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Abstract: Exposure to high levels of noise affects negatively human health. The noise produced by 1

aircraft engines is strong enough to reach well beyond the limits suggested by the World Health 2

Organisation (WHO), and it is estimated that the health and well-being of millions of people in 3

Europe is impaired by aircraft noise. In this work, we estimate the potential benefits from performing 4

a continuous descent operation (CDO) in the terminal maneuvering area (TMA), by comparing the 5

noise and emissions calculated for the actual aircraft trajectories, obtained from the OpenSky network 6

database, to a more efficient descent, where the engines are running at idle thrust. To model the 7

aircraft performance, we use the Base of Aircraft Data (BADA), while IMPACT is used for calculating 8

noise and emissions. We consider three European airports (Stockholm-Arlanda, Vienna and Dublin) 9

focusing on the busy periods in 2019, and the most used arrival runways at each airport. Even though 10

the highest levels of noise are experienced during take-off and the the initial climb-phase, where 11

aircraft engines are operating at a high thrust setting, as well as during the final approach segment, 12

where aircraft are closer to the ground, the results of our study suggest that noise-related benefits 13

may be obtained also for areas further away from an airport when arriving aircraft perform CDOs. 14

Additionally, we observe that while most of the emissions decrease when aircraft perform CDOs, 15

some components, such as carbon monoxide (CO) and hydrocarbon (HC) may also increase. 16

Keywords: noise; emissions; CDO; terminal operations 17

0. Introduction 18

Exposure to aircraft noise affects the health and well-being of millions of people in 19

Europe. More specifically, people exposed to aircraft noise may suffer from stress, sleep 20

disturbance, heart disease and premature mortality due to ischaemic heart disease [1]. 21

According to the EU Member States reports under the Environmental Noise Directive 22

(END), it is estimated that almost 1 million people experience high annoyance from aircraft 23

noise. Additionally, the reports suggest that about 230.000 people suffer from high sleep 24

disturbance, and that aircraft noise contributes to 200 premature mortalities [2]. 25

The environmental noise guidelines of the World Health Organisation (WHO) recom- 26

mend a maximum of 45 dB Lden (day-evening-night noise level) and 40 dB Lnight (night 27

noise level), in order to mitigate the health risks [3]. Although the highest noise levels 28

from air traffic are experienced by people living in the close proximity to an airport, where 29

aircraft are taking off and climbing out, or are following the final approach prior to landing, 30

the recommended maximum noise levels suggested by WHO makes it relevant to also 31

investigate the potential benefits from performing a continuous descent operation (CDO), 32

where aircraft ideally keep the engines at idle thrust. 33

The emissions caused by aviation and its impact on the climate in general, is an area 34

of great interest in the aviation research community. In [4], the authors used historical 35

OpenSky data to analyze several years of real-world aircraft trajectory data to quantify the 36
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commercial aviation’s impact on global emissions. The results from the study reveal that 37

the CO2 emissions from aviation contribute to 2% of the global emissions. An assessment of 38

the impact of aircraft noise was conducted by the authors in [5], where spatial and temporal 39

variations of the population was considered in the area of Ljubljana airport in Slovenia, to 40

quantify the number of people annoyed by aircraft noise. 41

In previous work [6], [7], we analyzed the sequencing and merging procedures at 42

three European airports: Stockholm-Arlanda, where vectoring is used, Dublin, with point 43

merge procedures, and Vienna, operating with trombone procedures. In this paper, we 44

continue investigation of the performance at these three airports, complementing it with 45

evaluation of the potential noise and emission benefits from performing CDOs in the 46

terminal maneuvering area (TMA). 47

1. Airports 48

The three airports we analyze in this paper, Stockholm-Arlanda (ESSA), Vienna 49

(LOWW) and Dublin (EIDW), have similar number of yearly movements, between 220,000 50

and 260,000. For arrivals, Arlanda has a mix of open and closed standard arrival routes 51

