
ScienceDirect

Available online at www.sciencedirect.com

Transportation Research Procedia 64 (2022) 337–344

2352-1465 © 2022 The Authors. Published by ELSEVIER B.V.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the International Scientific Conference „The Science and Development 
of Transport - Znanost i razvitak prometa –ZIRP2022
10.1016/j.trpro.2022.09.043

10.1016/j.trpro.2022.09.043 2352-1465

© 2022 The Authors. Published by ELSEVIER B.V.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the International Scientific Conference „The Science and Development 
of Transport - Znanost i razvitak prometa –ZIRP2022

 

Available online at www.sciencedirect.com 

ScienceDirect 

Transportation Research Procedia 00 (2022) 000–000  
www.elsevier.com/locate/procedia 

 

2352-1465 © 2022 The Authors. Published by ELSEVIER B.V. This is an open access article under the CC BY-NC-ND license 
(https://creativecommons.org/licenses/by-nc-nd/4.0) 
Peer-review under responsibility of the scientific committee of the International Scientific Conference „The Science and Development of 
Transport - Znanost i razvitak prometa –ZIRP2022  

International Scientific Conference “The Science and Development of Transport - Znanost i 
razvitak prometa” 

Environmental Benefits of Flexible Use of Airspace  
Tea Rogošića,*, Bruno Antulov-Fantulina, Biljana Juričića, Petar Andrašia 

aFaculty of Transport and Traffic Sciences, University of Zagreb. Vukelićeva 4, Zagreb 1000, Croatia 

Abstract 

Flexible use of airspace (FUA) introduced activation of civil and military airspaces for a defined period rather than being 
continually designated as purely civil or military. Flight operators that are not users of activated airspaces avoid them with rerouting, 
which usually results in more miles than planned and has an additional negative effect on the environment. As air traffic recovers 
to pre-COVID-19 pandemic levels, it is interesting to observe the improvements that FUA has brought with the activation of 
airspaces for a period shorter than 24 hours. The paper explores the difference in environmental impact with and without FUA. 
Fast-time simulation is made in Croatian airspace observing three airspaces with different horizontal and vertical limits. Research 
findings show that FUA decreases the number of aircraft affected by airspace activation compared to 24-hour activation. Decreased 
number of affected aircraft reduces environmental impact. It can be concluded that the volume of the activated airspace is not as 
important as its position within the airspace, especially within the terminal airspace. The highest environmental impact is shown, 
as expected, with an extension of activated airspace to en-route vertical limits, which affected an increased number of flights. Users 
of FUA should be aware of the environmental impact and air traffic controllers’ workload when deciding upon the period of 
airspace reservation.  
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Fig. 1. Change of part of flight route upon activation of temporary reserved area 

Environmental improvement is defined as reduced flight length, time, fuel spent and less CO2, and NOX emissions. 
Similar environmental research was done by Aneka and Zhong (2016), where authors stated that the implementation 
of the Free Route Airspace may drastically reduce CO2 and NOx emissions. Most of the current research focuses on 
the flight trajectory optimization for reduction in unobstructed airspace, as in Rosenow and Fricke (2019), or on the 
improvements in strategic planning phase, as in Birdal and Üzümcü (2019) and Guo et al. (2018). Flight efficiency is 
expected to be approved in the future with the Advanced FUA concept, as explored in Luppo et al. (2016). Such a 
concept, described by EUROCONTROL (2015), will optimize the use of available airspace at local and network levels. 

2. Methodology 

In order to observe the behavior of air traffic with and without flexible use of airspace, fast-time simulations in 
EUROCONTROL’s NEST program are used. Initially planned IFR traffic for August 9, 2019 is simulated using 
Simulate Trajectory tool and taken as a reference traffic scenario due to the high number of operations. Three airspaces 
called LDD20, LDTR126, and LDTR1 (Figure 2) with different horizontal and vertical limits are taken for observation 
and comparison using Scenario Economy tool. For one experiment phase, vertical limits of LDTR1 are changed.  

 

 

Fig. 2. Airspaces LDD20, LDTR126 and LDTR1 in Croatian airspace (from left to right) 
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1. Introduction 

According to statistics from the European Organization for the Safety of Aviation (EUROCONTROL), it is 
expected that air traffic in 2022 will reach pre-COVID-19 pandemic levels, EUROCONTROL (2022). 2019 was a 
record year with a peak of 37 228 flights on July 28. Air traffic in 2022 is expected to reach 70-90% of 2019 traffic 
considering the base scenario. According to the number of daily flights given by EUROCONTROL (2022), air traffic 
is following an optimistic scenario which could surpass traffic in 2019. Such a scenario can be a challenge for air 
traffic controllers (ATCOs). 

