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CAPACITY EVALUATION OF ROUNDABOUTS IN SLOVAKIA 

Andrea Gavulová, Marek Drličiak 
 

University of Žilina, Faculty of Civil Engineering, Department of Highway Engineering 
Univerzitná 8251/1, SK-010 26 Žilina, Slovak Republic 

Ph.:+421-41-513 9512. E-mail: andrea.gavulova@fstav.uniza.sk, marek.drliciak@fstav.uniza.sk 
 

Two technical regulations for capacity estimation of roundabouts are valid in the Slovak Republic at the present time. Each 
of these regulations is based on a different theory of capacity estimation which affects the outcome of the capacity of roundabouts 
and their evaluation. The capacity of various roundabouts was estimated according to both methods in the previous analysis made at 
our department [3] and in some cases different results of the evaluation were achieved. The question is: which one of the mentioned 
theories better reflects a real capacity of the roundabout? For this reason some of the existing roundabouts in the town Žilina were 
selected and they were evaluated according to both methods and a micro simulation using PTV Vissim software. The geometrical 
parameters of roundabout, real driving behaviour (speed, proportions, acceleration, etc.) and also pedestrian behaviour were taken 
into account in the microscopic models. The first assumption for capacity evaluation by a microscopic traffic model is a calibration 
process which is based on traffic surveys results. Thus created models allow several capacity analyses during the peak traffic 
loading. Then, the results of micro-simulation can be compared with the capacity evaluation according to the technical regulations. 
The article deals with creation and calibration of microscopic traffic models and with the mentioned comparing of results. 

 
Keywords: capacity, roundabout, micro-simulation, model, traffic 

 
1. Introduction 

 
The quantity of small single-lane roundabouts constantly increases in the Slovak cities. New 

roundabouts are designed like new traffic solutions of intersections or the reconstruction of uncontrolled 
intersections. The reasons for their using are mostly enhancement of safety, reduction of traffic accidents, 
speed reduction before entry into a town and higher traffic capacity in comparison with uncontrolled 
intersections. A precise project has to include so traffic load and so important factors and parameters  
(e.g. the geometry of roundabout, surrounding impact). These parameters are not included in capacity 
evaluation process according to the Slovak Technical Regulations.  

Nowadays two Technical Regulations for capacity estimation of roundabouts are valid in the 
Slovak Republic ([1] and [2]). Each of these regulations is based on different theory of capacity 
estimation which affects the outcome of the capacity of roundabouts and their evaluation. Several 
capacity analysis of roundabouts according to the both methods of capacity evaluation has been made at 
author’s’ workplace. Different results of the evaluation were achieved [3]. To analyse differences of 
methodologies were selected small single-lane roundabouts in Žilina. One of the conditions for selection 
was standard geometry which is mostly used in the Slovak Republic. The selected roundabouts were 
evaluated according to the technical regulations and also using the micro-simulation in PTV VISSIM 
software. The entire evaluating process using micro-simulation provides a high-quality calibration model 
based on real values of traffic surveys. These real values in our case were determined according to 
detailed analysis of 16 hours video recording of the traffic process and real crossing of the roundabouts.  

In the article some results of traffic survey on selected roundabouts in Žilina and their capacity 
evaluations according to the two Technical Regulations are presented. In addition, modelling and 
calibration process of the traffic flow on these roundabouts in certain conditions and capacity evaluations 
using results of simulation are described. The results are compared with each other. Finally, an example 
of capacity evaluation of new geometry design of roundabouts using calibrated micro-simulation model is 
presented. 

 
2. Traffic Survey on Roundabouts in Žilina  
 

The single-lane roundabouts capacity was analysed for the three selected network nodes (R1, R2 
and R3) in Žilina town. The first roundabout was selected for long queues on its entries. The traffic load 
was not the main reason of traffic problems. The roundabout is situated only 250 m from traffic-light 
controlled intersection and only 50 m from a bus stop.  
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The high value of traffic load was the main reason for selection of two roundabouts (R2 and R3). 
The long queues are often event on the entries of mentioned roundabouts during the peak hour. Both of 
roundabouts connect the large shopping centres situated near the town centre. The distance between 
roundabouts is only 190 m (Figure 3) and the main and the most loaded direction on the both roundabouts 
is from residential zone to town centre.  

The traffic surveys on the roundabouts were realized by indirect method. A traffic flow was 
digitally recorded and rewrite into the sheets. The length of vehicle queue was noted at the second 
roundabout R2 like a special parameter. The Figure 1 shows the traffic load of roundabouts R2 and R3 in 
the time. Traffic load histograms present equable state (2500 pcu/hr) during the approximately 11 hours. 
Both roundabouts have not real reserve in capacity considering construction-geometrical parameters. That 
means that increasing in traffic volumes will be the reason of another traffic problem. By the lack of 
capacity the long queue are created daily (600 – 1000 m). Figure 2 shows the traffic load and movement 
on roundabouts R2 and R3 during the peak hour. The straight directions are the most loaded. 
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Figure 1. Traffic load histograms on roundabouts R2 (3 entrances) and R 3 (4 entrances) 

 
 

 
Figure 2. Traffic load and movement on roundabouts R2 and R3 during peak hour 

R2 R3 
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3. Capacity Evaluation of Small Roundabouts According to Regulations 
 

The capacity of small roundabouts is calculated like a system of uncontrolled intersections with 
one-way operation (direction). Calculation process generally uses two different principles: Empirical 
relations and Time Gap theory. Two mentioned theories are included in the two Slovak Technical 
Regulations for capacity evaluation of roundabout entrances: 

- The Technical Regulation TP 04/2004 [1] – issued from the Swiss empirical method of capacity 
calculation according to BOVY (1991). The method is based on experimental measuring (traffic volumes 
counting) in time when the roundabouts is overloaded (the capacity is spent). 

- The Technical Regulation TP 10/2010 [2] – issued from method according to WU (1997) which 
is based on theory of waiting time gaps. The entrance capacity is depended on values of critical time gap, 
follow time gap and on theoretical dividing of time gap in the traffic flow. This method is included in 
German guideline HBS (2001). 

 
3.1. Capacity calculation according to TP 04/2004 
 

The theoretical capacity of a roundabout entrance is calculated according to TP 04/2004 [1] from 
equation: 

( )aoie MMK ⋅+⋅⋅−= αβ
9
81500,max,

  (1) 

where 
Kmax,e,i – maximal capacity of entrance [pcu/hr], 
Mo – traffic volume on the circle between an evaluated entrance and an exit [pcu/hr], 
Ma  – traffic volume on an exit lane [pcu/hr], 
α – coefficient expressing the effect of distance “b” between the entrance collision point and exit 

collision point of evaluated entrance, 
β  – coefficient of traffic volume influence on circle for various number of circle lanes. 
 

The main disadvantage of this method is using the coefficients taken from abroad experimental 
measuring. The values of these coefficients (α and β) have not been validated for Slovak conditions. This 
method of capacity calculation does not consider roundabout geometry parameters (inscribed circle 
diameter, entrance radius, exit radius, lane width, etc.), either speed or roundabout pass time.  

 
3.2. Capacity calculation according to TP 10/2010 
 

The theoretical capacity of a roundabout entrance is calculated according to TP 10/2010 [2] like 
maximal number of entering vehicles which use acceptable time gap. The basic capacity of an entrance is 
calculated from equation: 









−−⋅−

⋅⋅
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−⋅=
min23600min
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t
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f
g
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e
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n

n
MtK , (2) 

where 
Kzi  – basic capacity of entrance [pcu/hr], 
Mokr  – traffic volume on the circle [pcu/hr], 
nk  – number of circle lanes [-], 
nz  – number of entrance lanes [-], 
tg  – critical time gap (considering 4,1) [s], 
tf  – consecutive time gap (considering 2,9) [s], 
tmin – minimal time gap between two vehicles on circle lane (considering 2,1) [s]. 
 

The disadvantage of described method is using the not calibrated time gaps for Slovak traffic 
conditions. The values were taken from German guideline HBS. The time gap values have not been 
defined for different pass speed. This method of capacity calculation also does not consider roundabout 
geometry parameters (except the number of lanes).  
 
3.3. Capacity evaluation  
 

The evaluation of quality of traffic flow movement on roundabouts is essentially identical in the 
TP 04/2004 and TP 10/2010 (TP – Technical Regulation). The average waiting time at an entrance of 
roundabout cannot be greater than the value of average standard waiting time. This average waiting time 
appreciates the level of service (LOS). The LOS is expressed by six degrees of quality of traffic flow 



Transport and Telecommunication Vol. 13, No 1, 2012 
 

 4

(Table 1). The degree F means that the entrance has not free capacity; and the saturation is higher than 
1,0. The average waiting time at entrance of roundabout depends on calculated reserve of capacity.  
The reserve of capacity presents the difference between calculated capacity and real traffic volume 
on entrance. The real traffic volume and the entrance capacity are very important for capacity evaluation of 
roundabouts.  

The values of average scale of reserve of capacity are shown in Table 1 including the average 
waiting time. The values correspond to the degrees of LOS (the data are assigned from graphical 
dependence in the Technical Regulation). 

The previous analysis [3] proved that the theoretical performance of roundabout (i.e. capacity 
evaluation process) is depended on chosen Technical Regulation. Therefore our capacity evaluation 
analysis was completed with results from micro-simulations. 

 
Table 1. Average waiting time for individual LOS 
 

Level of service (LOS) A B C D E F 

Average waiting time tc [s] ≤ 10,0 ≤ 20,0 ≤ 30,0 ≤ 45,0 > 45,0 - - - 1) 
Average scale of reserve of capacity [pcu/hr] ≥ 330 170 - 329 115 - 169 70 - 114 50 - 69 < 50 
1) LOS “F” – the degree of saturation is greater than 1,0 

 
4. Capacity Evaluation of Roundabouts Using Micro-Simulation 

 
Micro-simulation in software PTV Vissim was used for capacity estimation of roundabouts at the 

Department of Highway Engineering, Faculty of Civil Engineering. The software PTV Vissim is a part of 
software for transportation planning and traffic engineering named PTV Vision. The PTV Vissim is  
a microscopic, flexible tool for traffic simulations which consider human traffic behaviour. It is useful for 
traffic modelling, visual approach of traffic flow behaviour on the traffic network and intersections.  
The microscopic model considers the roundabout geometry parameters, real driving behaviour (speed, 
acceleration, etc.) and also pedestrian behaviour. The output data from a model could be used for traffic 
analysis and evaluation of the suitability of proposed solutions. The average and maximal values of 
waiting time, the average and maximal length of queue of vehicles are the most used output data from  
a microscopic model of roundabouts. These average values are calculated from 60 seconds intervals. The results 
are presented as time function of queue of vehicles or as waiting time. The final outputs resulting from 
Technical Regulations evaluation represent only average hourly values. 

Outputs of micro-simulation reflect not only the specific roundabout geometry, but also other 
influencing factors (e.g. bus stop, other intersections and turns situated near by evaluated roundabout). 
These may reduce capacity value of roundabouts. This fact is a main advantage of micro-simulation.  

 
4.1. The modelling of traffic flows on roundabouts and calibration process 
 

The three selected roundabouts (R1, R2 and R3) were modelled in the PTV Vissim. The Figure 3 shows 
roundabouts R2 and R3. Our models of roundabouts were created on exact background files (.dwg) considering 
all geometric parameters. These models consist of links, connectors, routes, etc. Pedestrian crossing, another 
turns, bus stops, etc. situated near by roundabouts were also defined in the models. Traffic volume, routing of 
vehicles and traffic composition were determined from the traffic survey and defined in the models for each 
entrance and direction. The example of traffic rout setting is shown in the Figure 3. 

 
Figure 3. Modelled roundabouts R2 a R3 (left) and set-up of routes in Vissim (right) 

 

In order to achieve accurate results, calibration of the microscopic models was carried out. The Vissim 
program tool actually contains a number of simulation parameters that can affect the simulation results 

R2 R3
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(network, vehicle and driver characteristics). The calibration process was focused mainly on the parameters, 
defined in the Vissim in the so-called Priority Rules. In the parameters themselves the rules of driving,  
the minimum critical gap time (drivers' reaction time) and the minimum headway are determined. The Vissim 
determines priority to a certain participant according to the set Priority Rules. Depending on the situation 
at the conflict area, an individual decides either to continue with their route or to wait for more suitable 
traffic conditions. At the marked spot, they must always examine both pre-determined conditions 
(minimum headway and the minimum gap time), before continuing with their route. More conflict markers 
(green) can appertain to one stop line (red). The Figure 4 shows settings of Priority Rules function in 
Vissim. 

The mentioned parameters of Priority Rules defined in the Vissim were set for all entrances 
independently. That means independently for passenger cars and for heavy vehicles. The calibration of 
models was based on analysis of average values from 12-hour video recording of traffic. Described 
parameters for the roundabouts are presented in the Table 2. The pedestrian crossings were also included 
in the Priority Rules definitions.  

 

 
Figure 4. Priority rules (left), reduced speed areas (right) in Vissim 

 
Next step in the calibration process of the models was setting the real speed of all defined kinds of 

vehicles. The speed was monitored at the entrance, exit and on the roundabout circle lane. The radius of 
an entrance and exit lanes of roundabouts affects speed reduction. The higher values of radius due to 
more fast-pass through a roundabout and positive modify capacity of roundabout. The widths of lane of 
the roundabout R1 are visible in the Table 2. The passing speed on small roundabouts is relative low  
(the diameter of centre island is about 7–10 m). The speed of passenger cars was reduced from 50 km/hr 
to 30 km/hr, speed of heavy vehicles from 40 km/hr to 25 km/hr in the R1 and from 40 km/hr to 20 km/hr 
in the R2 and the R3, respectively. Described changes are showed on the Figure 4. The speed was 
adjusted not only by detailed analysis of the video recording but also on the basis of multiple real pass of 
passenger car through the roundabout.  

The model was functional and real reflected the traffic flow behaviour in roundabouts after 
definition of all important parameters. The final results (average waiting time, average length of queue etc.) 
were compared with the real values. The microscopic model was iterative calibrated. The comparison  
the results from micro-simulation capacity analysis with results from capacity analysis according to Slovak 
Technical Regulations was possible after mentioned calibration process. 

 
Table 2. General and simulation parameters of roundabouts 

 

Roundabouts R1 R2 R3 
Roundabouts 
diameter [m] 31 m/ 14 m 30 m / 14 m 37 m / 20 m 

Entry 
parameters 
and Priority 

Rules Entrance 1 2 3 4 1 2 3 1 2 3 4 

Entrance radius [m] 12,0 17,0 12,0 12,0 12,0 12,0 12,0 11,5 11,5 11,5 11,5 

Exit radius [m] 14,0 12,0 13,0 11,5 12,0 15,0 14,0 13,5 13,5 13,5 13,5 

Width lane [m] 3,5 3,0 3,25 3,5 3,5 3,5 3,5 3,5 4,0 3,0 4,0 

Passenger 3,0 3,0 3,0 3,4 2,5 3,5 2,0 3,5 3,0 3,0 3,0 Min. gap. 
time [s] Trucks 3,5 3,8 4,0 3,6 3,0 4,0 3,5 4,0 3,5 4,0 3,5 

Passenger 3,2 3,2 3,5 3,2 2,5 3,5 3,0 4,0 3,0 3,5 3,0 Min. 
headway [m] Trucks 4,0 4,2 4,5 4,3 3,5 4,5 4,0 4,0 4,0 4,0 4,5 
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5. Comparison of Capacity Evaluations of Roundabout According to Technical 
Regulations and Micro-Simulation 

 
The Table 3 presents the results from capacity analysis according to the both Technical 

Regulations. The final results are comparable in relation to LOS. The exceptions are only for entrance 2 at 
the R1 and the R2. The both Technical Regulations evaluated the R1 with capacity reserve, the R2 and 
the R3 without capacity reserve. The mentioned disagreement in evaluation can be seen for the R2, the 
entrance 2. LOS determined according to the TP 04/2004 is “F” and according to the TP10/2010 it is “E”. 
The results from the TP 10/2010 approach to the real results from micro-simulation (similar state is on the 
roundabout R3, the entrance 2). 

 
Table 3. Capacity evaluation of small roundabouts according to the Slovak Technical Regulations and VISSIM simulation 
 

TP 04/2004 TP 10/2010 VISSIM 

Scheme of roundabout 

En
tra

nc
e Traffic 

volume 

[pcu/hr] 

Reserve 
of 

capacity 

[pcu/hr] 

tc LOS 

Reserve 
of 

capacity  

[pcu/hr] 

tc LOS tc LOS 

1 297 12 B 263 13 B 14 B 

2 597 7 A 441 8 A 6 A 

3 759 5 A 570 6 A 1 A 

R1 

4 

1630 

348 10 A 392 10 A 39 D 

1 - 341 >90 F - 196 >90 F >90 F 

2 - 232 >90 F 44 55 E 83 E 

R2 

3 

2518 

437 10 A 299 11 B 1 A 

1 - 8 >90 F - 45 >90 F >90 F 

2 40 63 E - 22 >90 F >90 F 

3 211 18 B 237 15 B 4 A 

R3 

4 

2507 

290 12 B 171 20 B 34 D 

 
The monitored values of average waiting times, average length of queues from micro-simulation 

were recorded every 60 seconds on all of roundabout entrances. The data from detectors in the R1 are 
shown in the Figure 6 (waiting time) and Figure 7 (length of queues), date from detectors in the R3 are 
shown on Figure 8 (average waiting time). The capacity evaluation of the R1 according the Slovak 
Technical Regulations is satisfying (LOS is “A” respectively “B”), but the LOS from micro-simulation is 
“D” what reflects real condition during the peak hours. The results confirmed 150 m length of queue and 
longest waiting time on entrance 4. This situation is caused by the near frequented bus stop. It is situated 
only 50 m before the entrance to the roundabout. The second impact on capacity has also the high rate of 
buses which is caused by the main bus lines routing to north directions (43 buses per peak hour). The next 
limiting factor was the adjoining intersection with low capacity. The queue from this intersection 
influenced the monitored roundabout R1. The capacity evaluation according to the Slovak Technical 
Regulations does not regard to the mentioned factors. 

The similar results were calculated for the roundabout R3 where the LOS of the entrance from 
residential area Vlčince (the entrance 4) according to the Technical Regulations was evaluated “B” and 
evaluation using the micro-simulation was “D”. The result of micro-simulation reflects real situation, 
which is caused by geometrical parameters and high volumes on pedestrian crossing. 



Transport and Telecommunication Vol. 13, No 1, 2012 
 

 7

 

 
 

Figure 5. Traffic queues on the roundabout R1 (the entrance 4) and the roundabout R2 (the entrance 2),  
micro-simulation (left) and real situation (right) 
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Figure 6. Average waiting time on the entrances for the roundabout R1 
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Figure 7. Average length of queue on the entrances for the roundabout R1 
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Figure 8. Average waiting time on the entrances for the roundabout R3  
 

6. Micro-simulation Using for the New Traffic Solution  
 

Both roundabouts R2 and R3 are already overloaded at present time. The situation causes traffic 
queues and high values of waiting time (above standard values). The calibrated microscopic model of the 
roundabouts R3 was used for verification of new geometric changes. On Figure 9 new geometry design of 
the roundabouts is showed. The main differences are at the entrances 1, 2 and 4 where the traffic flows 
are divided into two separated traffic lanes. The right turns are directed through the by-pass lane and the 
straight and left turns are directed through the roundabouts lane.  

 

 
 

Figure 9. New geometry design of Roundabout R3 
 

The capacity of the new solution was evaluated according to the Technical regulations and micro-
simulation. The model maker included all affecting impacts, for example, the neighbour roundabouts R2, 
a bus-stop or pedestrian crossings. The final data of the capacity evaluation are presented in the Table 4. 
The data from detectors at the entrances of the R3 are shown on Figure 10 (average waiting time) and on 
Figure 11 (average length of queues). 

 
Table 4. Comparison of capacity evaluation of the new designed roundabout R3 
 

TP 04/2004 TP 10/2010 VISSIM 
Entrance Reserve of capacity 

[pcu/hr] 
tc LOS 

Reserve of capacity 
[pcu/hr] 

tc LOS tc LOS 

1 178 19 B 118 28 C 47 E 
2 166 22 C 76 43 D 36 D 
3 203 18 B 174 21 C 20 B 
4 462 8 A 450 8 A 4 A 
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Figure 10. Average waiting time on the entrances for the new solution of roundabouts R3 

 

 

Figure 11. Average length of queue on the entrances for the new solution of roundabouts R3 
 
The geometry changes (by-passes) increased performance of the roundabouts R3. This fact results 

from the capacity evaluation. The entrances 1 and 2 are overload and LOS is “F” for each of them at the 
present time. The capacity evaluation of LOS for the entrances 1 and 2 of the new R3 design is maximum 
“C” (entrance 1) with average waiting time below 30 sec and maximum “D” (entrance 2) with average 
waiting time below 45 sec according to both Technical Regulations. Difference between capacity 
evaluations of all entrances according to the TP 10/2010 and the TP 04/2004 is maximum one degree. 
Capacity evaluation of all entrances (with the exception of entrance 1) according to micro-simulation is 
comparable with the TP 10/2010.  

The entrance 1 is specific taking into account its geometry in combination with the road signs. The urban 
road at the entrance has two lanes. The right lane is used for bypass (right turn) and the left lane is used 
for straight and left directions. Vehicles are not directed into the desired lane in advance then they cross 
lanes and it increases of waiting time at the entrance 1. The micro-simulation demonstrates the influence 
of the mentioned traffic routing and evaluates the LOS of the entrance 1 on “E” with average waiting time 
47 sec. 

 
7. Conclusions  
 

The detailed analysis of video records from traffic surveys allowed the set-up of input parameters 
in the microscopic models. The results from the models were comparable with real measured data on 
roundabouts. Consecutive comparison of final data with the results from evaluations according to the 
Slovak Technical Regulations showed differences in some cases. The mentioned differences were caused 
by real impact factors, which were not included in the Slovak Technical Regulations (bus stop, near 
intersection with low capacity, etc.) For these reasons, a microscopic model of roundabout is an accepted 
way for evaluation of its capacity in difficult surrounding conditions.  
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The time and economic demands included in creation and calibration process of models caused that 
the micro-simulations of intersections (in general) could not be used each time. The results from described 
capacity analysis of “independent” roundabouts prove using of the Slovak Technical Regulations. The evaluation 
process according to the Technical Regulations is very ready. Moreover the results from TP10/2010 and 
results from micro-simulations are similar. Described conclusions have to be verified using many of 
examples of traffic loads schemes. Our next steps will related to detailed analysis of other intersections 
with different traffic loads and different movements. The data will be also compared with data calculated 
according to the Technical Regulations. We will analyse the two-lane roundabouts.  

The application of calibrated microscopic models is one of the ways for verification of capacity 
analysis of roundabouts. That means that it is possible to choose the right regulation in dependence on 
type of roundabout and on surrounding conditions. The new view on roundabouts capacity analysis allows 
to project new proposal solutions (for example for increasing of efficiency and safety on roundabouts). 
For instance, the microscopic model could be also used for capacity analysis of turbo-roundabouts, because 
evaluation process of their capacity is not included in Slovak Technical Regulations.  
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The problem of multi-criteria choice of alternatives with accounting the multiple stakeholders’ preferences has been 
considered. The model for solution with the composition of fuzzy sets has been described. The mathematical formulation and 
justification of the solution using a fuzzy utility functions is given. Corresponding numerical calculations and graphic example are 
presented. 
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1. Introduction 

  
As it is well known, management decisions making is a prerequisite for a successful commercial 

and industrial activity in any sphere of business and economics. It is fully applied to the transport market, 
the work of enterprises of all forms of transport. The competitive environment of its operation generates 
and contains all sorts and origins of uncertainty, ambiguity parameters of the market environment, actions 
and goals of partners, competitors, clients, customers, services, regulatory organizations and so on.  

This situation requires the development and application of adequate economic and mathematical 
tools to model situations, the appropriate methodological support. Fairly efficient tools for this are the methods 
of the theory of fuzzy sets and fuzzy modelling. Several successful examples of their use in the transport 
sector are given in our previous publications [1–3].  

In particular, as substantiated by the authors earlier, among the decision-making problems in the 
transport sector the problem of multi-criteria choice from many alternatives occupies an important place. 
However, in solving these problems, the relevant models reflect the individual interests of specific subjects 
of the transport sector (transport enterprises, carriers, customers, investors) without construction of common 
optimal variants for all its. At the same time in practice (for economically viable and socially acceptable 
solutions) we must take into account the interests of all or several participants of the transport services 
processes and services (producers, consumers, intermediaries, society). 
 
2. Description of the Problem and its Solution 

 
The validity of the result of solving the problem of multi-alternative choice will be greatly 

enhanced if the process takes into accounts the assessments and preferences of several parties.  
On the one hand, there are experts who represent the interests of the firm, and the contradictions in 

their estimates consist in the fact that they can use different ways to assess the compliance of products for 
selected criteria; moreover, they can use the various approaches to the selection of the direct criteria and 
their importance. Overall, however, their actions and evaluations have the same orientation (direction).  

But situation will change, if consumers will present as one or more experts. In this case the coordination 

of consumer ratings will be impractical (and often impossible), when there is no desire to wishful thinking. 
The harmonization of the consumer’s ratings and evaluations of experts, which represent the interests of 
the producers, is useful in the sense that a balanced system of estimates can be constructed, and product 
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that satisfies it, may be the best way to comply with the restrictions and the wishes of the producer and 
desires of the consumer, i.e. competitive market conditions.  

The problem is complicated by the fact that the preferences of the parties are likely to be confusing, 
especially when it comes to new or substantially new products. Just as in many other cases of fuzziness 
market and decision making conditions, the apparatus of the theory of fuzzy sets allows to achieve some 
effective results in this area. 

 
2.1. Formalization in Fuzzy Set Theory Terms 
 

In the theory of fuzzy sets such problems can be solved based on the composition of fuzzy criteria 
ratings and heuristic arguments in the form of linguistic evaluations of the utility. In general, this problem 
is formulated in [4]. 

The model of decision-making includes: 
- the evaluation of alternatives; 
- views of persons, involved in the decision-making process;  
- description of the solution process. 
As in the previous problems, each alternative product is described by the quality criteria, the extent 

to which may be given in a fuzzy linguistic form. Linguistic values can be selected from dictionary; the 
contents of such dictionary can be expanded by modifiers like "very", "more or less", etc. In general case, 
can be used N criteria of quality  di, i = 1,  N , which form the criteria space D = { d1, d2, ..., dN}. 

If there is usage of fuzzy evaluations of criteria conformity, it means that the set of linguistic 
values },1:{ MjlL j ==  is determined, and each element of this set is associated with a fuzzy set, which 

is defined by membership function ]1,0[),( ∈zz
jlµ . 

In general, a fuzzy mapping of the set of linguistic evaluations criterion conformity on the set of 
quality criteria DLG →: , determined at  D×L, can be constructed.   

However, it is necessary to consider that according to experts, only a few combinations have real 
meaning from the entire set of possible combinations of quality criteria and evaluations of the criteria 
conformity and only for these combinations the experts may give their estimates about the rate of 
usefulness.  
 
2.2. Example to Illustrate the Existing Problem 

 
For example, consider the situation, represented by Table 1.  
 

Table 1. Fragment of table for evaluating the usefulness (values for the criteria and utilities) 
 

d1 d2 d3 d4 Utility for consumers Utility for experts 

large weak large small relatively low average 

good acceptable large small average relatively low 

good weak large small relatively low relatively low 

 
Let us note, first of all, that this example is used only to illustrate the proposed method of solving 

the problem and, of course, it is highly simplified, and secondly, evaluations of the usefulness also have  
a linguistic form, i.e. there is a number of linguistic values },1:{ KkpP k == , which are formalized by 

fuzzy sets with membership functions ]1,0[),( ∈zz
kpµ  (Fig. 1). Triangular membership functions are 

chosen only for simplicity of graphic constructions.  
If we consider several alternatives },1:{ IiaA i == , the tables similar to table 1, will be constructed 

for all alternatives. 
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Figure 1. Some linguistic assessments of the usefulness and corresponding fuzzy functions 

 
Let us suppose, that evaluations of the conformity by criteria have been formulated for some alternative ai. 

For example, the condition that evaluations by the criterion D1 are closer to good one for the alternative 
ai, show in Fig. 2 and can be written the following way: Fi (D1) = {0,3 / large, 0,7 / good}. 