(STARs), Vienna operates with trombone procedures and Dublin with point merge proce- 52

dures, where path stretching is performed along sequencing legs to achieve the desired 53

inter-aircraft separation, until instructed to turn towards a merge point [8]. Arlanda has 54

three runways, and most of the times, one runway is used for takeoffs and another for 55

landings, while Vienna has two intersecting runways that are used simultaneously to split 56

the departures and arrivals. As of now, Dublin has taken a new, parallel runway, into 57

operation. However, the data used in this paper is based on the runway configuration of 58

one main runway and one intersecting runway, used by only a minority of the movements. 59

For this study, we choose the runways that were used the most in October 2019: 01R for 60

Arlanda (33% of the arrivals), 16 for Vienna (44%) and 28L for Dublin (80%). For Arlanda 61

and Vienna, the area of interest for evaluation in this paper corresponds to the actual borders 62

of the respective TMAs. However, for Dublin, a significant part of the eastbound flights 63

are cut by the TMA border with the decent starting significantly earlier than the aircraft 64

enter the TMA, which may distort the arrival performance. Therefore, we extend our area 65

of interest for Dublin to a 50 NM circle centered at the runway. For simplicity, the 50 NM 66

circle area around Dublin airport will still be referred to as TMA. We obtain the relevant 67

aeronautical data for each airport from their respective state aeronautical information 68

publications (AIP) [9], [10], [11], published in open access. For more information on the 69

airports and their arrival procedures, refer to [6], [7]. 70

2. Datasets 71

We use the database of the OpenSky Network [12] to obtain historical data on actual 72

flights and downloaded ’states’ data representing the parts of the arriving flight trajectories 73

within the TMAs of Arlanda, Vienna and Dublin airports. The datasets are identical to 74

some of those which we used in our previous work [6], where we considered the busiest 75

month of the year 2019, October, focusing on the peak time periods, that contain all arrivals 76

corresponding to the hours when aircraft spent significantly long periods of time in TMA 77

in average. More specifically, the so-called TT datasets (from Time-in-TMA), are obtained 78

as follows: we calculate the average per hour time in TMA and remove the 0.7th percentile 79

from this set of values. The resulting datasets contain 1045 arrivals for Arlanda, 1641 for 80

Vienna and 2587 for Dublin. (The data cleaning and preparation steps are discussed in detail 81

in [6]). The final datasets contain arrivals for the most busy runway at each airport during 82

the chosen period, which are runway 01R at Arlanda, runway 16 in Vienna and runway 83

28L at Dublin airport. The trajectories of the three datasets are illustrated in Figure 1. 84

3. Methodology 85

In order to estimate the potential benefits from performing CDOs in TMA in terms of 86

noise, emissions and fuel burn, we calculate a reference CDO profile for each flight obtained 87
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(a) (b) (c)

Figure 1. Trajectories of the October 2019 TT datasets for Arlanda runway 01R (a), Vienna runway 16
(b) and Dublin runway 28L (c).

via the OpenSky data, as discussed in detail in 3.1. The general overview of the overall 88

methodology for calculating the emissions, noise and fuel flow is illustrated in Figure 2. 89

Our in-house tool for thrust, fuel flow and CDO profile calculations (constructed based on 90

the EUROCONTROL Base of Aircraft Data (BADA) manual [13] and fed with BADA v4.2 91

aircraft parameters), is then provided with the cleaned OpenSky data and data on historical 92

weather. For the weather, we use ECMWF [14] ERA5 reanalysis dataset, provided via the 93

C3S Data Store, to obtain data on temperature and wind at different altitudes and positions, 94

for imitating the prevailing atmospheric conditions and for conversion between ground 95

speed (GS) to true airspeed (TAS). Next, we feed the web-based tool IMPACT [15] both 96

with OpenSky data and data from our tool for thrust, fuel flow and CDO calculations, to 97

obtain estimations on emissions and noise, respectively. Further in this section we describe 98

the methodology in more details. 99

The Total Energy Model (TEM) (Equation 1) provided in the BADA manual, is the 100

core for all following calculations. Using the TEM, we obtain an estimation on the thrust 101

