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1. Introduction 

This report focuses on the validation of an Advanced Aircraft Emission Calculation Method 
(ADAECAM)1 for fuel calculations in the landing and take-off cycle (LTO) for different se-
lected airframe/engine combinations, taking operational and ambient conditions into account. 
Existing models like the ICAO certification LTO cycle, the ICAO advanced method and 
ADAECAM are directly compared to actual measured and recorded aircraft fuel flows and 
fuel burn. 
 
ADAECAM is a method for the calculation of aircraft emissions in the vicinity of airports.  For 
each movement (take-off or landing), the model defines a flight path (including the ground 
movements) and calculates the fuel flow and the emissions produced by the engines fitted to 
the aircraft, for a number of points along this path. ADAECAM input files contain airport data 
and information that is non-sensitive, non-proprietary and publicly available. The method can 
be incorporated into inventory and dispersion models for airport local air quality. It provides 
an enhancement to the CAEP2 “Simple” and “Advanced” approaches. 
 
As far as emissions calculations are concerned, ADAECAM uses the calculated fuel flows 
during the phases of the LTO together with the emission index data from the ICAO Engine 
Emissions Database. For those portions of the operation where the thrust setting does not 
correspond to one of the standard ICAO certification points (take-off and climb-out in the 
ADAECAM model), the emission index is obtained by interpolating emission index points in 
the database. The emission indices are then corrected for the effects of non-ISA3 ambient 
conditions and forward speed. This is potentially a big improvement of LTO emissions calcu-
lations. Obviously, for validation, there is no actual emission measurement on an aircraft dur-
ing flight. However, realistic fuel calculations of a model are essential for emissions calcula-
tions and the quality of fuel flow calculations can be validated with FDR4.  Furthermore, the 
real fuel flow for every second of the FDR can be used to compute corrections for ambient 
conditions and forward speed based on actual measured engine parameters. This allows 
checking assumptions made in ADAECAM for the emissions calculation.  
 
Validation work is specified, coordinated and controlled by the Swiss Civil Aviation Authority, 
(Swiss Federal Office of Civil Aviation, FOCA). FOCA is independent from the model devel-
oper (QinetiQ), the initiating ACI member airport (Unique Zurich Airport) and the FDR data 
provider (Swiss International Airlines).  
 
At start of the validation process (section 2), and after analysis of the first ADAECAM results, 
there has been some exchange with the model developers and some improvements and fine 
tunings of ADAECAM were made. Following that, ADAECAM was “frozen” (the development 
of it was temporarily suspended). All ADAECAM results for the different aircraft/engine com-
binations in this report (section 2 and section 3 results) were generated with a “frozen” de-
sign of the model. 
 
 
 
 

                                                 
1 A method for calculating the emissions from aircraft engines, Gareth Horton, Chris Eyers, QINETIQ/07/02460, 2007 
2 Committee on aviation environmental protection: An expert group of International Civil Aviation Organisation (ICAO). 
3 ISA = International Standard Atmosphere 
4 FDR = Flight Data Recorder 
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2. Validation Part 1: Selected Flights of A320-200 and A340-300 
 
2.1 Specifications and selection criteria for FDR data and ADAECAM input  
 
For the first part of the validation, a number of individual flights are chosen from detailed FDR 
airframe, engine and ambient conditions data, according to the following criteria: 
 

• FDR data must come from long haul and short haul aircraft, operating from and to Zu-
rich Airport in a sufficient number of movements during one year. 

 
The criterion “Operating from and to Zurich Airport” is necessary for the first part of the 
validation to create an example of a typical ADAECAM input file, containing airport data 
and information that is non-sensitive, non-proprietary and publicly available. The sample 
airport has such data available on a regular basis through operational airport databases 
(e.g. actual taxi-out and taxi-in times for the individual aircraft, aircraft destinations etc.) 
For all airport data that are used as input in ADAECAM, there are corresponding and 
clean FDR data available, as described below: 
 
• All selected individual FDR flights of a certain aircraft type must have the same en-

gine type. 
 

• All selected individual FDR flights must not exceed any normal operational parameter 
ranges (Flights with excessive braking during roll-out, one or more engine parameters 
outside engine specifications, error flags, etc. are not selected.)  

 
• All selected individual FDR flights must have complete data sets without any missing 

data. 
 

• All selected individual FDR flights must have departed and landed from the preferen-
tial runway, not imposing special pilot operations. Moreover, curved and step ap-
proaches below 3000ft AGL and special procedures like “go around” are excluded 
from the selection. 

 
• All selected individual FDR flights must cover a wide range of aircraft take-off weight 

and ambient conditions. There is no such thing as a standard flight and ADAECAM is 
tested against the full range of conditions. All FDR parameter distributions for differ-
ent aircraft types are listed in Appendix A. As an illustration, examples for A320 and 
A340-300 FDR parameter distributions are given on the following pages (figures 1 to 
10).  
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Picture 2: Approach path for a selected arrival flight. The red triangle marks the point 3000ft 
above airport elevation. The selected arrival flight is straight, without special occurrences.  
 
 

 
Figure 1: Example of gross weight distribution at start of taxi-out during a one year operation 
of all aircraft of the selected medium haul type.  
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Figure 2: Example of gross weight distribution at start of taxi-out during a one year operation 
of all aircraft of the selected long haul type.  

 
 

 
Figure 3: Example of outside air temperature (OAT) distribution at start of taxi-out during a 
one year operation of all aircraft of the selected medium haul type.  
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Figure 4: Example of outside air temperature (OAT) distribution at start of taxi-out during a 
one year operation of all aircraft of the selected long haul type.  
 
 

 
Figure 5: Example of altimeter distribution (QNH) at take-off during a one year operation of 
all aircraft of the selected medium haul type.  
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Figure 6: Example of altimeter distribution (QNH) at take-off during a one year operation of 
all aircraft of the selected long haul type.  
 
 

 
Figure 7: Example of dewpoint distribution at take-off during a one year operation of all air-
craft of the selected medium haul type.  
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Figure 8: Example of dewpoint distribution (QNH) at take-off during a one year operation of 
all aircraft of the selected long haul type. 
 