 

 
 

Figure 2. Evaluation of the alternatives for the criterion closer to good than to the excellent 

 
Similar estimates can be constructed according to all criteria: Fi(D2) ={0,6/acceptable, 

0,4/weak}, Fi (D3) = {0,4/sufficient, 0,6/large}, Fi (D4) = {1/small}. 
The aim is to find the estimate of the usefulness for each alternative, which will have the greatest 

level of conformity. In the known studies [5] this problem has been solved as follows. The convolution of 
estimates of the criteria conformity has been computed for each set of table 1 by using the operation min: 

,)](min[)(∩
jq j

llq

q

jqjq
zzw µµ ==  (1) 

)]](min[),(min[]),(min[)( zzwzEV
jqqq lpqphq µµµ == , (2) 

where q is the set number in table 1; h is the expert group number. For considered example h = 1, 2. 
Then, the cumulative estimate over all values of q has been calculated for each expert group: 

∪
q

hqqhqh EVEVER )]([max)()( == . (3) 
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The resulting estimation is a fuzzy set that represents an integrated estimate for each category of 
experts. At next stage of solving the problem we will need to find the value of usefulness, which has the 
highest degree of truth for all experts (expert groups). This phase will be discussed later. 

Let us return to equations (1) and (2), which represent the traditional approach, used in various 
papers [4, 5]. There should be noted a number of disadvantages of this approach.  

The first is the fact that multi criteria problem essentially boils down to one-criterion, because of 
everything will be determined by evaluation with the minimum value of )(z

jqlµ , and all the remaining 

estimates have no significance. 
The second disadvantage is that the type of used membership functions is irrelevant too. This occurs 

because of the fact that the fuzzy set is essentially replaced by a clear α-subset, while performing an operation 
min, which is used to formalize the operation intersection.  

This, in turn due to the fact that it is not ruled out the possibility of empty intersections in (1), 
which obviously will take place for the sample (Table 1). At the same time, if the different types of 
membership functions are used, we will obtain different decision-making situations. In addition, the 
estimates of criteria conformity and evaluations of the usefulness can have various membership functions, 
that is essential for the situations of decision-making. 

 
2.3. Proposed Approach to Solving 

 
Let us consider a method for finding estimates of usefulness that is free of these shortcomings. It is 

easy to show that the equation (2) can be represented by the following way: 

)]}(),(min[)],...(),(min[)],(),(min{min[)(
21

zzzzzzEV
jqqqqqq lplplphq µµµµµµ= .  (4) 

 

For the construction of each particular convolution )](),(min[ zz
jqq lp µµ  we propose to use the 

operation, which has been defined in [3, 6] and called as “the shadow of a fuzzy set” Sh( ÂÀ ~,~
), where 

ÂÀ ~,~  are the fuzzy sets. In our case:  

)/)((~ zzA
jqlµ= , )/)((~ zzB

qpµ= .  (5) 

The result of this operation is shown in Fig. 3, where the membership function of evaluation 
{0.3/big} of the criteria compliance is represented by green colour (a), the membership function of 
evaluation of the usefulness which means {quite low} is represented by blue colour (b) , “the shadow of 

a fuzzy set”  Sh( ÂÀ ~,~
) is represented by red colour (c). 

 

 
 

Figure 3. Result of operation of fuzzy sets shadow construction 
 
Using this operation allows taking into account the influence of all evaluations of the criteria 

conformity, and not just the effect of estimates, which have the minimal values. As a result it also reflects 
the nature of the selected membership functions, in addition the problem of empty intersections is solved 
too, because according to definition, ∅=)~,~( BASh  only if ∅=A~ and ∅=B~  or A~  and B~  are 
orthogonal [3, 6]. In this case the equation (4) is reduced to the following form:  

b

a
c
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)]~,~([min)( BAShEV
qqj jhq = , 

where the fuzzy sets A~  and B~  are determined by equation (5). 
The integrated estimate )( hER  for each category of experts (Fig. 4) is obtained from equation (3). 
 

 
 

Figure 4. Integrated experts’ estimates of usefulness 

 
It is obvious, that a concerted fuzzy estimate of usefulness can be found as the intersection: 

)()( 21 ERERRс ∩= , corresponded curve is represented by red colon in Fig. 5. 
 

 
 

Figure 5. Estimate of usefulness coordinated by two groups of experts  

 
2.4. Interpretation of Results 

 
Due to the fact that the evaluation Rc should be correlated with one of used utility estimates, the 

comparison procedure must be performed, which can be realized as the intersection ckk RpS ∩=
~

 for 

all Pp k ∈ . Each of the resulting fuzzy sets will represent the estimate of the degree truth of the conformity 
between consistent assessment of the usefulness and the initial estimates of the usefulness. 

In order to make a final decision it is necessary to compare the obtained fuzzy sets. A comparison 
of fuzzy sets can be done by calculating the value of their capacities by using α-partitions. This process is 
a quite time-consuming procedure. The definition of the value of membership function at the point, which 
corresponds to the coordinates of its centre of gravity, would be simpler. Due to the fact that this value 
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can be interpreted as an estimate of the truth, the truth degree of performance of some assessment of  
the utility will be determined too. 

In table 2 the second line represents the coordinates of the centres of gravity of the sets kS~ , the third 
line is the corresponding values of the membership functions, the fourth line is the composition of  
the coordinates of the centre of gravity and importance of membership, and the fifth line is the 
result of the operation EffPeak, conducted in the program for computing with fuzzy functions and 
variables, namely FuziCalc [7].  

All of these results indicate that the estimation of the usefulness, which has the value "average", 
will be the most closely to the expert evaluation under the considered conditions. 
 
Table 2. Results of calculations 
 
 

 
 

Finally, Fig. 6 represents the membership functions from the Table 2, which correspond to the second 
line of this table. 

 

 
 

 
Figure 6. Membership functions correspond to the second line of table 

 
If there are analyzed the several alternatives, the discussed procedures will be performed similarly 

and that alternative, which has the highest estimate of the utility will be chosen as the best one. 
 

3. Conclusions 
 
Thus, effective and simply approach that allows taking into account the interests (often contradictory) 

of different aspects of economic activity in the investment decision-making in market conditions has been 
proposed and justified.  

The formulation of the corresponding problem of multi-criteria choice is described. The theoretical 
basis and practical sequence of these problems solutions using a specialized spreadsheet FuzzyCalc for 
computing with fuzzy numbers has been presented. 

low 

relatively low

average 
relatively high

high 
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The focus of the research is the analysis and assessment of Air Traffic Control (ATC) maintenance and technical service 

processes. Deriving from the general ATC process model, which is the part of the Air Transport System, the related ATC Services 
including a Key Performance Indicator System were developed. A theoretical analysis was performed to develop a special 
correlation matrix between the Air Transport System to ATC service and ATC technical services, which reflect the top-down 
approach of process modelling proceeding. A particular research of different international ATC service organization, selected by 
defined parameter was performed for analysis. The analysis was implemented with different scientific research methods. Basing on 
this international research, a detailed SWOT analysis and conclusions of each ATC organization itself and additionally a parameter-
oriented comparison between the different organizations and their specifics were performed. The results of this research were 
described in a SWOT analysis, rating assessment of utilization of the theoretical methods and qualified evaluation of implemented 
KPI System. For final maintenance process evaluation an ATC-Maintenance Process Maturity method based on ISO /IEC Standard 
15504 was developed. The results and developments of the research will be the essential prerequisite for the further research of 
dissertation and development of a harmonized ATC Meta Frame Maintenance Process Model as a part of the Air Transport System 
on macro model level and deriving to the ATC specific Maintenance Service Model on micro level for the specific ATC 
organization basing on service and business modelling methods.  
Keywords: ATC Maintenance Process Model, International Research, Process Maturity Assessment, Key Performance Indicator  

 
The presented material reflects the results of investigations executed in frames of PhD study under the 

supervision of Dr.habil.sc.ing., Professor Igor Kabashkin. 
 
 
1. Problem Description and Derivation of the Research Objects 

 
This research is a part of doctoral thesis and is focused on researching the mentioned ATC 

maintenance technical service and process model in detail. The objects of the research are all the related 
processes to support the technical maintenance of ATS operational Systems, which support the  
ATC controllers. The actual research describes the technical maintenance and service processes for ATC 
organizations. The focus is on performing the analysis on a scientific level at different ATM 
organizations and their Maintenance Process Model. The goal is to use this analysis and conclusions to 
develop a harmonized ATM process model including a common metric system for measurement of the 
process and support quality. To perform this task a special method of multi-step analysis approach based 
on ISO/ IEC standard and assessment process was developed. In case of the European harmonization and 
actual realized FABEC program for the ATC technical maintenance the following areas of improvement 
and optimisation were detected: 

• Missing service characteristics; 
• No common definition and understanding of service oriented terms and support level; 
• No definition of end-to-end services for ATC operational and technical services; 
• No existing of ATC service modelling or common ATC service catalogue; 
• Missing of service oriented architecture (SOA) of ATC systems; 
• Missing of ATC common integrated service approach and methods. 

The mentioned problem areas are significant because the European harmonization and 
implementation of FABs have a direct implication in the operational concepts of each national ATC 
service provider, in their methods and proceedings of operation, maintenance and technical support 
processes. The adaptation to the ATC maintenance process modelling is not reflected adequately and 
requires a complete harmonized ATC Service and maintenance process harmonization. The actual article 
discusses the developed method of ATM Maintenance Process and Service Evaluation, the developed 
evaluation criteria and assessment approach. 

On Figure 1 goal and major steps of developed research approach are described. 
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Figure 1. Approach of ATC Maintenance Process Research 

 

2. Theoretical Methods and Conditions for Analysis at ATC Maintenance Process  
 

The ATC providers have been selected based on developed criteria catalogue, which is described 
on Figure 2. It is important to select a mix of different ATC providers by organization form, company 
size, innovation and in relation to ATC harmonization programs due to the goal to get a common 
information feedback on international level. The selection is performed on the following process steps: 

- Selection of ATC service organisation and qualified contact; 
- Development and analysing of questionnaires; 
- Perform different telephone interviews; 
- Hold personal visits and interview. 
The method of questionnaire is simple and with low effort. The information can be structured 

based on given question structure: 
1. Introduction; 
2. Methodology of Survey; 
3. Research Objects; 
4. Analysis of 

4.1.1. Maintenance Process; 
4.1.2. Standardization Level; 
4.1.3. Process and Service Modelling; 

5. Organisational Purposes; 
6. Individual Feedback. 
The handling via e-mail is easy and low cost related. Based on given open questions the answerer 

is able to give more “free” answers and have space to give an open feedback and experience. But the use 
of questionnaire has also disadvantages, like risk of misunderstanding of questions and non-response or 
partly- response answer. So it is of great importance to have network-people, who are able to open the 
access to the specialists. To reduce the mentioned disadvantages it was decided to perform in addition 
different telephone interviews and personal visits. Based on interviews it is possible to get more directly 
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answers, more “non-verbal” information and personal experiences in form of personal discussion. For analysis 
a specific criteria catalogue and evaluation structure was developed. It was used for evaluation of 
questionnaire and interview information, reviewed documentation of ATC Providers.  
 

 
 

Figure 2. Set of Selection Criteria’s for ATC Service providers 
 

The evaluation based on the following methods: 
 On descriptive methods, where analysis and evaluation in verbal structured form is done;  
 On binary evaluation methods, which in general give the information about existing or not 

existing of required criteria (Yes or No) and the related derivation;  
 Maturity Level Analysis and Measurement (MLAM), this method is used to analysis and 

evaluation of different reached level of processes, standardization. The MLAM will be a major 
method. 

 
Table 1. Overview of ATC Service Provider Analysis 
 

Criteria LGS 
Latvia 

FAA 
USA 

Nav Canada NATS 
UK 

LVF 
Sweden 

DFS 
Germany 

TTC 
Germany 

Delivery  
of Information 
 

Questionnaire 
Interview 

Questionnaire 
Documentation 

Documentation 
Interview 

- - Questionnaire 
Documentation 
Interview 

Questionnaire 
Documentation 
Interview 

Legal Status Private Public Private Private Public Private Private 
Property 
Relation 
 

State Owner Gov 
Administration 

State Owner Private-State 
Owner 

 State Owner State Owner 

Company Size 
 

Small Large Medium Large Medium Large Small 

FAB Member No No No FAB UK-IR NEFAB FABEC No 

3. Process Assessment and Appraisal between ATC-Service Providers 
 

In reference to research tasks a specific maturity level analysis and measurement method for ATC 
Maintenance Service Provision is developed. The results for each analysed ATC Provider are summarized 
into a specific SWOT Analysis and descriptive part. It should be mentioned that NATS and LVF are not 
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able to deliver the requested information, due to high time effort. The analysis tasks are structured into  
a 4-step-approach: 

1. Step Structuring of ATC Maintenance Process Information based on a set of cirteria. 
2. Step Performing a rating assessment of utilization by theoretical methods.  
3. Step  Comparison and evaluation of implemented Key Performance Indicator System (KPI). 
4. Step ATC Process Maturity Assessment based on principle of ISO/ IEC 15504 [1–5]. 
The research goal is to evaluate the ATC organisations from different aspects. It shall be 

mentioned that all used methods are qualifying methods based on defined attributes in reference to the 
ISO/IEC 15504 Standard. The ISO/IEC 15504 concept is transformed to ATC evaluation specifics and 
KPIs. The research contains all detailed information like, selection parameter, criteria catalogue for 
analysis, conspectus of interviews, SWOT analysis and detailed conclusions. Due to the limits of article 
the results can be only summarized. 
 
Step 1: Results of ATC Maintenance Process Analysis 

LGS, Latvia [9]  
 Maintenance process follows a strong practical orientation and is system oriented 
 The maintenance guideline and procedures are described textual on system level. The maintenance 

is technical system oriented. 
 The Maintenance process is certified by the national authority and by the ISO 2001 standard.  
 Usual technical metrics are collected manually.  

FAA, United States of America [10, 14–16] 
 The delivered documents have a top down approach, started from general maintenance philosophy 

to maintenance guidelines to detail system related maintenance handbooks. 
 Based on best practice level.  
 The maintenance is system /subsystem /equipment oriented; includes logistics support. 
 FAA used own National standards and definition, which are not conforming to the ITIL Standard 

understanding.  
 Metrics are reflecting technical parameters. 

NAV Canada, Canada [11, 17–19] 
 The maintenance is strongly process oriented. The Technical Operation and Maintenance is not 

only technical system oriented, but also includes the quality, safety management, finance and 
training processes.  

 Maintenance also includes logistics support. 
 Definitions of services are only fractional. The ITIL standard is implemented into the Technical 

Operation of Nav Canada partly. 
 Maintenance is strongly practical orientated on National and ISO Standard. 
 Service Level has been only mentioned. Special SLA process is not designed. 
 Usual technical, finance and other management metrics are defined and reported. 
 Nav Canada has a clear direction decision, which is presented into the following mind map (Figure 3). 

 

 
 
Figure 3. Direction Structure of Nav Canada 
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DFS, Germany [12, 22–26] 
 The Maintenance is process and service oriented. Services and End-to-End Services are partly 

implemented. 
 The maintenance description and process flow charts based on best practise level, a process or 

service modelling is not available, processes are not simulated. 
 The maintenance process is described via a standard structure by process overview and process 

flow chart including textual description.  
 A Service Level Management is implemented and in practical use.  
 The service levels are differentiated into various levels and sub-levels, which are not conform to 

market and ITIL understanding.  
 The maintenance process is conforming to ISO, National and SES II standards. The Maintenance 

Process includes quality, safety management, finance and training processes.  
 Maintenance process includes also logistics and calibration services. 
 The DFS Maintenance Process is well processed and partly service-oriented and arranged on 

different levels of details. The Maintenance is based on the best practice level and is defined by the 
process flow charts and the detailed description. 

 
Figure 4. Overview of DFS Maintenance Process Model 

 
TTC, Germany [13] 

 TTC is a specialised Company to deliver ATC controller services for Regional Tower Location 
and is working into a specific low cost market segment. 

 TTC uses completely the DFS technical support and maintenance infrastructure and has integrated 
the DFS processes.TTC is able to generate synergies and to purchases completely the technical 
support and maintenance services from an ATC service provider (DFS). 

 The TTC impact to DFS and their process landscape is low. 
 Due to this sourcing strategy of TTC and DFS have the same standardized level of processes and 

services. Has no own maintenance process and technical services.  
The following Table 2 describes the summarized appraisal between the researched ATC Service 

Providers: 
 
Table 2. Assessment of Maintenance Process based on the document review 
 

Appraisal 
Criteria 

LGS 
Latvia 

FAA 
USA 

Nav 
Canada 

DFS 
Germany 

Sourcing of 
Maintenance 
Process 

Maintenance is in-sourced 
and part of LGS, organized 
into a separate division, 
structured by different 
technical requirements 
Maintenance  

Main part of NAS is in-
sourced by FAA personal 
and in addition there are 
contractors (outsourced) 
Mixed Sourcing Strategy 

Maintenance and Technical 
Support is in-sourced by 
Nav Canada, de-central 
Maintenance Centres and 
centralized Functions in 
Headquarter 

Maintenance and Technical 
Support is in-sourced by 
DFS, outsourced 
maintenance of system 
supplier,  
1st and 2nd Service Level is 
de-central arranged on 
different ACC and TWR 
locations and CNS 
Maintenance Centres, 
 3rd Level Support and 
Logistics Support is 
centralized into the 
Headquarter  
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The continuation of Table 2 
 

Appraisal 
Criteria 

LGS 
Latvia 

FAA 
USA 

Nav 
Canada 

DFS 
Germany 

Maintenance 
Process 
Definition 
 

No Process Definition, 
Operation is described by 
the textual documents for 
each special division, the 
specific task and roles are 
integrated into the technical 
teams and into the role 
/responsibility of the senior 
engineer and the system 
engineer 

Process - Oriented, 
including the service 
fragments 
-Services are defined by 
the national FAA 
understanding, they are not 
conforming to ITIL 
 

Process - Functional 
oriented, 
- Processes are described in 
detail and in a number of 
Process Flow Charts they 
are combined with 
management information, 
Process are classified and 
described basing on the 
standard structure - 
Integrated Approach to the 
Business Management 

Process – Service - 
oriented 
-Processes are described in 
details, Service Level and 
related Task, 
Responsibilities are defined 
- Maintenance Process 
Model exists and is divided 
into 2 levels of 
Maintenance - Description 
includes tasks, roles, 
responsibilities 
- Maintenance Process 
Model and Process Flow 
Charts also include the 
needed pre-service 
provision 
- Process Metrics and KPIs 
are defined and measured 

Maintenance 
Process 
Orientation 

System - Oriented Process - Oriented Process / Functional - 
Oriented 

Process/Service - Oriented 

Level of 
Standardization 
 

Best Practice Level 
approved by national 
Authority (CAA 
Certification) and ISO 
2000 Certification 

Best Practice Level 
conform to the national US 
FAA Standards, US 
Government Manual 

Best Practice Level and 
International 
Standardization by  
ISO 9001:2000,  
ISO 14001:2004 

Best Practice Level 
approved by the National 
Authority BAF, 
Standardization by  
ISO 9001:200, SES II 

Level of Process 
Implementation 
 

Verbal Process Description 
and definition of the tasks / 
roles by senior and system 
engineer 

Process Modelling 
(more detailed information 
is not available) 

Detailed Process Structure, 
Process Description, 
Process Flow Charts 
combined with KPI+ 
Management Description 

Maintenance Process 
Model including 2-level 
Process Flow Chart 
combined with the 
additional textual 
description and KPI 

Level of 
Cooperation / 
Partnership  

No cooperation No cooperation No cooperation Cooperation inside the 
FABEC with other ANSP, 
performing regular 
Benchmarking 

Service Level 
Definition 

No Different service level 
implemented: 
-1st Level Field 
Maintenance Support 
-2nd Level Technical 
Support Office and 
Engineering  
-Depot Service, central 
FAA Logistics Center 
FAA defines 2 Service 
Level Policy, service 
management and Service 
Level Management are not 
mentioned 

General Process Structure:
- Construction 
- Finance 
- Publication 
- Supporting 
Mention of Service Level:
- 2nd Level Electronic 
Support and Maintenance 
- 3rd Level Technical 
Support 
Service Levels are 
mentioned fragmentally 
and not ITIL conformed 

- Strong Implementation of 
SLM 
-Definition of the detailed 
Service Level based on 
DFS-own national under-
standings (not conformed 
or only partly conform to 
ITIL and market under-
standing) 
Overview of detailed SL 
Definition refer to figure 
B4.2, SL: 1-a,1-b /  
SL 2-a, 2-b, 2-c / SL 3 
- Detailed Task Description 
for each SL  

Maintenance 
Organisation  

Central located Central / De-central 
Technical Operations are 
the Service Units within 
the ATC Organization,  
1st Level Field 
Maintenance Support is de-
centralized 
2nd Level Engineering 
Support, Depot Service is 
centralized 

Central / De-central 
Headquarter and regional 
on-site Management : 
- central: 
Maintenance development, 
approval and directives 
- Regional: Implementation 
and operation 

Central / De-central 
Central on Headquarter: 
SL 2c, 3 Product 
Management and SL 2b 
Logistics 
De-central on location: 
SL 1a,b and 2a 
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The continuation of Table 2 
 

Appraisal 
Criteria 

LGS 
Latvia 

FAA 
USA 

Nav 
Canada 

DFS 
Germany 

Level of Process 
Documentation 
 

LGS Document DI TD01/2 
is the general instruction of 
technical maintenance, this 
document is a general 
management textual 
description on best practice 
level, the maintenance 
arranged on the system 
orientation, the next level 
of documentation is 
technical proceedings from 
the Soviet Union Time 
Period, which are approved 
by Latvian National Civil 
Aviation Agency 

-FAA maintenance 
processes with KPI usual in 
FAA handbooks are 
described,  
-Different levels of 
documentation: 
1.General Maintenance 
Handbook 
2. over 6000 series of the 
Equipment Handbooks 
3. National Airspace 
System Maintenance 
Policy 

Structured Maintenance 
Documentation: 
1. General Policy and 
Standards 
2. Schedules and 
Procedures 
3. Certification, Standard 
4. Training Staff  
5. Quality Evaluation 
-Process Descriptions 
follow the standard way  
- Combination of 
Maintenance Process to 
Business Finance 
Alignment 
- Complete Process Flow 
Chart System with KPIs 
and trend analysis 

Structured Maintenance 
Documentation: 
-DFS Company 
Operational Guideline 
- Process Model / 
Overview 
- Process Description and 
Flow Charts  
- Working Procedures 
- Service Management 
Handbook 
- Service Level 
Agreements 

Level of 
Automation 
 

 No automation, defined 
technical metrics (refer to 
annex B1) and incidents 
were collected manually, 
statistically analysed and 
reported on the technical 
level 

Remote Maintenance 
Monitoring (RMM) is an 
automated system and 
performance monitoring, 
using different data basis 

Computerised Maintenance 
Management System as 
Work Order System 
Storing of Maintenance 
data and activities, manage 
inventory, resources and 
maintenance plan 
(MAXIMO) 

Automated and 
Computerised System 
Monitoring and Control 
(CMMC), Maintenance 
Management and 
Coordination Tool 
(KOSYS), Work Flow and 
Know - How Data Base 
Tool (SASS) and Service 
Management and 
Reporting Tool, automated 
tools with different 
interface to central SAP 
tool 

 

Step 2: Rating Utilization Assessment of Theoretical Methods and Instruments 

Basing on the performed theoretical research of methods and instruments in the following 
evaluation the utilization level of theoretical methods and instruments will be compared by the researched 
ATC organisations for implementation of the Maintenance Process and Service Orientation. 

 
Table 3. Rating utilization assessment of theoretical methods and instruments at researched ATC organisations 

 

Theoretical Methods/Instruments LGS FAA NAV 
Canada 

DFS TCC 

Economic Indicator Models N N N N N 
COBIT 2000 Systematic N N N N N 
Mathematical Decision Making N N N N 0 
Decision Priority Matrix Model N N N N 0 
Input - Output Model N P F F 0 
Data Process Model N N P L 0 
Structured Process Description N L F F 0 
Process Flow Model N N F F 0 
Business Modelling N N P P 0 
Service Modelling N N P L 0 
Process Model Simulation N N N N 0 
Mathematical Time State System N N N N 0 
Graphs Theory N N P P 0 
Process Maturity Evaluation N N P P 0 
ISO Standard 9000:2001 F N F F N 
ISO Standard 20000 N N N N N 
ITIL de-facto Standard N N P P N 
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Qualified level of utilisation classification is conforming to the rating process attributes of 
International Standard ISO/IEC 15504-2, chapter 5.7 [3]: 

0 Not Rated. 
N Not Achieved, little or no evidence of defined assessed criteria 0 to 15%. 
P Partially achieved, there is some evidence on theoretical approach, defined attribute and 

fragments in assessed process implemented  >15% to 50%. 
L Largely achieved, there is an evidence of a structured systematic approach, significant 

achievement, defined attributes are implemented, monitored and controlled in the assessed 
process > 50% to 85%. 

F Fully achieved, there is a complete evidence and systematic approach, full achievement, all 
defined attributes are implemented, monitored and controlled in the assessed process >85% to 
100% achievement. 

The coloured marker identifies the general fulfilment of the implemented theoretical methods and 
instruments and the main qualitative differences between the ATC organisations.  
 
Step 3: Comparison and Qualified Evaluation of the Implemented KPI System 

Comparison of used metrics of the researched ATC organisation is based on the delivered information 
and is described into the following overview. 

Table 4. Comparison of used Metrics by the researched ATC organisations 
 

General 
Air Transport 

System 
Metrics 

LGS  
Metrics System 

FAA  
Metrics System 

Nav Canada 
Metrics System 

DFS 
Metrics System 

TTC 
Metrics System 

Safety Security 
WATCpart (1) 

Safety 
Coefficients 

Nil Nil NSTU Nil 

Cost Effects 
RATCfee (2) 
RATCEnrouteFee (4) 
tNationalUnitRate (5) 

ERouteExtensions (6) 

Nil Nil Nil Cost Performance 
Index 
Productiveness 
Resource Capacity 
Utilization 

Nil 

Service Technical 
Quality 
Aoperational (8) 
Atechnical (9) 

TMTTS  

Poutage 
Availability 
- technical 

Reliability 
ToperationOutages 
Noutages 
NControllerCompliants 

Robustness 

Trend Analysis 
Key Performance 
Parameter 

Nil Availability 
- technical 
- operational  

Availability Index 

Operational 
Service 
Availability 

Reaction Time 

Recovery Time 

Nil 

Environmental 
Factors 
RRouteExtensions (11) 

Nil Nil Nil Nil Nil 

Only two ATC organisations reflect the ascertained and detailed metrics. Other ATC organisations 
demonstrate only the general usage of the performance parameter. It was detected that metric 
understanding is different. The research of metrics is to define the ascertained parameter for calculation of 
technical / process / service / business process evaluation. In reference to Table 4, it is visible that a common 
usage of parameter is not given, a standard implementation of the certain KPI system into the ATC praxis 
is not given up to now. Especially the implementation of the Service related KPIs is in general not 
realized. 
 
Step 4: Process Maturity Assessment for the ATC-Maintenance Process  

The Process Maturity Assessment is based on the principles of ISO/ IEC Standard 1504 [2–6] and 
the practical experience of the Company Hisolutions [7–8]. This procedure is adapted to ATC purposes.  
It should be noted that only the Nav Canada and DFS were able to deliver the detailed process description 
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and process flow charts. So the following process maturity assessment is based only on two ATC process 
models by Nav Canada and DFS. The assessment scope is defined by the following parameters: 

• To assess the maintenance process objectives. 
• To assess the detailed level and quality of the maintenance process modelling. 
• To assess the maintenance process with business and management process aspects. 
• To assess the methods of process flow charts and descriptions. 
• To assess theoretical and practical usage of the maintenance process flow. 
• To assess the defined KPI parameter of the process controlling. 
• To give up a qualified ATC process rating. 
The ISO/ IES standard 15504 helps to give a structured approach for the assessment of the 

processes, which are adapted to the ATC maintenance process, gives a process improvement and provides 
an objective benchmark of the ATC maintenance process. The assessment steps are described on Figure 3 
and they illustrate the adaptation of the assessment process for the ATC Maintenance Process.  
In reference to ISO/IEC standard 15504-2 performing an assessment is defined as follows: “The purpose 
of the process assessment is to understand the capability of the processes implemented by an organization. 
As result of process assessment  

a) information and data that characterize the processes assessed are determined; 
b) the extent to which the processes achieve the process purpose is determined.” [3] 
From this normative components the following process criteria based on the mentioned standard, 

can be derived for the ATC Maintenance and Service Model. The assessment process activities are 
tailored and redesigned to the ATC specifics. The following Table 5 is derived basing on ISO / IEC 
Standard 15504-3 and describes the developed ATC specifics. 
 
