
Analysis of Vertical Flight Efficiency During Climb and Descent

Pedro Dias Correia
pedro.dias.correia@tecnico.ulisboa.pt
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Abstract

A continuous climb/descent spends less fuel than another with level offs at intermediate altitudes.
This reduction allows airliners to save money and time, which turns possible for them to offer clients
cheaper and faster flights. This document shows the results by suggesting some modifications to the
European Agency for the Safety of Air Nevigation’s (EUROCONTROL’s) previous approach methods.
First, a detailed research regarding Lisbon Airport (LPPT) is presented. Then, a comparison with
other European airports is done. The results are divided in 3 parts: vertical flight efficiency (VFE)
indicators, level segment’s distribution in altitude and impact of VFE inefficiencies in the environment
and airliners.
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1. Introduction
Air traffic flow is increasing every year and that

tendency is expected to continue for the following
years. From 2016 to 2023 the European Agency for
the Safety of Air Navigation (EUROCONTROL)
estimates that the traffic demand will increase 1.9%
per year, which corresponds to a rise of 1000 flights
per day in some countries as France and Germany.
Portugal is expected to have between 250 and 500
more flights per day [4].

The topic of Vertical Flight Efficiency (VFE) is
being studied in two parts. One for the cruise phase
[8], another for both the climb and descent phases
[9]. This thesis focus on the climb/descent parts,
suggesting new modifications to the previous re-
searches ([3] [7] [9]) and showing the correspondent
results.

During climb and descent, the pilots are forced to
level at intermediate altitudes due to many reasons
such as sector overloads, congestion in the desti-
nation airports, adverse meteorological conditions,
operational reasons or en-route traffic conflicts. The
objective is to filter only the inefficiencies caused by
Air Traffic Control (ATC) procedures.

The goals of this thesis are the following: track
the vertical efficiency of the Lisbon Airport from
2014 to 2017, following the guidelines provided by
EUROCONTROL, and verify whether this airport
is improving or worsening its efficiency; identify in
which altitudes the most level offs are occurring.
The focus is the Lisbon Airport but this document
shows the results for Brussels Airport as well, in
order to provide a different analysis; compare the

results obtained with other European airports, and
find which are the most and less efficient ones; es-
timate the time and fuel wasted caused by vertical
flight inefficiencies, which allows an estimation of
the money and fuel wasted as well.

2. Background

The starting point for this thesis were the pre-
vious researches published by EUROCONTROL,
which are explained in sections 2.1 2.2, 2.3 and 2.4.
Finally, section 2.5 presents a method where level
offs can be transformed into fuel and time waste

2.1. Definition and detection of level segments:
Rolling Window method

The definition of a level segment is the basis of
this work. The criteria of whether the aircraft is fly-
ing level or not will determine the results obtained.
Climb and descent phases should be checked to ver-
ify the existence (or not) of level segments.

A level segment is detected when the aircrafts
vertical speed is under a specific threshold. The
CCO/CDO Task Force, a group of ATM skatehold-
ers created in 2015 to establish general definitions
for measuring CCO and CDO operations in Europe,
stated that vertical velocity should be 300 feet per
minute. That is, if the vertical velocity between
two points of the flight data (segment) is under 300
ft/min, that segment is considered as level; other-
wise, it is described as a continuous path of the
climb/descent. Figure 1 illustrates the implemen-
tation of this method.
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Figure 1: Rolling window for level segment detec-
tion [9]

where Y/X = 300ft/min. The height of the win-
dow changes according to the data frequency, that
is, if the time lapse is 30 seconds, the height should
be equal to 300/(60/30) = 150ft.

In order to compare results between flights, all
flight data 4D points must be equally spaced in
time; otherwise, an interpolation should be made.
Section 3.4 explains in detail which value will be
taken for that spacing.