Except for providing air traffic control service, air navigation service providers participate in the provision of 
Flexible use of airspace (FUA). FUA is a concept described by International Civil Aviation Organisation and 
developed by EUROCONTROL, EU Commission Regulation (2005). Within such a concept, airspace should not be 
designated as purely civil or military but rather considered as one continuum in which all users’ requirements have to 
be accommodated to the maximum extent possible. Within three phases of planning; strategic (ASM level 1), pre-
tactical (ASM level 2) and tactical management (ASM level 3), airspace is divided between civil and military users 
according to EUROCONTROL (2009). Establishment and airspace planning are made in ASM 1, temporary allocation 
in ASM 2, and airspace activation, deactivation and reallocation in ASM 3. FUA enables use of temporary reserved 
area, temporary segregated area and Airspace Management Cell manageable areas. Different requests for airspace 
reservations such as civil training flights, sports and recreational activities of manned aircraft, parachute jumps, or 
international military exercises are submitted. According to Croatian Aeronautical Information, after the Collaborative 
Decision Making process, which ensures efficient airspace usage based on priority rules criteria, Airspace 
Management Cell decides on airspace allocation. 

When a certain part of airspace is reserved, it can be used only by one user, while others avoid the airspace. 
Visualization of activated airspace structure with appropriate information is presented by Kodera et al. (2014) as a 
solution for helping airline operators to plan their routes. In Figure 1 an example of a flight avoiding temporary 
reserved airspace is shown. ATCO can allow flying through activated airspace, which requires additional coordination. 
Significant deviation from the optimal route defined by airline operators has various effects. Flown distance, flight 
time, or fuel spent during flight can increase and have an additional negative effect on the environment. A flexible 
airspace structure utilization model that could be used to reduce flight distance for rerouting flights is proposed by 
Mihetec et al. (2013).  

Considering a high number of flights in Europe that can be affected by route deviation due to activation of certain 
airspace structures, it is important to observe flight efficiency and environmental effect. Before FUA was implemented, 
airspace structures were reserved for 24-hour periods and were effectively used for only couple of hours. Today, FUA 
improves flight efficiency by using and managing new airspace structures with defined validity period, rather than 24-
hour activation. Thus, fewer flights can be affected by route deviation and potential higher environmental impact. This 
paper explores the environmental improvement that FUA has brought with the activation of manageable airspace 
structures in a specific country. The observed structures are inside Croatian airspace. Peak hours were taken to observe 
the highest possible number of aircraft that FUA can affect. In such a way, environmental improvement can have even 
better results in real live traffic than the experimental results provided in the paper.  
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from the results that rerouting is not always bad as it can have lower environmental impact. The reason for the lower 
impact is that the airlines chose the optimal routes by their criteria which is directed towards airline savings rather 
than environmental impact. The results show how flexible use of airspace can positively affect air traffic. The 
difference between the results from Table 1 and Table 2 can be seen in Figure 3. For better data visualization, time is 
presented in seconds and NOX in decagrams.  

Table 2.Comparison of activation of airspace LDD20 9-12 UTC with reference scenario 

LDD20 
Length (NM) Time (min) Fuel (kg) CO2 (kg) NOX (kg) 

No Total No Total No Total No Total No Total 

Increase 9 14.901 6 1.962 0 0 0 0 0 0 

Equal 0 0 0 0 0 0 0 0 0 0 

Decrease 0 0 3 -2.168 9 -297.170 9 -938.980 9 -6.005 

Total 9 14.901 9 -0.206 9 -297.170 9 -938.980 9 -6.005 

3.2. Activation of LDTR126 

LDTR126 is the airspace with the smallest volume used for observation. It is located entirely inside the Zagreb 
terminal airspace. The difference between the reference scenario (Scenario 1) and airspace activation for 24 hours 
(Scenario 2) is shown in Table 3. The activation has affected 34 flights, three of which have only a slight difference 
in route length. Five flights have a decrease in fuel, CO2, and NOX emissions, which is almost negligible compared to 
the total results of environmental effect. As expected, the majority of flights impacted by airspace activation are 
departures from Zagreb airport. Although the volume of the airspace is small, its position close to the control zone has 
a significant impact on air traffic and the environment. 