Table 5. Process Capability Matrix of ATC Maintenance and Service Process Maturity 
 

Process Capability Matrix of ATC Maintenance and Service Process Maturity  

Maturity Assessment Criteria on ISO/IEC 15540-4 ATC Specific Derivation of Process Attributes 

COBIT 
Maturity 

Level 

 Rating  
Fulfillment 

General Process 
Attributes Process Attributes 

ML 0 
Incomplete 

Process 
   

Service Process is not implemented, not defined, not realized 

  

ML 1 
Performed 

Process 
  

  Processes mostly defined and implemented 

  L or F Process Performance 
PA 1.1 Service Processes are defined and the main processes are completed
PA1.2 Process Landscape exists 

  

ML 2 
Managed 
Process 

  
  Processes are completely implemented and managed 

  F Process Performance 
PA 2.1 Process KPI and Metrics are identified  
PA 2.2 Process Performance is defined and monitored 
PA 2.3 Process Resources, Roles and Tasks are identified and available 

  L or F Management 
Performance 

PA 2.4 Process KPI and Metrics are identified  
PA 2.5 Process Performance is defined and monitored 
PA 2.6 Process Interfaces are identified and managed 

  Lor F  Work Product 
Management 

PA 2.7 Process Requirements and Metrics are defined 
PA 2.8 Documentation and Controlling Process Requirements identified 
PA 2.9 Inputs and Outputs are managed, reviewed based on requirements 
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The continuation of Table 5 

 

Process Capability Matrix of ATC Maintenance and Service Process Maturity  

Maturity Assessment Criteria on ISO/IEC 15540-4 ATC Specific Derivation of Process Attributes 

COBIT 
Maturity 

Level 

 Rating  
Fulfillment 

General Process 
Attributes Process Attributes 

ML 3 
Established 

Process 
F  Processes are implemented, managed, controlled and capable basing 

on the defined requirements and measured by defined metrics. 

  L or F Process Definition 

PA 3.1 All resources and environment are available 
PA 3.2 Human Resources and capacities are defined 
PA 3.3 Personal is provably competent, educated and regularly tested 
PA 3.4 Process data are collected, analysed on effectiveness and suitability
            of the Maintenance Process Landscape 

  L or F Process Deployment PA 3.5 Process is deployed in the standard processes 
PA 3.6 Level of automation and tool support is partly implemented 

  

ML 4 
Predictable 

Process  
  

Process operates basing on the given parameter, metrics and process 
requirements; Maintenance Process and Process results are operated 
inside the given KPIs 

  L or F Process Measurement 

PA 4.1 Process includes business / service processes and aspects 
PA 4.2 Processes are regularly measured basing on the defined  technical, 
process and business metrics  
PA 4.3 Measurement objectives, elements, proceeding and frequency  
           are defined in the process description 
PA 4.4 Process performance is in correlation to business requirements 
PA 4.5 Process measurements are managed, analysed, reported in  
            accordance  with the defined metrics, reported 
PA 4.6 Process deployment is in accordance with the process performance 

  L or F Process Control 

PA 4.7 Process Analysing and Controlling are defined and implemented 
PA 4.8 Defined Process KPIs contains the defined control limits for pro- 
            active process management 
PA 4.9 Basing on the regular and active Process controlling corrective tasks
            are defined, documented and realized in operation 
PA 4.10 Process System is a dynamic controlling system based on the  
              indications of operation 

  

ML 5 
Optimising 

Process 
  

  

Process is continuously approved, follows the PDCA Cycle, 
Maintenance Process contains all technical, business, service, 
organizational aspects 

  

L  or F Process Innovation 

PA 5.1 Process improvement is actively established and supports all the 
           required business requirements 
PA 5.2 Process improvement is actively used for the dynamic process  
            performance and establishment of the different process  
            performance level is based on the required service levels 
PA 5.3 Regular Process and Data analysing is performed in correlation  
            to existing market standards, best practice and  benchmarks  
PA 5.4 Process is under regular improvement process plan based on  
            new technologies  and methods 
PA 5.5 Process Management, Controlling and Improvement is  

  

L or F Process Optimisation 

PA 5.6 Is under control of regular Change, Problem Management Process 
PA 5.7 All changes are under control and are improved by the given 
metrics 
PA 5.8 Process is completely controlled by the defined metrics 
Maintenance  
            Process is completely business/customer - and service - oriented 
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4. Results of Process Maturity Assessment of ATC Organization 
NAV Canada 

The maintenance process was evaluated by review of delivered documents and process description 
[17–19]. In general the Nav Canada Maintenance process is performed on detailed process flow charts on UML; 
is divided into defined process bundles. These bundles are break down to detailed processes. So the maintenance 
process of Nav Canada is described and tailored into 44 different processes and flow charts. The detailed 
process is described by standard approach:  
     - Description via process flow charts; 
     - Each Process Flow Chart is described by the following textual description via tables.  
 

Business 
Requirements 

Inputs Outputs References Work 
Instruction 

Listings Hazards 

Risks Mitigation Records Metrics Likelyhood Technical  
  Operation 
Information 

 

 
This kind of process flow description gives an overview of detailed maintenance process. Each process 

flow is described in detail by a number of detailed processes. Several times the mentioned additional textual 
description is empty (Work Instruction Listings, Mitigation, Hazards). Also the quality of metric definition and 
business requirements is sometimes insufficient. In general the type of process presentation gives a professional 
overview combined with needed management information. The analysis of Nav Canada Maintenance Process 
is illustrated in the following diagrams. Process modelling is focusing of process flow charts and description, 
without of real modelling and process simulation. General lack of process modelling is the missing of process 
performance metrics and their measurements. Process KPIs in general are not defined. The different process 
bundles and detailed processes are developed on same standard level. The process flow chart description from 
quality point of view sometimes is different. The same flow charts are described superficial (Technical 
Operation Accounts Payable Invoice Process, Technical Operations Capital Project Approval Process), other 
flow chart describes the processes in detail (Competency Process, Contract Services/ Maintenance and Space). 
So the level of detailing is not homogeneously. In reference to the ISO / IEC assessment chart it is not possible 
to define a clear reached level of process maturity profile. Fact is that the Nav Canada maintenance process is 
fulfilling completely the requirements of maturity level ML1 and mostly parts of ML 2. In level ML 2 the main 
lack of process modelling are the missing process metrics and performance measurements itself. The process 
attributes reached an overall standard level, which is presented on Figure 5. The diagram presents the degree of 
fulfilment for each defined maturity level. 

 

 
Figure 5. Nav Canada ATC Maintenance Process Maturity Assessments 
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DFS ACC Bremen 
The DFS maintenance process for ACC Bremen was assessed based on the delivered process 

description documents, interview and additional management documents [12, 22–25]. The DFS maintenance 
process is different from Nav Canada. The DFS starts to model a Maintenance Process Landscape as an 
overview. Starting from this process landscape the DFS is modelling into the next level of detail.  
The number of maintenance processes is not as high as at Nav Canada. Due to this by proceeding the process 
the modelling is more complex. The proceeding of DFS maintenance process modelling based on process 
flow charts on UML and detailed process description. The Figure 6 presents the reached level of process 
modelling attributes. In difference to Nav Canada the Input/Output, process interfaces, customers, 
external suppliers and partners are defined in general for the DFS process landscape. Also the process and 
product metrics are defined. The process landscape is describing the main maintenance process 
components including references of entry and existing points to other processes. Each detailed process is 
developed by process flow chart and includes a textual description in structured table form. This 
description table depicts all process steps in detail, including roles and responsibilities, applicable and 
approval documents. The quality of metric definitions is in general and not in detail to the related process 
step. The combination of process flow chart and structured description gives a sophisticated information 
basis of related maintenance process. Management information about business requirements, work 
instructions, hazards, risks, and such, are missing completely. Due to higher level of process complexity 
the process flow chart handling is not quite sufficient as Nav Canada. In comparison to the defined 
process maturity level the following diagram shows the degree of ML fulfilments. The level of detail 
description is homogeneously and has the same standard over the complete process description. For DFS 
the same problem was observed, that in reference to the ISO / IEC it was not possible to define a clear 
reached level of process maturity profile. DFS reached in general the same level as Nav Canada, but in 
some cases the DFS process modelling is partly reaching higher maturity fragments. DFS maintenance 
process is fulfilling completely the requirements of maturity level ML1 and largely parts of ML 2. In the same 
condition the DFS has the major lack of process modelling in missing of process performance and 
controlling also. 

 

 

Figure 6. DFS ACC Bremen ATC Maintenance Process Maturity Assessments 
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General Results of ATC Maintenance Process Maturity Assessment 
The results of maintenance process maturity assessment are performed between Nav Canada and 

DFS ACC Bremen process models. In conclusion it can be summarized as follows: 
The method and proceeding described in ISO / IEC 15504 is only partly useful, because reached 

maturity and quality level is different. Both ATC organisations fulfil the ML 1 and most criteria of ML2. In 
addition the ATC organisations have on different levels and qualities partly fulfils criteria of higher maturity 
level as well. The following diagram illustrates the different attainment of ISO maturity level based on defined 
maturity level (ML1-5). Differences can be observed only in ML3 and ML5. The reached levels differ only in 
minor categories. Based on the defined process attributes the Figure 7 describes the reached process profile in 
comparison between Nav Canada and DFS. 

The process profiles between Nav Canada and DFS differ in all attributes and also in major 
changes. The following general lacks in process profile attributes has been observed: 

- Level of Process Modelling; 
- Process Standardization; 
- Process Controlling / Process Automation. 
The process modelling is performed on textual description and process flow charts. Mathematical 

process methods and simulations are not used. Process content metrics are used. Process performance metrics 
are not defined; process performance controlling is not performed. The process modelling proceeding between 
Nav Canada and DFS is different, so the process description is performed on different level of detail. Nav 
Canada designed a large number of detailed processes and summarized these detailed processes into bundle. So 
the detailed process description is not complex. DFS starts from process overview and design a certain number 
of detailed processes, which are to be described in more complex form. As DFS as NAV Canada design the 
different maintenance processes on their own national standards and understanding. Terms and conditions are 
defined by own national understandings (Service Level, System Management, Product Management). 
International Standards like ITIL are used only partly and only some fragments are used. The terms and 
definition of ITIL are not used consequently. Service Orientation is implemented only in some fragments, e.g. 
service level management. Both process modelling of Nav Canada and DFS shows, that Logistics Support 
Processes and special Calibration Services have a major priority of ATC Maintenance Process Model. That is 
an ATC specific feature, which was also observed by FAA. Due to the ISO 9001:2000 certification of both 
ATC organisations have implemented a regular optimisation process based on PCDA-cycle. Indifference the 
DFS has also implemented a regular company-wide process optimisation program. DFS as single ATC 
organisation has implemented a regular benchmarking process. DFS performs ATC operational benchmarks 
with ACC from other ATC companies. 

 
 

Figure 7. Maturity Level of ATC Maintenance Process Model 
 

 
 

Figure 8. Process Attribute Profile 
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5. Conclusions  
The maintenance processes of national ATC Organizations are not considered of the mentioned 

European activities. So each national ATC Organization performed the maintenance process by own rules 
and experiences. Normally the maintenance process model for ATC systems are the best practice 
processes that have been developed by own national experiences and own national rules. 

 General definitions of terms, processes and services for the ATC technical support services don’t 
exist. The ATC provider used different definitions and terms. So a “general technical languages” 
doesn’t exist. ATC-providers use their own defined terms and have a national characteristic of 
understanding for ATC technical support services and their processes. 

 A standard on European / international level for ATC technical services are not available. 
 Different parameters are defined on low level only. A set of parameters are defined in different 

ESARR documents. These parameters reflect only the ATC controller operation side. A complete 
sequence of parameter derivation is not given. The ATC providers have their own defined 
parameters for monitoring of ATC technical support. These parameters are derived from practical 
side and the metric system is on different level of content and reporting. A correlation matrix and 
relationship between ATC controller parameter and technical support parameter is not given and 
not described on mathematical basis. Based on the actual level of ATC related parameters to 
define coherencies and conception of causal relation between the different parameters are not 
possible. Based on this low level of parameterisation it is not possible to design and build up an overall 
ATC metric system for all related ATC parts. 

 A general ATC service and maintenance process model is not available. Also guidelines and 
criteria for development and design of an ATC service and maintenance process model don’t exist. 

 The described changes for operational ATC on European level have direct impact to the ATC 
technical service of ATC service provision. The technical maintenance support has changed to  
a common harmonized technical service orientation. The focus of support should change from 
technical support to a technical service chain support. The technical support has not to deliver 
technical support but has to deliver in future a complete technical service delivery and support 
over complete ATC service chain (end-to-end). The focus should move from technical system 
view to a service orientation. The implementation of service orientation has major impact not only 
to the complete ATC process landscape. 

Results: 
With regards to the actual development of Functional Airspace Blocks (FAB) the ATC operation 

and the needed technical support should be developed from national side to a multi-national level, 
because inside of an FAB the ATC processes are to be harmonised between different states and national 
standards. To develop an ATC technical support service model there is a prerequisite to build up FABs, 
because the different ATC services shall be delivered by different ATC technical providers for a multi-
national operated ATC centres or towers. Based on performed ATC maintenance process assessment the 
following major results were detected: 

• It is necessary to develop a general and complete ATC Process Model. There should be developed 
a Top Down Model for ATM Maintenance & Service Process Modelling and their derived ATC 
Process Metrics in relation to the researched specific ATC KPIs.  

• Conform to the theoretical research the “General ATM Process Model” and the set of “specific 
ATC Metrics” should be developed in line to the theoretical methods of process and service 
modelling. 

• The practical results and conclusions of 4-step approaches of ATC Maintenance Process 
Research by the different researched ATC organisations will have direct usage and impact for 
the further development of new harmonised ATC Maintenance and Service Model. 
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In the situation where a large increase in trade and freight transport volumes in the Baltic Sea Region (BSR) is expected 

and in which the BSR is facing a major economic restructuring, efforts to achieve more integrated and sustainable transport and 
communication links within the BSR are needed. One of these efforts is the development of logistics centres (LCs) and their 
networking, which will continue to have an impact on improving communication links, spatial planning practices and approaches, 
logistics chain development and the promotion of sustainable transport modes. These factors will reflect on logistics processes both 
in major gateway cities and in remote BSR areas.  

The importance of logistics systems as a whole is not seen clearly enough. Logistics actors see that logistics operations are 
not appreciated as much as other fields of activity. In addition, logistics centres and the importance of logistics activities to the business 
life of areas and the employment rate should be brought up better. 

In the paper main goal and tasks of national approach for LCs development are discussed. Strategic focus of new activities 
in this area is on the integration of various networks within and between logistics centres in order to improve and develop the quality  
of logistics networks as well as to spatially widen the networking activities. 
 
Keywords: transport logistics, logistics centre, Baltic Sea region 
 
 
 
1. Introduction 
 

International business has been undergoing a period of rapid transformation. Trends towards 
globalisation, integrated logistics and the development of Information and Communication Technology 
(ICT) are all reshaping the world’s trading patterns and consequently physical trade flows. 

Such restructuring is contributing to economic growth, better allocation of resources and more 
freedom of choice for consumers, as well as increased competition. In order to be internationally 
competitive, businesses are organising strategic worldwide networks that can deliver an efficient and 
high-quality response to demand from any segment of the world market. The efficient and integrated 
organisation of such activities is often referred to as global logistics and it has become the core of global 
competitive power. 

Global logistics networks serve as a circulatory system for the corresponding global value-adding 
chain where various components in the logistics network serve different functions in an organisationally 
unified manner. Therefore, in order to establish a region as a key component in global logistics networks, 
it is necessary to create a vision of how to position the region strategically within the context of the overall 
global logistics networks. To achieve this objective, governments both individually and collectively will 
need to develop and implement systematic policies for realising the vision (Figure 1). The essence of this 
global logistics competence also applies to the private sector.  

Aim of the study is to analyse of the main factors of influence for regional development of global 
transport logistics in the transit countries as the case study for Baltic Sea Region (BSR).  

In the paper main goal and tasks of national approach for network of logistics centres (LC) 
development are discussed. Strategic focus of new activities in this area is on the integration of various 
networks within and between logistics centres in order to improve and develop the quality of logistics 
networks as well as to spatially widen the networking activities.  
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Figure 1. General structure of regional transport logistics development 

 
2. Global Logistics Trends and Freight Transport Development in the Baltic Sea Region  
 

Development pattern of the particular sectors within the EU transport system is quite unbalanced 
which is preconditioned by the following factors: first of all, the extent of the particular countries 
involvement into the work of the transport industry varies from country to country; secondly, it is 
influenced substantially by the pattern of the EU financial packages allocation. Nowadays one of the top 
priorities of the EU transport policy is the expansion of the Trans-European networks (the possibility is 
envisaged even to stretch them outside the EU borders), as well as building up the global transport corridors 
in cooperation with other countries. 

Any strategy adopted for the purposes of the transport system development is worth of mark since 
it contains two split-level components. One of these components is of a global character: today the appropriate 
infrastructure including transport must be ensured to guarantee a successful development of a given 
region. This assumption quite logically leads us to the next level – the EU specifically formulated 
practical proposals and problem-solving strategies. The same two-level approach can be used to describe 
the EU transport policy. However, when stipulating the EU transport policy, one has to take into account 
a major impact it confronts due to the influence of political and economic factors. 

The Baltic region is remarkable for its economically advantageous geographical position within 
the Eurasian transport system, connecting Russia with the biggest world markets of the Central and 
Eastern Europe as well as with the Baltic States and the CIS States. In this context the relationship 
between the European Union and Russia in the specified region is being determined by two major trends. 

The first trend can be characterized by a significant enhancement of the St.Petersbourg port’s 
throughput in combination with maintaining an appropriate capacity level of the railway trunks ensuring 
cargo transportation to the required destinations. The other trend is related to limitations adopted in order 
to curb a constant increase of the modern container carrier’s dimensions. It has been stated in the 
document issued by the Transport Regulatory Council of the European Transport Ministers` Organization 
CEMT [1] that Malaccamax class vessels with 18000 TEU, 200 000 t draught, 740m long and 60 m wide 
will be the ultimate limit reached in the process of such container carriers` enlargement. The reason is 
simple: any vessel being a bigger one will not be physically able to cross the Malaccan Strait neither  
the Suez Channel. 

The above-mentioned factor gives an account of the fact that Goethebourg is currently viewed as 
the largest (to follow St.Petersbourg though) container handling port at the Baltic Sea, since Goethebourg 
is the last but not least Baltic port which has retained its capacity to handle the container carriers of  
the above-specified class. 
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Figure 2. The Transport System of the Baltic Sea Region 
 

The presence of two major Ports performing cargo flows integration and uniting the opposite ends 
of the Baltic Sea requires to ensure an appropriate development of the inland maritime feeder connections 
and/or local railroad trunks capable of shipping cargos to the customers located in the inner region of the 
Baltic Sea (Figure 2). This actually explains why TEN-T Development Programme adopted by the EU 
has pointed out, among the others, only two Projects related to the above-specified region, namely:  

- sea ways development (the project Motorway of the Baltic Sea) and 
- development of the railway connection uniting the Baltic States of Estonia, Latvia and 

Lithuania with the Central Europe (the project Rail Baltica).  
The last project also serves as an important link ensuring the completion of the circular railroad 

building around the Baltic Sea (Figure 3) as defined in the document [1]. 
Notwithstanding the fact that Rail Baltica Project does not manifest connection set up with 

St.Petersbourg, such connection availability is actually implied by nearly all researches conducted in relation 
with the named project. It can be easily explained from the practical point of view: the international 
logistics sees the Baltic ports quite fit into the united railroad network of Russia due to the historical 
compliance of their rail gages, whereas the St.Petersbourg`s ports throughput is currently inadequate and 
not able to handle all cargos heading to/from Russia (it can be also reminded that ice formation at the ports 
of the specified region reduces significantly their scope of operation in winter). 

Another factor to determine the close cooperation between Russia and the Baltic countries is  
the level of the provided logistic services. In 2010 the World Bank published its periodic research on  
the quality of logistic handling (services) provided in 155 countries [2]. The relevant analysed data 
demonstrates that currently the logistic handling index in the EU States bordering with Russia is at least 
twice higher versus the level of logistic handling provided domestically (Figure 4). 

This certainly is a powerful incentive encouraging both Russian and international commercial 
structures to use more efficient logistic tools available in the neighbouring states in course of their 
transportation activity. 

When addressing the tendencies of cooperation development between Russia and the EU, we have to 
take into account the dynamics of the practical steps taken to promote further development of the cargo 
logistic activities within Europe. Leaving Russia behind in terms of provided logistic services, the countries 
of Europe make significant efforts to promote development of their logistic capabilities, which results in, 
for example, establishing and subsequent realization of the Freight Transport Logistics Action Plan [3]. 
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Figure 3. The Baltic Circular Railroad 
 
 

 
 

Figure 4. BSR countries rating in according of Logistic Performance Index 
 

The process of the united customs alliance establishment as well as the measures undertaken to 
build a common economic area for Russia, Belarus and Kazakhstan require adopting similar unanimous 
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and simultaneous actions in order to set up the identical programmes designed to boost the efficiency of 
the cargo logistic transportation within the frameworks of the prospective alliance as well as in interface 
with the EU. The Baltic countries play an important role in this process since their borders is the main 
meeting point of the two above-mentioned global economic unions.  

 
 

Figure 5. The Global Transit Directions within the Eurasian continent 
 

One can not but considers another important factor of globalisation. The rapidly progressing 
development of labour force in the continental Western part of China can be treated as an urgent appeal to 
set up some new transportation patterns instead of the traditional sea transportation used habitually during 
the recent years (Figure 5). Under these circumstances the common custom area of Russia, Belarus and 
Kazakhstan serves as a vast transit area where operational efficiency is determined not only through 
transport system coordinated development in the EU states, but also due to the high efficiency of all 
procedures covering cooperation with the EU that acts both as the end user and supplier in the specified 
global logistic chain.  

It can be noted that the Baltic countries due to the external circumstances have a unique 
opportunity to complete their mission of being an important linking element between two major 
economical unions in the frameworks of the Trans-continental international logistic chain.  

Globalisation and intensive need to integrate the Eurasian continental transport systems, including 
Chinese transport and logistics systems, generate the new challenges to be met and require the novel 
problem-solving strategies to be implemented in the framework of the interdependent international 
logistic chain of the continent. To ensure such strategies are successful, it would be necessary to work out 
a coordinated activity plan adopted by all the participants to the described process. Building an efficient 
logistic chain is impossible without a mutual cooperation between its entire links – participants from 
various countries. Once we realize the utmost importance of this idea, we are ready to provide a steady 
successful development of the national transport and logistic systems. 
 
3. Logistics Centres in the Baltic Sea Region  
 

In the situation where a large increase in trade and freight transport volumes in the Baltic Sea 
Region (BSR) is expected and in which the BSR is facing a major economic restructuring, efforts to 
achieve more integrated and sustainable transport and communication links within the BSR are needed. 
One of these efforts is the development of logistics centres (LCs) and their networking, which will 
continue to have an impact on improving communication links, spatial planning practices and approaches, 
logistics chain development and the promotion of sustainable transport modes. New concepts, such as dry 
ports, are additional extensions of traditional LC networks [5]. 
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Firstly, as it is illustrated on Figure 1, the barrier analysis seems to indicate that obstacles to 
implementation of logistics measures at the strategic level stem mainly from resistance on the part of 
certain stakeholders to implementation of some measures based on an assessment of costs and benefits 
and secondly, because of possible inconsistencies in the division of responsibilities (competencies) in the 
implementation of particular measures, calling for a cautious 4 step approach to policy implementation 
where opposition effects should be mitigated in order to achieve smooth implementation of policy 
measures.  

In this case it is very important to know the point view of different stakeholders on local logistics 
development. This paper includes summary of interviews of transport policy makers, logistics operators, 
spatial planners in Latvia about the spatial planning need of logistics centres and about the state of  
co-operation between logistics operators and spatial planners in this question [4]. The main purpose  
of interview is collecting opinion on the logistics centres and concerning problems from the point of view  
of different actors (Figure 6). 
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Figure 6. Actors of interview 

 
3.1. Role and place of logistics centres in the national transport policy 

 
The long-term objective of the Latvian transport development policy is to create an effective, safe, 

competitive, environmentally friendly, balanced and multi-modal transport system, which is fully 
integrated in the European transport system, and satisfies economic and social needs of Latvia for 
passenger and cargo transportation in domestic and international traffic. The improvement of the quality 
of the transport system is one of the main pre-conditions for re-industrialisation and for the development 
of an innovative economy in Latvia, since it encourages regional development and improves the 
competitiveness of Latvian companies at the European and international market. 

The main directions of Latvian transport policy development are identified in the National 
Programme for Transport Development 1996-2010. The National Transport Development Programme is  
a medium term strategic planning document in the transport sector. Its implementation is of vital 
importance and indispensable for the purpose of the balanced development of the society and the national 
economy of Latvia. For the full implementation of the National Transport Development Programme there 
are a range of tasks to be accomplished. Among these tasks are the following: maintenance and 
development of environmentally friendly transport infrastructure, increasing of traffic safety, promoting 
and ensuring an increasing performance efficiency of national and international passenger- and freight 
transport operations, developing transit operations and transit corridors as well as ensuring the integration 
and competitiveness of the transport system of Latvia in the European transport system.  

The National Transport Development Programme (1996–2010) is a most general document of plan 
character, which constitutes the activities (actions, tasks) of economic, organizational, and institutional 
nature. It is worked out for a 15 years’ period. 
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Unfortunately transport research and business and transport policy do not have very close links in 
Latvia. Freight transit is the main part in Latvia’s transport sector. There is a large internal competition 
between different transport enterprises (e.g., sea ports) and between different modes of transport (e.g., 
road and rail transport) in Latvia. The profit of transport companies, involved in this transit business, is 
mainly depending upon political decisions of neighbouring countries but not upon optimisation and 
logistics decisions. Due to this situation the investments in research as well as correlations between 
research results and ‘real-life’ business are very small. 

The idea of logistics centre is at early stage of development in Latvia and now is not included in 
any official documents. 
 
3.2. Analysis of the questionnaire and interview 
 

The development of freight terminals and warehouses should be promoted at crossings of 
transport corridors. In this process the development of logistics is of high importance. As a rule freight 
distribution centres are developing as joint ventures of private and respective municipal companies. 

In the future it is planned to set up freight distribution centres in Riga, Ventspils, Liepaja, Rezekne, 
Daugavpils and at other principal transport junctions (Figure 7). 
 

 
 

Figure 7. Network of possible LC in Latvia 
 

It is regarded that one of the most important issues for peripheral regions development is the 
development of logistics and distribution centres focused on attracting freight from Asia and the Far East. 
Latvia can serve as a distribution centre for cargo from Asian countries (e.g. China, Korea) not only in the 
Baltic States but also with equally successful results in Russia and the CIS countries. But today the idea 
of logistics centre is at early stage of development in Latvia. 

The main sentences concerning logistics centres, legislation and regulation, land use needs,  
co-operation between spatial and transport planners and logistics actors are summarised in the next part of 
report. 
 
3.2.1. General vision 
 
1. State spatial planners have not vision on development of logistics centres. 
2. Seaport city-regions are key nodes in the global logistics freight transportation network. The maritime 

activities exploited at the seaport location may promote the regional economic growth of the 
surrounding because of the circular and cumulative causation a central place is capable to give origin 
to. The most appropriate regions for logistics centres development are ports of Riga, Ventspils and 
Liepaja. 
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3. Transport policymakers and logistics operators both stress the necessity to build up an efficient 
transportation system by promoting the inter-modality patterns through the establishment of 
distribution and inter-modal centres. The seaport city-region should promote the settlement of such 
public logistics terminals at the local level in order to promote the local entrepreneurship, as well as 
to reduce the environmental impact of the freight transport within the urban area. The building of the 
inland logistics terminal at the more far hinterland locations should increase in efficiency the whole 
transport system because of the promotion of the inter-modality. 