2.2. Identification of the Climb Part

The climb part is set to start at 3000 feet Above
Ground Level (AGL) due to the Noise Abatement
Departure Procedures (NADP) defined by the In-
ternational Civil Aviation Organization (ICAO),
which end at this altitude [6]. That point is de-
fined as 3000-P. From 800 to 3000 feet, the aircraft
has to fulfil a set of restrictions concerning its climb
velocity.

The upper part of the climb is calculated in 3
steps: 1. obtain the point at 200 Nautical Miles
(NM) from the departure airport: that is D200; 2.
find the first point at the same altitude as D200:
that is ToC-D200 (if the aircraft is still climbing,
D200 and ToC-D200 coincide); 3. find if there is any
level segment lasting more than 5 minutes between
ToC-D200 and 90% of its altitude, if yes, ToC-CCO
is put at the beginning of such level segment(s),
otherwise ToC-CCO and ToC-D200 will coincide.

The distance of 200NM is chosen because the air-
craft generally reach its cruising altitude in less than
200 nautical miles, and extending the radius might
result in detecting more level flights that are not re-
ally inefficient. Overall, the climb part ranges from
3000-P to ToC-CCO.

2.3. Identification of the Descent Part

The descent part is defined to end at 1800 feet
AGL, because that is the minimum altitude to in-
tercept the ILS glideslope. That point is defined as
1800-P. Below this altitude, the aircraft is descend-
ing with a constant glide angle and level segments
do not exist [5].

The lower part of the descent is calculated in 3
steps: 1. obtain the point at 200 Nautical Miles
(NM) from the destination airport: that is A200;
2. find the last point at the same altitude as A200:
that is ToD-A200 (if the aircraft is still descending,

A200 and ToD-A200 coincide); 3. find if there is any
level segment lasting more than 5 minutes between
ToD-A200 and 90% of its altitude, if yes, ToD-CDO
is put at the end of such level segment(s), otherwise
ToD-CDO and ToD-A200 will coincide.

Again, the 200NM distance is chosen not only be-
cause aircraft generally leave their cruising altitude
to descent at 200NM to the arrival airport, but also
because both radius, for climbs and descents, must
be the same so that the results obtained for descents
can be compared with the ones obtained for climbs.
Overall, the descent part ranges from ToD-CDO to
1800-P.

2.4. Vertical Flight Efficiency Indicators

After defining the climb and descent parts, the
detection of level segments should be done, with
the procedure explained in chapter 2.1.

The indicators considered in the analysis are the
following: average distance flown level per flight
(Davg), average time flown level per flight (Tavg),
average number of level segments per flight (Lavg),
percentage of level flights (P ) and CCO/CDO al-
titude (hCCO/hCDO), which is calculated by tak-
ing the altitude of the lowest level segment on the
climb/descent part, respectively.

2.5. Fuel and Time Waste

In order to obtain an estimation of the fuel and
time waste, the level segments were assumed to oc-
cur at the cruising altitude [1], as figure 2 show.
The real vertical profile is represented in red, while
the green is the optimized one.

Figure 2: Shifting level segment to cruise altitude

At higher altitudes, the air is colder and less
dense, which increases aircrafts performance. The
aircraft can fly faster and burn less fuel, which is
a double benefit for the air companies. They can,
not only reduce flights duration, but also save fuel.
The change in time and fuel is given by equation 1.
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where,

• ∆T is the change in flight’s duration as a result
of moving level segments to a new altitude;

• ∆F is the change in fuel consumption as a re-
sult of moving level segments to a new altitude;

• di is the length of level segment i;

• hi is the original altitude of level segment i;

• hc
i is the new altitude of level segment i (cruise

altitude);

• v(h) is the nominal cruise speed associated
with altitude h from BADA table;

• f(h) is the nominal fuel burn rate associated
with altitude h in cruise configuration from
BADA table.

Every type of aircraft has its BADA (Base of Air-
craft Data) table. It contains the true air speed
(kts) and the nominal fuel burn rate (kg/min) for
the climb, descent and cruise phases [2].