Table 3. Comparison of activation of airspace LDTR126 for 24 hours with reference scenario 

LDTR126 
Length (NM) Time (min) Fuel (kg) CO2 (kg) NOX (kg) 

No Total No Total No Total No Total No Total 

Increase 31 732.459 32 105.212 29 3815.245 29 12056.190 29 53.407 

Equal 3 0.054 1 0.002 0 0 0 0 0 0 

Decrease 0 0 1 -0.565 5 -94.224 5 -297.750 5 -1.780 

Total 34 732.513 34 104.649 34 3721.021 34 11758.440 34 51.627 

 
When the airspace LDTR126 is activated from 14 till 18 UTC (Scenario 3), the number of flights impacted by 

activation is reduced by almost half (Table 4). Out of the total of 17 flights, 3 of them have only slight route deviation. 
These are the same flights as the ones calculated for Table 3. Route length and time of flight have also been reduced 
almost twice. Again, most of the impacted flights are departures from Zagreb airport. Airspace is activated in peak 
hours affecting 17 flights, but the positive effect of flexible use of airspace should not be neglected. A high decrease 
in fuel, CO2 and NOX emissions comparing to activation for 24 hours is observed (shown in Figure 3).  

Table 4. Comparison of activation of airspace LDTR126 14-18 UTC with reference scenario 

LDTR126 Length (NM) Time (min) Fuel (kg) CO2 (kg) NOX (kg) 
No Total No Total No Total No Total No Total

Increase 14 317.621 15 45.510 12 1396.342 12 4412.420 12 15.850
Equal 3 0.054 1 0.002 0 0 0 0 0 0 

Decrease 0 0 1 -0.565 5 -94.224 5 -297.750 5 -1.780
Total 17 317.675 17 44.947 17 1302.118 17 4114.670 17 14.070
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LDTR1 is a temporary reserved area which is horizontally partly located within Zagreb terminal airspace and has 
vertical limits from the ground until flight level (FL) 185. It is activated only for military use, and its activation affects 
arriving and departing traffic in Zagreb and nearby airports in and outside of Croatia. The other two airspaces chosen 
are horizontally inside terminal airspaces, so the influence on terminal traffic can be observed. LDTR126 is a 
temporary reserved airspace for civil and military use with vertical limits from the ground until 9500 feet. It is placed 
inside Zagreb terminal airspace close to the control zone, which influences arrivals and departures in Zagreb. LDD20 
is a danger area inside Zadar terminal intended, only for air-to-air firing according to Croatian Aeronautical 
Information Publication. It expands from ground until FL285, affecting traffic for departing and arriving to airports 
Pula, Split, Zadar and Brač.  

The experiment consists of several traffic simulations for each of the defined areas: 

1. Initially, planned traffic is simulated without the activated airspace. Simulation shows reference traffic 
behavior within a 24-hour period (Scenario 1).  

2. The airspace is activated for a 24-hour period. The simulation shows the behavior of traffic when flexible use 
of airspace is not applied (Scenario 2). 

3. The airspace is activated only for a few peak hours: LDD20 9-12 UTC, LDTR126 14-18 UTC, and LDTR1 6-
11 UTC. The simulation shows the effect of flexible use of airspace on air traffic (Scenario 3).  

4. Airspaces can have extended vertical limits e.g., in the case of certain military exercises. Such short-term 
change is announced by NOTAM. For such a simulation, airspace LDTR1 is vertically changed to FL405 and 
is activated at the same peak hours defined in step 3 (Scenario 4). 

3. Results 

3.1. Activation of LDD20 

Simulations for each traffic scenario (2-4 steps) are compared with the reference scenario when no activation of 
airspace is used (1 step). The reference scenario shows simulated initial planned traffic flown. A comparison of the 
reference scenario (Scenario 1) and scenario made for activation of LDD20 airspace for 24 hours (Scenario 2) is shown 
in Table 1. Airspace activation impacted 22 flights. Although the total length flown for all aircraft is increased by 
almost 188 nautical miles (NM), there are 11 flights that have a better effect on the environment. These 11 flights 
have a small increase in route length, less fuel consumption and CO2 and NOX emissions and have mostly continuous 
descent. Flight times are prolonged for 31 minutes, while 3 flights have decreased flight time by 2 minutes. Most of 
the flights impacted with airspace activation are arrivals in adjacent terminal airspace Split. These flights are affected 
due to planned descend inside the airspace towards airports Split and Brač. Flights departing or arriving at Zadar 
airport are not affected because Standard Instrument Departure Routes and Standard Instrument Arrival Routes are 
horizontally located away from the LDD20 airspace. It is interesting to see how the activation of airspace inside one 
terminal airspace affects traffic of adjacent terminal airspace. 

