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Abstract. This research considers the aspects of decision-making according to the airport activities. The decision about 
airport planning and management should be comprehensive and operative and of course, the assessment of alternative de-
cisions is necessary. The purpose of this research is to highlight the role of simulation modelling at the stage of airport de-
velopment. The authors present the methodology of a model-driven decision-making approach and then describe 2 cases 
of using simulation for Riga International Airport (RIX) development. The 1st case study is used for analysis possibility of 
the development of the airport’s surrounding territory. The planned massive development of RIX and the surrounding area 
requires detailed analysis for increasing its positive impact on regional and national business economics, social aspects, 
business and the environment. The 2nd case supports decision-making for the needs of the terminal reconstruction, pre-
sents a helpful tool for visualization of the tendencies in the future, and allows the analysis of the different infrastructure 
layouts. Both cases give the possibility to predict the situation and evaluate the service provided for passengers (travellers) 
of the airport. Simulation modelling allows to study complex system – airport and evaluate direct and indirect impacts of 
planned reconstruction.
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Notations

CBA – cost–benefit analysis;
DM – decision-maker;
DSS – decision support system;
LoS – level of service;

MoE – measures of effectiveness;
RIX – Riga International Airport;

TAAM – total airspace and airport modeller;
TIA – traffic impact analysis;

WSC – winter simulation conference.

Introduction

Solving managerial tasks in complex systems lies in the 
domain of designing the DSS, and the primary attention is 
paid to the process, not to the result of the decision or the 
essence of the problem. Decision-making is a conscious 
choice between the existing variants or alternatives of the 
direction of actions, which reduce the break between the 
present and the future desired state of the object of man-
agement (Yatskiv (Jackiva) et al. 2016).

The decision on the planning (reconstruction) of 
transport infrastructure is one of the most important and 

needs thorough analysis and prior consideration. Often, in 
making project decisions, there is a lack of sufficient in-
formation. Therefore, the DM has to deal with uncertainty 
and risk. In connection with this, the problem of decision-
making support in choosing a project decision on building 
new and reconstructing existing transport infrastructure 
objects takes on special significance and requires improve-
ment of the methodology of its decision. In this research, 
attention is paid to issues that have been solved for DSS 
development, which has to support the process of complex 
system planning and development.

In the research, the aspects of decision-making accord-
ing to the airport activities were considered. The decision 
about airport planning and management should be com-
prehensive and operative and of course, the assessment 
of alternative decisions is necessary. This research aims to 
highlight the role of simulation modelling at the stage of 
airport development. 

The paper is organised as follows: 
»» section 1 presents a brief overview of related works; 
»» section 2 introduces our methodology of model-

driven decision support; 
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»» section 3 presents the research object – RIX;
»» sections 4 and 5 describe the case studies, obtained 

results and related discussion; 
»» last section summarizes the conclusions.

1. Related works

This section sheds light on prominent applications of sim-
ulation models for the enhancement of decision-making 
at various airport operations. The literature review pre-
sented in this section is mainly based on papers published 
at proceedings of the WSC, the premier international fo-
rum for disseminating recent advances and breakthroughs 
in the field of applied simulation modelling. 

In recent study, López et al. (2019) presented a discrete 
event simulation model integrated into the transactional 
flight database. A series of simulation experiments and 
consideration of various alterative scenarios allowed one 
to identify the optimal bus fleet size. Aircraft turnaround 
operations including passenger boarding, disembarking 
and re-fuelling were taken into account by a robust tac-
tical scheme for efficient resource allocation in cases of 
operational disruptions. The scheme is based on a com-
bination of ad-hoc heuristics with an agent-based simula-
tion model (Tomasella et  al. 2019). A general approach 
for modelling airport operations was presented by Scala 
et al. (2019). The distinguishing feature of the proposed 
approach is that the resolution level for the different ele-
ments is similar. It is suggested that practitioners can use 
the framework for simulating complex systems including 
airspace-airside operations and multi-airport systems. The 
framework is tested on a real-world case study.

The problem of developing robust daily schedules for 
maintenance teams and vehicle routing recently attracted 
attention of Gök et al. (2020). The authors proposed a ro-
bust approach for optimal allocation time windows and 
planning working shifts. The core methodology combines 
simulation modelling and mixed integer programming. 
The obtained numerical results demonstrated applicability 
of the developed approach as a decision support mecha-
nism at airports.