 

 
Figure 9: Example of gross weight distribution at taxi-in during a one year operation of all 
aircraft of the selected medium haul type.  
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Figure 10: Example of gross weight distribution at taxi-in during a one year operation of all 
aircraft of the selected long haul type.  
 
 
 
Apart from the aircraft weight and balance, performance variations of a given aircraft are 
largely dependent on the so called density altitude. This is a theoretical altitude dependent 
on actual ambient air pressure and deviations from ISA ambient air temperature (both influ-
encing air density, therefore lift and drag and engine performance). The selected individual 
flights cover density altitudes which correspond to atmospheric conditions from below sea 
level to high altitude airports. (The selection of flights was made in a way that the aircraft per-
formance e.g. for take off, was in a range between sea level and high altitude conditions.)  
  
The flight selection criteria help to make the FDR validation data independent from Zurich 
Airport elevation and runway layout and the results, in their full range, can be considered 
applicable to any airport. Furthermore, part 2 of the validation contains selected flights which 
are departing from and arriving at other airports than Zurich and which are operated by sev-
eral different airlines.  

 
 
 
 
 
Picture 3: Approach path of a selected flight for 
ADAECAM validation in a three dimensional 
view. The LTO approach segment below 3000ft 
AGL is the last straight path down to the runway.  
[Picture from Google Earth™, not to be used for commercial 
purposes] 
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2.2 Summary of selection for FDR data and ADAECAM input  
 
Analysis of FDR data and application of the above criteria lead to the following choice for the 
first part of the validation (summary): 

 
• Long haul and short haul aircraft types: A340-300 / 4x CFM56-5C4/P and A320-200 / 2x 

CFM56-4B4 
• Low, medium and high take-off weight (taken from figures 1, 2, 9 and 10) 
• Low, medium and high ambient air temperature (taken from figures 3 and 4). For arrivals, 

only medium temperature was selected. Previous FDR analysis showed that outside air 
temperature had an insignificant effect on arrival fuel (the fuel burn during approach, 
landing and taxi-in). 

 

2.3 Data sets, used for validation 

Validation part 1 was performed on the basis of the following three data sets: 

1. Input table for ADAECAM: Flight movement database and ambient meteorological pa-
rameters from the airport operator Unique for the selected flights (see table 2). 

2. Aircraft tables and ICAO engine emissions database from QinetiQ. 
3. Detailed FDR aircraft data (airframe, engine (e.g. fuel flow) and ambient conditions) for 

the selected flights from Swiss International Air Lines (see table 1). 
 
 
 
Table 1: Structure of a FDR departure file provided by Swiss International Air Lines. 
 
Fleet Flight Date Tail Number Takeoff Airport Code Landing Airport Code

P2: GMT at Start of 
Taxi Out

P41: Duration of Taxi 
Out (min)

values.. values.. values.. values.. values.. values.. values..
values.. values.. values.. values.. values.. values.. values..

P41: EPR: mean 
percent of maximum for 
takeoff (during taxi-out)

P41: thrust: mean 
percent of maximum 
for takeoff (LTO 
BAZL: during taxi-out)

P41: Fuel Burned by 
APU during Taxi Out 
(kg)

P41: Average Fuel 
Flow to APU during 
Taxi Out (kg/hr)

P41: average fuel flow 
per engine during taxi-out 
(kg/hr)

P41: Average Fuel 
Flow to all Engines 
during Taxi Out (kg/hr, 
if defined!

P41: Outside Air 
Temperature at Liftoff

values.. values.. values.. values.. values.. values.. values..
values.. values.. values.. values.. values.. values.. values..

P41: EPR: mean 
percent of maximum for 
takeoff (begin takeoff --
> liftoff)

P41: N1: mean 
percent of maximum 
for takeoff (start of 
takeoff --> liftoff)

P41: thrust: mean 
percent of maximum 
for takeoff (LTO 
BAZL: begin takeoff --
> liftoff)

P41: thrust (LTO 
BAZL: takeoff max, 
max. value during T/O 
per engine)

P41: average fuel flow 
per engine during takeoff 
(kg/hr)

P41: Duration of 
Takeoff (start --> liftoff, 
sec)

P41: Gross Weight at 
Start of Takeoff (metric 
tons)

values.. values.. values.. values.. values.. values.. values..
values.. values.. values.. values.. values.. values.. values..

P41: EPR: mean 
percent of maximum for 
takeoff (liftoff --> throttle 
back)

P41: EPR: mean 
percent of maximum 
for takeoff (begin 
takeoff --> throttle 
back)

P41: EPR: mean 
percent of maximum 
for takeoff (throttle 
back --> 3000ft 
HATO)

P41: N1: mean percent 
of maximum for takeoff 
(liftoff --> throttle back)

P41: N1: mean percent of 
maximum for takeoff 
(begin takeoff --> throttle 
back)

P41: N1: mean 
percent of maximum 
for takeoff (throttle 
back --> 3000ft HATO)

P41: thrust: mean 
percent of maximum for 
takeoff (LTO BAZL: 
liftoff --> throttle back)

values.. values.. values.. values.. values.. values.. values..
values.. values.. values.. values.. values.. values.. values..

P41: thrust: mean 
percent of maximum for 
takeoff (LTO BAZL: 
begin takeoff --> throttle 
back)

P41: thrust: mean 
percent of maximum 
for takeoff (LTO 
BAZL: throttle back --
> 3000ft HATO)

P41: average fuel 
burned per engine 
from begin taxi-out  --
> 3000ft HATO (kg)

P41: average fuel flow 
per engine from liftoff --
> throttle back (kg/hr)

P41: average fuel flow 
per engine from begin 
takeoff --> throttle back 
(kg/hr)

P41: average fuel flow 
per engine from 
throttle back --> 3000ft 
HATO (kg/hr)

P41: duration begin 
liftoff --> throttle back 
(sec)

values.. values.. values.. values.. values.. values.. values..
values.. values.. values.. values.. values.. values.. values..