A valuation of the fuel waste allows an estima-
tion of the carbon dioxide (CO2) and fuel waste as
well. EUROCONTROL estimates the fuel cost as
0.70e/kg, and that 3.15 kg of CO2 are emitted per
kg of fuel burnt.

3. Implementation
The methods described above served as basis for

this work. This chapter describes how it was imple-
mented with the resources available, with the mod-
ifications suggested in section 3.3.

3.1. Data source
The first issue for implementing the method ex-

plained in chapter 2, is to decide which data source
to use. As it contains sensitive data, PRISME
database is not open to public usage and due to
that restriction it was not possible to use it as a data
source. Then, the solution found was to use EURO-
CONTROLs Demand Data Repository 2 (DDR2).
There, historical air traffic data is stored. All con-
tent is compressed and stores precise radar data.
That data was downloaded through NEST (Net-
work Strategic Tool) to SO6 format. This format,
provides the information needed for the analysis,
such as coordinates, altitude, call sign, among oth-
ers.

3.2. SO6 format
SO6 is a file format which stores information

about the flight trajectory, where each line repre-
sent a segment. It contains the necessary data for
this work, such as the length of the segment, coordi-
nates (latitude and longitude) and altitudes of both
the entry and exit points, entry and exit time,...

With this information, it is possible to obtain the
vertical profile and study the efficiency of every air-
port.

3.3. Modifications
This thesis suggests the modification of some as-

pects of EUROCONTROL’s previous researches.
The first one has to do with the vertical speed

threshold, explained in section 2.1. That was fixed
as 300ft/min, this is, if the aircraft is flying with
vertical speed below the referred value, that part of
the flight is considered as level. However, that can
be seen as too penalising, because if an aircraft is for
example climbing at 200ft/min, its altitude is still
increasing and may not be seen as a level off. Then,
in this thesis a segment is only level when the two
points are at the same altitude, which means that
the vertical speed threshold is reduced to 0ft/min.

Secondly, during the execution of the algorithm
explained in chapter 2, some level segments due to
aborted landings were detected. In order to remove
them, the following restriction was created: flights
that go under 3000 feet and then climb more that
1000 feet, its descent does not end at 1800-P. In-
stead, that point is moved to the first 4D point that
reaches 3000 feet.

Finally, some flights were ignored from the analy-
sis, with the objective to get profiles where it is pos-
sible to observe a clear distinction between climbs
and descents. Flights not reaching 25000ft and
the ones with total distance under 200NM were ex-
cluded.

3.4. Data Spacing
The frequency of the 4D trajectory points that

come from NEST is not regular. It can vary from
3 seconds up to more than 5 minutes. In order to
have consistent and comparable results, it is neces-
sary to make an interpolation, so that all level seg-
ments have the same length. the increase in window
size results in a decrease of level segments detected
(Lavg) and consequently in a reduction of the per-
centage of flights considered level (P). This happens
because level segments with duration smaller than
the spacing between points are discarded. For ex-
ample, a level segment which lasts 25 seconds will
not be detected if the window size is 30 seconds.

In the opinion of some pilots, 20 seconds can be
normal for a plane to be leveled, due to their per-
formance and engines issues. Since the objective is
take into consideration only the ATC inefficiencies,
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an appropriate spacing should be decided. Increas-
ing that value too much will remove those ATC
inefficiencies, while a low spacing will count level
segments that are not caused by airspace control.
Thus, a window size of 30 seconds was chosen, which
means that level segments under that value will not
be detected.

3.5. BADA 3.8

In order to implement the procedure described in
section 2.5, the version 3.8 of the BADA table was
used. It was used in Excel format (.xls), where each
sheet contains a different aircraft type. During the
analysis some aircraft types which did not have an
entry on this table were found. For those cases, the
aircraft were approximated by other similar ones
that are in the table.