4. The three main goals of co-operation between actors are supposed to achieve can be summarised as 
follows: (1) to establish a more efficient logistics system; (2) to facilitate the implementation of 
advanced information systems; (3) to promote co-operative freight systems. 

5. The LC has to be seen as a meeting point for both public and private logistics operators (Figure 8). 
The consolidation of the urban logistics activities can be realised at this freight transport node of the 
transportation network by the application of the most advanced information systems. 

 

 
Figure 8. The main tasks for creation of LC 

 
6. An efficient co-operative freight transportation system can be implemented at the LC location. This 

co-operative system enables a large number of shippers or freight carriers to share a jointly freight 
vehicles system, jointly terminals, as well as common information systems in order to exploit the 
synergy effects the spatial agglomeration of the logistics operations spread out. 

7. The individual economic agent should be able to reduce the costs for collecting and delivering goods 
due to the exploitation of the economics of space at the LC. The spatial agglomeration enables  
the co-operative performance of the logistics operations jointly with other entrepreneurs, as well as 
the supply to the customer of a level of services of better quality. 

8. Through the establishment of a spatial multi-function cluster the entrepreneurship in the logistics 
transport sector may be promoted, and at the same time the negative externalities generated by  
the road transport modality may be reduced. 

9. The establishment of public logistics terminals in the area surrounding a seaport city can be helpful 
for promoting the co-operative freight transport systems. 

10. The general vision of different actors at the problem of logistics centres development is shown in the 
Table 1. 

 
3.2.2. The main problems of the optimal geographical location and the optimal spatial physical size 

 of the logistics centres 
 
There are two main problems in the development of LC: 

• the optimal geographical location and  
• the optimal spatial physical size of the LC. 



Transport and Telecommunication Vol. 13, No 1, 2012 

 41

The location choice among different potential sites has to evaluate the trade-off between 
transportation cost and facility cost. Th e  facility cost is defined by the sum of the construction, 
maintenance, land and truck operation costs at the LC site. 

The land price plays a major role when the potential nodal location is settled nearby the urban 
agglomeration. In this case, the lower transport costs the logistic operators had to bear for the pick-
up/delivery activities between the LC and the urban centres might compensate in such a way the more 
expensive fixed investments necessary to bin the land, as well as for building the infrastructure. 

The public planner should have the role to perform a macroeconomic decision about the more 
suitable geographical location and dimension of the LC. His aim is to minimise the total cost of the LC.  
It follows that the accessibility patterns are absolutely relevant. 
 
Table 1. The general vision of different actors at the problem of logistics centres development 

 

Actors of interview Relation to idea of logistics centre 
development 

General problems 

State level of spatial planning 
(Ministry of Regional 
Development and Local 
Government) 

There is no vision on development of logistics 
centres. 

Transport policymakers  
(Ministry of Transport and 
Communications) 

There is a sensation of necessity of creation of 
the logistics centres, but there is no practical 
programme of their development. 

Regional level of spatial planning 
(Riga and Daugavpils City – the 
two largest cities of Latvia) 

There is a desire of creation of the logistics 
centres, but know-how of their design and the 
practical programme of their development are 
absent. 

 No special legislation and 
regulations of LC. 

 No special rules for land use 
needs. 

 No principles of cooperation 
between stakeholders of LC. 

 No methodological and practical 
approach for LC establishment. 

 No cooperation between state 
level of transport policymakers 
and regional level of spatial 
planners. 

Transport and logistics operators 
(Transport and logistics 
companies) 

There is a need of creation of the logistics 
centres, but the know-how of their creations is 
absent. The mutual competition and mistrust of 
transport operators to each other essentially 
interferes with the decision of practical 
questions of LC creation. 

Transport and logistics research 
and education establishments 

There is a sensation of necessity of creation of 
the logistics centres; there is a general vision 
on development of logistics centres. There is 
no demand from the other actors. 

 No practical experience in pilot 
project of design and 
development of LC. 

 Transport transit much more 
outnumber of distribution at the 
state level. 

 
Among all the potential proper places, the location choice of the public planner should be addressed 

in favour of the geographical site closer to the major inter-modal transport links, which connect the urban 
agglomerations that had to be served by the new settled LC. If any congestion problem already exists, 
then an inappropriate location decision of the traffic policy planner might induce a worsening in the road 
traffic conditions within the region. 

The improvement in the efficiency of the road network can significantly help to mitigate the negative 
economic impact the spatial traffic congestion induces, which is reflected by the increase in the 
transportation costs. 

The public planner has no influence at the microeconomic level of decision, when the distribution 
and assignment of the freight traffic is considered. 

At a micro level, where the individual transport operator decides to use his own freight vehicle, 
the choice of making a stopping call at a certain LC rather than another is supposed to be determined by 
the behaviour of the single transport operator or company. At this level of choice, the goal is to minimise 
the transport costs (Table 2). 

The structure of the transportation sector has not to be forgotten. The freight transport is generally 
undertaken by individual entrepreneurs and private companies, which operate within a competitive 
market framework. Hence, the control and regulation measures put in force by the regional public planner 
should not excessively interfere with the activity of the transport sector. 

Besides the transport policy instrument of the LC several other city logistics initiatives have been 
proposed in order to overcome at the best all the negative externalities the urban freight transport 
generates. 
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The freight transport carriers’ fire expected to provide economically efficient just-in-time services. 
This means that the minimising of the transport and logistics services should be achieved. At the same 
time, some urgent problems had to be solved, such as the traffic congestion, the environmental impact of 
the transport activity, as well as the problem of the energy conservation. 
 
Table 2. The public logistics terminals and the two levels of decision 
 

Level of Decision Kind of Decision Goals 

Macro level: Public planner Location choice, and optimal size  
of the LC 

Min the total cost = 
Min (transport cost + facility cost) 

Micro level: Every entrepreneur, 
each company and freight vehicle 

Choice of the LC and optimal 
routing 

Min the transport cost 

 
The crucial role played by the public-private partnership is always stressed on when speaking 

about the city logistics initiatives. Besides the LC the implementation and diffusion of progressive 
information systems in order to organise the routing and scheduling of the consignments in advance, the 
promotion of co-operative freight transport systems, the control of the load factor for the pick up/delivery 
activities, as well as the planning of the must innovative underground freight transport systems are all 
potential instruments of transport policy the regional public planner had to consider and properly evaluate. 
 
3.2.3. Advanced Information Systems 
 

The improvement of advanced information systems is one of the most relevant instruments in 
order to achieve the rationalisation in the logistics activity. Planning in advance the routing and 
scheduling of the consignments may effectively improve the efficiency in the transport system. 

The advance information systems enable both the drivers of the trucks and the control centre to 
communicate to each other, to provide the information on the traffic conditions in real time, as well as to 
store detailed historical data about the pickup/delivery truck operations. In particular the last function 
plays an important role for rationalising the logistics operations. 

The most important findings beyond the particular ease are as follows: 
• Large customers (shippers) require logistics partners (forwarders) to either accept paper input 

(primarily fax) or to subscribe to customer's choice of technology. Such customers are 
unlikely to reimburse their partners for related effort, the implementation thus have to bear 
sufficient saving potential for the forwarder;  

• EDI data transmission and the relating process automation provide the basis for improvements 
of transport planning and execution. This results not only in commercial benefits but may 
eventually lead to a reduction in unnecessary transport (e.g. empty legging) and a better 
utilisation of public and commercial infrastructure (e.g. roads, floor space and terminal equipment); 

• Port community systems provide the technical, managerial and business background to 
implement EDI systems. While they are normally successful in linking the majority of 
directly port related companies they are traditionally weak when it comes to hinterland 
companies;  

• Linking only one additional exporter or importer in the hinterland may have very significant 
multiplication effects. The company may communicate with additional partners in the same 
and in other ports. Likewise the resident logistics partner has been enabled to also communicate 
with other hinterland partners; 

• A success factor is the usage of standardised communication and messages. In transport 
EDIFACT has the largest user base. 

Computer based information systems in transportation chains have several advantages: 
• Increased management options through tracking and tracing and improved quality control of 

own services and those of subcontractors; 
• Outsourcing of transport services, but staying in control of logistics performance; 
• Increased production-to-order orientation and better transparency of market demand and supply. 
Information infrastructure is a major component of all mentioned above factors. The transportation 

information infrastructure designed for transportation system has a number of attributes and components, 
some of which will be provided by private transportation companies and some of which must be provided 
by the public sector.  
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The national R&D program defines the following research tasks. 
1. Basic concepts and standards for transport information system:  

• Needs and purposes of the information system. 
• Common definitions and standards. 
• Specification of data requirements. 

2. Analysis of existing transports data. 
• Aggregation and harmonization of existing data. 
• Applicability of existing methods of data collection on transport flows. 
• Data on transport flows (including flows along pipeline and dangerous goods). 
• Data on determining factors of transport patterns and demands. 
• Transport network data. 
• Guidelines for data structures and maintenance. 

3. Scheme for certain immediate actions of data collections: 
• Goods and passenger flows into and out of the state. 
• Long distance goods and passenger movements between regions within state. 
• Major infrastructure projects and their effects on traffic induced by network enhancement. 
• Data on intermodal transport. 

4. Methodology for establishing general databases on transport flows and socio-demographic data: 
• Zoning system and definitions. 
• Demographic data. 
• Socio-economic data. 
• Transport volumes and values, traffic flows (including modal split and mode specifications). 
• Data presentation (including flows, time series and cross-sections). 
• Integration of user requirements.  

5. Methodology for establishing databases on transport infrastructure networks: 
• Geographical structure. 
• Definitions and standard indicators. 
• Physical data. 
• Performance data, others. 
• Integration of user requirements. 

6. Methodology for collecting specific data sets for modelling, methodologies, scenarios and assessment: 
• Externalities. 
• Factors affecting demand and supply of transport (including logistical data). 
• Modal choice and modal split. 
• Inventory of state aid. 
• Others (databases of transport studies and experience, of areas affected by transport, of 

people with mobility handicaps or special mobility needs, etc.). 
• Integration of user’s requirements. 

7. Methods of data analysis: 
• Analysis requirements. 
• Identification of appropriate methods for various types of data (generalized linear models, 

spatially auto correlated data, correspondence analysis, etc.). 
• Recommendations and guidelines.  

8. Methods to obtain transport data cost-efficiently: 
• Collection and measurement methods (considering the differences between modes in terms 

of data availability and the use of new technologies). 
• Methodology approaches (for distinction between transit flows and regional flows, etc.). 
• Costs of alternatives. 

9. Structure and maintenance of the transport information system: 
• Database principles (updating period, accessibility, etc.). 
• Data presentation techniques (including information linked to the data). 
• Application and suitability of new technologies for automatic data collection, processing 

and presentation. 
• Human organization, institutional requirements and coordination aspects (exchange and 

dissemination of information). 
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The design process of information infrastructure model for multimodal transport system may be 
presented by five-level hierarchical structure (Figure 9): 

• 1 level – The system concept for general model of integrated transport information infrastructure. 
(The development of appropriate system approach in modelling will be a key topic of research 
and linked with the areas of investigation mentioned above to ensure harmonized models and 
methodologies at the state level). 

• 2 level – Development of external scenarios and models to describe the causal relationships 
between external factors and mobility and for presentation of mobility patterns, transport 
flows and scenarios. 

• 3 level – Development of macro level models served for representation of the whole traffic 
structure that combines the four transport modes: road, railway, water and air systems. 

• 4 level – Development of micro level models represented logistics processes at the specific 
points of transfer corridor: the boarder crossing places, air and sea ports, railway stations and 
custom’s warehouses. 

• 5 level – Assessment of transport policy requirements for the integration of information, 
communication and navigation technologies. 

Information infrastructure will develop largely through private sector. The role of government in 
information infrastructure is likely to be more similar to its historical role in communication than to its 
role in physical infrastructure of transportation. It is important to develop partnership between the 
transportation and information communities. 
 

 
Figure 9. The Design Process of Information Environment 

 
3.2.4. The Inter-regional Level 
 

At the inter-regional level, the programme instrument should enable the integration between 
seaport regions by following the broader issues of network connectivity and logistics. The three 
fundamental network characteristics of (1) inter-modality, (2) interoperability and (3) interconnectivity 
should be achieved in order enlarge the value-added to the seaport network. 

A coherent collaboration programme between the seaport regions should particularly emphasise 
the benefits of its realisation, in order to attract as many potential private/public investors as possible.  
The regulatory and organisational framework represents a valid tool of transport policy, in particular when 
the negative externalities generated by the different transport modalities are not completely internalised 
into the market price of the transport service. The under-pricing in the transport sector occurs when  
a transport modality hides its full social cost. The structure of the transport sector is typically shaped as  
an imperfect competitive market system, which is assumed to allocate inefficiently the economic resources. 
Hence, the under-pricing in the transport service shows the lack in efficiency of the market instrument of 
allocation. The larger the share of the full social cost a transport mode is able to hide, the sharper  
the under-pricing it may form. 
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The new economic figure of the Multi-modal Transport Operator (MTO) is assumed to exploit  
the provision of the logistics services within a wholly integrated transport network. The Table 3 summarises 
the key issues and the critical patterns of success at the inter-regional level of decision. 
 
Table 3. The inter-regional level of decision 
 

Key Issues Critical Success Factors 

For each transport modality: 
• Inter-regional links 
• Inter-modality 
• Interconnectivity 
• Interoperability 
• Logistics and networking effects 
• Competitiveness 
• Environmental issuer 
• Information network 
• Economies of scale 
• Economies of time 
• Economies of scope 
• Economies of networking 
• Just-in-time requirements 

• Functional collaboration and competition 
• Interchange of complementary functions 
• Co-ordination for developing the infrastructure 

transport network 
• Information and knowledge interchange 
• Inter-regional management 
• Multi-modal transport operator 
• Adding value to the interregional network and 

communications 
• Sustainable balanced growth between regions 
• Favourable conditions for promoting a new 

innovative space 

 
3.2.5. The National Level  
 

At the national level, the programme of LC creation is once again a powerful instrument of 
transport integration and co-ordination. Logistic effects and networking effects have to be considered in 
order to exploit a sustainable national transport policy. The freight transport by road seems to fit better  
the new logistics requirements due to the restructuring process in the supply chain of production.  
The environmental and social impacts of the transport negative externalities are not completely internalised 
into its market price. 

The under-estimation as well as the under-pricing of the road transport modality has a remarkable 
impact on the modal choice of the economic agents, due to the apparently higher efficiency this 
environmental unfriendly transport modality shows with respect to the others. A careful estimation of the 
real impact of the negative externalities on the national economic growth should be estimated in monetary 
terms to calculate the “green” GDP. 

There are three possible approaches in order to estimate and/or internalise of the negative 
transport externalities: the consumer-pays approach, the taxpayer-pays approach, and the cost-benefit 
analysis. 

Furthermore, the logistics companies look for a central location as basis for their logistics activities 
directed to their international clients, as well as a departure site in order to enlarge their commercial 
relationships. A relevant role is played by the technological changing in the loading/discharge operations, 
as well as the increasing availability of space within the neglected old port areas. At these locations, the 
logistics service companies may find an interesting supply of space to turn into their activities. 

From a functional point of view the three Latvian main ports are involved in an international 
maritime competition. A complementary set of functions should be promoted at each seaport site in order 
to lead to a better integration in the transportation chain, as well as in the road and rail links between  
the three seaports. 

In fact, the transport links from the seaport site towards the hinterland have to perform an 
increasing efficiency in order to attract the shipping companies, and moreover the specialist total logistics 
provider. 

All actors stress the necessity to build up an efficient transportation system by promoting the inter-
modality patterns through the establishment of distribution and inter-modal centres. The seaport city-
region should promote the settlement of such public logistics terminals at the local level in order to 
promote the local entrepreneurship, as well as to reduce the environmental impact of the freight transport 
within the urban area. The building of the inland logistics terminal at the more far hinterland locations 
should increase in efficiency the whole transport system because of the promotion of the inter-modality. 

Many different and interdependent factors usually influence the location choice of an economic 
agent. Few decisional patterns may not be spatially relocated such as the transport infrastructure, the 
urban settlement, or the environment. Others are more flexible and may be subject to spatial relocation, 
e.g., the skilled labour force, the research centres, etc. 
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The accessibility to a seaport site is therefore strictly dependent on the optimal combination of all 
these elements. A seaport region might be consequently more or less attractive to the establishment of  
an economic activity or to the foreign investments in order to exploit its own local development potential. 

In order to support the overall LC objectives a close co-operation with similar projects and 
programmes must be established: 

• to strengthen the integration of spatial planning and regional transport development and develop  
a common regional approach to the issue of sustainable logistics solutions, 

• to promote the use of transport corridors, modes and technologies, which support a sustainable 
regional development providing the economic and social development of the regions in the south-
east part of the Baltic. The trans-national co-operation aims at assessing trade and transport 
potentials and develops environmentally friendly transport solutions. 

 
3.2.6. Framework for regional action 
 

As it has been already analysed it would be inadequate to recommend “one best way” for spatial 
planning within the context of port related interaction in general and in BSR in particular. The main 
reasons to be careful with strong recommendations may be summarised as follows: 

1. The spatiality of transport and logistics activities has evolved from clearly delimited port areas 
to functional port regions and to port networks more recently. The functional interdependencies, 
creating the network, may consist on sequential relations (output of one node is the input for 
another, e.g., relation between port and in kind container depot), reciprocal relations (actors arc 
using each others output) and pooled relations (use of common resources). The term network 
suggests that these interdependencies may not be territorial and that modern port related 
activities have a strong tendency towards decentralisation. 

2. The trend of a spatial decentralisation of port related transport chains is accompanied by 
attempts of the main actors involved to achieve control over the segments of the chains. 
Though it is not clear whether one actor will be the most influential one in the future, the 
entrepreneurial strategy is not predictable in relation to their spatial outcome. But it is rather 
obvious that the crucial factor within the transport chain will be the customer orientation while 
the transport space will be organized as flexible as possible. This interpretation supports 
decentralized hub and concepts with, ”footless” or shifting nodes. Based on some standardized 
norms the question of appropriate IT support will depend on the dominant position of an actor 
within the transport chain. Or to put it in other words: the inventions and early adaptation of 
new IT depends on the necessities to optimise integrated transport and logistics chains and the 
economic power of private actor constellations. 

Following these lines of argumentation the existing ports have to deal with territorial 
decentralisation of transport and logistics activities and tendencies of economic centralization of private 
actors involved. Therefore the frames of independent action become more and more narrow. In more 
general terms, existing ports do not only have to create and sustain competitive infrastructure including IT 
but have to be prepared to offer far reaching services for foreign trade, transport and communication in 
order to be able to react as flexible as possible to new challenges. Beside an effective node of physical 
interchange successful ports will become LC regions for transport and communication offering systemic 
knowledge for integrated transport and logistics chains. 

This strategy is open only for the existing main ports and those medium-sized ports are able to 
promote a certain specialisation because it presupposes very high investments and probably only indirect 
returns on welfare and employment. Small and the majority of medium-sized ports will function as possible 
nodes in future transport chains. This implies the latent danger that many ports try to invest in expensive 
infrastructure in order to compete with each other without being able to realize returns. A crucial element 
is finding a certain harmony between public investments in infra- and private engagement in the 
superstructure. Anyway, problems of public disinvestments are already on the agenda and there is a latent 
danger for continuous planning failures. To reduce an overall port competition in this segment 
institutionalised forms of information and co-operation between private and public actors should be 
promoted in order to avoid unnecessary public investments and to improve power balance. 

Faced with the imminent enlargement of the European Union and the integration of Latvia as well 
as further states of the Baltic Sea Region a general strategy of the modernization of the maritime 
infrastructure is to be recommended including IT. The expected increases of transport will not be 
manageable country-sided in spite of great infrastructure projects like Via Baltica. The expansion and 
improvement of sea-based mobility of goods and supporting infrastructures should be emphasized in 
initiatives of spatial planning within the Baltic Sea Region. 
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Also in the transport and logistics sector the major players are changing. Former State Enterprises 
are privatised and must prepare themselves for the sudden competition. Just as the governmental 
telecommunications monopoly was eliminated in previous years, the state monopoly on the transportation 
of letters and parcels would now be eliminated too. These modifications of the general conditions lead to 
hectic activities within the sector. Many re-evaluate their middle- and long-term strategies, reposition 
themselves, co-operate and merge, withdraw from some markets and set themselves up in other ones. Co-
operation with, or the incorporation of, other companies is the most usual reaction to the new conditions, 
in the transport and logistics sector as well.  

But according to opinion of the actors involved, both growths are important as quantitative so as 
qualitative. The new demands of the information society and the “New Economy” on the transport and 
logistics sector, make it necessary to increase the “know how” as quickly as possible in the field of IT, 
and develop information systems wherewith the logistics chain can be controlled and checked.  
IT departments of individual companies are no longer able manage such a task, so that big actors (e.g., the 
Latvian Association of Railway International Electronic Documents Circulation Operators) buy up 
software enterprises throughout the world that develop information systems for the transport and logistics 
sector, or will be able to do so in the future. All actors participating in the transportation chain are 
convinced that the future leader of the information system will also dominate the material transportation 
chain and thereby gain the largest part of the increased value created by transportation. Furthermore, the 
evolution of such technologies is extremely capital-intensive: markets, which are becoming more and 
more transparent, involve ever-increasing costs for marketing and distribution. Smaller enterprises, 
endowed with a more limited capital, are no longer able to make the investments necessary to remain 
competitive. 

 
4. National Transport Research Program 
 

The investment priorities are defined within the framework of trans-national requirements and 
local development needs. On the one hand, there is potential for Latvia to play more important role in 
transportation of cargo and people in international transport. There already is a substantial flow, mainly of 
freight traffic, in the direction East-West and it is expected that following the increasing integration of the 
Baltic States into the EU, traffic flows in North-South direction will increase as well. In order to utilise 
this potential, there is a need for significant improvement of infrastructure, particularly by reconstruction 
of railway hubs, building of railway tracks, modernization of train service management automatic systems, 
introduction of joint railway mobile communication system GSM-R; reconstruction of the main 
motorways, building of new sections, double level crossings; building of access roads and railway tracks 
to the ports, passenger terminals in the ports; modernization of airport infrastructure both in Riga 
international airport and in regional ones; as well as building of access roads to the TEN-T network in 
urban areas. Cohesion Funds can substantially tribute to the achievements of these goals.  

On the other hand, there is a need to ensure higher mobility of the population and labour force in 
order to advance the economic development of the country. Latvia has to improve the living conditions of 
the rural population, particularly in terms of access to social and economic infrastructure, in order to 
avoid emigration of population to Riga and other countries.  

The decision of these global tasks will be done for Latvia within the frame of National Research 
Programme (NRP). Harmonisation of Latvian Transport System (project LaTRANS) is one of the key 
NRP subprogramme. The aim of the project is to develop the efficient, safe and environmental friendly 
handling of the increasing amount of goods going east-west in the Baltic region. The project will prepare 
stakeholders in the region to enhance sustainable transport planning and smart intelligent transport 
solutions. 

This in combination with business development in the transport sector will stimulate the economic 
growth in the entire East-West transport corridor. There are three main focuses in the project: 

• To make East-West transport corridor as a good example of a Green Corridor concept of 
European Union latest transport policies. 

• To develop an innovative pilot testing ground where modern technology and information 
systems contribute to increased efficiency, traffic safety and security as well as reduced 
environment impact in the corridor. 

• By stimulating new business models e.g., for railway transport supporting economic growth 
within the corridor in particular in ports and inland hubs. 



Transport and Telecommunication Vol. 13, No 1, 2012 

 48

 
 

Figure 13. Structure of the national research project LaTRANS 
 

The main expected results of the project: 
• East-West transport corridor as a Best Practice Case for Green Corridor development; 
• East-West transport corridor as a part of the EU commissions Action Plan for the Baltic Sea 

Region and is an integrated part of the Northern Transport Axis [6]; 
• A manual of how to develop a Green Corridor in accordance with the EU’s transport policies 

and to offer stakeholders in the East-West transport corridor more eco-friendly transport 
alternatives than available today; 

• An innovative Intelligent Transport Systems for transport and traffic information, which will 
increase efficiency and reduce the environmental impact; 

• A manual of how to buy, sell, and plan eco-friendly transports, transport and logistics services, 
which can be used by different customers; 

• New business concepts for railway transports; 
• Improved transport service in ports and terminals; 
• Increased transport competence among various stakeholders and improved infrastructure 

within the transport corridor. 
For ensuring a sustained response to permanently growing demand for mobility, the transport of 

Latvia should develop in a dynamic manner and integrate in the European transport system. 
The development of transport in Latvia is based on a principle of sustainable development:  
• integration among different modes of transport; 
• integration in the environment in order to diminish harmful impact on it; 
• integration with the land usage planning so that transport and land planning works are 

mutually co-ordinated which leads to the possibility of choosing the most suitable mode of 
transport; 

• integration with education policy, ensuring of health care and welfare in a manner the transport 
contributes to formation of an integrated society. 

The goal of the transport development policy of Latvia continues to be setting up of an efficient, 
safe, environmentally friendly, multimodal, balanced and competitive transport system. Its integration 
into the European transport system is anticipated thereby meeting the economic and social needs for high 
quality transport services as well as increasing possibilities of transport mode choice and flexibility of 
passenger and goods transport operations.  
 
5. Conclusions  
 

As discussed earlier in this study, it is important to remember the market forces, even when discussing 
the development of sustainable transport solutions from a spatial planning perspective. The demand  
for freight transport services is generated and formulated by individual entrepreneurs and private 
companies, which operate on highly competitive markets. This obviously limits the possibilities to guide 
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the development in a specific geographical area. It puts high demands on planning to be flexible and on 
the foresight of the planners. On the other hand good public infrastructure, e.g. the road system, also helps 
to attract business and to improve efficiency. 

An attractive and competitive port is often considered as a regional, if not a national objective 
supporting the economic development of the region or the nation. Traditionally, the consequence of this 
view was as follows – the port operation and the related infrastructure was a public responsibility. Today, 
port operation is no more considered as a suitable or even acceptable task for public services. Some 
regions are starting to question the need for any public involvement in port business. Why should a city 
own a port? It does not own the marshalling yard or the truck freight terminal. 

Such ideas do not mean that the city should not plan for or care for its port only that it must 
distinguish between public and business objectives. Local political opinions, competition with 
neighbouring regions and lack of overview might induce the city or the region to invest too much in 
relation to a realistic assessment of the commercial outcome.  

Waterborne transport of high value goods needs to offer high frequency of regular services and 
stability over several years in order to be competitive to other modes and to really allow for the emergence  
of solid trade relations. A few well-served ports also make it easier to focus national investments in  
the hinterland infrastructure, which normally cannot be spread out to cater for too many alternatives. 
Competition between regions in this respect often delays the investment decisions. In addition, stable and 
big transport volumes also on land open for more attractive intermodal services. 

In this context it might be worthwhile to question the benefit of transit traffic; through the port, the 
city or the region. The issue was raised in relation to the Russian transit traffic, but is also valid elsewhere. 
Investment needs and environmental impacts have to be assessed in relation to job opportunities and 
revenues against an appraisal of the stability of the traffic. Transit transport might help to develop new 
and highly needed services and skills, but it might also deviate resources better used elsewhere and might 
create e.g. environmental damages difficult to repair. 

Co-operation between the parties in a transport chain, between ports, regions and authorities can 
give concrete improvements to everyday practical problems and thus contribute to the goals of cohesion 
and economic development in the Baltic Sea region. The results have been achieved in a highly 
competitive environment and indicate that there are areas for co-operation, which do not distort 
competition, but promote a sustainable transport system to the benefit for the society as well as the private 
players. Such areas are the following: 

• Promotion of the use of IT among the port community and between the port and the world 
outside. 

• Introducing IT in the business process is a complex issue affecting internal and external 
procedures, core business ideas and market positions. Building efficient IT relations between 
authorities and private organisations requires special attention. E-business development suggests 
that Internet will speed up the reorganisation of commercial relations and market behaviour. 
Apart from infrastructure, companies need some basic agreements on standards. The public 
sector on a national, regional or local level can act as a catalyst in this process. 