P41: duration begin 
takeoff --> throttle back 
(sec)

P41: duration throttle 
back --> 3000ft HATO 
(sec)

values.. values..
values.. values..  
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Table 2: Airport data of the chosen flights for Input in ADAECAM. 
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2.4 Naming of the selected flights 
 
The chosen flights were named in the following way (type of flight): 
 
A320-cold-heavy: Operation at low ambient air temperature and near MTOM 
A320-cold-light: Operation at low ambient air temperature and low take-off weight 
A320-cold-medium: Operation at low ambient air temperature and medium take-off weight 
A320-hot-heavy: Operation at high ambient air temperature and near MTOM 
A320-hot-light: Operation at high ambient air temperature and low take-off weight 
A320-hot-medium: Operation at high ambient air temperature and medium take-off weight 
A320-medium-heavy: Operation at medium ambient air temperature and near MTOM 
A320-medium-light: Operation at medium ambient air temperature and low take-off weight 
A320-medium-medium: Operation at medium ambient air temperature and medium take-off 
weight 
 
And named accordingly: 
 
A340-cold-heavy 
A340-cold-light 
A340-hot-heavy 
A340-hot-light 
A340-medium-heavy 
A340-medium-light 
 
 
 
2.5 Determination of LTO fuel with five different methods 
 
For the chosen flights, the LTO fuel was determined, using 
 

1. CAEP Guidance Material (DOC9884): Simple Method (UNFCCC look-up ta-
ble), called “ICAO-Simple” 

2. CAEP Guidance Material (DOC9884): Certification LTO Cycle (correct engine 
type), called  
“ICAO-Cert.” 

3. CAEP Guidance Material (DOC9884): Advanced Method (correct engine type 
and airport specific taxi times), called “ICAO-Adv.” 

4. ADAECAM: Advanced Aircraft Emission Calculation Method (correct engine 
type, flight destination, airport specific taxi times and ambient conditions), 
called “ADAECAM” 

5. FDR: Sophisticated Method: Actual measured fuel flow, called “FDR” 
 

 

2.6 Comparison of LTO fuel consumption 

The following figures 11 and 12 show the results for total fuel consumption during the LTO 
cycle, calculated for the selected Airbus A340-300 and A320-200 flights, based on four dif-
ferent methodologies (respectively models) and compared to the FDR data.   
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A320 Fuel
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Figure 11: Comparison of LTO fuel consumption (kg), determined with “ICAO-Simple”, 
“ICAO-Cert.”, “ICAO-Adv.”, “ADAECAM” and “FDR” (real case) for A320 / CFM56-5B4. 
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Figure 12: Comparison of LTO fuel consumption (kg), determined with “ICAO-Simple”, 
“ICAO-Cert.”, “ICAO-Adv.”, “ADAECAM” and “FDR” (real case) for A340-300 / CFM56-
5C4/P.  
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The following figures show a more detailed comparison between ADAECAM fuel burn results 
and FDR data. For this purpose, Departure and Arrival have been divided into seven seg-
ments. The definitions of the segments are listed below and have been agreed with the 
ADAECAM developers prior to validation, so that ADAECAM would be able to calculate the 
fuel burn results for the individual segments. Accordingly, the FDR measurement data proc-
essing was tailored to the seven segments, as well. 

 
The 7 segments are: 
 
1) Taxi-out 
2) Take-off roll (=brake release and engine spool up, acceleration to lift off until 35ft AGL) 
3) Initial climb-out until potential cut-back at 1500ft AGL 
4) Climb from potential cut-back at 1500 to 3000ft AGL 
5) Approach from 3000ft AGL 
6) Landing roll (= touch down to leaving runway) 
7) Taxi-in 
 
 
 
The comparison of the fuel burn calculations and the FDR measurements in the seven seg-
ments allows a more detailed view of the model capabilities. For validation purposes, it can 
help to identify match or mismatch issues for different phases of the LTO. 
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 Figure 13: Comparison of taxi-out fuel burn between ADAECAM and FDR for A320 / 
CFM56-4B4 and A340-300 / CFM56-5C4/P. 
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Take-Off Fuel Burns
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Figure 14: Comparison of take-off fuel burn between ADAECAM and FDR for A320 / CFM56-
4B4 and A340-300 / CFM56-5C4/P. 

 

 

Total Climb Fuel Burns

0.00

100.00

200.00

300.00

400.00

500.00

600.00

700.00

800.00

900.00

1000.00

A34
0-c

old
-he

av
y

A32
0-c

old
-lig

ht

A32
0-c

old
-m

ed
ium

A34
0-m

ed
ium

-he
av

y

A32
0-m

ed
ium

-lig
ht

A32
0-h

ot-
lig

ht

A32
0-m

ed
ium

-m
ed

ium

A32
0-h

ot-
he

av
y

A34
0-h

ot-
lig

ht

A34
0-h

ot-
he

av
y

A32
0-h

ot-
med

ium

A34
0-m

ed
ium

-lig
ht

A32
0-m

ed
ium

-he
av

y

A32
0-c

old
-he

av
y

A34
0-c

old
-lig

ht

Fuel Burn (kg)
ADAECAM
FDR

 

Figure 15: Comparison of climb fuel burn between ADAECAM and FDR for A320 / CFM56-
4B4 and A340-300 / CFM56-5C4/P. 
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Figure 16: Comparison of departure fuel burn (taxi-out, take-off and climb) between ADAE-
CAM and FDR for A320 / CFM56-4B4 and A340-300 / CFM56-5C4/P. 

 

Approach Fuel Burns

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

A320-medium-
medium

A340-medium-
medium

A430-medium-light A320-medium-light A340-medium-
heavy

A320-medium-
heavy

Fuel Burn (kg)
ADAECAM
FDR

 

Figure 17: Comparison of approach fuel burn between ADAECAM and FDR for A320 / 
CFM56-4B4 and A340-300 / CFM56-5C4/P. 
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Figure 18: Comparison of landing fuel burn between ADAECAM and FDR for A320 / CFM56-
4B4 and A340-300 / CFM56-5C4/P. 
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Figure 19: Comparison of taxi-in fuel burn between ADAECAM and FDR for A320 / CFM56-
4B4 and A340-300 / CFM56-5C4/P. 
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Figure 20: Comparison of arrival fuel burn (approach, landing and taxi-in) between ADAE-
CAM and FDR for A320 / CFM56-4B4 and A340-300 / CFM56-5C4/P. 

 

2.7 Discussion 
 
a) Total LTO fuel burn (figures 11 and 12) 
 

• Generally, the simple methods (“ICAO-simple” and “ICAO-cert.”) significantly overes-
timate the real LTO fuel burn.  