(Th) along the trajectories from the OpenSky data. We consider an estimated mass of 90% 102

of the maximum landing weight (m) for the specific aircraft type, specified in BADA. The 103

TAS is derived by combining the ground speed data from the OpenSky trajectories with 104

data on wind speed and direction, obtained from our source of historical weather. The 105

vertical speed (dh/dt in the TEM formula), we obtain directly from the OpenSky trajectory 106

data, while the Drag (D) can be calculated based on the same data, by using the formulas 107

provided in the BADA manual. Additionally, we use the TEM for calculating the thrust of 108

a reference CDO profile, described in Section 3.1. We consider a clean aircraft configuration 109

only, with no use of flaps and slats and with the landing gear in the retracted position. 110

(Th − D) · VTAS = m · g0 ·
dh
dt

+ m · VTAS ·
dVTAS

dt
(1)

3.1. CDO Profile Generation 111

For each flight in the datasets, we create a reference CDO profile considering engine 112

idle thrust and no use of speed brakes. For the speed of the CDO trajectories, we use the 113

descent speed schedule formulas provided in the BADA manual, which specifies typical 114

speeds (expressed in calibrated air speed (CAS)) for different ranges of altitudes during 115

the descent phase, considering the actual aircraft type. By constructing the trajectory 116

backwards from the lowest altitude, we first calculate the idle thrust coefficient and the 117

corresponding engine thrust. By feeding the TEM with the speed schedule (converted from 118

CAS to TAS) and the engine idle thrust, we obtain the rate of descent at each time stamp 119

and consequently, we iteratively obtain the full vertical profile of the CDO. We match the 120

initial CAS of the OpenSky trajectories at entry to TMA. Furthermore, we do not allow 121

the CDO profiles to start at a higher altitude than the cruise altitude of the actual flight. 122
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Figure 2. Flow chart overview of the different databases and models used for the calculations of fuel
consumption, emissions and noise.

Hence, flights cruising at a particularly low altitude may have a flat segment inside the 123

TMA. A comparison of the vertical profiles for the actual trajectories and the corresponding 124

reference CDOs that we created is illustrated in Figure 3. 125

(a) (b) (c)

Figure 3. Vertical profiles of the actual trajectories (in yellow) and the corresponding reference
continuous descent operations (CDOs) (in turquoise) for Arlanda (a), Vienna (b) and Dublin (c).

3.2. Emissions 126

We calculate the emissions in terms of carbon dioxide (CO2), nitrogen oxide (NOx), 127

sulfur oxide (SOx), hydrocarbon (HC) and carbon monoxide (CO), by using the tool 128

IMPACT [15], provided by EUROCONTROL, which we feed with the data on the aircraft’s 129

horizontal trajectory, altitude, TAS, engine thrust and fuel flow. In IMPACT, we use 130

standard atmospheric conditions with a temperature of 15◦C, air pressure of 1013.25 hPa, 131

air humidity of 70% and no wind. Additionally, we set the aircraft noise and performance 132

(ANP) data to v2.3 and the BADA versions to 3.15 and 4.2, respectively. 133

3.3. Noise 134

We also use IMPACT for calculating the noise of the actual OpenSky trajectories and 135

the corresponding CDO reference profiles. We provide IMPACT with the same input data 136

as used for calculating the emissions, explained in Section 3.2. We use ANP data v2.3 and 137

perform the calculations based on ECAC.CEAC Doc 29 4th edition [16], with a fixed grid of 138

resolution 0.075 NM in both the X and Y directions, and set the atmospheric conditions to 139

the same values as for the emission calculations, described in Section 3.2. 140

For noise metric, we consider Lden (day-evening-night noise level), where a 5 dB 141

penalty is added to flights in the evening, between 19:00 and 23:00, and a 10 dB penalty 142

is added to flights in the night, between 23:00 and 07:00. Lden corresponds to the sound 143

pressure level averaged over the year [1]. Table 1 shows how the flights in the datasets are 144

distributed between the day, evening and night time intervals. 145
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Table 1. Distribution of aircraft operations.