• Co-operation between customs and other authorities in specific transport corridors. 
• Goodwill and mutual trust is a good basis for solving practical problems within an existing 

regulatory framework. Regional authorities along a transport corridor sector can together 
create the platform for such facilitation work. They can bring in all parties and moderate the 
work of creating a common understanding of the problem and hopefully also have finding  
a practical solution. 

• Regional co-operation between public bodies and private companies in order to understand 
spatial needs based on the assessment of long-term commercial trends for waterborne transport 
and other factors affecting future transport demand.  

• A port is acting and reacting on developments far beyond the region in which it is situated. 
Infrastructure investments in competing transport corridors have to be assessed as well as new 
commercial constellations and technical development. Spatial and economic planners have to 
understand the needs and prospects of the port in order to be able to assess the consequences 
for the region. 

• Implementing new networks between transport companies, scientific organisations and port cities. 
A modern LC can be characterised as an important node in a learning region, which in 
addition implies the need for co-operation with other, similar regions. What has been said 
earlier also indicates that there are other reasons for networking. A “market watch” in a wide 
sense is required not only by the commercial players, but also by other institutions in  
the region in order to be able to assess planning and investment needs. Another need for 
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networking is generated by the many practical problems of becoming a true European Union. 
Knowledge, trust and common objectives across former borders could be better developed 
through co-operation around particular problems. 

The port region logistics restructuring process moved towards the development of new economic 
functions inside the port region itself. The aim of the local authorities has now become to offer a set of 
value-added logistics services in order to integrate the port site into the transport logistics chain. The port 
location is not to be only a container floodgate but is to be transformed also in a logistics service centre. 

It is not surprising, that logistics centres tend to be located near the transport corridors. Access to 
all transport modes is vital for the success of logistics centres. The closeness to ports and sea 
transportation is natural for establishing a logistics centre in Latvia. 

Many aspects of the operation environment need to be taken into account in the planning of 
logistics centres. Co-operation between the logistics centres and the actors responsible for the design and 
production of infrastructure is important especially in planning infrastructure projects to be carried out on 
routes near logistics centres. 

Attention should be paid to environmental protection and legislation at the early stages of the 
planning of logistics operations and infrastructure. Land use conflicts based on environmental regulations 
may otherwise delay the logistics development projects considerably. This is one of the main challenges 
for the development of the logistics centres in Latvia. The possibilities for co-operation at the municipal 
level for the promotion of logistics should be thoroughly analysed.  

The success of ports and logistics development projects depends strongly on the development of 
transit traffic. 

The harbour will form a core area in a wider concept of activities in the adjacent area of the city. 
Such activities might be many kinds of international, national and local commercial activities, logistic 
firms, consulting and transport services, etc. Together with the harbour itself, this will form a logistics 
centre in the region as well as a transport hub (multi modal centre). 
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The most important factor affecting the quality of transportation heavy goods is safety and security. Risk evaluation and 
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the quantitative and economic assessment of the risk the theory of chances and mathematic statistics are most commonly used 
methods, because they are denoted to describe an event or process in case of ambiguous possibilities. 
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1. Risk Substance and Definitions 
 

Risk definitions for the term in the literature are quite different. The term “risk” as well as the 
instruments that are used for risk measurement strongly depends on the field of research [M. Christopher 
& H. Peck, 2004]. Definitions of risk are based on the volatility of possible return, the concept of information 
deficits and the willingness to accept a potential loss if positive returns are expected [I.S. Baird & H. Thomas, 
1990]. Risk means a potential changes in the expected result. Usually risk is associated with some 
probability of adverse event realization. Risk – the uncertainty associated with a certain probability, the 
potential of a variety of action results in the future, the probability of an unfavourable or accidental 
occurrence enterprise, the instability of economic situation, the uncertainties which arise, because of 
changes which is difficult to provide, or because of events which possibility cannot be calculated exactly 
[Wright et al., 1999]. Risk is also defined as a decision-making situation, where is possible potential 
effects of volatility and there is likely to change them. Risk is defined as the potential for realizing 
undesired impacts. Risk is uncertainty, which lies within the market economy and the company may incur 
losses. Possible loss is often measured by the appearance of adverse event facility. In foreign literature, 
the term “risk” has a quite wide definition, which often depends on results of environmental study.  
The studies of fundamental investment decision-making [Markowitz, 1952; Sharpe, 1963; Tobin, 1965; 
Vaughan, 1997] disclose the existence of the efficient line in the mean profitability-risk plane, which is 
measured by profitability standard deviation. The main characteristics of the efficient line is that its points 
– investment possibilities, measured against profitability-risk indicators, cannot be improved on account 
of reducing mean profitability or riskiness if the value of the collateral parameter for evaluation is not 
changed. In evaluating the risk of being involved in a fatal crash, risk is commonly defined as the ratio 
between the number of fatal crashes associated with a specific set of conditions and the amount of travel 
performed under the same conditions. 

As one of the measures for the information system development and cultivation of the investment 
criteria adequacy is classification of decision possibilities [Rutkauskas et al., 2008], taking into account 
possibility efficiency and reliability as well as the level of riskiness which depends on the riskiness of  
the processes under analysis (interest rate, currency exchange rate and alike) and on the ability of a subject – 
the recipient of the risk consequences to manage it. To understand the risk just a negative sense is 
incorrect. Under favourable circumstances, risk can bring substantial benefits, because the assumption of 
low risk or risk avoidance in general, economic activity does not result a competitive advantage. 

2. Risk Factors and Classification 

There are many risks in competitive business world. Various authors identify and classify risk very 
differently. Generally speaking the unified classification is practically impossible, because of different 
type of activities. 
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Examining the risks, which influences heavyweight and oversized loads, it is appropriate to focus 
on risk according to their areas of influence (Figure 1). This means: technical, economical, social and 
political types of risk. 

Technical risk – the factors determining possibilities of load carrying in technological sense. It means 
vehicle selection risk, the risk of selecting technologies of loading, the route length, parameters of cargo, 
cargo storage needs, the risk of transportation mode choice. It should be noted, that most important factor 
in determining the risk is parameters of the cargo (cargo dimensions and weight). Also, to term of 
technical risk the safety of transportation and probability of accident risk during transportation process 
could be attributed. Human factors affect the probability of errors, therefore, they would also be appropriate 
to assign to the technical risk area. 

Economic risk can be attributed to the banking policy. Heavyweight and oversized loads are 
inevitably associated with new technology and industrial development, that’s why the role of banks in this 
area is very important [Labanauskas, Palsaitis, 2010]. The conditions of procuring new technologies, 
interest rates, bank financing conditions determine development of innovative technologies and thus 
promote or inhibit heavyweight and oversized loads transportation. Other very important factors in this 
area are the competitive conditions for such loads transportation, labour costs and access in these areas in 
which such type of loads are transported. These factors have a significant impact on the price of 
heavyweight and oversized loads transportation and determine the choice how, by which ways or by 
which countries such loads should be carried. 

 

 
Figure 1. Risk factors for carrying oversized and heavyweight loads 

 
Social risk means public tolerance for carrying oversized and heavyweight loads in the territory. 

Transportation of such loads is associated with certain restrictions in the region through which the load is 
moving. First of all transportation of such loads could make a significant negative impact in public/ 
community live. Qualified labour force, expectations of community members can be defined to social risk 
area. Expectations of community results positive or negative attitude for transportation oversized and 
heavyweight loads. 

Political risk depends on political attitudes to the heavyweight and oversized loads transportation 
process existing in certain country. Public policy could stimulate or break such processes. Government 
institutions are a tool which helps to control these processes. Fiscal policy (tariffs – the charges rates for 
using transport infrastructure, permission getting procedures, routing coordination procedures, and 
decision–making regulation) influenced choice of transportation mode and load transportation route.  
To political risk is also attributed perception of the economic development needs. Decision-making 
regulation shows the political will of the country. If there will not be unanimous understanding of  
the impact of economic development, government institutions in deciding carry or not oversized or 
heavyweight loads will work not coordinated. Another very important factor for such loads is transit. 

These four heavy weighting and oversized loads risk areas and influence of them to transportation 
process could be clearly or abstract assessed. The impact of different factors can be quantified and also 
not all factors of risk could be controlled and measured. 

3. Risk Evaluation and Modelling Process 
Evaluation of risk is made up of several stages (Figure 2). First stage involves diagnose of 

potential risk in oversized or heavyweight loads transportation process. A model could not be developed 
unless there is a clear understanding of its definition and identification of issues involved in the process. 
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The next step is a model of risk assessment and related data collection. Diagnose of potential type of risk 
is necessary to identified reasons/factors which could cause denial impact of a transport process.  
The evaluation of the results let’s to estimate risk reducing techniques and helps to choose a strategy for 
reduction negative impact in order to minimize risk The process involves a cycle of risk estimation, 
evaluation of risk estimates, identification of risk reduction strategies and implementation of risk 
reduction strategies  

In load transportation process the most important factor for calculating of accident probability. 
Evaluation of potential participants in accident can be divided into two groups of vehicles: cargo and 
passenger vehicles used for commercial purposes and private cars. According to the character of load 
carried by commercial vehicles it is appropriate to distinguish perishable, not perishable and dangerous 
goods. All these factors influence risk level. 

Vehicles during the transportation process cause some negative affects such as delay, damaging of 
the load, drivers or other road users death, negative impact to the physical road condition and people, who 
are living in environment of road. 

 

 

 
Figure 2. Risk evaluation process 

 
In transportation process of oversized and heavyweight loads it is possible temporary to prohibit 

the movement of other transport means in order to reduce the risk in section of the route or along the route. 
In such case accident scheme would look like it is shown on Figure 3. 

Movement of oversized and heavyweight cargo may be affected by the occurrence of an accident 
on the road. Two scenarios are possible. The first scenario may be an accident involving vehicle(s) other 
than trucks, while the second scenario may be an accident involving truck carrying oversized and 
heavyweight cargo. In the former case where an accident involves other vehicle(s), the truck experiences 
non-recurrent delay in addition to recurrent congestion delay that is normally factored to transport cost. 
 In the latter case where an accident involves a truck, the truck not only experiences delay, but also 
experiences a more serious and costly consequence. Depending on the severity of an accident, such may 
include damage of oversized and heavyweight cargo by improper action of extraneous people or 
atmospheric impact during longer period of stay. 

The data required for risk modelling of oversized and heavyweight cargo transportation processes: 
• Highway network data, including physical and operational characteristics of the transportation 

system; 
• Truck accident data, including frequency and severity of an accident; 
• Traffic flow data, including directional distribution pattern; 
• Freight data, including shipment type, shipment volume. 
These are spatial data which may be presented in GIS format. The highway network, truck 

accident and traffic flow data are readily available from various transportation agencies. However, freight 
data are rare and difficult to find. Most freight data do not have information that could be used to obtain 
the desired level of accuracy of risk estimates. 
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Figure 3. Possible accident consequences assessment scheme for carrying oversized and heavyweight loads 

 
Calculation of risk is always adapting to a simple and more comprehensive in its evaluation 

methods. In classical risk model for calculating the risk is as follows: 
 
CpR ×= , (1) 

 
where 

R  – risk; 
p  – accident probability; 
C  – the consequences of an accident. 
Accident probability calculation is based on the assumption that calculation unit is clear and is 

modelled using Poisson distribution: 
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where 

e  – is the base of natural logarithm (e = 2.71828…); 
k  – is number of occurrences of an event; 
λ  – is a positive real number, equal to the expected number of occurrences during the given interval; 
!k  – is the factorial of k . 

 
An accident is measured per unit of time (accident per year) or space (accident per vehicle-

kilometre). If heavyweight and oversized load is moving without limiting the movement of other road 
users in section of the route in that case it should be measured number of accidents within the road section 
within a given unit of time per kilometre. The annual accident rate per thousand is calculated using the 
following formula: 
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where 
AR – accident rate; 

A  – the number of accident involving heavyweight vehicles per year; 
TNA  – transportation distance. 
 

Probability of an accident in the transportation route depends on various factors such as load carrying 
frequency, heavyweight vehicle traffic, transportation distance, road technical parameters, pavement 
quality, daytime and seasonality (Figure 4). 

 

 
Figure 4. Risk evaluation scheme 

 
Risk evaluation scheme may include more factors. Evaluating the probability of an event needs to 

analyse the frequency of load carrying and travel distance. 
Consequences. Consequences may be determined by the potential effect. As example could be late 

delivery of goods lost or damage, the number of fatalities. Evaluation of consequences in road section 
depends on access of data about accidents and consequences. Negative consequence per year can be 
calculated using the following formula: 
 

cMVMTPSC ×××= 365 , (4) 
 

where 
VMTPS – is the average daily amount of heavyweight transport means passing route segment; 
M  – average weight of the load; 
c – cost for carrying 1 ton of load. 
The risk of road segment from point to point can be expressed: 

 
cMVMPSPR ijijij ××××= 365 , (5) 

 
where 

ijR  – risk of road segment ji − , per year; 

ijP  – accident probability in road segment ji − . 

The modelling process involves three main components mentioned in the risk assessment process: 
development of database, risk estimation and evaluation of results. GIS is an appropriate tool for this 
effort because of its ability to handle large data, support spatial analyses and generate meaningful graphics. 
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Database development is the most time consuming in this oversized and heavyweight cargo risk 
evaluation process, especially because the most data comes in various formats and have to be converted 
into a GIS-compatible format. Extra effort is needed to ensure accuracy during data scanning, conversion 
and manipulation. Based on topographic features, the database comprises two types of data: linear data 
such as highway network and point data, which include the traffic volumes and accident locations. 

GIS-based analysis can be performed at various levels of detail depending on the need of the user. 
For example, estimates can be obtained to evaluate the relative risk of transporting oversized and 
heavyweight cargo on various routes. Estimates can also be obtained at the segment level to identify the 
most critical section of the route. 

The advantage of risk modelling in a GIS platform is the ease of enhancing the model by simply 
adding a new variable as an attribute of the network and recalculating risk. For example, human factor 
can be integrated in the model to account for driver’s experience, age, heath. 

4. Conclusions 

Risk management is one of the key issues during the planning oversized goods safe transportation 
and investments into transport infrastructure reconstruction.  

Examining the risks, which influence heavyweight and oversized loads, it is appropriate to focus 
on technical, economic, social and political factors of risks. 

It is necessary to identify factors, which could cause denial impact of a transportation process.  
The oversized goods transportation risk evaluation results allows identifying risk reducing armamentarium 
and helps to choose a strategy of most secure oversized goods transportation. 
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Introduction 
 

Since the second half of the XX century the increasing growth of anthropogenic impact on  
the environment has led to exacerbation of many ecological problems. Prospects for reducing (full solution 
is not even discussed) the influence of such ecological problems on human life-sustaining activities are 
connected with implementation of "sustainable development" concept (for instance, see [1–4] and respective 
references given in these), the main point of which is to ensure the stable coexistence between mankind 
and nature, which in its turn requires at least to save and reproduce the resource potential; improving the 
structure of ecosystem exploitation on the basis of scientific approach and performing an analysis for 
identifying the objective characteristic of ecological situation in order to take a reasonable (even non-
optimal) solution; improving the level of human health. All these necessary conditions for implementation 
of "sustainable development" concept require: 

• development of models and algorithms for unbiased and adequate evaluation of ecosystems’ stability; 
• finding out the relationships for dynamics of environmental problems;  
• improvement of both models and methods of ecological and economic forecasts;  
• studying of the combined effect of the anthropogenic loads influencing the ecosystem at large, etc. 
The main toolkit in all these studies is mathematical modelling (for instance, see [1–20] and respective 

references given in these) and/or simulation (for instance, see [5, 20–25]), as well as analytical and numerical 
methods for solving the constructed models. Among the mathematical models the special place is taken by 
qualitative models, which are one of the most efficient tools of system analysis – the main approach to the 
study of ecological systems at various levels. System analysis (for instance, see [4, 26] and respective 
references given in these) still remains the only tool, in case if carrying out of large-scale field studies and 
experiments is encumbered because of technical and economical reasons, or is just impossible. 

In the construction of mathematical models (both qualitative and quantitative) it is necessary to 
take into account existing peculiarities of ecological problems. The reason of the specific character of 
ecological problems is rooted, firstly, in the utmost uncertainty of problems formulation, and, secondly, in 
the complexity of problems, when it is required to take into account diverse factors starting from geology 
factors up to the pollution level of atmospheric air, seas and oceans. 

As far as engineering practice is concerned (for instance, see [1, 2, 5, 22, 27, 28]), it is known that 
the error of quantitative assessments and calculations could be as large as hundreds percent. The results 
obtained in [8] in the study of 2-boxed model for the investigation of metabolic processes in the Baltic 
Sea clearly show the hypersensitivity of water unit even to insignificant discharge amount of human 
activity wastes (the results of [29] show a similar hypersensitivity in the Black Sea). Eventually, the goal 
of using formal methods in environmental design, mathematical modelling and forecasting is a more 
accurate calculation for the scope of ecological damage, forthcoming financial costs as well as effectiveness 
evaluation for the applied countermeasures. 
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Latvia is one of the most successful European countries in ecological problems solving. In accordance 
with Environmental Performance Index 2010 (see [30]) Latvia takes 21

st place among 163 countries in  
the world by the purity of the environment. Environmental Performance Index (EPI) is produced by a team 
of environmental experts at Yale University and Columbia University and ranks countries on their 
performance across 25 metrics aggregated into ten categories including: environmental health, air quality, 
water resource management, biodiversity and habitat, forestry, fisheries, agriculture, and climate change. 

However, Latvia has serious ecological problems. First of all it is the problem of the Baltic Sea 
health. Latvia has more than 500 kilometres of beach along the Baltic Sea, which is ranked among the most 
polluted seas in the world. According to the assessment presented in [31], none of the open basins of  
the Baltic Sea had an acceptable status. Only a very few coastal areas along the Gulf of Bothnia can be 
considered healthy. Implementation of special international agreements and cross-border programs as well 
as various studies and research is the way towards a healthy and sustainable-use of the Baltic Sea. 

The second serious problem of the environment of Latvia is air pollution, which is particularly 
heavy during windless, cloudy weather. The main air pollutants are sulphur dioxide, formaldehyde, phenols, 
ammonia, and nitrogen oxides (see [32]). The transport and energy sectors are the main sources of air 
pollutant emissions in Latvia. On average more than 80% of atmosphere pollution in Europe cities comes 
from motor transport as result of gas burn out (for instance, see [12] and respective references given in 
this). The chemical content of exhaust depends on gas type and quality, processing technology, burn out 
technique inside of motor, its technical condition and the following filtration of exhaust (for instance, see [4, 5]). 
Improving air quality is one of the main priorities of Latvia’s environmental policy (see [33]). 

In the present paper a set of continuous qualitative models having the dynamic parameters and 
aimed at analysis, evaluation and forecast of aqueous systems (reservoirs, lakes and seas) and atmospheric 
environment in Latvia is proposed. In constructing these mathematical models as research tools classic 
apparatus of differential equations in partial derivatives as well as apparatus of mathematical physics 
were used. Below there are listed some of the constructed models. 
 
1. Models of Aquatic Ecosystem 
 
1.1. The qualitative model for determination of pollutant concentration dynamics  

in the "layered in respect to depth" Baltic Sea at a known velocity of pollutant transfer 
 

In this subsection a mathematical model is proposed for determination of dynamics of pollutant 
concentration in the Baltic Sea. For constructing of this model the Baltic Sea was divided into parallel narrow 
horizontal layers, which were perpendicular to the internal normal in respect to the surface of the sea. 
Moreover, it was supposed that the velocity of pollutant transfer in each layer was known before. The given 
assumption, obviously, is a quite strong requirement that reduces the value of the offered model to some 
extent, since determination of pollutant transfer velocity for any non-homogenous environment, including 
the Baltic Sea, is considered to be independent and quite tough problem. However, despite the limiting 
role of the given assumption, the offered mathematical model can be used as a primary model for deeper 
monitoring of the eco-state of the Baltic Sea. Indeed, if roughly assuming that in each layer for some 
small period of time the velocity of pollutant transfer is constant (this could be achieved by executing the 
following procedure: significantly increasing the quantity of divisions into sea layers and at the same time 
significantly reducing the time for study of the pollutant distribution process), then, by using the offered 
model, after finding its analytical solution, it is possible to determine the quantity of the transferred pollutant 
amount in each layer with quite high accuracy. Then there appears a question: what is the limitation of  
the model if after the abovementioned procedure it becomes possible to determine the dynamics of pollutant 
concentration with a fairly high degree of accuracy? The answer is simple: 

• the ideal accuracy of the solution found is only possible with an infinite increase of the layers 
number and with an infinite reduction of the time period at which the dynamics of pollutant 
concentration is investigated; 

• sufficient accuracy of the solution found is possible at a very large increase of the layers number 
and at essential reduction of research time period that demands huge computing resources – on 
the edge of possibilities of modern supercomputers relevant to the possible maximum volume of 
RAM, CPU throughput, and maximal number of servers joined into cluster having the outmost 
parallel computing performance, etc.; 

• the model is unstable, i.e. rather quite small changes in initial data can lead to a rather large 
discrepancy between the solution found and the ideal exact solution, which exists, is unique and 
unknown and which is intended to be reached. Therefore, it is necessary not just to solve the 
offered model, but to develop a stable method of its solution, having a regularization (by Tikhonov) 
property. It should be noted that this issue is relatively easily solved. 
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So, by denoting as D  the studied three dimensional domain of the Baltic Sea, and as ( ), , ;u x y z t  
the desirable concentration of harmful substance in this domain D  at the moment of time ,t  the proposed 
model implies the following: it is necessary to determine the function ( ), ,u tξ  where 

( ) ( ) [ ] 3, , , 0, , ,u t t D T Dξ ξ ∈ × ⊂  which satisfies 
• the equation 

( ) ( ) ( )( ) ( ) ( ) ( ) { } ( ],
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1 2 3 3, , : 0, , 0, , ,0 ; 0 1,2 , 0

def

jD x y z x l y l z l l j l int D D≡ ξ = ∈ ∈ ∈ ∈ > = < = ∂∪  is 

n − layered (in respect to axis OZ ) 3D parallelepiped domain; 
– ( )1, , 1, ;i iz z z i n−∈ = 0 3, 0;nz l z= =  

– ( ) ( )10 , , 1, ;i i ia a const if z z z i n−ξ ≡ = > ∈ =  
– n  is the number of layered media parallel to the plane XOY  in respect to the vertical axis ;OZ  

– ( ) ( )1 2 3, , , 1,3 ;j const jα = α α α α = =
 

;constβ =  

– ,q r  denotes a scalar product of vectors 3q∈  and 3,r∈  a symbol ( ),Qη∇ η i  denotes gradient as 

to the variable η  of the scalar function ( ), ;Q η i  

– { }int D  and D∂  correspondingly denote internal and boundary points of the restricted three-dimensional 

domain 3;D⊂  
• the initial condition 

( ) ( )00
, , ;

t
u t u D

=
ξ = ξ ξ∈  (1.1.2) 

• the boundary conditions 

{ } ( ) { } ( ) ( ) ( )
2

2

1 1
, 1 , , 1

,
, , , ; 1, 1 , 1, 2,

i j j

i j j

i i
j i j i j iz z

z z

u t
u t u x y t i n j

z+ −

+ −

− −
− −= +ε

= +ε

∂ ξ
γ ⋅ ξ + γ ⋅ = = + =

∂
 (1.1.3) 

where 
– ( ) [ ]{ } [ ]3, , , 0 0, ;x y t D l T∈ ×  

– 0 1;
0 2;j

if j
if j

+ =
ε = − =

 

– { } ( ) ( )
,

0 1 0, ;

0
k
j i

const if j i k n

const if otherwise;

∀ < = ∧ = =γ = 
∀ >

 

{ } ( ) { } ( ) ( )1 1
, 1 , ,

,
, , ; 1, 2; 1, 2,

ji

ji

i i
j i j i j i

u t
u t t i j− −

− ω=ω
ω=ω

∂ ξ
θ ⋅ ξ + θ ⋅ = ϑ ξ ω = =

∂ω
 (1.1.4) 

where 
– ( ) [ ]{ } [ ]1, , 0, 0, ;y z t D l T∈ ×  

– ( ) [ ]{ } [ ]2, , 0, 0, ;x z t D l T∈ ×  

– 1;
2;

x if i
y if j

=
ω=  =

 

– { } ( ) { }( )
,

0 1 0;1 ;

0 ,
k
j i

const if j i k

const if otherwise

∀ < = ∧ = ∈θ = 
∀ >

 

– { } 1,2

1,2
1 2

0 0 0 0
;

0 0
i

ji j l l
=

=

+ + 
ω =  − − 
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• the consistency conditions 

{ } ( ) { } ( ) ( ) ( )
2

2

1 1 0
, 1 0 , , 1 0 0

,
, , , ; 1, 1 , 1, 2,

i j j

i j j

i i
j i j i j iz z t

z z

u t
u t u x y t i n j

z+ −

+ −

− −
− −= +ε = +

= +ε

∂ ξ
γ ⋅ ξ + γ ⋅ = = + =

∂
 (1.1.5) 

where 

– ( ) [ ]{ } [ ]3, , , 0 0, ;x y t D l T∈ ×  

– the value and meaning of constants ( )1,2 ,j iε = { } ( )( ), 1,2; 0, 1 ; 0,k
j i j i n k nγ = = + =  are the same as 

in case of boundary conditions (1.1.3); 
{ } ( ) { } ( ) ( )1 1 0

, 1 0 , , 0 0

,
, , ; , 1, 2,

ji

ji

i i
j i j i j i t

u t
u t t i j− −

− ω=ω = +
ω=ω

∂ ξ
θ ⋅ ξ + θ ⋅ = ϑ ξ ω =

∂ω
 (1.1.6) 

where 

– ( ) [ ]{ } [ ]1, , 0, 0, ;y z t D l T∈ ×  

– ( ) [ ]{ } [ ]2, , 0, 0, ;x z t D l T∈ ×  

– the variable { }, ,x yω∈  and constants { } ( ), 1,2; 0,2; 0,1 ,k
j i j i kθ = = = { } { }, 1,2ji j i∈

ω  have the same 

values and meaning as for the boundary conditions (1.1.4); 

• the conjugating conditions 

( ) ( ) ( ) [ ]{ } [ ]
( ) ( ) ( ) [ ]{ } [ ]

30 0

1 3
0 0

, , , , , ,0 0, ;

, ,
, , , ,0 0,

i i

i i

z z z z

i i
z z z z

u t u t x y t D l T

u t u t
a a x y t D l T

z z

= + = −

+

= + = −

 ξ = ξ ∈ ×

 ∂ ξ ∂ ξ

⋅ = ⋅ ∈ × ∂ ∂

 (1.1.7) 

for ( )1, 1 .i n∀ = −  

In the mathematical model (1.1.1)–(1.1.7) the initial data are represented by a piecewise-constant 
function ( );a ξ  velocity vector ;α  constant 1;β∈  constants ( )1,3 , 0;il i T= >  functions 

( ) [ ]{ }, 0, ;f t C D Tξ ∈ × ( ) [ ]{ } [ ]{ } ( )1,1,2
, 3, , ,0 0, 0, ; 1,2 ;j iu x y t C D l T i n j∈ × = =

( ) [ ]{ } [ ]{ } ( )1,1,2
,1 1, , 0, 0, , 1,2 ;j y z t C D l T jϑ ∈ × = ( ) [ ]{ } [ ]{ } ( )1,1,2

,2 2, , 0, 0, , 1,2 ;j y z t C D l T jϑ ∈ × =  

constants { } ( )( ), 1,2; 0, 1 ; 0, ;k
j i j i n k nγ = = + = { } ( ), 1,2; 0,2; 0,1 .k

j i j i kθ = = =  

 
1.2. Multi-component dynamic model for determination of the main characteristic for the process 

of substance circulation (taking circulation of nitrogen as an example) in the near-surface 
layers of the natural aquatic environments (natural reservoirs, large basins, lakes and seas) 

 
In this subsection a mathematical model is proposed describing circulation of nitrogen in natural 

aquatic environments for determination of major characteristics of this process. The constructed model is 
parametric and is described by a system of partial differential equations. It allows decreasing significantly 
the uncertainty of parameters of the sophisticated circulation process in the non-homogeneous media,  
the example of which is the natural aquatic environment in the presence of powerful sources and sinks. 
Reducing the uncertainty of parameters is carried out in the way of (a) identification of relationships 
imposed on the parameters, (b) finding of non-trivial special points of the system-model and taking into 
account the stability preservation conditions in respect to these special points for several structures of the 
circulation process. 