4. Results

The results were obtained first for Lisbon Air-
port and secondly a comparison with other Euro-
pean Airports was made. Each part shows the
VFE indicators, level segment’s distribution and
time/fuel/money/CO2 waste. The months consid-
ered were June and February, the first one has high
traffic while the other has usually low demand.

4.1. Lisbon Airport (LPPT)

An analysis of the 4 previous was done for the
Lisbon Airport, regarding VFE indicators. The re-
sults for June departures are presented in table 1.

Table 1: VFE Indicators for Lisbon Airport - June
Departures

Year ndepartures Tavg (min) P (%)
2014 6151 0.50 36
2015 6678 0.50 34
2016 6686 0.31 22
2017 7779 0.36 26

where ndepartures is the total number of depar-
tures considered in the analysis, Tavg is the average
time flown level and P is the the percentage of level
flights.

In 2017, on average 1 in 4 flights had at least
one level segment. The mean time levelled off was
around 20 seconds (0.36 min). It is also noted 2016
and 2017 show better efficiency than the two pre-
vious years. For arrivals, the results are shown in
table 2.

Table 2: VFE Indicators for Lisbon Airport - June
Arrivals

Year narrivals Tavg (min) P (%)
2014 6166 1.32 68
2015 6692 1.27 69
2016 6900 1.03 56
2017 7789 1.26 61

where, likewise for descents, narrivals are the to-
tal number of arrivals considered.

A comparison between tables 4.1 and 4.2 suggest
that descents are more inefficient than climbs. That
is perfectly normal, because aircraft generally face
many more constraints when approaching the des-
tination airport, due to traffic and sector overloads.
Moreover, when two aircraft are close to each other,
one descending and the other climbing, the priority
is usually given to the aircraft which is on the climb
phase; that is, the descending aircraft has to level
off until the other one is above a safe distance.

In order to understand better where level seg-
ments are distributed in different altitudes, figure 3
shows the percentage of all June flights which lev-
elled at a specific altitude, while figure 4 shows its
respective mean time flown level.

In order to avoid sporadic flights which could in-
fluence the mean, 10% of them with most and less
time levelling at each altitude were taken out from
the analysis. Graph shows only data from 2017 be-
cause the mean time is almost the same for the re-
maining years and in that way data are easier to
read.

Figure 3: Share of level flight for Lisbon departures
- June 2014 to 2017
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Figure 4: Mean time flying level for June departures

Figure 3 shows a pattern for this last 4 years,
which suggest that those level offs occur rou-
tinely. It shows 3 significant peaks: one at altitude
34000ft/ Flight Level 340 (FL340), due to separa-
tion between lower and upper sectors, FL110 and
FL050. These last 2 have apparently no reason for
happening. However, the percentage of the total
month’s flights is too low to be concerning.

After, the same procedure was done for descents.
Level segment distribution in altitude for arrivals
is shown in figure 5, while the mean level time is
presented in figure 6.

Figure 5: Share of level flight for Lisbon arrivals -
June 2014 to 2017

Figure 6: Mean time flying level for June arrivals

As seen in figure 5, 4 different peaks are visible:
one at FL350 due to separation between upper and
lower sectors; another at FL330 due to conflict traf-
fic, other at FL100 due to Sintra’s Airspace sector
(LPR42A) and finally other at FL040/FL030 due to
traffic sequencing, which happen when the runway
is busy.

The next goal was to estimate the economical and
environmental impact of those vertical flight ineffi-
ciencies. To this end, the procedure explained in
section 2.5 was applied. The results for climbs and
descents are presented on tables 3 and 4 respec-
tively.