Time Penalty ESSA LOWW EIDW

Day 07:00-19:00 0 dB 71.3% 74.1% 88.6%
Evening 19:00-23:00 5 dB 24.8% 23.8% 5.6%

Night 23:00-07:00 10 dB 3.9% 2.1% 5.8%

3.4. Fuel Consumption 146

We use the formulas provided in the BADA manual for calculating the fuel flow, by 147

first obtaining the fuel coefficient from the calculated thrust. After having calculated the 148

fuel flow (Equation 2) for each time stamp, we can obtain the fuel consumption of the full 149

trajectory. 150

F = δ · θ
1
2 · m · g0 · a0 · L−1

HV · CF (2)

Here, δ is the pressure ratio, θ is the temperature ratio, m is the reference mass, g0 is the 151

gravitational acceleration, a0 is the speed of sound at sea level, L−1
HV is the fuel lower heating 152

value and CF is the fuel coefficient. The methodology is explained in more details in [17]. 153

4. Results 154

In this section we present the results for noise, fuel and other emissions calculated for 155

comparison between the actual aircraft arrivals to Stockholm-Arlanda, Vienna and Dublin 156

airports and the corresponding reference CDO profiles. 157

4.1. Noise 158

Noise contours for the actual trajectories and the reference CDOs for the three airports 159

are illustrated in Figures 4-6, and the sizes of the contour areas exposed to a certain noise 160

level are presented in Table 2. Figure 7 shows the results for the additional area (in percent) 161

exposed to different noise levels, calculated as the difference between the noise contour 162

area of the actual aircraft trajectories and the area of the noise contour of the corresponding 163

reference CDO profiles, for each noise level. Note that noise levels above 55 dB refer to the 164

final approach segment of the arrival, which we do not consider in this work, since the final 165

approach typically is not affected whether a descent is conducted as a CDO or not. Most of 166

the noise corresponding to the final approach segment, is estimated by IMPACT without 167

any trajectory data being provided as input. When analyzing the results, it is worth noting 168

that the actual noise levels are likely to be higher than what the simulations show, due to 169

the limitation of the clean configuration assumption (no flaps/slats) and no landing gear 170

deployed. In reality, a non-clean configuration of the aircraft will result in increased drag 171

and thus, more thrust is required, providing higher noise levels. 172

From the results presented in the figures and the table referenced above, we observe a 173

reduction in the area sizes, for all noise levels considered. The results for Arlanda airport 174

(Figures 4, 7 and Table 2) show that especially the 40 dB area is significantly larger for actual 175

trajectories compared to the CDOs (45% larger area covered). Also the areas exposed to 176

35 and 45 dB are noticeably greater in size for the actual trajectories, covering about 30% 177

more land. As shown in Figures 5, 7 and Table 2, the greatest additional noise exposure for 178

Vienna is for the 45 and 50 dB levels (about 38% more area covered), followed by 55 dB, 179

about 30%. The results for Dublin (Figures 6, 7 and Table 2) show the most significant noise 180

reduction for 45 and 50 dB areas, about 40%, followed by the area exposed to 40 dB (30%). 181

Most of the areas where we consider the noise impact from arriving aircraft to Dublin 182

airport are over water, which makes noise less of an issue for the population. However, 183

for scientific reasons it is still relevant to analyze the noise levels for this airport, especially 184

between the sequencing legs and the merge point, where aircraft are supposed to conduct 185

a CDO. Additionally, it is worth noting that the noise levels on the sequencing legs for 186

Dublin airport, flown at FL70 or FL80 [11], do not seem to contribute to significant noise 187

exposure. 188



Version November 29, 2022 submitted to Journal Not Specified 6 of 9

(a) (b)

Figure 4. Noise contours (Lden) ranging from 30 to 85 dB for actual arrival trajectories (a) and CDO
trajectories (b) for Stockholm Arlanda airport TT dataset in October 2019.