The proposed model is constructed under the following assumptions: 
• the average temperature of the studied natural aquatic environment for the whole period of  

the circulation process study is assumed to be constant; 
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• the total amount of nitrogen in the studied aquatic environment can be represented in the form of 
organic and inorganic nitrogen, where the organic nitrogen in its turn can be represented also in 
two forms – as animated and unanimated nitrogen; 

• the reserve of nitrogen in the studied aquatic environment is replenished (a) by means of 
molecular nitrogen adoption of the air by some free nitrogen fixing agents and (b) by some types 
of seaweed; 

• processes of nitrogen fixing by phytoplankton and bacterial plankton have linear interdependence 
(with a known coefficient of linearity); 

• mineral nitrogen in the aquatic environment is used only by some types of seaweed and 
planktons; 

• protein substances of plants and animal species formed in the studied aquatic environment, after 
dying off of the organisms are subjected to mineralization with the assistance of bacteria, 
moreover, decomposition of such protein substances evolves nitrogen, generally in the form of 
ammonia; 

• in the studied process of circulation there occurs direct denitrification (denitrification is  
a decomposition of nitrogenous compounds with generation of free nitrogen) as well as 
circumstantial denitrification (circumstantial denitrification – this is a chemical effect of 2 ,NO−  
ammonium salts and amino acids with generation of free nitrogen); 

• the studied circulation process also includes deammonification (decomposition by microorganisms 
of nitrogen-containing organic compounds with generation of free nitrogen). 

So, the offered parametric model anticipates determination of the vector 

( ) ( )( ) [ ]{ }0,1, , , , , , 0,
def

ph.pl. bac.pl. zoo.pl. inor.nit. or.nit.u t u u u u u t C D Tξ ≡ ξ ∈ ∪  of dynamic variables/functions 

( ), ,ph.pl.u tξ ( ), ,bac.pl.u tξ ( ), ,zoo.pl.u tξ ( ),inor.nit.u tξ  and ( ), ,or.nit.u tξ  where  

( ) ( ){ }31 2 3 3, , : 0; 0 1,2 ,
i

def

x i xD x x x l x x l i≡ ξ = ≤ ≤ ≤ ≤ =  from the non-linear system 

( )
( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) { } ( ] { }

( )
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
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1 2 3

4 5

6 7 8 9 10

11

,1 , ,
,
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,

ph.pl.
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def

zoo.pl. flowing
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u t
k k u t k u t

u t t

k u t k u t t D T D D D

u t
k k k k u t k u t

u t t

k u

∂ ξ
⋅ = ξ + ξ ⋅ ξ + ξ ⋅ ξ −

ξ ∂

− ξ ⋅ ξ − ξ − ξ ∈ ≡ ∂

ξ
⋅ = ξ − ξ − ξ − ξ − + ξ ⋅ ξ −

ξ ∂

− ξ ⋅

∪

( ) ( ) ( ) ( ) { } ( ]

( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) { } ( ]

( )
( ) ( ) ( )

12

4 12 13

14 15 16

1 2
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,1 , , ,
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, , int 0, ,

,1
,
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inor.nit. inor.n

t k u t t D T

u t
k u t k u t k u t

u t t
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u t c c
u t t u

ξ − ξ ⋅ ξ ξ ∈

ξ
⋅ = ξ ⋅ ξ + ξ ⋅ ξ + ξ ⋅ ξ −

ξ ∂

− ξ − ξ − ξ ⋅ ξ ∈

ξ ξ + ξ
⋅ =

ξ ∂

∪

∪
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( ) ( ) ( ) ( ) ( ) ( ) { } ( ]

( )
( ) ( ) ( )
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, , ,
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,
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l.

or.nit.
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bac.pl. ph.pl.

or.nit.
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t
u t

u t
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u t
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ξ + ξ
 ξ
+ ξ ⋅ − ξ ⋅ ξ − ξ ⋅ ξ −

ξ
− ξ ⋅ ξ − ξ − ξ ∈

∪

 (1.2.1) 

with initial conditions 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

0 0 0
. .0 0 0

0 0
. .0 0

; ; , ,

; , ,

ph.pl. ph.pl. bac.pl. bac.pl zoo.pl. zoo.plt t t

inor.nit. inor.nit or.nit. or.nitt t

u t u u t u u t u D

u t u u t u D
= = =

= =

 = ξ = ξ = ξ ξ∈


= ξ = ξ ξ∈

 (1.2.2) 
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where 
– functions ( ), ,ph.pl.u tξ ( ), ,bac.pl.u tξ ( ), ,zoo.pl.u tξ ( ),inor.nit.u tξ  and ( ),or.nit.u tξ  denote respectfully  

the desired amount of phytoplankton, bacterial plankton, zooplankton, inorganic nitrogen and organic 
nitrogen at the time moment [ ]0,t T∈  at the point ;Dξ∈  

– T  is the given finite moment of time, during which the process of substance circulation in the near-surface 
layers of natural aquatic environments is studied; 

– ( ) 1 2 3
1,3 : 0, 0, 0

ix x x xl i l l l= > > <  are the known boundaries of the considered "parallelepiped" domain 

of natural aquatic environments; 
– the initial functions ( )0 ,ph.pl.u ξ ( )0

. ,bac.plu ξ ( )0
. ,zoo.plu ξ ( )0

. ,inor.nitu ξ ( )0
. ,or.nitu ξ Dξ∈  are a priori known 

functions, which are continuous in the closed domain ;D  
– the functions ( ) ( ) { }1,17 , int ,ik i Dξ = ξ∈ ( ) ( ) { }1,4 , intic i Dξ = ξ∈  and ( ) ( ], 0,flowingu t t T∈  

have the following meaning: ( )1k ξ  is a coefficient of nitrification of phytoplankton; ( )2k ξ  is a coefficient 

of organic nitrogen absorption by phytoplankton; ( )3k ξ  is a coefficient of mineral nitrogen absorption 

by phytoplankton; ( )4k ξ  is a coefficient of phytoplankton consumption by zooplankton; ( )5k ξ  is a coefficient 

of emission of organic nitrogen by phytoplankton;
 ( )6k ξ  is a coefficient of nitrification of bacterial 

plankton;
 ( )7k ξ  is a coefficient of emission of organic nitrogen by bacterial plankton;

 ( )8k ξ  is a coefficient 

of emission of mineral nitrogen by bacterial plankton; ( )9k ξ  is a coefficient of denitrification: 

denitrification – is decomposition of nitrogenous compounds with free nitrogen generation;
 ( )10k ξ  is  

a coefficient of organic nitrogen processing by bacteria; ( )11k ξ  is a coefficient of mineral nitrogen processing 

by bacteria;
 ( )12k ξ  is a coefficient of bacterial plankton consumption by zooplankton;

 ( )13k ξ  is a coefficient 

of organic nitrogen consumption by zooplankton;
 ( )14k ξ  is a coefficient of mineral nitrogen emission 

by zooplankton;
 ( )15k ξ  is a coefficient of organic nitrogen emission by zooplankton; ( )16k ξ  is a coefficient 

of zooplankton discharge by higher level predaceous organisms;
 ( )17k ξ  is a coefficient of organic 

nitrogen supply to the lower layer of the considered domain D of natural aquatic environments – the domain 
of near-surface layers of natural aquatic environments; ( )1c t  is the inflow of inorganic nitrogen that is 
equal to the sum of (a) main feeding river sinks, (b) rain surface sinks, (c) inner drainage of mineral 
fertilizers into the soil, (d) industrial and household discharges, (e) atmospheric precipitations on  
the water area: water area – is a region of water surface within the set boundaries;

 ( )2c t  is the inflow 

of mineral nitrogen from lower layer silt; ( )3c t  is the inflow of organic nitrogen from lower layer silt;
 

( )4c t  is the inflow of organic nitrogen, equal to the sum of (a) main feeding river flows, (b) atmospheric 
precipitations on the water area, (c) decaying biomass of phytoplankton and higher level of marine 
vegetation, (d) emissions of living phytoplankton;

 ( )flowingu t  the power of flow (water circulation; 
evaporation; etc.). 

Remark 1. In the model (1.2.1), (1.2.2) modelling units – are tons of nitrogen per time unit  
(for instance, per year). 

Remark 2. Model (1.2.1), (1.2.2) having any fixed value of spatial variable fix Dξ = ξ ∈  
becomes a Cauchy problem for the system of ordinary non-linear differential equations, and in this  
case it is an adequate model for determination of nitrogen circulation in large basins, reservoirs, lakes, 
ponds, etc. 

Remark 3. In the proposed model (1.2.1), (1.2.2) to describe the functional significance of the 
coefficient ( )9 ,k ξ  which denoted coefficient of denitrification, it was discussed that the denitrification 
was a decomposition of nitrogenous compounds with generation of free nitrogen. This definition requires 
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a more precise specification. The transition of nitrogen into the gaseous form of nitrates 
( )3 2 2NO NO N− −→ →  is called denitrification. Generally speaking, this process in the presence of 

denitrifying bacteria occurs fairly rapidly only when there are nitrates present, the amount of easily 
assimilable organic substance is sufficient, as well as anaerobic conditions fulfilled. If the medium 
together with 2NO−  contains ammonium salts (or amino acids), the free nitrogen can be generated due to 
their chemical interaction, namely, ( )2 4 4 4 2 2 42 2 ;KNO NH SO NH NO K SO+ → + 4 2 2 22 .NH NO N H O→ +

 This process is called (for instance, see [34]) circumstantial denitrification. Nitrogen losses are 
also possible in the result of deammonification ( )4 2NH N→ , and also when generating fugitive nitrogen 
oxides with the participation of certain amino acids and a variety of unstable nitrogen containing 
compounds (for instance, see [35]). 

As it was mentioned at the beginning of this subsection, in the mathematical model (1.2.1), (1.2.2) 
we supposed that all the above mentioned processes occurred to a greater or lesser degree, however, in 
[36], it was shown that the most frequently denitrification was observed in soil, and not in the layers of 
water. 

In the model (1.2.1), (1.2.2) for its simplification all the above mentioned processes are joined into 
one process called denitrification with one functional coefficient ( )9 ,k ξ  covering the other possible 
processes associated with the loss of nitrogen in natural aquatic environments. 

 
1.3. Model for determination of oxygen condition sensitivity for the Baltic Sea 
 

In this subsection a mathematical model for determination sensitivity of the oxygen condition in 
the Baltic Sea is proposed. As it is shown in the work [49], the models sensitivity study anticipates 
identifying of special features of ecosystem dynamics within the domains bounded by the bifurcation 
surfaces. 

Methods of the sensitivity theory can be used to solve the two types of problems that arise when 
constructing dynamic multi-component models, including simulation models: (a) at the stage of 
establishment of the model structure and for binding parameters of the models, which provide 
concordance during some observations time period; (b) at the stage of studying the model with already 
established structure for finding irregular special points (that is, "weak places") and stationary points  
(that is, anaerobic places) of the aquatic ecosystem, as well as for determination of critical values of 
parameters when modelling toxic effect and anthropogenic eutrophication (eutrophication – is the process 
of total productivity growth of the water reservoir ecosystem, which includes water masses, bottom 
deposits and microorganisms living there; eutrophication – is the increase of the level of water primary 
production owing to the increase in the concentration of biogenic elements there, that is mainly nitrogen 
and phosphorus). 

The model proposed below allows determination of peculiarities of oxygen state dynamics, which 
cannot be determined by simple enumeration of parameters and/or when using purely statistical methods 
of parameters estimation. 

Moreover, the proposed model allows determining the qualitative properties of the oxygen state 
dynamics, which significantly reduces the uncertainty in sophisticated interrelations between parameters 
of dynamics and the environment, allows making adequate high precision forecasts in respect to 
anthropogenic impact onto the ecosystem and, therefore, reveals trends in the ecosystem state of the sea. 
Finally, the proposed model can be used as a primary model to determine the condition that leads to 
anaerobic zones growth strengthening in the Baltic Sea. 

As a major restriction of the proposed model there can be noted the impossibility of its usage for 
the study of the seasonal Baltic Sea ecosystem dynamics in the conditions of aerobic and anaerobic states 
being below the halocline level. 

Remark 4. This model is essentially based on the results of works [7, 24] taking into account  
the modifying changes from works [37–40], namely, in the Sjoberg anaerobic model non-autonomous 
system of ordinary differential equations, where in the direct form there are present functions of vertical 
turbulent mixing, function of lighting and function of temperature, is substituted by autonomous system 
of equations (such substitution is approved by Floquet and Lyapunov’s theorem: the information on  
the theory of Floquet and Lyapunov, namely, the importance and benefits of Floquet-Lyapunov theorem 
can be found in books [41, 42] and fundamental monograph [43]; but the widest applications of Floquet-
Lyapunov theorem are given in the book [44]). 
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It is required to determine a vector 

( ) ( )( ) [ ]1
., , , , , , 0,

def

inor.phosph. inor.phosph. or.phosph. or.phosph. ph.pl. oxygu t u u u u u u t C Tξ ≡ ∈   

of dynamic variables/functions ( ) ,inor.phosph.u t ( ) ,inor.phosph.u t ( ) ,or.phosph.u t ( ) ,or.phosph.u t ( )ph.pl.u t  and ( ).oxygu t  
from the system of ordinary non-linear differential equations  
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 (1.3.1) 

and initial conditions 

( ) ( ) ( )
( ) ( ) ( )

0 0 0
. .0 0 0

0 0 0
. . .0 0 0

; ; ;

; ; .

inor.phosph. inor.phosph inor.phosph. inor.phosph or.phosph. or.phosph.t t t

or.phosph. or.phosph. ph.pl. ph.pl oxyg oxygt t t

u t u u t u u t u

u t u u t u u t u
= = =

= = =

 = = =


= = =

 (1.3.2) 

In the model (1.3.1), (1.3.2) such designations and assumptions take place: 
– the range of definition for each equation forming the system (1.3.1) is determined by the semi interval 
( ]0, ;T  

– functions ( ) ,inor.phosph.u t ( ) ,inor.phosph.u t ( ) ,or.phosph.u t ( ) ,or.phosph.u t ( )ph.pl.u t  and ( ).oxygu t  denote  
accordingly the desired amount of inorganic phosphorus above the layer of the Baltic Sea, where  
the salinity gradient is maximal (i.e. above the layer, where sea water salinity maximally changes – such  
a layer is called halocline: halocline is a vertical zone in the oceanic water column in which salinity 
changes rapidly with depth, located below the well-mixed: for instance, see 
http://www.britannica.com/EBchecked/topic/252980/halocline), inorganic phosphorus below the 
halocline, organic phosphorus above the halocline, organic phosphorus below the halocline, 
phytoplankton above the halocline and oxygen below the halocline at the moment of time [ ]0, :t T∈   

T  is the given time period, during which the dynamics of oxygen condition of the Baltic Sea is studied; 
– constants 0

.,inor.phosphu 0
.,inor.phosphu 0 ,or.phosph.u 0 ,or.phosph.u 0

.ph.plu  and 0
.oxygu  from the initial conditions (1.3.2) are 

supposed to be known before; 
– values of constants (let’s call them inner model constants) ,I ,T H  and parameters values (let’s call 

them inner parameters of the model) ( )1,12 ,ik i =
 

( )1;2 ,ic i =  0 ,F  
. .
. ,inor phosph

oxygF
 

. .
. ,inor phosph

ph.plF
 .,oxygF  

. .
0 ,inor phosphq  

. .
0 ,or phosphq  

.
0 ,oxygq  

.
1
oxygq  of the differential equation system (1.3.1) are given below in 
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accordance with research results [24]: 8I =  hours; 8T =  ºС; 2.125H =  km/(twenty-four hours); 
1 0.004k =  1/ºС per twenty-four hours; 2 0.0000693k =  1/(twenty-four hours); 3 0.00000004k =  1/t 

Phosph. hour ºС·(twenty-four hours); 4 0.000537k =  1/km3 О2·(twenty-four hours); 5 0.001558;k =  
6 0.00000217k =  1/km3 О2·(twenty-four hours); 7 0.065k =  1/(twenty-four hours); 8 0.00001846k =  

1/(twenty-four hours); 9 0.00022k =  1/(twenty-four hours); 10 0.00022k =  1/(twenty-four hours); 

11 0.0004206k =  1/km3 О2·(twenty-four hours); 12 0.000199k =  1/km3 О2·(twenty-four hours); 

1 0.00002765c =  1/km3; 2 0.0001053c =  1/km3; 0 1.308F =  km3/(twenty-four hours); 
. . . .
. . 28.7inor phosph inor phosph

oxyg ph.plF F+ =  t Phosph./ (twenty-four hours); . 1.308oxygF =  km3/(twenty-four hours); 
. .

0 0.001inor phosphq =  km3 Phosph./km3; . .
0 0.003or phosphq =  km3 Phosph./km3; .

0 0.01oxygq =  km3 О2/ 

km3; .
1 0.01oxygq =  km3 О2/km3. 

Remark 5. Due to the fact that almost 30 years have passed from the moment of publishing  
the work [24] and in this period significant geopolitical changes occurred in Europe, in particular, in  
the Baltic Sea countries (breakdown of the USSR; acquisition of sovereignty of the three Baltic States; 
decrease of industrial power of some of the Baltic Sea countries (Latvia, Lithuania, Estonia, Poland, 
Russia) and, as consequence, change of anthropogenic impact on the Baltic Sea by those countries; 
increase of industrialization of the developed Baltic Sea countries – Germany, Sweden, Finland, Denmark 
and other factors), it is evident that the values of model (1.3.1), (1.3.2) inner constants and parameters, 
which have been calculated in the work [24] and borrowed by us without any changes, obviously have to 
be specified more precisely. As it can be seen from the offered model (1.3.1)–(1.3.2), the corresponding 
changes/specifications of such inner constants and parameters of the model do not change the essence of 
the proposed model, except the coordinates of positive stationary points (one of the positive stationary 
points, within the small vicinity of which the model is stable will be the desired condition of the Baltic 
Sea!) of the system (1.3.1) will change: in [7,24] the Sjoberg model had two positive stationary points, 
one of them is stable and, therefore, it describes the real condition of oxygen in the Baltic Sea in the 70’s 
of the XX century. 

Remark 6. In the model (1.3.1), (1.3.2) units of modelling – tons of phosphorus (t Phosph.) per 
twenty-four hours and cubic kilometre of oxygen (km3), namely, measuring units of functions 

( ) ,inor.phosph.u t
 ( ) ,inor.phosph.u t

 ( ) ,or.phosph.u t  ( ) ,or.phosph.u t  ( )ph.pl.u t  are t Phosph/(twenty-four hours), but 

measuring units of function 0
.oxygu  are km3 О2. 

 
2. Models of atmospheric pollution 
 
2.1. The non-stationary model for determination of dynamics of hazardous substances  

concentration in the turbulent urban atmosphere with unknown velocity of air flow 
 

In this subsection a mathematical model is proposed for determination of dynamics and kinetics of 
harmful substances concentration, in particular, vehicle exhaust fumes in the turbulent atmosphere within 
the city scale. For the construction of mathematical model spatial-temporal variability of meteo-elements 
fields was taken into account as well as major turbulent characteristics of an atmosphere – irregularity, 
continuity, whirl-like nature, non-linearity, dissipativity, and diffusivity. Moreover, it was not supposed 
that the velocity of the turbulent air flow was previously known, and an assumption was made on 
piecewise constant coefficient of the turbulent and molecular diffusion and its dependence on vertical 
distance from the surface of the Earth that was a significant assumption regarding the vertical layering of 
the urban air. The fact that in the proposed model, alongside with the desired concentration of exhaust 
fumes, the unknown and desirable is also the function of turbulent air flow velocity, for determination of 
which a special separate mathematical model has been constructed (under the certain simplifying 
assumptions), which is interconnected with the main model – the model of determination of exhaust 
fumes concentration – allows thinking that the proposed model is in some sense a universal model 
(despite the fact that in [48] it is called "naive" model). 

If to compare this model with the model proposed in the next subsection, then in the present model 
the following factors are not taken into account, which, depending on the class of atmospheric stability, 
can influence, even significantly, the final characteristics of the pollutant distribution process, including 
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the exhaust fumes: (a) the factor of dry absorption of substances, composing emissions; (b) the factor of 
wet deposit and chemical transformations of the substances, composing emissions. Taking into account 
these two factors while constructing an adequate mathematical model, substantially changes the concept 
of model development: the essence and "appearance" of the model change radically. Exactly in this 
context the model proposed in this subsection is "naive" in comparison with the model, proposed in  
the next subsection. 

So, considering the process of exhaust fumes distribution in a parallelepiped domain 
[ ] [ ] [ ]1 2 30, 0, 0, ,l l l× ×  the offered mathematical model consists of finding the concentration 

( ){ }
1 2 3, , ,nC x x x t  of the n -th ( )1,n N=  pollutant at any arbitrary spatial point ( )1 2 3, ,x x x  of the domain 

[ ] [ ] [ ]1 2 30, 0, 0,l l l× ×  at the arbitrary moment of time [ ]0,t T∈  from 

• the equation 
{ } ( ) ( )( ) { } ( )( )
( ) { } ( ) ( ) ( )1 2 3

,
, ,

, , , 0, , , : 0 1,3 ;

n
n

n
i i

C x t
div D x t grad C x t

t
x t grad C x t t x x x x x l i

∂
= ⋅

∂

− ⋅ ≥ = < < =

ϑ

ϑ

 (2.1.1) 

• from the initial condition 
{ } ( ) { } ( ) ( ) ( )0 1 2 30

, , , , : 0 1,3 ;n n
i it

C x t C x x x x x x l i
=
= = ≤ ≤ =   (2.1.2) 

• from the boundary conditions (with every fixed 0, 1j M= − ) 

{ }
{ } ( ) { } { } ( ) { } { }( ) ( )

,

,

,1, ,2, , , ,

,
, , , 1,3 , 0,

i i j

i i j

n
n n n n

i j i j i j i i j i i jx a
i x a

C x t
C x t C x x t a x b i t

x =
=

∂
⋅ − ⋅ = ≤ ≤ = ≥

∂
γ γ   (2.1.3) 

{ }
{ } ( ) { } { } ( ) { } { }( ) ( )

,

,

,3, ,4, 3, , ,

,
, , , 1,3 , 0,

i i j

i i j

n
n n n n

i j i j i j i i j i i jx b
i x b

C x t
C x t C x x t a x b i t

x +
=

=

∂
⋅ + ⋅ = ≤ ≤ = ≥

∂
γ γ  (2.1.4) 

• from the conjugation conditions 
{ } ( ) { }

{ } ( ) { } ( )
3 33 30 0

, , , 1, 1, 0 1,2 ,
j j

n n
i ix l x l

C x t C x t j M x l i
= − = +

= = − ≤ ≤ =   (2.1.5) 

( )( )
{ } ( )

{ }

( )( )
{ } ( )

{ }

( )
3 33 3

3 30 0

, ,
, , , 1, 1, 0 1, 2 .

j j

n n

i i

x l x l

C x t C x t
D x t D x t j M x l i

x x
= − = +

∂ ∂
⋅ = ⋅ = − ≤ ≤ =

∂ ∂
ϑ ϑ   (2.1.6) 

In the non-stationary initial-boundary problem (2.1.1)–(2.1.6) the following designations take 
place: 
– ( )( ),D x tϑ  denotes the coefficient of the turbulent and molecular diffusion, which according to the 

abovementioned assumption, is a piecewise-constant function of the type 

( )( )

{ } { }

{ } { }

{ } { }

0 1
1 3 3 3

1 2
2 3 3 3

min

1
3 3 3

0 ,

,0 ,
.................................................

def

M M
M

D const if l x l

D const if l x ld D x t

D const if l l l

ϑ

−

 = = ≤ ≤


= ≤ ≤
< ≤ ≡ 


 = ≤ =

 

for [ ] ( )0, , 1,2 ,i ix l i∀ ∈ =  where M  is a number of parallel layered media to the plane 1 2X OX  in 

respect to the vertical axis 3;OX  
– for simplification the points of boundary layers are denoted as ,i ja  and ,i jb : 

{ }

{ }
, 3

0
3

0 1,2,

3; 0,

3; 0,

def
j

i j

if i

a l if i j

l if i j

=


≡ = ≠


= =

{ }, 1
3

1,2; ,

3; ;

def i
i j j

l if i j
b

l if i j+

= ∀≡ 
= ∀

   (2.1.7) 

– ( ) ( )3, ,x t x tϑ ϑ≡  denote the unknown vector-function of the averaged velocity of turbulent 
atmospheric air, which is the solution of the following non-linear problem: 
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( ) ( )( ) ( ) ( ) ( ) ( )3 3 3
3 3 3 3 3

3 3 3

, , ,
, , , ; , 0 , 0;

x t x t x t
D x t x t P x t g x l t

t x x x
∂ ∂ ∂ ∂

= ⋅ − ⋅ + < < > ∂ ∂ ∂ ∂ 

ϑ ϑ ϑ
ϑ ϑ   (2.1.8) 

( ) ( )3 3 3 30
, , 0 ;initialt

x t x x lϑ ϑ
=
= ≤ ≤   (2.1.9) 

( ) { } ( )
3 3

3, , 0, 0, ;i ix l
x t t t i Mϑ ϑ

=
= ≥ =   (2.1.10) 

{ }( ) ( )3 0 , 0, ;i
initial il i Mϑ ϑ= =   (2.1.11) 

( ) { } ( ) { }
3 33 3

3 30 0
, , , 1, 1, 0;i ix l x l

x t x t i M tϑ ϑ
= − = +

= = − ≥    (2.1.12) 

( )( ) ( )
{ }

( )( ) ( )
{ }

3 33 3

3 3
3 3

3 30 0

, ,
, , , 1, 1, 0.

i ix l x l

x t x t
D x t D x t i M t

x x
= − = +

∂ ∂
⋅ = ⋅ = − ≥

∂ ∂
ϑ ϑ

ϑ ϑ   (2.1.13) 

In the problem (2.1.1)–(2.1.13) the known initial data are the constants 29.8 /g m c≈  

(gravitational acceleration), N ∈ , M ∈ , 1T +∈ , 1
jD +∈ ( )1,j M= , 

{ } 1j
il +∈ ( )1,3; 0,i j M= = , { } 1

, ,
n

i k jγ +∈ ( )1,2; 1,4; 0, 1i k j M= = = − , moreover, for 1,n N∀ =  

holds 

{ }

{ }
, ,

, ,

1 0; 1; 1,3,
0 0; 1; 2,4,

0 0; , ;

n
i k j

n
i k j

if j i k
if j i k

if j i k

γ

γ

 = = =
= = = =
 > ≠ ∀

  (2.1.14) 

as well as functions ( )3initial xϑ , ( ) ( )1,i t i Mϑ = , ( )3, ;P x t g  (power of external sources), 

{ } ( ) ( )0 1,nC x n N∀ = , { } ( ) ( ), , 1,6; 0, 1n
i jC t i j M= = −i , moreover, for 1,n N∀ =  holds  

{ } ( )
{ } ( ) { } { },

,
, 0 3,6 ;

,
0 .

n
n i j

i j
C t if j i

C t
otherwise

 = ∧ == 


i
i   (2.1.15) 

Finally, in the problem (2.1.1), (2.1.7), (2.1.14), (2.1.15) in respect to concentration it is supposed 
that the initial function { } ( )0

nC x  and the boundary functions { } ( ), ,n
i jC ti  are satisfying the corresponding 

consistency conditions (see [45]) for each 1,n N=  of exhaust fumes. In the complete model (2.1.1)–

(2.1.15) the desired functions are concentration ( ){ }
1 2 3, , ,nC x x x t  of the n-th ( )1,n N=  pollutant and the 

averaged velocity ( )3,x tϑ  of the atmospheric turbulent flow. 