• “ICAO-simple” does not take the actual engine into account and the results for “ICAO-
simple” and “ICAO-cert.” are independent from actual aircraft operation and perform-
ance. Therefore, their totals do not show any variation between the selected flights.  

• “ICAO-cert.” takes the actual engine fitted to the airframe into account, which leads to 
higher LTO fuel consumption in the case of the A320 and to lower LTO fuel burn in 
the case of the A340-300, compared to “ICAO-simple”. Whether “ICAO-cert.” is 
higher or lower as “ICAO-simple” only depends on the choice of engine that has 
originally been made to produce the figure for “ICAO-simple”. The difference is there-
fore a matter of chance. 

• The results for “ICAO-Adv.” show slight variations in LTO fuel burn between the se-
lected flights. The variations result from actual taxi times that are taken into account. 
The LTO fuel burn for the A320 is significantly overestimated. For the A340-300, the 
differences compared to FDR are relatively small. 

• ADAECAM LTO fuel consumption for the A320 is much closer to the real A320 LTO 
fuel burn than the results obtained with the other models. It can be seen that ADAE-
CAM reproduces some of the FDR data variations in excess of the different taxi 
times. For the A320 LTO fuel burn, the ADAECAM results for all flights are conserva-
tive (slightly overestimating the real case, safe side). 

• ADAECAM LTO fuel burn for the A340-300 is in two cases lower than FDR. LTO fuel 
burn for “A340-medium-heavy” and “A340-hot-heavy” are underestimated. The other 
selected flights match the total fuel consumption quite precisely. 
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b) Detailed comparison of fuel burn in individual LTO segments (figures 13 to 20) 
 

• ADAECAM taxi-out and taxi-in fuel burn is close to and higher than FDR recorded 
fuel burn in most cases. It must be noted that ADAECAM input taxi times from airport 
are matching FDR taxi times and ADAECAM uses the standard 7% thrust fuel flow 
from the ICAO engine emissions data sheet. 

• ADAECAM take-off fuel burn is always higher than FDR fuel burn for the A320. With 
the exception of one heavy A320 take-off, the ADAECAM calculated fuel burn is con-
stant in all cases.  

• ADAECAM take-off fuel burn is higher than FDR fuel burn for the light A340-300 and 
slightly lower in two heavy A340-300 cases. 

• ADAECAM total climb fuel burn (35ft to 3000ft AGL) is constant for the A320 in all 
cases. It is higher than A320 FDR fuel burn, with the exception of the “medium-
heavy” and “hot-heavy” climb. 

• ADAECAM underestimates the A340-300 climb fuel burn. In the case of the A340 
“hot-heavy” climb, the difference is a factor of two. 

 
• Total departure fuel is slightly overestimated by ADAECAM for the A320 flights and 

underestimated for the A340-300. 
 

 
• ADAECAM approach fuel burn is constant for a certain aircraft (see ADAECAM de-

scription). It overestimates FDR Approach fuel burn in all cases, in some cases by a 
factor of two. Note that it can be seen in the FDR results that aircraft weight does not 
need to be directly correlated to fuel burn during approach – on the contrary. The 
lightest A340 of the selected flights shows the significantly highest fuel burn (in this 
example). Apart from aerodynamic properties and operational choices, wind can have 
a significant influence on the fuel burn during approach. Wind components and turbu-
lence have not been taken into account for the FDR flight selection. 

• ADAECAM landing fuel burn matches A320 FDR landing fuel burn very closely, but 
A340-300 landing fuel burn is significantly underestimated in all cases. 

 
• Total arrival fuel burn is overestimated by ADAECAM in all cases. 
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3. Validation Part 2: Extended Selection of Aircraft  
 
3.1 General remarks 
 
The flight selection procedure in this section is identical to the one described in the previous 
section 2. Therefore, the description is not repeated. However, for transparency, the whole 
range of selected performance and emissions affecting factors is summarized in the Appen-
dix A. This includes the gross weight distribution for take-off and landing, outside air tem-
perature and altimeter setting for every selected airframe/engine combination. In this part of 
the validation, some FDR data from aircraft that have been operated at other airports than 
Zurich and which were operated by other airlines than SWISS are used. Normally, the se-
lected aircraft types differ in both, airframe and engine. In one case, the ADAECAM results 
are compared against the FDR data of an airframe (A330-200) with two different engine 
models. 
 
 
 
3.2 A330-200 / PW4168A Floatwall  
 
As explained in section 2, FDR data have been analyzed to provide the full range of possible 
flights with very different performance (and aircraft emissions) affecting parameters, as 
shown in the distributions of Appendix A. Based on this analysis, 9 flights for take-off and 3 
flights for landing emissions comparisons have been chosen. They were named according to 
the section 2 terminology: 
 
 
Table 3: Naming of the selected flights with the coding “Aircraft-Temperature-Weight” 
 
Departures Arrivals
TYPE OF FLIGHT TYPE OF FLIGHT
A330-cold-light A330-medium-medium
A330-medium-heavy A330-medium-heavy
A330-hot-medium A330-medium-light
A330-hot-heavy
A330-hot-light
A330-medium-medium
A330-medium-light
A330-cold-heavy
A330-cold-medium     
 
 
 
In order to generate the input table for ADAECAM, the airport gave the tail number, day and 
time of flight for each of the selected flights. Airport available data used for ADAECAM input 
are summarized in table 4 below. 
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Table 4: Input table for ADAECAM. 
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Figure 21: Comparison of LTO fuel use (kg), determined with “ICAO-Simple”, “ICAO-Cert.”, 
“ICAO-Adv.”, “ADAECAM” and “FDR” (real case) for A330 / PW4168A Floatwall. 