Scala et al. (2018) presented an innovative approach 
for solving complex capacity-related problems in aviation. 
A sliding window framework that incorporates discrete 
event simulation model. The authors conclude with the 
statement that the framework can be applied to solve 
capacity planning problems in aviation industry. The ap-
proach was validated based on the Paris Charles de Gaulle 
Airport (France). A comprehensive simulation environ-
ment is proposed to optimize aircraft boarding taking 
into consideration the influence of infrastructural changes 
and aircraft design (Schultz 2017). Tomasella et al. (2017) 
developed a simulation-based toolkit for improving the 
existing baggage handling system. Vitor et al. (2016) de-
veloped a simulation-driven approach to improve check-
in at Congonhas Airport in Sao Paulo (Brazil). The study 
considered 2 major airlines, which account for 88% of the 
local market share. 

Another study illustrated how simulation could be 
used to analyse critical aircraft turnaround processes at 
airports (San Antonio et al. 2017). A series of numerical 
experiments considering the Boeing 737-800 aircraft was 
presented. Alodhaibi et al. (2020) developed a simulation-
based DSS to allocate physical resources within airport 
terminals. The primary purpose of the framework is to 
determine where additional resources should be placed 
in order to minimise passenger waiting times. The recent 
paper proposed the use of simulation model as a testbed 
for solutions in the field of centralized traffic control at 
airports (Saifutdinov et al. 2020). A distinguishing feature 
of the model is the ability to describe and reproduce spe-
cific scenarios related to critical situations in the transport 
network that require the involvement of a centralized con-
trol system.

2. Methodology of using simulation  
models in decision-making 

Considering the complex character of airport planning 
and management, the DM needs a methodology for sup-
porting the decision-making process. Several approaches 
to decision-making were distinguished (Ortúzar, Willum-
sen 2011): the one based on development plan, the theory 
of regulatory decisions (rational system approach), the be-
havioural decision theory, the group decision-making, the 
adaptive decision-making, and making decisions based on 
a hybrid approach. 

The decision-making process involves many differ-
ent elements but it always has elements such as problem, 
goals, alternatives and decisions – choice of alternatives. 
There are DSS widely used as a means for information 
support of the decision-making in the field of transport 
system planning, development and control. Ginzberg and 
Stohr (1982) define DSS as “...a computer-based informa-
tion system used by DMs to support their decision-mak-
ing activities in the situations where it is not possible or 
not desirable to have an automated system perform the 
entire decision process…”. The DSS for transport planning 
helps the DM to modify the information as required to 
define alternatives before he starts the decision process. 
More common questions that answered based on model-
ling can be formulated as:

»» does the infrastructure provide enough capacity?;
»» how many resources (staff, check-in points, security 

control places, equipment) are required?;
»» is the layout of the infrastructure stable, i.e., insus-

ceptible to failures and changes?;
»» are there enough parking spaces and what are the 

best locations for parking and preparation?;
»» etc.
According to Cascetta et al. (2015), the combination 

of various factors, decisions in transportation decision-
making can be grouped into 4 classes:

»» long-term decisions by public bodies incl. transpor-
tation infrastructure projects;

»» long-term decisions by private companies incl. pro-
ject financing and fleet composition;
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»» medium/short-term decisions by public bodies incl. 
traffic regulation, demand management schemes, in-
telligent transportation systems;

»» medium/short-term decisions by private companies 
incl. operation of transportation services.

Table 1 presents characteristics of decision classes de-
pended on time horizons and involved stakeholders.

DSS may be classified as expert-based, model-based, 
multi-agent systems and the combined type (Yurshevich 
2013). In this research, the model-based approach is 
considered. Using models for decision support provides 
the opportunities for the development of credible solu-
tions: the models allow one to evaluate the feasibility 
of scenario-based solutions of the existing problems, to 
predict the future state of the system and possible conse-
quences of putting the decisions into execution, to help in 
finding such scenario that would achieve the goal under 
given constraints. Therefore, an evaluation of alternative 
solutions is easy to perform on the models. There are 
dedicated DSSs special and general types, allowing one to 
manage the passenger or airport vehicle traffic at differ-
ent levels of decision-making. The implementation of the 
model-driven decision-making approach requires the use 
of modern technology, modelling, various kinds of data 
and information. The scales of models and data strongly 
depend on different decision-making levels: strategic, tac-
tical or operational (Figure 1).