Remark 7. In the formulated model (2.1.1)–(2.1.15) the axis 1OX  is directed along the considered 
part of the city street loaded with vehicular traffic, i.e. it is supposed that along this axis the length of the 
considered street part is located; the axis 2OX  is directed along the width of this street, but the axis 3OX  
is directed along the height of the considered domain of the city. In other words, the spatial domain of the 
mathematical model (2.1.1)–(2.1.15) has the form of parallelepiped layered along the axis 3OX , in which 
at first, the length/width/height are characterized by the coordinate axis 1 2 3/ /OX OX OX  
correspondingly, and, secondly, all the layers are parallel to the surface 1 2.X OX  

Remark 8. In the formulated model (2.1.1)–(2.1.15) the boundary conditions (2.1.3), (2.1.4) are 
the conditions of mixed type, namely:  
– for the first layer (the near-surface layer) { } { }0 1

3 3 30 0 0 0;l x l+ = + ≤ ≤ −  

– on the wall of the parallelepiped (see Remark 3) { }{ }1
1 2 2 3 30 0, 0 , 0x x l x l= + ≤ ≤ ≤ ≤ , which is perpendicular 

to the axis 1OX  at the point 1 0 0x = +  (that is, on the wall, which reflects the beginning of the 

considered area), and on the wall { }{ }1
1 1 2 2 3 30, 0 , 0x l x l x l= − ≤ ≤ ≤ ≤ , which is perpendicular to the 
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axis 1OX  at the point 1 1 0x l= −  (that is, on the wall, which reflects the end of the considered area),  
the boundary conditions are given as the conditions of the third type (i.e. the so-called the Newton 
conditions); 

– on the other two walls, which are perpendicular to the axis 2OX  at points 2 0 0x = +  and 2 2 0x l= −  
(that is, on the walls, reflecting the buildings along the roadside of the considered street), the boundary 
conditions are given as the conditions of the second type (i.e. the so-called the Neumann conditions); 

– for all the other layers { }1
3 3 30 0l x l+ ≤ ≤ −  on all the walls of the parallelepiped the boundary conditions 

are given as the conditions of the first type (i.e. the so-called the Dirichlet conditions). 
Depending on what type of measuring equipment and technical devices the experiment performers 

have (that is, experts performing measuring of pollutant concentrations) for provision of fulfilment of  
the initial condition and boundary conditions in the proposed model, it is possible to consider instead of  
the boundary conditions (2.1.3), (2.1.4) the other boundary conditions, which can appear to be more beneficial 
from the researcher’s point of view. For example, if instead of formulae (2.1.7), (2.1.14), (2.1.15), 
respectively, to write  

( )

( )
3,

0
3

0 1,2;

3; 0;

0 3; 0,

j
i j

if i

l if i ja

l if i j

=


= ≠= 
 = = =

( ), 1
3

1,2;

3,
i

i j j

l if i
b

l if i+

== 
=

 (2.1.16) 

( )

( )
, ,

, ,

0 0, , ;

0 0, 1,3, ;
1 0, 2, ;

1 0, 4, ,

n
i k j

n
i k j

if j i k

if j k i
if j k i

if j k i

γ

γ

 > ≠ ∀

 = = ∀= 
− = = ∀
 = = ∀

  (2.1.17) 

{ } ( )
{ } ( ),

,

, 0 0;
,

0 0, ,
i j

i j

n
n C t if j

C t
if j i

 ≠ == 
≠ ∀

i
i   (2.1.18) 

the boundary conditions (2.1.3), (2.1.4) of other nature will be determined, namely: 
– for the first layer (for the near-surface layer) { } { }0 1

3 3 30 0 0 0l x l+ = + ≤ ≤ −  on all the walls of 
parallelepiped the boundary conditions are given as the Dirichlet conditions; 

– for all the other layers { }1
3 3 30 0l x l+ ≤ ≤ −  on all the walls of the parallelepiped the boundary conditions 

are given as the Newton conditions. 
If instead of (2.1.7), (2.1.14), (2.1.15), respectively, to write  

( ), 1
3

1,2;

3,
i

i j j

l if i
b

l if i+

== 
=

                                                                                        (2.1.19) 

( )

( )
, ,

, ,

0 1, , ;

1 1, 1,3, ;
0 1, 2, 4, ,

n
i k j

n
i k j

if i j k

if i k j
if i k j

γ

γ

 > ≠ ∀
= = = ∀
 = = ∀

  (2.1.20) 

{ } ( )
{ } ( ) { } { },

,

, 0 0 2,3,5,6 ;
,

0 ,
i j

i j

n
n C t if j i

C t
otherwise

 ≠ = ∧ == 


i
i   (2.1.21) 

then, by doing this the boundary conditions (2.1.3), (2.1.4) of another nature are defined, namely: 
– for all the layers { }0

3 3 30 0l x l= + ≤ ≤  on the walls, perpendicular to the axis 1OX  at the points 1 0 0x = +  
(that is, on the walls, reflecting the beginning of the considered area) and 1 1 0x l= −  (that is, on the 
walls reflecting the end of the considered area), the boundary conditions are defined as the Neumann 
conditions; 

– for all the layers { }0
3 3 30 0l x l= + ≤ ≤  on all the other walls perpendicular to the axis 2OX  at the point 

2 0 0x = +  and 2 2 0x l= −  (that is, on the walls, reflecting buildings along the sides of the considered 
street), the boundary conditions are defined as the conditions of the Newton conditions. 
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If instead of (2.1.7), (2.1.14), (2.1.15), respectively, to write  

( )
,

3

0 0, 1,3;
0 0, 1,2;

0, 3,
i j

j

if j i
a if j i

l if j i

 = =


= ≠ =
 ≠ =

( ), 1
3

1,2, ;

3, ,
i

i j j

l if i j
b

l if i j+

= ∀= 
= ∀

                                            (2.1.22) 

( ) ( )1
, , 1,2; 1,4; 0, 1n

i k j i k j Mγ +∈ = = = −  are given numbers, (2.1.23) 

{ } ( ) { } ( ) ( ),0 , , 1,6; 0, 1i j
n nC x C t i j M= = −i  are given functions,  (2.1.24) 

then by doing these boundary conditions (2.1.3)–(2.1.4) of another nature will be defined, namely: for all 
the layers on all the walls of the parallelepiped the boundary conditions are defined only as the conditions 
of the Newton conditions. It is obvious that in this case the boundary conditions are of the mixed type and 
for its provision more sophisticated and precise measurements are required. 

Other types of boundary conditions are also possible. In present research the boundary conditions 
(2.1.3), (2.1.4) are defined by the formulae (2.1.7), (2.1.14), and (2.1.15). However, the obtained results 
can be easily distributed also for the mathematical models (2.1.1)–(2.1.6), (2.1.8)–(2.1.13), where the 
boundary conditions in respect to the desirable concentration ( ){ }

1 2 3, , ,nC x x x t  are defined either by 
formulae (2.1.16)–(2.1.18), or by formulae (2.1.19)–(2.1.21), or by formulae (2.1.22)–(2.1.24). 

Concluding this remark it would be worth to recall that when the boundary condition in respect to 
the concentration is given as Dirichlet condition, then it is necessary to measure the concentration on the 
corresponding boundary (on the surface, on the walls), when the boundary condition is given as Neumann 
condition, there is no need in measuring concentration, but it is required to measure the "flow" of 
concentration in the corresponding boundary of the considered domain; but if the boundary condition is 
given as Newton condition, it is necessary to measure concentration by taking into account the molecular-
diffusive exchange with the ambient environment, what is the most important and the most sophisticated 
measurement process, requiring the corresponding technical means and scientific potential.   

Remark 9. It is possible to assume that the number of layers from the Earth surface till the desired 
height 3l  is equal to four, that is 4M = , and the boundaries of each layer are empirically determined, 
moreover, the upper boundary of the most distant layer from the Earth surface (that is, the boundary of 
the fourth layer) is equal to 24 metres that corresponds to the average height of buildings in Riga.  
 
2.2. Molecular-kinetic complex model of distribution of hazardous substances for multi-layered 

computation domain of sophisticated configuration taking into account the wind field  
and urban area development (i.e. quasi-hilly landscape) 

 
In this subsection a mathematical model is proposed for distribution of harmful substances in  

the turbulent atmosphere. The proposed model is a transport-diffusion model of distribution of harmful 
substances, and it is constructed on the basis of the parabolic type equations system taking into account 
the substance preservation law. In this model there are also taken into consideration the following: laws of 
transfer, including intensive transfer; pollutants concentration gradient changing factor; presence of sources 
and sinks due to physical-chemical processes; main properties of the wind field taking into account the quasi-hilly 
landscape; general laws of the air masses turbulent motion; the fact that distribution of pollutants can be 
done from several sources of qualitatively different type; laws of dry absorption of substances, composing 
the pollutants; laws of wet deposit and chemical transformation of substances, composing emissions. 

Finally, let us notice that in the model given below the whole three-dimensional domain, where 
distribution of harmful contaminants is studied, is divided into layers of variable height in respect to the 
vertical (that is, in respect to the outer normal to the Earth surface). To activate the model some initial 
data are required, namely, the field of wind velocities over the area of the complex terrain; coefficients of 
vertical and horizontal turbulence; characteristic height of the mixing layer, within which there is an 
intensive process of pollutant transfer in the atmosphere (it is known that it could be ranged from 250 m 
up to 2 km); wind velocity; height of the upper boundary of the mixing layer; the flux level of deposition; 
class of atmospheric stability; temperature gradient. It is important to stress that all the required initial 
data are available and can be relatively easily acquired from meteorological equipment. 

So, the proposed mathematical model is rooted in determination of sulphur dioxide ( )2SO IV  

(when 1j = ) and anion of the sulphuric acid 4SO=   (when 2j = ) concentration { } ( ) ( ), ; 1,i
j zC x y t i n=  

in the zn -layered domain x yL L×  from the system of equations 
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{ } { }( ) { } { } { }( ) { } { } { }( ) ( ) { }

{ } { } { } { }( ) { } { } ( ) ( )
{ } { }( ) { } { } { }( ) { } { }

1 1

1

, 1 , . , 1 2

. 1 1 1

2

, 2 . , 2

, , , , 0, ; 1, ,

i i

i i i i i i i
x y wind x y horiz x y dry humid

i i i i i i
transform emission x y z

i i

i i i i i
x y wind horiz x y

h C
div h C V div K h grad C V V C

t
V h C D C h F x y z L L t T i n

h C
div h C V div K h grad C

t

∂ ⋅
+ ⋅ ⋅ − ⋅ ⋅ + + ⋅ −

∂

− ⋅ ⋅ = + α ⋅ ⋅ ∈ × ∈ ∀ =

∂ ⋅
+ ⋅ ⋅ − ⋅ ⋅

∂
{ }( ) ( ) { }

{ } { } { } { }( ) { } { } ( ) ( )

2 2 1

. 2 2 2 , , , , 0, ; 1, .

i i
dry humid

i i i i i i
transform emission x y z

V V C

V h C D C h F x y z L L t T i n









+ + ⋅ −

− ⋅ ⋅ = + α ⋅ ⋅ ∈ × ∈ ∀ =

 (2.2.1) 

In the (2.2.1) system the following designations take place: 

• zn  is the number of layers, each of the layers is perpendicular to the outer normal n  to the 
Earth surface: in the proposed model (2.2.1) the direction of the coordinate axis OZ  coincides 
with the direction of the outer normal ;n  

• xL  and yL  are linear sizes of the considered domain, where the dynamics of pollutant (sulphur 
dioxide and sulphuric acid) distribution is investigated; 

• T  is the time of investigation for the dynamics of harmful substances (sulphur dioxide and 
sulphuric acid) distribution; 

• 
{ }ih  is the thickness of the i -th layer ( )1, ;zi n=

 
{ }i

windV  is the velocity of the wind in the i-th layer 

( )1, ;zi n=
 1dryV  is the velocity of dry deposit of the sulphur dioxide ( )2 ;SO IV  2dryV  is the velocity 

of dry deposit of the sulphuric acid 4 ;SO=

 1humidV  is the velocity of wet deposit of the sulphur 

dioxide ( )2 ;SO IV  2humidV  is the velocity of the wet deposit of the sulphuric acid 4 ;SO=
 

• .transformV  is the velocity of the chemical transformation of the sulphur dioxide ( )2SO IV  into  

the sulphuric acid 4 ;SO=

 α  is the amount of sulphur dioxide 4SO=  in the emitted impurities; 
{ }i

emissionF  is the field of emission in the i -th layer ( )1, ;zi n=  

• { }
.

i
horizK  is the coefficient of the horizontal turbulent diffusion in the i -th layer ( )1, ,zi n=  which 

is calculated by the following formula (see [48]): 
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1max , ,
2

def
i i i i

horiz windK V H ≡ ⋅ β ⋅ 
 

 (2.2.2) 

where { }iβ  denotes the angle (in radians) of the horizontal fluctuation of the wind direction in the i -th 

layer ( )1, ,zi n=  but { }iH  denotes the height (in metres) of the i -th layer of mixing ( )1, ;zi n=
 

• { } { }( )1 1
i iD C

 
is the coefficient of vertical turbulent diffusion for the sulphur dioxide ( )2SO IV  in 

the i -th layer ( )1, ,zi n=  which is calculated according to the following formula (see [48]): 
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where { }iD  denotes the coefficient of the turbulent diffusion in the i -th layer ( )1, ;zi n=
 

• { } { }( )2 2
i iD C  is the coefficient of the vertical turbulent diffusion for the sulphuric acid 4SO=  in the 

i -th layer  ( )1, ,zi n=  which is calculated according to the following formula (see [48]): 
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Conclusions 
 

In the present paper there is proposed a complex of continuous qualitative models having dynamic 
parameters for analysis, evaluation and forecast of aquatic (water reservoirs, lakes and the Baltic Sea) and 
atmospheric ecosystems in Latvia. All the constructed models (there are 5 models, three of which are 
dealing with modelling of diverse aspects of aquatic systems, while other two are modelling the dynamics 
of atmosphere pollution processes) are described in terms of differential equations and mathematical 
physics and are considered to be evolutional models. Below it is given a short description of the models 
proposed.  

The first model is aimed at discovering the pollutant concentration dynamics in the Baltic Sea. 
This model can be used as the primary model for the better monitoring of the Baltic Sea. The second 
model is designed to determine the basic characteristics of nitrogen circulation in the natural aquatic 
environments. This model allows reducing substantially (in comparison with the other models constructed 
to this date and known to the authors of this paper) the uncertainty in the parameters of the sophisticated 
process of circulation in the inhomogeneous media, which is typical for natural aquatic environment with 
powerful sources and sinks. Let us note that it is possible to consider minimizing the number of uncertain 
model parameters issue by (a) identifying relationships imposed on the parameters, (b) finding non-trivial 
special points of the system-model, and taking into account those points found in a consequent way for 
the several structures of the circulation processes following the conditions of stability maintenance.  
In further studies authors plan to carry out the abovementioned minimization for the uncertain model 
parameters number. The third is a mathematical model that allows determining the sensitivity of oxygen 
condition in the Baltic Sea. This model provides a possibility to (a) identify those features of oxygen 
condition dynamics, which are not revealed during the regular enumeration and/or using pure statistical 
methods of parameters evaluation; (b) to identify qualitative properties of the oxygen condition dynamics, 
which reduce significantly the uncertainty in the complex interrelations between dynamics parameters and 
the environment, making it possible to forecast the anthropogenic impact on the ecosystem with a high degree 
of accuracy, and, therefore, to identify existing trends in the ecosystem of the sea. However, it should be 
noted that this model cannot be used for the study of the seasonal Baltic Sea ecosystem dynamics in  
the conditions of aerobic and anaerobic states being below the halocline level, and this is regarded to be  
a limitation of the model. For this reason, the third model can be used only as a primary model for identification  
of condition that leads to anaerobic zones growth strengthening in the Baltic Sea.  

The fourth proposed mathematical model is devoted to the determination of dynamics and kinetics 
of the harmful substances concentration, in particular, the vehicular traffic exhaust fumes in the turbulent 
atmosphere within the city-scale. The important feature of this model is the fact that it is not assumed  
a priori known velocity of turbulent flow of air, and in order to find the unknown turbulent velocity it is 
constructed the separate mathematical model, which is interconnected with a general model – the model 
of determining the concentration of exhaust fumes. Particularly in this context the provided model in 
some sense is regarded to be a universal model. However, the number of shortcomings of this model 
includes the following constraints, which, depending on the class of atmospheric stability may affect, 
even substantially, the resulting characteristics of pollutant distribution process, including exhaust fumes: 
(a) the factor of dry absorption of substances, composing emissions; (b) the factor of wet deposit and 
chemical transformations of the substances, composing emissions. Taking into account these two factors 
while constructing an adequate mathematical model, substantially changes the concept of model 
development: the essence and "appearance" of the model change radically. Exactly in this context this 
mathematical model is "naive" in comparison with the fifth model (the last one from proposed models). 
The fifth model of distribution of hazardous substances in the turbulent atmosphere is a transport-
diffusion model of harmful containments transfer. In this model there are taken into consideration as 
follows: (a) laws of transfer, including intensive transfer; (b) pollutant concentration gradient changing 
factor; (c) presence of sources and sinks due to physical-chemical processes; (d) main properties of  
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the wind field taking into account the quasi-hilly landscape; (e) general laws of the air masses turbulent 
motion; (f) the fact that distribution of pollutants can occur from several sources having qualitatively 
versatile nature; (g) laws of dry absorption of substances, composing the pollutants; (h) laws of wet 
deposit and chemical transformation of substances, composing emissions. Finally, let us notice that in this 
model the whole three-dimensional domain, where distribution of harmful contaminants is studied, is 
divided into layers of variable height in respect to the vertical (that is, in respect to the outer normal to  
the Earth surface). To activate the model the following initial data are required, namely, the field of wind 
velocities over the area of the complex terrain; coefficients of vertical and horizontal turbulence; 
characteristic height of the mixing layer, within which there goes an intensive process of pollutant 
transfer in the atmosphere; wind velocity; height of the upper boundary of the mixing layer; the flux level 
of deposition; class of atmospheric stability; temperature gradient. Besides, it is important to emphasize 
that all the required initial data are available and can be relatively easily acquired by means of using 
meteorological equipment. 

To conclude with, let us note that authors of this research are intended to continue the further 
investigation taking the benefit of both qualitative and quantitative studies for all five models as well as to 
develop the stable analytical and numerical methods for their solution ensuring the corresponding 
computer-based implementation.  
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This article primarily deals with identification of postal items and transport units in the logistic chain of postal operators. 

Nowadays, the identification is carried through barcodes and optical character recognition. In this article we would like to specify, 
how the transport units can be identified in the transmission process by RFID technology. In the carriage of postal items it is 
necessary to decide what type of transport is used for that purpose, what the flows of items are and what their intensity is. The RFID 
technology is complex, combining a number of different computing and communication technologies to achieve the desired 
objectives.  Each object, which has to be identified, is stuck inside of a small object known as an RFID tag. RFID tag has a unique 
identifier, through which you can store additional information about the object. Equipments which are known under the name of 
RFID readers wirelessly, communicate with RFID tags with a view to identify RFID tags attached as well as the possibility to read 
and update information stored in the RFID label.  

The article describes the scheme of the transport process, including planned technology and there is also simulated a real 
postal process in conditions close to operational. 

Keywords: RFID technology, Transport unit, Transportation, Postal items 

 
Introduction 

 
An unavoidable part of today is a dynamic development in the field of mobile technologies, their 

everyday use and application of the processes, which largely support the level of the quality of postal 
services and thereby strengthen the market positions of individual postal operators. This area is even more 
pertinent that in all countries of the European Union since the 1st of January, 2013 approved the postal 
market and postal services. In this respect, it is necessary to include the postal processes embarked on 
new technologies to ensure the competitiveness of the national postal operator and the alternative 
providers. 

RFID technology has been selected by an international post corporation (IPC) to test deliverability 
(transit time) of items in 55 countries of the world (Slovak republic including). The requirement of transit 
time is defined by the Universal Postal Services and applicable also for Slovak Post. Despite the RFID 
technology is being known and being improved for a long time, it is essential to define the standards and 
security requirements.    

Besides efficiency, consolidation and globalisation within the European Union, interoperability is 
one of key elements. It is the ability of information and communication systems (including the supported 
processes) to exchange data, share information and knowledge, which lead to standardization. 

 
1. Objective and Methodology 

 
To understand the problem it is appropriate to analyse the various terms used. With the current 

availability of individual components of RFID, GPS devices and the possible use of the possibilities of 
satellite navigation, we can create quite a purposeful infrastructure and improve the traffic management of 
the postal processes. 

Despite the fact that the personal correspondence is given to the development of information 
technologies and the Internet on the decline and supporting interest in use of the postal services to 
business correspondence, the postal services are and will remain an essential part of the society. 

Taking into account all these contexts, external influences on the postal sector and the potential of 
the existing technologies from the perspective of the thesis it is important to analyse the possibilities for 
automation of the processes, streamlining operational activities and transportation to ensure continuity in 
meeting the objectives of customer satisfaction in the field of postal services, particularly in the delivery 
of consignments. The paper defines and points out the possible improvements in this area.  
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1.1. Mobile Technology 

The classification of wireless technologies, based on the distance or range of the transmitted 
signals, provides insight into their potential use. Condition for the data transmission in the wireless 
systems and communication networks is not fixed connection cable. One possible distribution system is 
under the coverage: 
• Global Systems – cover wide scale spatial coverage, it is possible to talk about the world operating 

systems, which are not dependent on the particular application and data transfer takes place in 
various protocols (e.g., the satellite communication systems, GPS); 

• Metropolitan systems – operate in a lower geographical unit, usually on the national level (such as 
systems based on the microwave technology, WiFi); 
Local systems – ranging from the order of centimetres to hundreds of meters (Bluetooth, RFID). 
 

1.2. Postal Transport Network 

The postal transport is an important part of the process of filing a postal item to its delivery to  
the addressee in compliance with established quality standards for different types of mail under postal 
license requirements and the quality of universal postal service. 

The postal transmission network consists of the road transport routs and road itinerary. The structures 
of the postal transmission network use various tools and systems. The postal transport network is 
currently divided into three main levels: 
• district transport network (OPS) – connects the establishment and other facilities on the territory of 

the district processing centre and regional units (OU) with the delivery points, 
• regional transport network (RPS) – connects the main processing centres in regional processing 

centres with their own circuit, the main processing centres with appropriate regional nodes, where  
the regional processing centres are, 

• the main transport network (HPS) – connects the major processing centres, the main processing 
centres with regional processing centres from another circuit HSS, including the transport findings in 
the international relations. 

 
In the carriage of postal items it is necessary to decide what type of transport is used for that 

purpose, what are the flows of items and what is their intensity. The way to connect and the type of  
the vehicle depend on the following factors: 

o density and organization of the postal network, 
o flows of different types of postal items and their size, 
o the carrying capacity of the vehicles used, 
o transport time of each species of postal items, 
o safety and effectiveness of the postal traffic. 

 
Processing of items is implemented in the workplace of the Slovak Post: 

• HSS – the main processing centre – the facility providing treatment and quest items posting its area 
of perimeter, mail items addressed to your district and in transit in its dealings with OSS circuit, in 
contact with other HSS and OU, 

• OSS – the regional processing centre – the post office responsible for preparing and quest items 
posted at post offices in his own constituency and in transit in contact with your postal district and 
interacted with the HSS, the facility responsible for receiving, processing and questing items express 
postal services, 

• selected post – the post office responsible for preparing and questing items selected species within a specified 
range (usually as OSS), 

• Exchange post – processing the shipment and ensuring shipments to post offices exchange foreign 
postal administrations, 
Regional hub as a department of express service – establishment is responsible for receiving, 
processing and questing items express postal service. 
 

1.3. Characteristics of Transport Units and Processes 

Characteristics of transport units – Slovak Post, a. s. used in the transport process shipments 
following shipping units: containers, leaf containers and postal bags. Containers are used in the transport 
process at HSS and OSS, on the local network using only postal letter case and postal bags. 
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The basic flows of transport processes are shown on Figure 1 including the use of a basic mobile 
technology on the relevant stages.   

 
 

 
Figure 1. Scheme of the transport process, including the planned technology 

1. sender pass the post office at the counter, 
2. collecting expedition posting or accumulating  courses, 
3. pass through postal box, 
4. mobile technology – monitoring the transport process , 
5. possibilities for optimising routes for mail delivery, 
6. communication with the addressee. 

 
 

2. RFID Technology 
Radio frequency identification is a wireless data collection technology that uses the electronic tags 

which store the data, and the tag readers which remotely retrieve the data. It is a method of identifying the 
objects and transferring information about the object status via the radio frequency waves to a host 
database. RFID is not necessarily a direct replacement for the bar codes, but as the costs of RFID systems 
continue to decrease, the functional utility of RFID will greatly surpass that of bar codes. [7] 

An RFID system is a set of components that work together to capture, integrate, and utilize data 
and information. This section describes some of them. The components are as follows: 

• Sensors, Tags, Antennae, Readers. 
• Connectors, Cables, Networks, Controllers. 
• Data, Software, Information Services. 

 
2.1. RFID Tags 

 
An RFID tag is a small device that can be attached to an item, case, container, or pallet, so it can 

be identified and tracked. It is also called a transponder. The tag is composed of microchip and antenna. 
These elements are attached to a material called a substrate in order to create an inlay. [8] 

Tags are categorized into three types basing on the power source for communication and other 
functionality. 

• A passive tag uses the electromagnetic energy and it receives from an interrogator’s 
transmission order to reply to the interrogator.  The reply signal from a passive tag, which is 
also known as the backscattered signal, has only a fraction of the power of the interrogator’s 
signal. This limited power significantly restricts the operating range of the tag.  Since passive 
tags are low power devices, they can only support data processing of limited complexity.   
On the other hand, passive tags typically are cheaper, smaller, and lighter than other types of 
tags, which are compelling advantages for many RFID applications. 

• An active tag relies on an internal battery for power.  The battery is used to communicate to 
the interrogator, to power on-board circuitry, and to perform other functions. Active tags can 
communicate over greater distance than other types of tags, but they have a finite battery life 
and are generally larger and more expensive.  Since these tags have internal power, they can 
respond to lower power signals than passive tags. 
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• A semi-active tag is an active tag that remains dormant until it receives a signal from the 
interrogator to wake up. The tag then can use its battery to communicate with the interrogator. 
Like active tags, semi- active tags can communicate over a longer distance than passive tags. 
Their main advantage relative to active tags is that they have a longer battery life. The waking 
process, however, sometimes causes an unacceptable time delay when tags pass interrogators 
very quickly or when many tags need to be read within a very short period of time. 

• A semi-passive tag is a passive tag that uses a battery to power on-board circuitry, but not to 
produce return signals. When the battery is used to power a sensor, they are often called 
sensor tags. They typically are smaller and cheaper than active tags, but have greater 
functionality than passive tags because more power is available for other purposes. Some 
literature uses the terms “semi-passive” and “semi- active” interchangeably. 

 
2.2. RFID Reader 

 
The second component in a basic RFID system is an interrogator or reader (Figure 4). Readers can 

have an integrated antenna, or antenna can be separate. The antenna can be an integral part of the reader, 
or it can be a separate device. Handheld units are a combination of reader/antenna, while the larger 
systems usually separate the antennae from the readers. The reader retrieves the information from the 
RFID tag. The reader may be self-contained and record the information internally; however, it may also 
be a part of a localized system such as a POS cash register, a large Local Area Network (LAN), or a Wide 
Area Network (WAN). [6] 

 
 

 
Figure 2. Stable RFID reader   

 
3. Model and Test of Readability of Postal Items through the RFID Technology 

 
One of the methods that could significantly make the process of identifying the postal items in 

transport condition effective is just a RFID technology. As a wireless technology, without visual contact 
with the shipment, it tracks and identifies the contents without the need of manual handling from the 
crate.  This allows easier and more efficient handling of supporting documents (creating the list of items, 
checking the presence of item) of postal sacks/bags and containers. With regard to price and the quantity 
of item processes, a question arrives: Is RFID technology effective and should be used for all shipment, 
including letters? As it has already been mentioned, due to the large quantities of common items and still 
relatively high price of tags the method could be real only for the registered mail. The actual 
implementation design of RFID technology, as it is shown on Figure 3 could be divided into the 
following phases: 

1st phase – tracking between the HSS 
2nd phase – tracking between the HSS and OSS. 
3rd phase – tracking between the OSS and final post office (point of delivery). 