Table 3: Waste per flight due to VFE inefficiencies
for Lisbon Airport - June departure

∆T (s) ∆F (kg) ∆e ∆CO2(kg)
2014 10.2 9.04 6.32 28.4
2015 9.68 8.87 6.21 28.0
2016 5.97 7.69 5.38 24.2
2017 6.11 7.69 5.38 24.2

Table 4: Waste per flight due to VFE inefficiencies
for Lisbon Airport - June arrivals

∆T (s) ∆F (kg) ∆e ∆CO2(kg)
2014 17.5 12.5 8.73 39.3
2015 19.3 12.6 8.79 39.6
2016 25.4 14.8 10.3 46.6
2017 24.8 17.1 12.0 53.8

where,

• ∆T and ∆F were obtained using equation 1;

• ∆e=∆F*0.7 and ∆CO2=∆F*3.15 as ex-
plained in section 2.5;
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• ∆T , ∆F , ∆e and ∆CO2 are the cumulative
sum of ∆T , ∆F , ∆e and ∆CO2 respectively,
for all flights of the corresponding year.

The values may not be that impressive; saving
between 5 and 12 kg of fuel per flight does not seem
to be significant. However, multiplying all values by
their respecting number of departures (ndepartures)
and arrivals (narrivals), waste can reach concerning
values as tables 5 and 6 show.

Table 5: Waste due to VFE inefficiencies for Lisbon
Airport - June departures

∆T (h) ∆F (t) ∆e ∆CO2(t)
2014 6.32 20.1 14 051 63.23
2015 6.10 20.1 14 105 63.47
2016 2.51 11.7 8 162 36.73
2017 3.39 15.3 10 745 48.35

Table 6: Waste due to VFE inefficiencies for Lisbon
Airport - June arrivals

∆T (h) ∆F (t) ∆e ∆CO2(t)
2014 20.3 52.1 36 493 164.2
2015 24.8 58.6 40 644 182.9
2016 27.0 56.7 39 693 178.6
2017 32.6 80.9 56 628 254.8

As seen, money waste can reach tens of thousand
Euro at the end of a busy month, while more dozens
of tons of CO2 are emitted. The results for arrivals
in 2017 are much worse due to the increase in the
flight sequencing peak (FL030), as this level offs at
lower altitudes are much more penalizing for every
aircraft.

4.2. Comparison with other European airports

In this section, a global study about some Eu-
ropean airport will be done. The intention is to
identify which are the most efficient airports and
which are not. For that purpose, some of the busi-
est Airports and some with similar traffic as Lisbon
will be considered in the analysis. Then, the air-
ports chosen were the following: Lisbon (LPPT),
Amsterdam (EHAM), London Heathrow (EGLL),
Madrid (LEMD), Frankfurt (EDDF), Stockholm
(ESSA), Helsinki (EFHK), Prague (LKPR), Athens
(LGAV), Paris Charles de Gaulle (LFPG) and
Brussels (EBBR).

The efficiency of this airports will be analysed
through the VFE indicators. Results are shown in
tables 7 and 8. Note that airports are ordered by
their respective number os departures/arrivals, in
descending order.

Table 7: VFE Indicators - June 2017 departures

ndepartures Tavg (min) P (%)
EHAM 18665 0.54 34
EGLL 18591 1.17 62
LFPG 18171 0.79 57
EDDF 17172 0.70 47
LEMD 15222 0.67 37
ESSA 9373 0.24 20
EBBR 9141 1.03 42
LPPT 7779 0.36 26
EFHK 5736 0.33 27
LKPR 5617 0.64 38
LGAV 5320 0.82 52

Table 8: VFE Indicators - June 2017 arrivals

narrivals Tavg (min) P (%)
EHAM 18989 2.68 83
EGLL 18710 4.22 88
LFPG 18033 4.59 95
EDDF 17116 4.53 94
LEMD 15320 2.65 79
ESSA 9317 0.75 51
EBBR 8977 3.86 86
LPPT 7789 1.26 61
EFHK 5902 0.77 47
LKPR 5515 2.74 80
LGAV 5342 1.19 59

The results show that having more flights does
not necessarily mean less efficiency. For example,
Amsterdam Airport (EHAM) is the one with most
traffic in this analysis, but does not have the worst
performance.