 

Figures 22 to 29 show the comparison of ADAECAM calculated and FDR measured fuel 
burn for the seven previously defined LTO segments. 
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Figure 22: Comparison of taxi-out fuel burn between ADAECAM and FDR for A330 / 
PW4168A Floatwall. 
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Figure 23: Comparison of take-off fuel burn between ADAECAM and FDR for A330 / 
PW4168A Floatwall. 
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Figure 24: Comparison of climb fuel burn between ADAECAM and FDR for A330 / PW4168A 
Floatwall. 
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Figure 25: Comparison of departure fuel burn (taxi-out, take-off and climb) between ADAE-
CAM and FDR for A330 / PW4168A Floatwall. 
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Figure 26: Comparison of approach fuel burn between ADAECAM and FDR for A330 / 
PW4168A Floatwall. 
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Figure 27: Comparison of landing fuel burn between ADAECAM and FDR for A330 / 
PW4168A Floatwall. 
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Figure 28: Comparison of taxi-in fuel burn between ADAECAM and FDR for A330 / 
PW4168A Floatwall. 
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Figure 29: Comparison of arrival fuel burn (approach, landing and taxi-in) between ADAE-
CAM and FDR for A330 / PW4168A Floatwall. 
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3.3  A330-200 / RR Trent 772B 
 

 
 
Table 5: Input table for ADAECAM, generated with airport available data. 

A
irp

or
t D

at
a 

fo
r I

np
ut

 in
 A

D
A

EC
AM

, v
al

id
at

io
n 

pa
rt

 2
Au

gu
st

 7
, 2

00
7

D
ep

ar
tu

re
s

TY
PE

 O
F 

FL
IG

H
T

ID
EN

T
A

C
_T

YP
E

AC
_S

U
B

TY
PE

E
N

G
IN

E
_U

ID
E

N
G

IN
E

_N
AM

E
D

E
PA

R
TU

R
E

 A
R

PT
_I

C
A

O
D

E
PA

R
TU

R
E

 A
R

PT
_I

AT
A

D
ES

TI
N

A
TI

O
N

_I
C

AO
D

E
ST

IN
AT

IO
N

_I
AT

A
TA

X
I_

O
U

T_
TI

M
E

_M
IN

TE
M

P
_°

C
P

R
E

SS
U

R
E_

hP
a

R
EL

_H
U

M
ID

IT
Y_

%
A3

30
-m

ed
iu

m
-li

gh
t

D
E

P7
1

A
33

2
20

0
3R

R
03

0
R

R
 T

re
nt

 7
72

B
O

BB
I

BA
H

O
M

AA
AU

H
5.

7
13

10
26

.8
59

A3
30

-c
ol

d-
lig

ht
D

E
P7

2
A

33
2

20
0

3R
R

03
0

R
R

 T
re

nt
 7

72
B

O
ER

K
R

U
H

O
M

AA
AU

H
10

.5
5.

0
95

8.
1

63
A3

30
-h

ot
-li

gh
t

D
E

P7
3

A
33

2
20

0
3R

R
03

0
R

R
 T

re
nt

 7
72

B
O

M
AA

AU
H

O
BB

I
BA

H
5.

6
32

10
07

.8
30

A3
30

-m
ed

iu
m

-m
ed

iu
mD

E
P7

4
A

33
2

20
0

3R
R

03
0

R
R

 T
re

nt
 7

72
B

ED
D

F 
Fr

au
O

M
AA

AU
H

17
.9

10
10

05
.8

67
A3

30
-h

ot
-m

ed
iu

m
D

E
P7

5
A

33
2

20
0

3R
R

03
0

R
R

 T
re

nt
 7

72
B

O
ED

F
D

M
M

O
M

AA
AU

H
8.

7
35

99
8.

1
37

A3
30

-c
ol

d-
m

ed
iu

m
D

E
P7

6
A

33
2

20
0

3R
R

03
0

R
R

 T
re

nt
 7

72
B

ED
D

M
M

U
C

O
M

AA
AU

H
27

.2
7.

0
96

7.
3

84
A3

30
-c

ol
d-

he
av

y
D

E
P7

7
A

33
2

20
0

3R
R

03
0

R
R

 T
re

nt
 7

72
B

EG
LL

 
LH

R
O

M
AA

AU
H

9.
8

1
10

24
.1

75
A3

30
-m

ed
iu

m
-h

ea
vy

D
E

P7
8

A
33

2
20

0
3R

R
03

0
R

R
 T

re
nt

 7
72

B
LF

PG
 

C
D

G
O

M
AA

AU
H

12
.0

12
10

01
.7

84
A3

30
-h

ot
-h

ea
vy

D
E

P7
9

A
33

2
20

0
3R

R
03

0
R

R
 T

re
nt

 7
72

B
O

M
AA

AU
H

O
ER

K
R

U
H

6.
9

34
10

04
.3

28

A
rr

iv
al

s
TY

PE
 O

F 
FL

IG
H

T
ID

EN
T

A
C

_T
YP

E
AC

_S
U

B
TY

PE
E

N
G

IN
E

_U
ID

E
N

G
IN

E
_N

AM
E

AR
R

IV
AL

 A
R

P
T_

IC
AO

AR
R

IV
AL

 A
R

PT
_I

AT
A

O
R

IG
IN

_I
C

AO
O

R
IG

IN
__

IA
TA

TA
X

I_
IN

_T
IM

E
_M

IN
TE

M
P

_°
C

P
R

E
SS

U
R

E_
hP

a
R

EL
_H

U
M

ID
IT

Y_
%

A3
30

-m
ed

iu
m

-li
gh

t
AR

R
71

A
33

2
20

0
3R

R
03

0
R

R
 T

re
nt

 7
72

B
O

M
AA

AU
H

O
KB

K
KW

I
4.

8
19

.0
10

18
.1

84
A3

30
-m

ed
iu

m
-m

ed
iu

mA
R

R
72

A
33

2
20

0
3R

R
03

0
R

R
 T

re
nt

 7
72

B
O

M
AA

AU
H

O
PK

C
KH

I
4.

0
14

.0
10

16
.9

10
0

A3
30

-m
ed

iu
m

-h
ea

vy
AR

R
73

A
33

2
20

0
3R

R
03

0
R

R
 T

re
nt

 7
72

B
O

PK
C

KH
I

O
M

AA
AU

H
6.