There are 3 approaches to transport modelling: mac-
roscopic, mesoscopic and microscopic, which could be 
linked to model-based decision-making levels. Different 
levels of simulation modelling approaches are used for dif-
ferent decision-making levels:

»» macro-level (high abstraction level without details) 
for strategic level;

»» meso-level (medium abstraction level) for tactical 
level. At the tactical level, specialists deal with the 
reconstruction of the existing fragments of systems 
and developing the new ones, taking into account 

the applicable strategic plan for the development 
of systems in the long-term. Usually, at the tactical 
level, the objectives are set for the medium term (up 
to 5 years);

»» micro-level (low abstraction level without full de-
tails) for operational level. At the operational level, 
the local problems existing in specific fragments of 
the systems are solved at the micro-level. 

Figure 2 illustrates the generalized framework for 
model-based decision-making.

In this research the mixed type of decision-making has 
been selected which includes the following steps:

»» the formulation of the problem;
»» the system monitoring and data collection;
»» the construction of analytical and simulation mod-

els, and their subsequent calibration;
»» generation of solutions of current problems, and 

forecasting the system parameter values being of 
interest;

»» validation of models and solutions; 
»» assessment of the possible consequences of the im-

plementation of certain decisions, and selecting the 
best ones;

»» putting solutions into execution with the subsequent 
monitoring of the system to identify potential prob-
lems.

Figure 1. Decision-making framework (CLOSER 2012)
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Table 1. The combination of various factors, decisions in transportation decision-making (Cascetta et al. 2015)

Decisions By public bodies By private companies
Long-term »» multiple DMs and strong impacts on contrasting stake-

holder interests;
»» complex financial procedures;
»» high level of uncertainty and relevant impact/context vari-

ables;
»» strong potential interactions with other systems (e.g., land 

use, economy, etc.);
»» zero to low levels of reversibility for implemented decisions

»» decisions with moderate to high impacts on stake-
holders including public bodies and financial insti-
tutions;

»» high level of uncertainty on relevant impact/context 
variables;

»» moderate interactions with other systems (e.g., con-
struction industry);

»» low levels of reversibility for implemented decisions
Medium/ 
short-term 

»» identifiable DMs with clear responsibility, wide range of in-
teractions with stakeholders (from very high to none);

»» systematic decision procedures in the presence of a close 
set of alternative project options, with quantitative design 
variables;

»» low level of uncertainty on relevant impact/context vari-
ables;

»» low interactions with other systems;
»» high level of reversibility

»» identifiable DMs with clear responsibility, low in-
teractions with stakeholders (e.g., workforce);

»» relatively straightforward decision procedures;
»» low level of uncertainty on relevant impact/context 

variables;
»» low interactions with other systems;
»» high level of reversibility
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The adequacy of decisions depends on the validity 
of simulation results and model calibration is one of the 
most critical steps of the model creation process. Model 
calibration can be performed based on aggregated or dis-
aggregated data. The use of disaggregated data allows one 
to perform a more precise calibration, with car following 
trajectories and vehicle speed data being frequently used. 
Measured characteristics are grouped based on the time 
and place of measurement. Disaggregated data is collected 
using special-purpose equipment; it is an expensive pro-
cess that cannot always be afforded. It also requires con-
tinuous monitoring of system state, data collection, pro-
cessing and analysis, playback scenarios of development 
and estimation of possible solutions. The implementation 
of these models depends on the selected modelling tool 
and the inbuilt analytical models. These analytical models 
are the “heart” of software, and the quality of their imple-
mentation directly influences the accuracy of simulation 
results. Several general purpose simulations and special 
(for airport process) simulation software products can 
be used for scenario modelling. However, the choice of a 
specific one also depends on simulated objects (process) 
and the level of the decision. In this research, we only con-
sider the processes that include the different kinds of traf-
fic: aircraft traffic in the airport, airside and apron traffic, 
passenger flow traffic, baggage flow handling and traffic at 
the airport network.

