side. A huge improvement has been brought by IT travel modelling on the one hand, and the application of ITS on the other hand which brings together and weighs a large number of elements (temporal, technical, psychological, status, family, age, gender, financial), and thoroughly analyses the extremely complex behaviour of traffic “consumers”, thus contributing to drivers making founded (and not hasty) decisions, which resolves one segment of the traffic issue. 
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�please translate the captions in the Figure as follows.


prostor = space


vrijeme = time


�please translate in the figure:


tijek = flow
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