9
18

.0
10

09
.7

47

R
em

ar
k:

 T
ax

i-o
ut

 a
nd

 ta
xi

-in
 ti

m
es

 a
re

 m
at

ch
in

g 
FD

R
 re

co
rd

ed
 ti

m
es



 

 

29/72

Federal Office of Civil Aviation (FOCA), Environmental Affairs, CH-3003 Bern 

A330 RR Fuel

0

500

1000

1500

2000

2500

3000

ICAO-Simple ICAO-Cert. ICAO-Adv. ADAECAM FDR

A330-medium-light
A330-cold-light
A330-hot-light
A330-medium-medium
A330-hot-medium
A330-cold-medium
A330-cold-heavy
A330-medium-heavy
A330-hot-heavy

 

Figure 30: Comparison of LTO fuel use (kg), determined with “ICAO-Simple”, “ICAO-Cert.”, 
“ICAO-Adv.”, “ADAECAM” and “FDR” (real case) for A330 / RR Trent 772B. 

 
Figures 31 to 38 show the comparison of ADAECAM calculated and FDR measured fuel 
burn for the seven previously defined LTO segments. 
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Figure 31: Comparison of taxi-out fuel burn between ADAECAM and FDR for A330 / RR 
Trent 772B. 
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Figure 32: Comparison of take-off fuel burn between ADAECAM and FDR for A330 / RR 
Trent 772B. 
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Figure 33: Comparison of climb fuel burn between ADAECAM and FDR for A330 / RR Trent 
772B. 
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Figure 34: Comparison of departure fuel burn (taxi-out, take-off and climb) between ADAE-
CAM and FDR for A330 / RR Trent 772B. 
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Figure 35: Comparison of approach fuel burn between ADAECAM and FDR for A330 / RR 
Trent 772B. 
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Figure 36: Comparison of landing fuel burn between ADAECAM and FDR for A330 / RR 
Trent 772B. 
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Figure 37: Comparison of taxi-in fuel burn between ADAECAM and FDR for A330 / RR Trent 
772B 
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Figure 38: Comparison of arrival fuel burn (approach, landing and taxi-in) between ADAE-
CAM and FDR for A330 / RR Trent 772B. 
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3.4  B757-200 / RR RB211-535E4 (37/44) 
 

 
 
Table 6: Input table for ADAECAM, generated with airport available data.  
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Figure 39: Comparison of LTO fuel use (kg), determined with “ICAO-Simple”, “ICAO-Cert.”, 
“ICAO-Adv.”, “ADAECAM” and “FDR” (real case) for B757-200 / RR RB211-535E4. 

 
Figures 40 to 47 show the comparison of ADAECAM calculated and FDR measured fuel 
burn for the seven previously defined LTO segments. 
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Figure 40: Comparison of taxi-out fuel burn between ADAECAM and FDR for B757-200 / RR 
RB211-535E4. 
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Figure 41: Comparison of take-off fuel burn between ADAECAM and FDR for B757-200 / RR 
RB211-535E4. 
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Figure 42: Comparison of climb fuel burn between ADAECAM and FDR for B757-200 / RR 
RB211-535E4. 
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Figure 43: Comparison of departure fuel burn (taxi-out, take-off and climb) between ADAE-
CAM and FDR for B757-200 / RR RB211-535E4. 
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Figure 44: Comparison of approach fuel burn between ADAECAM and FDR for B757-200 / 
RR RB211-535E4. 
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Figure 45: Comparison of landing fuel burn between ADAECAM and FDR for B757-200 / RR 
RB211-535E4. 
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Figure 46: Comparison of taxi-in fuel burn between ADAECAM and FDR for B757-200 / RR 
RB211-535E4. 
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Figure 47: Comparison of arrival fuel burn (approach, landing and taxi-in) between ADAE-
CAM and FDR for B757-200 / RR RB211-535E4. 
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3.5  B767-300 / GE CF6-80C2A3 
 

 
 
Table 7: Input table for ADAECAM, generated with airport available data.  
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B767 Fuel
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Figure 48: Comparison of LTO fuel use (kg), determined with “ICAO-Simple”, “ICAO-Cert.”, 
“ICAO-Adv.”, “ADAECAM” and “FDR” (real case) for B767-300 / GE CF6-80C2A3. 

 
Figures 49 to 56 show the comparison of ADAECAM calculated and FDR measured fuel 
burn for the seven previously defined LTO segments. 
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Figure 49: Comparison of taxi-out fuel burn between ADAECAM and FDR for B767-300 / GE 
CF6-80C2A3. 



 

 

42/72

Federal Office of Civil Aviation (FOCA), Environmental Affairs, CH-3003 Bern 

Take-Off Fuel Burns

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

180.00

200.00

B767-hot-
light

B767-
medium-

light

B767-cold-
light

B767-hot-
medium

B767-
medium-
medium

B767-cold-
medium

B767-cold-
heavy

B767-hot-
heavy

B767-
medium-

heavy

Fuel Burn (kg) ADAECAM
FDR

 

Figure 50: Comparison of take-off fuel burn between ADAECAM and FDR for B767-300 / GE 
CF6-80C2A3. 
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Figure 51: Comparison of climb fuel burn between ADAECAM and FDR for B767-300 / GE 
CF6-80C2A3. 
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Figure 52: Comparison of departure fuel burn (taxi-out, take-off and climb) between ADAE-
CAM and FDR for B767-300 / GE CF6-80C2A3. 
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Figure 53: Comparison of approach fuel burn between ADAECAM and FDR for B767-300 / 
GE CF6-80C2A3. 
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Figure 54: Comparison of landing fuel burn between ADAECAM and FDR for B767-300 / GE 
CF6-80C2A3. 
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Figure 55: Comparison of taxi-in fuel burn between ADAECAM and FDR for B767-300 / GE 
CF6-80C2A3. 
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Figure 56: Comparison of arrival fuel burn (approach, landing and taxi-in) between ADAE-
CAM and FDR for B767-300 / GE CF6-80C2A3. 
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3.6  B777-300ER / GE90-110B1 

 

Table 8: Input table for ADAECAM, generated with airport available data.  
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Figure 57: Comparison of LTO fuel use (kg), determined with “ICAO-Simple”, “ICAO-Cert.”, 
“ICAO-Adv.”, “ADAECAM” and “FDR” (real case) for B777-300ER / GE90-110B1. 
 
Figures 58 to 65 show the comparison of ADAECAM calculated and FDR measured fuel 
burn for the seven previously defined LTO segments. 
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Figure 58: Comparison of taxi-out fuel burn between ADAECAM and FDR for B777-300ER / 
GE90-110B1. 
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Figure 59: Comparison of take-off fuel burn between ADAECAM and FDR for B777-300ER / 
GE90-110B1. 
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Figure 60: Comparison of climb fuel burn between ADAECAM and FDR for B777-300ER / 
GE90-110B1. 
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Figure 61: Comparison of departure fuel burn (taxi-out, take-off and climb) between ADAE-
CAM and FDR for B777-300ER / GE90-110B1. 