Usually the development of simulation models re-
quires using of specific software. In a professional con-
text, the following software packages are more famous: 
airport simulation software CAST by the Airport Re-
search Center (ARC 2021); Simmod US (ATAC 2018); 
TAAM (Jeppesen 2015, 2021), etc. Usually, this soft-
ware is costly and demands advanced specialised users. 
General purpose simulation software includes various 
tools: Simio (Simio LLC 2016), FlexSim (FlexSim Soft-
ware Products, Inc., US); Enterprise Dynamics (IN-
CONTROL Simulation Solutions, the Netherlands); 
AnyLogic (AnyLogic North America LLC, US; AnyLogic 
Company, Russia). In this research, the PTV VISSIM 
(PTV 2005) and AnyLogic (https://www.anylogic.com)  
simulation software have been used.

3. Airport RIX as a research object

The RIX is a fast-growing Northern European transporta-
tion hub and is leading across Baltic States (Latvia, Lithu-
ania, and Estonia) by the number of passengers, connect-
ing the Baltic States with European business centres and 
popular holiday destinations. The RIX is geographically 
located in 10 km west of Riga but still can be considered 
as the transportation hub of the city of Riga. The RIX 
serves nearly half of all Baltic States passengers and of-
fers the broadest range of direct destinations compared to 
other Baltic States airports. RIX provides services for both 
aviation and non-aviation. It serves both national and in-
ternational airlines and become one of the few European 
airports to facilitate both full and low-cost airlines (RIX 
2021).

RIX is the largest international aviation company in the 
Baltic States with a market share of 45% and the central 
air traffic center in this region offering regular passenger, 
cargo and postal delivery to the cities of Europe and the 
world. It attends both national and international airlines, 
becoming one of the few European airports that attend 
both full service and low-cost airlines (RIX 2021). In 2017, 
RIX welcomed 6.1 mln passengers. According to the rank-
ing of Airports Council International (https://aci.aero),  
RIX has officially joined the ranks of medium-sized air-
ports and internationally will not be treated as a small air-
port anymore. The airport has completed its phase 5 ter-
minal expansion project, which will allow accommodating 
7 to 10 mln passengers annually, cater to large aircraft, and 
develop long-haul flights (BRG 2017). In the last decade, 
the Latvian government has made massive investments in 
the airport infrastructure, and additional projects are im-
plemented. RIX is State Joint-Stock Company and almost 
all of the passenger flights 99% are performed from the 
Riga (MoT 2006). 

The continuous growth of passengers (Figure 3) pu shes 
the development of airport infrastructure, but at the same 
time surrounding transport infrastructure requires a sig-
nificant update to meet the requirements of service qual-
ity, safety, and capacity. In the context of the pandemic-re-
lated aviation industry crisis, the operational performance 
data show that in 2020–2021 the number of passengers 

Figure 2. Framework of model-based decision-making
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served at RIX dropped significantly and the planned traf-
fic growth will be achieved with substantial delay. Despite 
this fact, the development of the airport has not been 
stopped since already with the previous traffic volumes 
(2018–2019), the airport experienced problems due to 
insufficient areas (capacity). As a member of the Euro-
pean Union Aviation Safety Agency (EASA, https://www.
easa.europa.eu) Aviation Industry Charter for COVID-19  
(https://www.easa.europa.eu/aviation-industry-charter-
covid-19), RIX participates in the development of the 
highest standards of epidemiological safety. SKYTRAX 
Company (https://skytraxratings.com) has awarded RIX a 
4-star rating for its implemented COVID-19 safety meas-
ures. The airport hopes to restore the volume of transfers 
as soon as possible.

The proposed approach to use simulation modelling 
as a decision-making support tool for airport planning is 
implemented in different projects developed in SimLab 
(Laboratory of Applied Modelling, Transport and Tele-
communication Institute, Riga, Latvia) (TTI 2021). 2 case 
studies described below give possibilities to perform an 
impact assessment (case 1 – traffic flow; case 2 – passenger 
flow), incorporating factors that influence the reliability 
of airport services and support to decision-making in the 
development of facilities.

4. Case study: RIX surrounding transport 
network development scenario evaluation

4.1. Simulation set-up

The development of the RIX transport infrastructure is 
planned by the development stages and is reflected in the 
Figure 4.