Apparently, for departures, both London
Heathrow and Brussels airports show the worst
results. Concerning arrivals, Amsterdam keeps
it good performance, while London Heathrow
(EGLL), Frankfurt (EDDF), Paris Charles de
Gaulle (LFPG), Brussels (EBBR) and Prague
(LKPR) show the worst results.

Comparing Lisbon’s results with the remaining
ones, it is possible to see busier airports with
better efficiency, like Stockholm (ESSA). On the
other hand, there are airports with less flights but
worst performance like Prague (LKPR). Therefore,
it seems that Lisbon has neither the best nor the
worst performance regarding other airports.

In addition, a research to obtain an estimation of
the waste was also done. The objective was not only
to compare Lisbon Airport fuel waste with others,
but also to verify which are the most and less effi-
cient ones. The most efficient airports are the ones
with the lowest fuel waste per flight. Tables 9 and
10 show the waste per flight in June 2017.
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Table 9: Waste per flight due to VFE inefficiencies
- June 2017 departures

Airport ∆T (s) ∆F (kg) ∆e ∆CO2(kg)
EGLL 30.3 28.9 20.3 91.2
LFPG 13.0 13.1 9.15 41.2
EDDF 10.1 12.9 9.06 40.8
LGAV 17.5 11.7 8.21 36.9
EBBR 3.90 10.6 7.41 33.4
LEMD 6.77 10.0 7.03 31.6
EHAM 6.98 9.10 6.37 28.7
LPPT 6.11 7.69 5.38 24.2
ESSA 7.75 6.66 4.66 21.0
EFHK 5.83 6.21 4.35 19.6
LKPR 3.86 6.13 4.29 19.3

Table 10: Waste per flight due to VFE inefficiencies
- June 2017 arrivals

Airport ∆T (s) ∆F (kg) ∆e ∆CO2(kg)
EDFF 67.2 59.5 41.7 187
LFPG 56.6 57.5 40.3 181
EGLL 41.3 50.0 35.0 157
EBBR 25.1 32.7 22.9 103
EHAM 46.7 30.8 21.5 96.9
LEMD 31.6 24.7 17.3 77.9
LGAV 28.7 20.1 14.1 63.3
LKPR 17.5 20.0 14.0 63.0
LPPT 24.8 17.1 12.0 53.8
EFHK 32.2 17.1 12.0 53.8
LKPR 25.4 12.6 8.84 39.8

As seen, there some airports in which the fuel
waste per flight exceed 50 kg, while hundreds of
kilos of CO2 are wasted. EGLL keeps by far as
the most inefficient airport concerning departures,
which means that aircraft are frequently levelling
off on climbs. That which is not common as most
of the level segments occur on arrivals.

Note that the time waste can be higher for an air-
port when compared to another and the fuel waste
can not. This happened in some cases because there
heavier aircraft which spend much more fuel when
levelled, and travels faster in comparison with light
ones.

Despite the fact that EHAM was the busiest air-
port in June 2017 (considering this 11 airports),
it is not the most inefficient. EGLL is clearly the
one which show the most concerning results for de-
partures, while EDDF show the worst statistics for
arrivals, with a fuel waste situated on almost 60 kg
per flight.

In order to have an idea of the total impact at
the end of a busy month, tables 11 and 12 show the
total penalty, for all airports

Table 11: Waste due to VFE inefficiencies - June
2017 departures

code ∆T (h) ∆F (t) ∆e ∆CO2 (t)
EGLL 97.3 334 234 045 1 053
LFPG 37.3 135 94 785 426
EDDF 24.0 105 73 660 331
EHAM 12.3 57.5 40 284 181
LEMD 10.7 57.2 40 052 180
EBBR 4.19 41.0 28 708 129
LGAV 13.5 32.6 22 796 103
LPPT 3.39 15.3 10 745 48.4
LKPR 2.32 13.3 9 275 41.7
ESSA 3.98 12.3 8 616 38.8
EFHK 2.47 9.48 6 635 29.9