 

Approach Fuel Burns

0.00

100.00

200.00

300.00

400.00

500.00

600.00

B777-medium-light B777-medium-medium B777-medium-heavy

Fuel Burn (kg) ADAECAM
FDR

 

Figure 62: Comparison of approach fuel burn between ADAECAM and FDR for B777-300ER 
/ GE90-110B1. 
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Figure 63: Comparison of landing fuel burn between ADAECAM and FDR for B777-300ER / 
GE90-110B1. 

 

Taxi-In Fuel Burns

0.00

50.00

100.00

150.00

200.00

250.00

300.00

B777-medium-light B777-medium-medium B777-medium-heavy

Fuel Burn (kg) ADAECAM
FDR

 

Figure 64: Comparison of taxi-in fuel burn between ADAECAM and FDR for B777-300ER / 
GE90-110B1. 
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Figure 65: Comparison of arrival fuel burn (approach, landing and taxi-in) between ADAE-
CAM and FDR for B777-300ER / GE90-110B1. 
 
 
3.7 Discussion 
 

• The findings for the total LTO fuel burn, as described in section 2.7 have generally 
been confirmed with the extended aircraft list. 
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Figure 66: LTO fuel use, overestimation for “ICAO-Simple”, “ICAO-Cert.”, “ICAO-Adv.” 
and “ADAECAM model”.  
 
For the selected flights, the mean LTO fuel consumption calculated with the ICAO-
certification-LTO can be more than 100% (more than a factor of two) above the real LTO 
fuel. With the “ICAO-advanced” model, an overestimation between 30 and 60% is still 
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possible (figure 66). LTO fuel overestimations with ADAECAM for the selected aircraft 
and flights vary normally between 5 and 25%.  
 
Compared to the ICAO-advanced model, ADAECAM calculated LTO fuel consump-
tion is significantly lower by 25 to 40% and is still above FDR LTO fuel burn results5. 

 
• ADAECAM in its present version may only underestimate total LTO fuel burn in case 

of “hot-heavy” departures. 
 
• ADAECAM taxi-out fuel burn is normally slightly higher than FDR fuel burn. An ex-

ception is the A330 with PW engine for which ADAECAM taxi-out fuel burn matches 
or is slightly lower than FDR fuel burn. 

 
• In the take-off segment, ADAECAM fuel burn matches FDR fuel burn in different 

quality, depending on the aircraft type and the airframe/engine combination respec-
tively. Example: ADAECAM tends to underestimate A330 PW take-off fuel burn but 
significantly overestimates A330 RR take-off fuel burn. In some cases, the model pro-
duces constant fuel burn values for all flights (A320, A330 RR, B767, B777)6. In the 
rest of the cases, the calculated fuel consumption is varying and can match FDR 
quite nicely (e.g. B757). 

 
• In the climb segment, ADAECAM fuel burn matches FDR fuel burn in different qual-

ity, depending on the aircraft type and the airframe/engine combination respectively. 
A320 and A330 RR are generally overestimated, with the exception of “hot-heavy” 
climbs. For A330 PW and B757, the model underestimates the climb fuel burn. For 
B777, there is a tendency to underestimate the climb fuel consumption. 

 
• In general, there is limited variation during take-off/climb for ADAECAM compared to 

the real fuel burn. 
 

• The total departure ADAECAM fuel burn has a tendency for overestimation in the 
case of B767 and B777, especially for the “light” departures. Total departure fuel con-
sumption for A320 and A330 RR is overestimated, for A330 PW and A340-300 it is 
underestimated and for B757 it matches quite nicely.  

 
• ADAECAM is generally high on the approach fuel burn, significantly in some cases, 

with one exception (A330 RR). The ADAECAM approach time is fixed at 4.04 min-
utes, being based on a 3 degree glide-slope from 3000ft at 140kts. The FDR times 
normally vary from 3.3 to 5.5 minutes, with extreme values at 2.9 and 7.5 minutes 
(the latter for one of the selected A330 RR approaches). In general, it looks as though 
the real mean thrust setting for the approach must be substantially less than the 30% 
assumed in the model. 

 
• ADAECAM is generally low on landing fuel burn, with the exception of the selected 

A320 and B777 landings. However, the overall amount is an order of magnitude less 
than for other phases. 

 
• ADAECAM taxi-in fuel burn is normally higher than FDR fuel burn. 

 

                                                 
5 The A340-300 is excepted from this conclusion. Because of its climb characteristics and Zurich Airspace design, this aircraft is 
operated very Zurich airport dependent, at exceptionally high thrust during departure. This is the reason, why ICAO-simple, 
ICAO-cert, ICAO-adv LTO fuel burn are only 5-25% above the FDR fuel burn and ADAECAM is underestimating the fuel con-
sumed by around 4%. 
6 These “constant values” result from all the selected validation flights having route distances much less than the aircraft range. 
As a consequence, all the aircraft are assumed to fall into the “light” category for calculation of take off fuel. 
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4. Conclusions 
 
ADAECAM total LTO fuel burn calculations show a substantial improvement towards more 
realistic calculated LTO fuel burn Although ADAECAM fuel burn is considerably lower than in 
the models which are generally used today, the results for the total fuel use are still conser-
vative and can be considered rather on the safe side.  
 
The development and availability of ADAECAM is considered an important step forward into 
the direction of real world related modelling, without the need for sensitive, proprietary and 
non-publicly available data. 
 
As far as fuel burn calculations for individual segments are concerned, the validation has 
shown two main areas of the model where a potential further development might be worth 
considering: 
 

• Increase the variation of take-off and climb fuel consumption according to input infor-
mation and prevent an underestimation of take-off and climb fuel burn. 

 
• Adjust the approach fuel consumption modelling in order to reduce systematic over-

estimation of approach fuel use.  
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Appendix A: FDR parameter distribution for flight selection 
 
1) A320-200 / CFM56-5B4 

 
Figure 67: Example of FDR gross weight distribution at start of taxi-out during a one year 
operation of all aircraft of the selected A320-200 / CFM56-5B4 type. 
 