The main goal of this project was to evaluate the dif-
ferent development scenarios and complete a TIA. The 
decision-making approach based on simulation modelling 
is presented in Figure 5.

Traffic flow microscopic simulation has been selected 
as an appropriate approach to complete analysis. The de-

velopment of the model has been completed using PTV 
VISSIM simulation software (PTV 2005). Figure 6 dem-
onstrates the network model coded in PTV VISSIM sim-
ulation software. In total network consist of more than 
300 link and connector objects, 14 signal heads, 6 public 
transport stops and 2 public transport lines, more than 30 
parking lots, more than 50 conflict areas, 44 speed objects.

Microscopic model development requires detailed data 
about the transport network, traffic lights, traffic and pas-
senger flows, behaviour patterns of traffic and passenger 
flows. Network topology and traffic light data has been 
received from the municipality. The data about the struc-
ture, intensity, and behaviour has been completed during 
peak hours (11:00–13:00) to set up the system’s current 
state. The example of the collected data is represented in 
Figure 7.

4.2. Model validation and calibration

The current state model has been validated using 3 ap-
proaches: 

»» based on animation: the group of experts (manageri-
al staff of airport) observed the animation produced 
by the model (Figure 8); the developed model has 
been approved as credible by experts;

»» using the GEH index: In all cases, GEH index values 
were less than 5; this confirms the model’s validity; 
Table  2 demonstrates the numerical results of the 
GEH index evaluation;

»» applying the NAÏVE approach: high value or 
R2 = 0.98 confirms the validity of the model (Figure 9).

4.3. Results of modelling

In total 10 development scenarios have been evaluated 
with different reference years  – 2021, 2022, 2025, 2036. 
Each scenario is subject to changes in traffic and passenger 
flow intensity and changes in the transport network. Fig-
ure 10 demonstrates the hierarchy of the scenarios.

Figure 3. Passenger flow forecast (RIX 2021)
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d)

 Figure 4. Stages of airport development: a – 1st stage of development; b – 3rd stage of development;  
c – 4th stage of development; d – 6th stage of development

Figure 5. Model-driven decision-making approach  
for traffic impact assessment
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Figure 7. Example of traffic data near departure terminal:  
a – traffic flow intensity; b – traffic flow structure 

Table 2. Results of validation using GEH index

Counting 
point Directions Simulated 

volume
Real 

volume
GEH 

(rounded)

RIX ramp
to RIX 938 999 2

from RIX 920 995 2

Crossroad 
P133

to RIX 1414 1349 2

from RIX 1411 1475 2

Muzeja iela 
(street)

to RIX 339 368 2

from RIX 165 156 1

Figure 9. NAÏVE approach validation results

Figure 8. Calibration based on animation:  
a – Google Maps data; b – animated model

Figure 10. Scenario hierarchy
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Each scenario has been evaluated based on the MoE: 
average speed in network, average delay time, LoS for key 
intersections, travel time, queue lengths. Additionally, the 
capacity of the parking areas has been evaluated. To col-
lect the output data, the following conditions have been 
setup: simulation time 1 h 45 min, 15 min – warming pe-
riod (no data collection during this time), 25 replications 
per scenario. Due to a high number of scenarios in Table 3  
we are demonstrating only the most critical scenarios 
results. Scenario 5 is a key one as this scenario consid-
ers that reconstruction of the terminal and surrounding 
transport infrastructure has been completed. Therefore, 
the sensitivity analysis has been completed to determine 
the critical level of the traffic flow growth. The sensitivity 
analysis results are presented in Table 4. As could be seen 
from the table, up to 10% growth of the traffic volume 
does not influence significantly on LoS level in crossroads. 
As LoS D is treated as the last acceptable, it also could be 
concluded, that grown of intensity up to 30% changes LoS 
to unacceptable for RIX terminal.

Based on the received simulation results, several bot-
tlenecks have been identified, which could influence traf-
fic flow circulation in the future; but in general, planned 
changes in the transport network will ensure the sustain-
able operation of the transport system.