Table 1. Comparison of activation of airspace LDD20 for 24-hours with reference scenario 

LDD20 
Length (NM) Time (min) Fuel (kg) CO2 (kg) NOX (kg) 

No* Total No Total No Total No Total No Total 

Increase 22 187.548 19 31.431 11 668.066 11 2111.160 11 6.821 

Equal 0 0 0 0 0 0 0 0 0 0 

Decrease 0 0 3 -2.168 11 -371.150 11 -1172.780 11 -7.656 

Total 22 187.548 22 29.263 22 296.916 22 938.380 22 -0.835 

 
The effect of FUA activation of LDD20 within the period from 9 till 12 UTC (Scenario 3) is shown in Table 2. 

During the period of three hours, airspace activation has influenced 9 flights which resulted in less fuel, CO2, and NOX 
emissions. Although peak hours are chosen for airspace activation, only 9 aircraft out of 22 possible are affected by 
route change which resulted in an additional 14 NM and almost no flight time prolongation in total. It can be concluded 
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Increase 22 187.548 19 31.431 11 668.066 11 2111.160 11 6.821 

Equal 0 0 0 0 0 0 0 0 0 0 

Decrease 0 0 3 -2.168 11 -371.150 11 -1172.780 11 -7.656 

Total 22 187.548 22 29.263 22 296.916 22 938.380 22 -0.835 

 
The effect of FUA activation of LDD20 within the period from 9 till 12 UTC (Scenario 3) is shown in Table 2. 

During the period of three hours, airspace activation has influenced 9 flights which resulted in less fuel, CO2, and NOX 
emissions. Although peak hours are chosen for airspace activation, only 9 aircraft out of 22 possible are affected by 
route change which resulted in an additional 14 NM and almost no flight time prolongation in total. It can be concluded 
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for 5 hours. Less than a third of aircraft given in Table 7 are impacted by shorter activation. Comparing environmental 
effects from Tables 7 and 8, it can be seen that the effect of a shorter time of activation has a significant improvement 
for the environment (Figure 4). 

 

 

Fig. 4. Difference in results for activation of LDTR1 (left) and LDTR1 with extend from FL185 to FL405 (right) 

Table 7.Comparison of activation of extended airspace LDTR1 for 24 hours with reference scenario 

LDTR1 
Length (NM) Time (min) Fuel (kg) CO2 (kg) NOX (kg) 

No Total No Total No Total No Total No Total 

Increase 323 938.450 316 176.231 298 8375.888 298 26461.731 297 138.616 

Equal 0 0 4 0.011 1 0.180 1 0.570 1 0.001 

Decrease 0 0 3 -0.658 24 -282.180 24 -893.700 25 -5.281 

Total 323 938.450 323 175.584 323 8093.888 323 25568.601 323 133.336 

Table 8.Comparison of activation of extended airspace LDTR1 6-11 UTC with reference scenario 

LDTR1 
Length (NM) Time (min) Fuel (kg) CO2 (kg) NOX (kg) 

No Total No Total No Total No Total No Total 

Increase 102 338.318 97 56.768 81 1790.092 81 5653.755 81 26.814 

Equal 0 0 4 0.011 0 0 0 0 0 0 

Decrease 0 0 1 -0.233 21 -278.820 21 -883.100 21 -5.060 

Total 102 338.318 102 56.546 102 1511.272 102 4770.655 102 21.755 

4. Conclusion 

A fast-time simulation for August 9 2019 was made in order to explore the effects of FUA. Three different airspaces 
were used for simulation without FUA (24-hour activation) and with FUA (a few hours’ activation). The attention 
was focused on flight length, time, fuel and CO2, and NOX emissions. Overall results show that FUA decreases the 
number of aircraft affected by airspace activation compared to 24-hour activation thus reducing negative 
environmental effects as expected.  