(a) (b)

Figure 5. Noise contours (Lden) ranging from 30 to 85 dB for actual arrival trajectories (a) and CDO
trajectories (b) for Vienna airport TT dataset in October 2019.

Table 2. Size of areas, expressed in km2, exposed to different noise levels, for actual trajectories
compared to CDO.

ESSA
actual

ESSA
CDO

LOWW
actual

LOWW
CDO

EIDW
actual

EIDW
CDO

30 dB 1010 860 1090 1015 1660 1490
35 dB 705 540 800 710 1235 1010
40 dB 420 290 545 460 800 615
45 dB 185 140 326 235 425 305
50 dB 90 70 145 105 180 130
55 dB 40 35 65 50 80 65
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(a) (b)

Figure 6. Noise contours (Lden) ranging from 30 to 90 dB for actual arrival trajectories (a) and CDO
trajectories (b) for the Dublin airport TT dataset in October 2019.

Figure 7. Additional area (in percent) exposed to different levels of noise, for the actual trajectories
compared to CDO.

4.2. Fuel and Emissions 189

Average fuel burn and emissions per flight, for the actual trajectories and the corre- 190

sponding CDO reference trajectories are presented in Table 3, with an illustration of the 191

additional fuel burn and emissions visualized in Figure 8. We observe that fuel burn, CO2, 192

NOx and SOx are reduced for all three airports, when we compare actual trajectories to 193

CDO. For HC emissions, we see a small increase for the CDO operations at Dublin airport, 194

and for CO, the emissions are marginally higher for the CDO trajectories at Arlanda and 195

Dublin airport, when compared to the emissions of the actual trajectories. The increase 196

in CO and HC emissions due to low engine thrust (typically used for CDOs) were also 197

reported in the Aircraft Particle Emissions eXperiment (APEX) [18], where it was explained 198

by that CO and HC are formed by similar reaction chemistry within the engine combustor 199

and decrease rapidly at higher engine powers. 200
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Table 3. Average fuel consumption and emissions, in TMA, per flight (in kg) for the actual flights and
the corresponding reference CDOs.

ESSA
actual

ESSA
CDO

LOWW
actual

LOWW
CDO

EIDW
actual

EIDW
CDO

Fuel 214 109 240 115 309 138
CO2 675 346 760 363 977 435
NOx 1.26 0.49 1.50 0.53 2.08 0.64
SOx 0.18 0.09 0.20 0.10 0.26 0.12
HC 0.34 0.33 0.33 0.32 0.39 0.40
CO 6.73 7.25 4.01 3.77 7.74 8.17

Figure 8. Additional fuel burn and emissions, in TMA, for the actual trajectories compared to CDO.

5. Conclusions 201

In this paper, we evaluate the potential noise and emissions benefits from performing 202

CDO in TMA by comparing actual trajectories at three European airports, obtained from 203

the OpenSky Network database, to vertically efficient CDOs, modelled with the use of 204

BADA. The results reveal that a reduction in noise exposure may be obtained by CDOs, 205

both for noise levels in line with the noise threshold suggested by the WHO, but also for 206

louder levels above the threshold. We also observe a positive contribution from CDOs, in 207

terms of a decrease in fuel consumption, as well as reduced levels for most of the emissions 208

that we chose to study, with the most benefits in NOx emissions. However, we report that 209

CDOs may contribute to the increased levels of CO and HC, compared to a non-idle thrust 210

descent with a higher rate of fuel flow. For future work, we consider studying potential 211

trade-offs between fuel consumption and noise, and also evaluate the expected benefits 212

provided by the optimized scenarios, where automatic traffic scheduling is applied to 213

improve the overall flight performance in TMA ([17], [19]). The latter will also contribute to 214

the investigation of the noise and emission benefits obtained from more efficient horizontal 215

trajectories. 216
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