Because of the fact that our basic interest lies in the RFID technology we have tried to test  
the readability of the RFID tags placed on the postal items in various situations. The basic assumption is the use of 
RFID gates at the entrance and output of the processing unit as it is shown on the following Figure. 
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Figure 3. RFID gates at the entrance and output of the processing unit 
 
In order to verify the practical applicability of this technology, we have dealt with the preparation 

and implementation of the practical activities through which we have examined reading RFID tags. The 
objective of these measurements was to determine the statistical characteristics of reading success and 
reading passive tags, placed on postal items, located in the mail bag. The aim was to provide sufficient 
information, accurately measured under the different conditions that can occur in a real situation, 
including a draft measure, which would lead to the improvement of the measured data. 

Therefore, we try to simulate a real postal process in conditions close to the operational ones, and 
test this technology on next component set configuration:  

 

Figure 4. Principle component links 
 

When entering the volume or volumes placed in the transport unit to the detector array there is a 
transfer of identification data of RFID tags through the RFID gate antennae in which the process and with 
further data. These data, the number of antennae in particular, have a specific identifier and retrieve the 
operational information in the form of door type. Thus the processed data are transmitted through the wifi 
router middleware Aton on ID in a notebook. 

Here is primarily the communication between web applications POST ID, MySQL database server 
and middleware on ID Aton. The principle of the software components and their cooperation can be 
understood from the Figure located in the next section. 
 
3.1. Description of the Model and middleware Aton on ID 

 
There was used a software from Italian company Aton, also known as a middleware, which 

provides the management, organizational and communication operations between different applications. 
In our case, they are the firmware Alien Gate and other applications, particularly database server. On ID 
Aton itself is not a monolithic program, but it is a functional connection Java service console (java server) 
and the graphic manager called Qflow. Qflow itself is intuitively and easily enabled in an interactive 
creation and administration of the custom processes. 

One of the most important parts of the model, which it was used to measurement, was RFID 
middleware together with RFID devices. And that is the reason, why we describe better this special 
software. As it has been said, this middleware isn’t monolithic program but functional connection more 
applications and modules, which are controlled by certain rules. The execute module of this software is 
Java server, which is currently a work gear for other modules. All operations are performed through this server. 
Each change and communication between modules is displayed at the console, which is a part of Java 
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server. This part provides information only. There is mean information about errors or wrong settings of 
different modules. It can refer as control part of middleware. 

 
Figure 5. Console on ID 

 
As mentioned in the introduction of this part section, middleware has two modules Qflow and 

Qview. As the name applies, qview is module, which is used to display to basic value from measurement 
with RFID devices.  

This module isn’t of great importance and this is the reason, why we will deal by Qflow module in 
this article. Qflow we can be identified as user module, because there can be set as follows: 

‐ basic parameters and mode of communication between middleware as a whole and connected 
RFID device, 

‐ transmission and communication control between different devices and programs, 
‐ own application group (there is mean formation communication and functional elements, 

which are known as processors). 
Description of Qflow and its logics. 
This module is a graphical interface, which is composed of menu of module and application 

functional area of module. 

  

Figure 6. Menu of module 

 
This menu is composed from 4 parts: 
The first part is used to load, save and reset created functional group of processors (elements). 

 
Figure 7. Configuration buttons 

 
The second part is contained of individual functional processor, which is directly used for creating 

the above-mentioned functional group. More important are flag Processors but these will be described 
further. 

 
Figure 8. Tools of onID 
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The third part consists of element to support of manipulation with elements, which we mentioned 
in the part 2. 

 
Figure 9. View tools 

 
The last part is used to safe termination of middleware. 

 
Figure 10. System tools 

 
Creating of application connection of element is carried very simply through flag processors. After 

activation of this flag it shows menu of processors. This menu contains a lot of type processors and 
processors families, which have different function and purpose. After selecting and confirmation of this 
order, processor of functional area of network is created, which can be seen on  Figure 11. 

 
Figure 11. Menu of processors 

 
Each processor has its own menu, which can be seen on Figure 12. 

 
Figure 12.  Menu of processors  

Menu contains the following elements: 
‐ start processor/stop processor, 
‐ reload of processor, 
‐ delete this processor, 
‐ view to xml settings of processor, 
‐ setting of processor, 
‐ hidden comments of processor. 
A lot of processors need to proper operation specifics setting of processor parameters. And this is 

performed through processors menu „setting of processor“. 
After selection of setting, order of processor parameter with pre-defined parameters is showed. 
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Figure 12. Settings of processors menu 

 
After selecting the required processors and their settings, there is a need to create logical 

communication between these processors. All communication is realized through Xpath language (XML 
Path Language).  Xpath is a query language for selecting nodes from an XML document. This language 
allows selecting from XML document individual elements and working with their values. And this means 
work with processor parameters in middleware. The logics there remind water pipes with set flow 
direction and processor indicate place, where to flow XML information is inserted. The connection is 
created through dragging mouse cursor from the first to the second processors. This direction of the drag 
is equal direction of flow. After connected by needed processors it is necessary to activate all processors 
in processor menu through flag „start“. 

Through similar activities application is created, which is used to listen below obtained results. 

 
Figure 13. Configuration model 

 
The major elements are the program elements, called the processor to implement elementary 

operations (reading from the gateway, filtering, recording the output, etc.)  
• The first step is to enter the configuration data to POST ID. From there it must be deposited 

directly into the database tables. The subject of this storage is data on the number of 
configuration items and numbers.  

• In a second step, after the start of broadcasting the alien elements and their detection by Inline 
Processor, load measurement numbers, the number of items and the configuration numbers are 
made and then they are attached to the information from the antennae.  

• The third step is to report the detection of these data; it enriches the timing parameters through 
the Time Formatter processors, and cumulative data travel up to 4 lines. The first two travel into 
the generators of the text and xml files according to the uniqueness of the registration data. The third 
way is into the InsertProcessor, where the data are entered into the database. The fourth way 
turns itself to the LackEvents processor. In case if there is no new messages from the gateway 
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recorded in the determined period of time, it sends a new message to next two processors, 
which increase the value of the measurement number by 1 on the basis of the received message 
(MessageGenerator) by updating the database InsertProcessorA. 

• The second Command Executor processor on the receipt of a report indicates the new number 
of measurements by running the alarm. The measurement consists of setting values in POST 
ID and physical adjustment of antennae. There has been an effort done for making sure if it is 
possible to have the most accurate and smoothest possible transition from beginning to end of 
the runway. After making the transition it is necessary to wait for the time needed for detection 
of zero, which means the CPU and Lack Events Command Executor sounds, indicating the end 
of the measurement and readiness for the next measurement. At the same time, the processor 
Message Counter increases the number of the first measurement after finishing the sound 
detection, and it is possible to make the switch between the antennae to the selected track 
again. 

Full application part is shown on Figure 14. 

 
 

Figure 14. Final configuration model based on ATON on ID 
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3.2. Test of Readability of Postal Items 
 
Measurements have been carried out in an improvised laboratory in the premises of the computer 

lab of the University of Žilina. There were measured the passive tags placed uniformly on all mail in the 
middle of the upper left corner. Tags were placed so strictly because the challenging situation that could 
occur in real practice was simulated, so that all shipments under the labels overlap, the close neighbours. 
This arrangement could cause the EM waves emitted by RFID tags to interfere with each other. For each 
item there was then transcribed a RFID tag number and a serial number marked for easier later processing 
the statistical information. The objects of the measurement items were deposited into the mail bags, which 
are grouped into a bundle. To determine the characteristics of reading and expanding, sub-measure was 
introduced by another character, and that is the position of the beam due to the antennae. These positions 
are defined (according to Figure 15): 

1) boundle horizontally – the length of the area enclosing antennae, 
2) boundle horizontally – the width of the area enclosing antennae, 
3) boundle vertically – party address shipments parallel flat antennae, 
4) boundle vertically – mail address side perpendicular to the plane antenna.  
Likewise, our measurements were sequenced according to the serial number of items, grouped into 

bundles, according to the size of the consignments as shown on Figure 16. 

 
 

situation 1 situation 2 

 
 

situation 3 situation 4 

Figure 15. Configurations of the letters bundles 

 
 

set A set B set C 
 

Figure 16. Several sets of the letter bundles 
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We have used two ways of transporting items via the gate:  
1. Static transfer through the postal truck or conveyor, also examined the transport unit volumes, 

which are in a relative peace in terms of positioning items 
2. Dynamic hand, respectively the manual transfer using human power – move with a rate 

shocks, which could help to read the labels in bundles better.  
All the data recorded after the measurement time have become the subject of evaluation, and 

because of the large scale of the recorded data, there have been evaluated only the average and the 
cumulative results. Determining the accuracy of measurements based on the statistical characteristics – it 
is a statistical description, which expresses the degree of statistical variability of the file, it indicates the 
letter R, It indicates the difference between the largest and smallest value and in some extent we are able 
to denounce both the large inaccuracies in the measurement occurred. It is expressed by the formula 

minmax XXR −= . In percentage terms inaccuracies modified formula looks as follows: 

100*)__/)(( minmax itemsofnumberXXZ −= . 

Basing on this formula, inaccuracies sets were compiled by chart positions. 
Since the evaluation of this quantity of data with the graphic processing is substantially opaque  

(a sample can be figure 17. with a graphical evaluation, which is a preview of kits depending on the speed 
of transition between the antennae) and it is not possible to present all the results of the measurements on 
such a small space, only the basic results of the measurements have been summed up and the authors have 
focused only on some important findings. 

 

 
 

Figure 17. Final test results 
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The measurement is made clear that some parameters are irrelevant in terms of readability, such as 
the speed of shipments run through the transition zone, readers are relatively independent (readability in 
an average of about 76% to 2% deviation, the readers distance is taken with a 77% deviation around 6% 
use conveyor with 80% deviation around 4%, or manual switch (94% with a deviation of about 2%). 

 
Table 1. Basic dependency between the sets of readability and the situations 

Set situation 1 situation 2 situation 3 situation 4 average 
A 47,35% 89,40% 62,05% 2,05% 50,2%
B 89,74% 100,00% 98,12% 51,11% 84,7%
C 76,75% 99,83% 100,00% 92,65% 92,3%

 
It is interesting that in an evaluation of readability situations of the consignment the given readers 

run through the gate (table 1 upper part), in some cases it is sufficient and relatively uniformed (situation 
2 and  3, value of 100%), while situation 4 is, for example, the readership in wide range of 2% up 92%.  

The overall success of the method of transition as the distance of antennae for different speed 
ranges from 81%–87%, and has a major impact on readability, similar to the way the transition between 
the sets of antennae is relative stable (81% to 95%) 

Basing on the evaluation of the measurement data cannot be identified unambiguously, excluded 
or recommend for the use of this technology in practice. These measurements may be partly conditional 
on imprecision caused by a provisional Laboratories. It is unable to clearly provide the desired stable 
speed and position of shipments due to the antenna. The end result is, therefore, the lack of readability of 
RFID tags in a traditional way-now commonly used in practice in the post measurements, known as set A. 
Although in other cases, the readability is very high and almost 100% (set C or B), there are other aspects 
that significantly affect its use. 
 
4. Conclusions 

 
RFID is a very useful and exciting technology. It seems that everywhere one looks there is some 

article about RFID and the huge benefits, which are promised by this technology. Moreover, there are 
many examples that demonstrate how this technology is fulfilling its potential.  

Basing on the measurements it can be concluded, with some exceptions that prove the rule, the 
closer they are to each antenna, the greater the success of reading RFID tags. Given the large dispersion 
of values it can be concluded that some elements are simply eliminated. They can, for example use the 
multiple counting gates, respectively antennae (eliminating the position of shipments), or the use of such 
specialty (bubble) envelopes for magnification air gap between consignments (as by set C) 

This article deals with the identification of the postal items and transport units in logistic chain of 
postal operators. It has described the scheme of the transport process, including the planned technology 
and there is also a real postal process simulated in conditions close to operational. The article is a part of 
the projects described above, which, together with the afore-mentioned applications, are able to improve 
the learning process at the Department of Communications. 
 
This article was created to support project named as: 
KEGA 077-059ŽU-4/2010  "Implementácia nových technológií do vzdelávania (vytvorenie RFID 
laboratória ako podporného prvku pre vzdelávanie)" - "Implementation of new technologies in education 
(create RFID lab in support of both education)" 
KEGA 089-068ŽU-4/2010 "Aplikácia RFID pri sledovaní pohybu diplomových a bakalárskych prác v 
rámci univerzitného campusu" - "Application of RFID in tracking Theses within the university campus" 
Centre of Excellence for systems and intelligent transport II (048/2009/2.1/OPVaV, Aktivita 1.4) – ITMS 
26220120050 
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Gavulová, A., Drličiak, M. Capacity Evaluation of Roundabouts in Slovakia, Transport and 
Telecommunication, Vol. 13, No 1, 2012, pp. 1–10. 

Two technical regulations for capacity estimation of roundabouts are valid in the Slovak Republic 
at the present time. Each of these regulations is based on a different theory of capacity estimation 
which affects the outcome of the capacity of roundabouts and their evaluation. The capacity of various 
roundabouts was estimated according to both methods in the previous analysis made at our 
department [3] and in some cases different results of the evaluation were achieved. The question is:  
which one of the mentioned theories better reflects a real capacity of the roundabout? For this reason 
some of the existing roundabouts in the town Žilina were selected and they were evaluated according 
to both methods and a micro simulation using PTV Vissim software. The geometrical parameters of 
roundabout, real driving behaviour (speed, proportions, acceleration, etc.) and also pedestrian 
behaviour were taken into account in the microscopic models. The first assumption for capacity 
evaluation by a microscopic traffic model is a calibration process which is based on traffic surveys 
results. Thus created models allow several capacity analyses during the peak traffic loading. Then, 
the results of micro-simulation can be compared with the capacity evaluation according to the technical 
regulations.  

The article deals with creation and calibration of microscopic traffic models and with the mentioned 
comparing of results. 

Keywords: capacity, roundabout, micro-simulation, model, traffic 
 
Chernov, V., Dorokhov, O., Маlyaretz, L. Construction of Estimates in the Choice of Alternative 
Solutions by Using the Fuzzy Utilities, Transport and Telecommunication, Vol. 13, No 1, 2012,  
pp. 11–17. 

The problem of multi-criteria choice of alternatives with accounting the multiple stakeholders’ 
preferences has been considered. The model for solution with the composition of fuzzy sets has been 
described. The mathematical formulation and justification of the solution using a fuzzy utility 
functions is given. Corresponding numerical calculations and graphic example are presented. 

Keywords: multi-criteria alternative choice problem, fuzzy utility function, Fuzicalc program 
 

Kundler, J. Maturity Assessment of Maintenance Processes at ATC-Service Providers, Transport 
and Telecommunication, Vol. 13, No 1, 2012, pp. 18–32. 

The focus of the research is the analysis and assessment of Air Traffic Control (ATC) 
maintenance and technical service processes. Deriving from the general ATC process model, which 
is the part of the Air Transport System, the related ATC Services including a Key Performance 
Indicator System were developed. A theoretical analysis was performed to develop a special 
correlation matrix between the Air Transport System to ATC service and ATC technical services, 
which reflect the top-down approach of process modelling proceeding. A particular research of 
different international ATC service organization, selected by defined parameter was performed for 
analysis. The analysis was implemented with different scientific research methods. Basing on this 
international research, a detailed SWOT analysis and conclusions of each ATC organization itself 
and additionally a parameter-oriented comparison between the different organizations and their 
specifics were performed. The results of this research were described in a SWOT analysis, rating 
assessment of utilization of the theoretical methods and qualified evaluation of implemented KPI 
System. For final maintenance process evaluation an ATC-Maintenance Process Maturity method 
based on ISO /IEC Standard 15504 was developed. The results and developments of the research will 
be the essential prerequisite for the further research of dissertation and development of a harmonized 
ATC Meta Frame Maintenance Process Model as a part of the Air Transport System on macro model 
level and deriving to the ATC specific Maintenance Service Model on micro level for the specific 
ATC organization basing on service and business modelling methods.  

Keywords: ATC Maintenance Process Model, International Research, Process Maturity Assessment, 
Key Performance Indicator  
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Kabashkin, I. Freight Transport Logistics in the Baltic Sea Region. Regional Aspects, Transport 
and Telecommunication, Vol. 13, No 1, 2012, pp. 33–50. 

In the situation where a large increase in trade and freight transport volumes in the Baltic Sea 
Region (BSR) is expected and in which the BSR is facing a major economic restructuring, efforts to 
achieve more integrated and sustainable transport and communication links within the BSR are 
needed. One of these efforts is the development of logistics centres (LCs) and their networking, 
which will continue to have an impact on improving communication links, spatial planning practices 
and approaches, logistics chain development and the promotion of sustainable transport modes. 
These factors will reflect on logistics processes both in major gateway cities and in remote BSR 
areas.  

The importance of logistics systems as a whole is not seen clearly enough. Logistics actors see 
that logistics operations are not appreciated as much as other fields of activity. In addition, logistics 
centres and the importance of logistics activities to the business life of areas and the employment rate 
should be brought up better. 

In the paper main goal and tasks of national approach for LCs development are discussed. 
Strategic focus of new activities in this area is on the integration of various networks within and 
between logistics centres in order to improve and develop the quality of logistics networks as well as 
to spatially widen the networking activities. 

Keywords: transport logistics, logistics centre, Baltic Sea region 
 
Palšaitis, R., Petraška, A. Heavyweight and Oversized Cargo Transportation Risk Management, 
Transport and Telecommunication, Vol. 13, No 1, 2012, pp. 51–56. 

The most important factor affecting the quality of transportation heavy goods is safety and 
security. Risk evaluation and management is one of the key issues during the planning oversized 
goods safe transportation and investments into transport infrastructure reconstruction. Usually it is 
international transportation and decision-making requires through analysis of the problem both, on 
the national and international scale and only then the most rational decision (transportation route) can 
be made with the view of the effective risk lowering, i.e. seeking the last possible reconstruction 
costs. The objective of the risk evaluation when investing into infrastructure reconstruction is to 
safeguard heavyweight or oversized goods transportation. When making the quantitative and 
economic assessment of the risk the theory of chances and mathematic statistics are most commonly 
used methods, because they are denoted to describe an event or process in case of ambiguous 
possibilities. 

Keywords: heavy and oversized goods, transport, risk management 
 
Guseynov, Sh. E., Kopytov, E. A. Complex Mathematical Models for Analysis, Evaluation and 
Prediction of Aqueous and Atmospheric Environment of Latvia, Transport and Telecommunication, 
Vol. 13, No 1, 2012, pp. 57–74. 

In present paper we consider the complete statements of initial-boundary problems for the 
modeling of various aspects of aqueous (3 models) and atmospheric systems (2 models) in Latvia. 
All the proposed models are described in terms of differential equations theory (using both ordinary 
differential equations and partial differential equations) and are regarded to be the evolutional 
models. Two of the three aqueous system models being studied are intended to describe the natural 
aquatic media ecosystems while the other models are aimed at studying environmental pollution 
processes.  

Keywords: environmental pollution, aqueous and atmospheric ecosystem, mathematical 
modelling, molecular-kinetic model, multi-component dynamic model, concentration of harmful 
substances 

 
Vaculík J., Kolarovszki P., Tengler J., Results of Automatic Identification of Transport Units 
in Postal Environment, Transport and Telecommunication, Vol. 13, No 1, 2012, pp. 75–87. 

This article primarily deals with identification of postal items and transport units in the logistic 
chain of postal operators. Nowadays, the identification is carried through barcodes and optical character 
recognition. In this article we would like to specify, how the transport units can be identified in  
the transmission process by RFID technology. In the carriage of postal items it is necessary to decide 
what type of transport is used for that purpose, what the flows of items are and what their intensity is. 
The RFID technology is complex, combining a number of different computing and communication 
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technologies to achieve the desired objectives.  Each object, which has to be identified, is stuck inside 
of a small object known as an RFID tag. RFID tag has a unique identifier, through which you can 
store additional information about the object. Equipments which are known under the name of RFID 
readers wirelessly, communicate with RFID tags with a view to identify RFID tags attached as well 
as the possibility to read and update information stored in the RFID label.  

The article describes the scheme of the transport process, including planned technology and there  
is also simulated a real postal process in conditions close to operational. 

Keywords: RFID technology, Transport unit, Transportation, Postal items 
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Gavulova A., Drličijaks, M. Slovākijas apkārtceļu kapacitātes novērtēšana, Transport 
and Telecommunication, 13.sēj., Nr.1, 2012, 1.–10. lpp. 

Pašlaik spēkā ir divi tehniskie noteikumi apkārtceļu kapacitātes novērtēšanai Slovākijas 
Republikā. Katrs no šiem noteikumiem ir balstīts uz atšķirīgu teoriju par kapacitātes novērtēšanu, kas 
savukārt ietekmē apkārtceļu kapacitātes novērtēšanas iznākumu. Dažādu apkārtceļu kapacitāte tika 
vērtēta saskaņā ar abām metodēm, kas tika veiktas iepriekšējās analīzēs mūsu departamentā [3], un 
dažos gadījumos tika sasniegti atšķirīgi rezultāti. Jautājums ir: kura no minētajām teorijām labāk parāda 
apkārtceļu kapacitāti? 

Rakstā tiek parādīta mikroskopiska trafika modeļa radīšana un kalibrēšana, un ar šo modeli tiek 
salīdzināti rezultāti. 

Atslēgvārdi: kapacitāte, apkārtceļš, mikro-imitācija, modelis, trafiks 
 
Černovs, V., Dorohovs, O., Maljareca, L. Aplēšu konstruēšana, izvēloties alternatīvu risinājumu un 
pielietojot fazi pakalpojumus, Transport and Telecommunication, 13.sēj., Nr.1, 2012, 11.–17. lpp. 

Darbā tiek apskatīta alternatīvu multi-kritēriju izvēles problēma ar daudzu ieinteresēto personu 
vēlmju uzskaiti. Tiek aprakstīts risinājuma modelis ar fazi rindu kompozīciju. Tiek dots risinājuma 
matemātisks formulējums un pamatojums, pielietojot fazi pakalpojumu funkcijas. Atbilstoši skaitliski 
aprēķinu un grafiskie piemēri arī tiek doti. 

Atslēgvārdi: multi kritēriju alternatīva izvēles problēma, fazi pakalpojumu funkcija, Fuzicalc 
programma 

 
Kundlers, J. Gaisa trafika kontroles pakalpojumu sniedzēju apkalpes procesu termiņa novērtējums, 
Transport and Telecommunication, 13.sēj., Nr.1, 2012, 18.–32. lpp. 

Pētījuma mērķis ir Gaisa Trafika Kontroles (angl. ATC-Air Traffic Control) apkalpes un tehnisko 
pakalpojumu procesu analīze un novērtējums. Tiek izstrādāti, izejot no vispārējā ATC procesu modeļa, 
kas ir daļa no Gaisa Transporta Sistēmas, saistītie ATC pakalpojumi, ieskaitot Galvenās Efektivitātes 
Rādītāju Sistēma. Tika veikta teorētiskā analīze, lai izveidotu speciālu korelācijas matricu starp Gaisa 
Transporta Sistēmas uz ATC pakalpojumiem un ATC tehniskiem pakalpojumiem, kas atspoguļo 
decentralizēto pieeju procesu modelēšanā.  

Pētījuma rezultāti un attīstība būs būtisks priekšnoteikums tālākai autora disertācijas izpētei un 
attīstībai saskaņā ar ATC Meta Frame apkalpes modeli, kā daļu no Gaisa Transporta Sistēmas. 

Atslēgvārdi: ATC apkalpes procesu modelis, starptautisks pētījums, procesa termiņa novērtējums, 
galvenās efektivitātes rādītāju sistēma 

 
Kabaškins, I. Kravas transporta loģistika Baltijas jūras reģionā. Reģionālie aspekti, Transport 
and Telecommunication, 13.sēj., Nr.1, 2012, 33.–50. lpp. 

Tādā situācijā, kad ir paredzēti lieli tirdzniecības un kravas transporta apjomi Baltijas jūras 
reģionā (BJR) un kurā BJR ir paredzama liela ekonomiska pārstrukturēšanās, ir vajadzīgi centieni 
sasniegt integrētāku un ilgtspējīgu transporta un komunikācijas saikni BJR. Viens no šādiem centieniem  
ir loģistikas centru izveide un to tīklošana, kas turpinās ietekmēt saziņas kanālu uzlabošanu, telpiskas 
plānošanas prakses un pieejas, loģistikas ķēdes attīstību un ilgtspējīgu transporta veidu attīstību. 

Rakstā tiek diskutēti galvenie mērķi un nacionālās pieejas uzdevumi loģistikas centru attīstībā. 
Jaunas darbības šajā jomā stratēģiskie mērķi ir par integrāciju dažādos tīklos un starp loģistikas 
centriem, lai uzlabotu un attīstītu loģistikas tīklu kvalitāti, kā arī, lai telpiski paplašinātu tīkla darbību. 

Atslēgvārdi: transporta loģistika, loģistikas centrs, Baltijas jūras reģions 
 
Palšaitis, R., Petraška, A. Riska vadība smagsvara un lielgabarīta kravu pārvadāšanā, Transport and 
Telecommunication, 13.sēj., Nr.1, 2012, 51.–56. lpp. 

Viens no vissvarīgākajiem faktoriem, kas ietekmē smago kravu pārvadāšanas kvalitāti ir drošība 
un drošums. Riska novērtēšana un pārvaldība ir viens no risinājumiem lielgabarīta kravu drošas 
transportēšanas plānošanā un transporta infrastruktūras rekonstrukcijas investēšanā. Parasti tie ir 
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starptautiski pārvadājumi un lēmumu pieņemšana prasa problēmas analīzi kā nacionālajā, tā arī 
internacionālajā līmenī un tikai tad var tikt pieņemts visracionālākais lēmums (transportēšanas 
maršruts. Veicot kvantitatīvu un ekonomisku riska novērtējumu, iespēju teorija un matemātiskās 
statistikas teorija ir visbiežāk izmantotās metodes. 

Atslēgvārdi: smagsvara un lielgabarīta kravas, transports, riska pārvaldība 
 
Guseinovs, Š. E., Kopitovs J. A. Kompleksie matemātiskie modeļi Latvijas vides atmosfēras 
un ūdens analīzei, novērtēšanai un prognozēšanai, Transport and Telecommunication, 13.sēj., 
Nr.1, 2012, 57.–74. lpp. 

Dotajā rakstā autori izskata sākotnējo robežu problēmu pilnīgus pārskatus ūdens (3 modeļi) un 
atmosfēras sistēmu (2 modeļi) Latvijā dažādu aspektu modelēšanā. Visi piedāvātie modeļi tiek 
aprakstīti diferenciālvienādojumu teorijas (lietojot kā parastos diferenciālvienādojumus, tā arī daļējos 
diferenciālvienādojumus) izteiksmē, un tiek uzskatīti par evolūcijas modeļiem. Divi no trim ūdens 
sistēmas modeļiem, kas tiek pētīti, ir domāti, lai aprakstītu dabīgās ūdens vides ekosistēmas, kamēr 
citi modeļi ir domāti  vides piesārņojuma procesu izpētei. 

Atslēgvārdi: vides piesārņojums, ūdens un atmosfēras ekosistēma, matemātiskā modelēšana, 
molekulāri-kinētisks modelis, daudzkomponentu dinamiskais modelis, kaitīgo vielu koncentrācija  

 
Vaculiks, J., Kolarovskis, P., Tenglers, J. Transporta vienību automatizētas identifikācijas 
rezultāti pasta vidē, Transport and Telecommunication, 13.sēj., Nr.1, 2012, 75.–87. lpp. 

Rakstā galvenokārt tiek izskatīta pasta sūtījumu un transporta vienību identifikācija pasta 
operatoru loģistikas ķēdē. Mūsdienās identifikācija tiek veikta, izmantojot svītrkodu un optisko 
rakstzīmju atpazīšanu. Autori šajā rakstā vēlas precizēt, kā pārvadājumu vienības var identificēt 
translācijas procesā ar RFID tehnoloģiju. Pasta sūtījumu pārvadāšanā ir nepieciešams izlemt, kāda 
veida transports tiek lietots šim nolūkam, kāda ir vienību plūsma un kāda ir tās intensitāte.  

Rakstā tiek aprakstīta transporta procesu shēma, ieskaitot plānoto tehnoloģiju, bez tam arī tiek 
imitēts reāls pasta sūtījumu process, apstākļos, kas ir tuvu reālajai darbībai. 

Atslēgvārdi: RFID tehnoloģija, transporta vienība, transportēšana, pasta sūtījumu vienības  
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