Comparing results of the LDTR126 with the LDD20 airspace leads to the conclusion that the volume of the airspace 
is not as important as the position within terminal airspace. The closer the airspace is to the control zone and the more 
the standard instrument departures and arrivals it intersects, the higher the environmental effect on arriving and 
departing traffic within terminal airspace. Aircraft affected by avoiding activated airspace have to be vectored. In such 
situations, ATCOs usually have a higher workload and have to solve traffic situations with higher complexity. It would 
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3.3. Activation of LDTR1 

Temporary reserved airspace LDTR1 is partly located within Zagreb terminal airspace. The upper vertical limit is 
FL185. When activated for 24 hours (Scenario 2), it impacts 39 flights out of which 21 flights have a negative impact 
on fuel, CO2, and NOX emissions (Table 5). As said before, activation of airspace LDTR1 affects departing and 
arriving traffic to/from Zagreb and adjacent airports such as Ljubljana, Osijek, Belgrade, and Pula.  

Table 5. Comparison of activation of airspace LDTR1 for 24 hours with reference scenario 

LDTR1 
Length (NM) Time (min) Fuel (kg) CO2 (kg) NOX (kg) 

No Total No Total No Total No Total No Total 

Increase 39 308.427 34 71.008 21 953.028 21 3011.279 21 14.729 

Equal 0 0 4 0.011 0 0 0 0 0 0 

Decrease 0 0 1 -0.233 18 -264.540 18 -838.000 18 -4.817 

Total 39 308.427 39 70.786 39 688.488 39 2173.279 39 9.913 

 
A comparison of the reference scenario with shorter activation of the LDTR1 airspace in FUA (Scenario 3) is 

shown in Table 6. When activation is made for a shorter period, number of flights affected is decreased by 11. With 
activation for a shorter period, the number of flights affected is reduced by 11. Out of 28 flights, 4 of them have more 
or less equal trajectory, and 1 has reduced negative environmental impact. These are the same 5 flights that are given 
in Table 5. Route length and flight time have been reduced by almost twice, which can be seen in Figure 4. 

Table 6. Comparison of activation of airspace LDTR1 6-11 UTC with reference scenario 

LDTR1 
Length (NM) Time (min) Fuel (kg) CO2 (kg) NOX (kg) 

No Total No Total No Total No Total No Total 

Increase 28 126.234 23 24.995 10 487.544 10 1540.373 10 7.728 

Equal 0 0 4 0.011 0 0 0 0 0 0 

Decrease 0 0 1 -0.233 18 -264.540 18 -838.000 18 -4.817 

Total 28 126.234 28 24.773 28 223.004 28 702.373 28 2.912 

 
For the simulation of military exercise where higher vertical limits of airspaces are extended, the upper vertical 

limit of LDTR1 airspace is changed from FL185 to FL405 (Scenario 4). The behavior of air traffic during 24-hour 
activation of airspace is presented in Table 7. The total number of flights affected by the activation is 323. Seven 
flights have equal trajectory or decrease in fuel, CO2, and NOX emissions. Table 7 gives results with the highest impact 
on the environment. Such results are expected due to airspace extension to en-route flight levels and taking into 
consideration the number of overflights in Croatian airspace. In table 8, extended airspace LDTR1 is activated only 
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for 5 hours. Less than a third of aircraft given in Table 7 are impacted by shorter activation. Comparing environmental 
effects from Tables 7 and 8, it can be seen that the effect of a shorter time of activation has a significant improvement 
for the environment (Figure 4). 
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be interesting to investigate how the air traffic situation changes with airspace activation, how much air traffic 
complexity is different and what level of workload and stress ATCOs have upon aircraft rerouting.  

LDTR1 is the only airspace used for simulating the extension of higher vertical limits e.g., in the case of military 
exercise. As expected, when limits of the airspace entered higher en-route airspace (where most of the air traffic flies 
in Croatia), the results showed the highest negative effect on the environment. 

Optimal routes defined by aircraft operators do not have to be the best choice for the environment. Results from 
Table 2 indicate that rerouting of aircraft due to activation of LDD20 airspace has a smaller effect on the environment. 
Taking into consideration that values from the table are small, reasons for reducing environmental effects should be 
additionally explored.  

Most benefits from FUA can be seen in users’ experience. Parachuting flights, civil training flights, recreational 
activities of manned aircraft, and others are the main reason for the activation of airspaces. While air navigation service 
providers help users to fulfil their tasks, it should not be neglected that flights around airspaces are rerouted and have 
additional environmental impact and effect on ATCOs. Knowing such information, users should reserve airspace only 
as much time as it requires for their activities and be reasonable if their request is denied. Additional attention should 
be given to the activation of airspaces close to control zones that have vertical limits, same as flights 
descending/climbing in terminal airspace. 
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