5. Case study: RIX passenger flow  
simulation and analysis

As highlighted by Chen et  al. (2019), airport construc-
tion is capital intensive, and any mistake will be costly to 
recover and ne feasible way to test out the terminal de-

sign without a high cost through simulation. As has been 
stated in the previous case, the number of passengers is 
continuously growing. Currently during peak hours, the 
situation with passenger flows at terminals becomes dra-
matic, especially in the security area. The next project aims 
to evaluate several vulnerability-mitigation scenarios that 
can potentially decrease the waiting time in queues. Be-
sides, the capacity of the planned new terminal has been 
tested for expected growth in passenger traffic.

5.1. Simulation set-up

A simulation study has been conducted within the dis-
crete-event simulation paradigm based on previously col-
lected real-world data. The set of models has been devel-
oped using AnyLogic simulation software, which allows 
passenger flow modelling on a micro-level. 

A valid discrete-event model requires valid data on the 
intensity of passenger flows, behaviour patterns, the topol-
ogy of the terminal and many other variables. The used 
data included the entire day at the airport and special in-
terval of interest: check-in starts at 8:55 and check-in ends 
at 14:55 (Table 5). This is the busiest period for the airport, 
both in terms of the number of passengers and the avail-
ability of check-in counters. The data also includes passen-
ger service times, which vary from company to company, 
taking into account the passenger habits and the range 
of services and requirements offered by the airline. The 
model takes into account security control data, one line 
serves an average of 120 passengers per hour (this applies 
to both high-speed and regular lines). The facility profile 
is designed based on the type of activities that are available 
in the terminal area.

During the simulation, 3 scenarios are realized (Table 5).  
Based on the current situation, the Scenario 1 serves as a 
starting point for the development of the following sce-
narios. In the Scenario 2, the same passenger flow is pre-
served, but the waiting line area is increased before board-
ing passes are checked. In the Scenario 3, an increase in 
the passengers’ flow by 30% (according to the forecast for 
2023) is realized and measures are taken to increase the 
throughput of the security control area by changing the 
layout of the premises and equipment of 2 new passenger 
service lines.

Table 3. Simulation results

Scenario Ziemeļu iela (street) – Crossroad P133 Rail Baltica terminal RIX terminal

Scenario 4A (2025) LoS: C LoS: B LoS: C
Parking utilisation: 51%

Scenario 5 (2036) LoS: C
Direction from city centre to RIX in average is 30 m

LoS: C
Parking utilisation: 80%

LoS: C
Parking utilisation: 70%

Scenario 6 (2036) LoS: D
Direction from city centre to RIX in average is 45 m

LoS: C
Parking utilisation: 84%

LoS: C
Parking utilisation: 72%

Scenario 7 (2036) LoS: C LoS: C
Parking utilisation: 84%

LoS: C
Parking utilisation: 72%

Table 4. Sensitivity analysis (scenario 5)

Grow of 
the traffic 

intensity [%]

Ziemeļu iela (street) – 
Crossroad P133

Rail Baltica 
terminal

RIX 
terminal

0 LoS: C LoS: C LoS: C
+5 LoS: C LoS: C LoS: C

+10 LoS: D LoS: C LoS: C
+20 LoS: D LoS: D LoS: D
+30 LoS: D LoS: D LoS: E



482 M. Savrasovs et al. Simulation as a decision support tool for airport planning: Riga International Airport case study

5.2. Simulation results

The developed models have been verified through ani-
mation-based and protocol-based tracing. The numerical 
simulation results were also compared with the available 
statistical data. As a result, the developed models have 
been approved as credible. After that, models of the ter-
minal have been applied to evaluate 3 scenarios. 

Figure 11 shows an unacceptably long line of passen-
gers that forms in the departure lounge and becomes the 
obstacle for their movement. Figure 12 shows that this 
part of the queue was successfully placed in the new wait-
ing line area. During high traffic hours, passengers pass 
through 2 lines: before checking boarding passes and be-
fore checking security. The bottleneck that determines the 
throughput of the entire system is the security check zone.  