Table 12: Waste due to VFE inefficiencies - June
2017 arrivals

code ∆T (h) ∆F (t) ∆e ∆CO2 (t)
LFPG 270 987 690 910 3 109
EDDF 300 956 668 973 3 010
EGLL 190 827 579 006 2 605
EHAM 205 485 339 626 1 528
LEMD 106 299 209 112 941
EBBR 53.9 252 176 612 795
LKPR 21.5 88.6 62 051 279
LPPT 32.6 80.9 56 628 255
LGAV 25.0 63.1 44 148 199
ESSA 33.8 60.6 42 410 191
EFHK 24.8 47.4 33 182 149

As seen, the fuel waste almost exceeds 1000 tons
while the cost penalty rounds several hundreds of
thousands of Euro, which represents millions at the
end of the year.

5. Conclusions

This work led to some important conclusions, de-
spite the limitations of this work due to the lack
of resources. Some future work can be done to get
even more precise results.

5.1. Achievements

The work developed in this thesis allowed some
interesting conclusions:

• Level segment distribution graphs show that
there is a pattern in the altitude where aircraft
generally level. Some of that level altitudes
have a valid justification, while others still do
not have it;

• Every airport has its own level segment distri-
bution, depending on its capacity and airspace
organization;
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• When compared to other European airports,
Lisbon shows neither optimum nor poor re-
sults: there are busier airports with better effi-
ciency, but there are others less busy and more
inefficient;

• Evaluating the most busiest airports in Europe,
the efficiency of Amsterdam Airport (EHAM)
stands out from the others. On the other side,
London Heathrow Airport (EGLL) shows the
most penalizing values;

• Cost penalty can reach hundreds of thousand
Euro at the end of a month, which becomes
millions at the end of a year. Obviously, it is
impossible to totally remove that waste, but
more attention given by ATC centres to this
component of flight efficiency can lead to a re-
duction of those values. This will allow the
air companies to provide cheaper flights to the
users;

5.2. Limitations
In the implementation done some aspects could

be further improved to obtain more reliable results:

• Information on the runway of departure/arrival
was not available and in most cases could not
be determined, as NEST data sample rate had
to be higher. That was not possible NEST
did not have enough precision on the final ap-
proach. In Lisbon’s case, only runway 03/21
is active, which eased the analysis of level seg-
ment’s distribution graphs. However, for air-
ports with more active runways, that analysis
may not be so easy to do;

• The fuel and time penalty calculation could
be more precise considering aircraft’s gross
weight. That influences its fuel burn rate.
Moreover, the cruising altitude’s velocity is as-
sumed to be the nominal speed for that alti-
tude, which is not necessarily true;

• The version of BADA table used in this doc-
ument was 3.8, but the latest version is 3.12
which contains both improvements in compar-
ison with the older ones and more aircraft mod-
els. However, due to permission rights it was
not possible to use that version. Even though,
and despite being not exact, the results provide
a good estimate of the time and fuel waste.

• This method tried to filter all inefficiencies and
leave only the ones caused by ATC. However,
some level segments occur due to meteorologi-
cal reasons and are included in the results;

• NEST does not keep the actual trajectory. It is
actually a mix of real and planned route: when

the difference between the actual and the initial
route differs more than 20NM, the real altitude
is measured and saved in file; otherwise, the
program will get the altitude which is in the
flight plan.

5.3. Future Work

For better results, it would be advantageous to
use a database with higher and regular data rate.
As NEST does not have it, an interpolation was
necessary to make. Another precise method to ob-
tain time and fuel waste could be developed and
tested as a better alternative, as well as using a
later version of the BADA table. As this topic is
recent, there are few published works as source for
this future research. Finally, and most important,
the method to detect vertical flight inefficiencies is
still in its beginning, and more investigation should
be done to improve it. This work suggests some
modifications, but many others may still be done.
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