Table 5. Scenarios for analysis 

Characteristic Scenario 1 Scenario 2 Scenario 3
Infrastructurea current improved improved
Passenger flow current current increased by 30%
Number of flight departures 36 36 47
Simulation time 8:00…15:00 8:00…15:00 8:00…15:00
Departure time 8:55…14:55 8:55…14:55 8:55…14:55
Number of flight departures 36 36 47
Passenger number 3701 3701 5901
Security lines 9 9 11

Figure 11. Visualisation of results for Scenario 1

Figure 12. Visualisation of results for Scenario 2
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The average total time spent by passengers in both queues 
for Scenarios 1 and 2 is the same, since the geometry of 
the queue does not affect the waiting time. During a high 
intensity of passenger flows around 12:00, this time was 
(23.8  ±  2) min. Figure 13 shows the situation at 12:00, 
which occurs when simulating Scenario 3. Although the 
capacity of the system was increased, due to the high in-
tensity of the passenger flow, the time spent in both queues 
increased to (38.3 ± 2) min. For example, in Figure 14, you 
can see that a queue of 73 passengers has formed in the 
check-in area of the AirBaltic (https://www.airbaltic.com) 
carrier. This situation has developed under the condition 
that the airline uses 3 check-in channels, and the average 
service time for one passenger is 89 s.

The pivotal research question was – “will the capacity 
of the terminal be sufficient for the expected passenger 
flows?”. The developed models make it possible to evaluate 
various specific indicators of the processes of servicing de-
parting passengers. These indicators include, for instance, 
the expected time spent by a particular passenger in each 
of the queues and the total time of the stay in the airport 
premises. Special statistics are related to queuing process-

es. The models provide data on personnel’s workload at 
all workplaces involved in the passenger service process. 
Based on the results of the simulation, several bottlenecks 
and system vulnerabilities have been identified. Besides, 
several questions that require special decisions by the air-
port management were formulated. Such decisions were 
made, as a result of which the stability and safety of the 
processes of servicing the flows of departing passengers 
was achieved.

Conclusions 

Different kinds of scenarios and decisions can be analysed 
based on simulation models. The use of simulation should 
refer to the tactical and strategic level of decision-making. 
The simulation requires significant efforts and results de-
pend much on input data availability, but the advantages 
of the simulation allow more sustainable decisions for a 
system as complex as the airport.

The advantages of simulation include: 
»» can be used to study complex systems that would 

otherwise be difficult to investigate; 

Figure 13. Visualisation of results for Scenario 3

Figure 14. Visualisation of the check-in area for Scenario 3

https://www.airbaltic.com
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»» can be used to investigate situations that would be 
dangerous in real life; 

»» ability to obtain quantitative data about the object 
of investigation.

The planned massive development of RIX and the sur-
rounding area requires detailed analysis for increasing its 
positive impact on regional and national business eco-
nomics, social aspects, and the environment. Both cases 
presented in the frame of the current publication serve 
the needs of the airport authorities to make the decisions 
on strategic and tactical level about the development sce-
narios of the airport infrastructure. 

The 1st case targeted on evaluation of the surround-
ing transport infrastructure. Case presents the results of 
the evaluation of 4 development scenarios, which refer 
to the different stages of the infrastructure development. 
Developed model in frame of this case provides numeri-
cal results, which are used to evaluate the LoS for specific 
crossroads and evaluates the parking area utilization level. 
Obtained results ensure that for all crossroads the accept-
able and recommended LoS has been reached. While sen-
sitivity analysis results ensure, that crossroads have addi-
tional capacity and will be able to serve up to 10% more 
of traffic flow. The evaluated parking area utilization level 
for different development scenarios confirms the correct 
planning of the parking area volume guarantees additional 
capacity for future development. 

The 2nd case is targeted more on the evaluation of the 
internal infrastructure of the airport. In this case, simula-
tion of passengers’ flows has been done to evaluate the ca-
pacity and utilization level of the infrastructure elements, 
considering different layouts of the security lanes. 3 pre-
sented scenarios in the frame of the case consider differ-
ent layouts and growth of the passenger volume. In this 
case, special attention has been put not only on obtaining 
numerical results but also on developing the visualization 
of the processes. The visualization, in this case, is used 
to demonstrate the impact of different scenarios on the 
passenger’s queue. Obtained results demonstrate the im-
portance of updating the airport infrastructure. This one 
is confirmed by the significant growth of the passenger 
processing time in the frame of the third scenario. 

Simulation results are vivid for further economic anal-
ysis, for example, CBA (Friedrich et al. 2016). Simulation 
allows to study complex systems and evaluate global ten-
dencies (considering direct and indirect impacts).
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