 
Figure 68: Example of FDR outside air temperature distribution at start of taxi-out during a 
one year operation of all aircraft of the selected A320-200 / CFM56-5B4 type. 
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Figure 69: Example of FDR altimeter (QNH) setting distribution at start of taxi-out during a 
one year operation of all aircraft of the selected A320-200 / CFM56-5B4 type. 
 
 
 

 
Figure 70: Example of FDR dew point distribution at take-off during a one year operation of 
all aircraft of the selected A320-200 / CFM56-5B4 type. 
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Figure 71: Example of FDR gross weight distribution at end of taxi in during a one year op-
eration of all aircraft of the selected A320-200 / CFM56-5B4 type. 
 
 

 
Figure 71: Example of FDR data in a candle plot, showing the gross weight at take-off in 
function of the nautical air miles of all aircraft (A320-200 / CFM56-5B4 type). 
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Figure 72: Distribution of flights with a certain gross weight at take-off, in function of nautical 
air miles of all aircraft (A320-200 / CFM56-5B4 type). 
 
 
 
2) A330-200 / PW4168A Floatwall  

 
Figure 73: Example of FDR gross weight distribution at start of taxi-out during a one 
year operation of all aircraft of the selected A330-200 / PW4168A type. 



 

 

58/72

Federal Office of Civil Aviation (FOCA), Environmental Affairs, CH-3003 Bern 

 

 
Figure 74: Example of FDR outside air temperature distribution at start of taxi-out during a 
one year operation of all aircraft of the selected A330-200 / PW4168A Floatwall type. 

 
 

 
Figure 75: Example of FDR altimeter (QNH) setting distribution at start of taxi-out during a 
one year operation of all aircraft of the selected A330-200 / PW4168A Floatwall type. 
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Figure 76: Example of FDR gross weight distribution at end of taxi in during a one year op-
eration of all aircraft of the selected A330-200 / PW4168A Floatwall type. 
 
 
3) A330-200 / RR Trent 772-B 
 

 
Figure 77: Distribution of flights with a certain gross weight at take-off, in function of outside 
air temperature at start of taxi out of all aircraft (A330-200 / RR Trent 772-B type). 
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Figure 78: Example of FDR outside air temperature distribution at start of taxi-out during a 
one year operation of all aircraft of the selected A330-200 / RR Trent 772-B type. 
 

 
Figure 79: Example of FDR altimeter (QNH) setting distribution at start of taxi-out during a 
one year operation of all aircraft of the selected A330-200 / RR Trent 772-B type. 
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Figure 80: Example of FDR gross weight distribution during one year operation of all aircraft 
of the selected A330-200 / RR Trent 772-B type, in function of outside air temperature at the 
end of taxi-in. 
 
 
4) A340-300 / CFM56-5C4/P 

 
Figure 81: Example of FDR gross weight distribution at start of taxi-out during a one year 
operation of all aircraft of the selected A340-300 / CFM56-5C4/P type. 
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Figure 82: Example of FDR gross weight distribution at start of taxi-out in function of nautical 
air miles during a one year operation of all aircraft of the selected A340-300 / CFM56-5C4/P 
type. 
 
 

 
Figure 83: Example of FDR outside air temperature distribution at start of taxi-out during a 
one year operation of all aircraft of the selected A340-300 / CFM56-5C4/P type. 
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Figure 84: Example of FDR altimeter (QNH) setting distribution at start of taxi-out during a 
one year operation of all aircraft of the selected A340-300 / CFM56-5C4/P type. 
 

 
Figure 85: Example of FDR dew point distribution at start of taxi-out during a one year opera-
tion of all aircraft of the selected A340-300 / CFM56-5C4/P type. 
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Figure 86: Example of FDR gross weight distribution at end of taxi-in during a one year op-
eration of all aircraft of the selected A340-300 / CFM56-5C4/P type. 

Figure 87: Example of a candle plot, showing FDR gross weight distribution in function of 
nautical air miles during a one year operation of all aircraft of the selected A340-300 / 
CFM56-5C4/P type. 
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5) B757-200 / RR RB211-535E4 

 

Figure 88: Example for a FDR gross weight distribution at start of taxi-out with information on 
outside air temperature during a one year operation of all aircraft of the selected B757-200 / 
RR RB211-535E4 type. 

 

Figure 89: Example for a FDR nautical air miles distribution with information on gross weight 
at taxi-out during a one year operation of all aircraft of the selected B757-200 / RR RB211-
535E4 type. 
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Figure 90: Example for FDR outside air temperature distribution at taxi-out during a one year 
operation of all aircraft of the selected B757-200 / RR RB211-535E4 type. 

 

Figure 91: Example for FDR altimeter (QNH) distribution at taxi-out during a one year opera-
tion of all aircraft of the selected B757-200 / RR RB211-535E4 type. 
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Figure 92: Example for FDR gross weight distribution at end of taxi-in during a one year op-
eration of all aircraft of the selected B757-200 / RR RB211-535E4 type. 
 
 
6) B767-300 / GE CF6-80C2A3 

 

Figure 93: Example for a FDR gross weight distribution at start of taxi-out with information on 
outside air temperature during a one year operation of all aircraft of the selected B767-300 / 
GE CF6-80C2A3 type. 
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Figure 94: Example for FDR outside air temperature distribution at start of taxi-out during a 
one year operation of all aircraft of the selected B767-300 / GE CF6-80C2A3 type. 

 

Figure 95: Example for FDR altimeter (QNH) distribution at start of taxi-out during a one year 
operation of all aircraft of the selected B767-300 / GE CF6-80C2A3 type. 
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Figure 96: Example for a FDR gross weight distribution at end of taxi-in with information on 
outside air temperature during a one year operation of all aircraft of the selected B767-300 / 
GE CF6-80C2A3 type. 

 

Figure 97: Example for a FDR nautical air miles distribution with information on gross weight 
at start of taxi-out during a one year operation of all aircraft of the selected B767-300 / GE 
CF6-80C2A3 type. 
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7) B777-300ER / GE90-110B1 
 

 
Figure 98: Example of FDR gross weight distribution at start of taxi-out during a one year 
operation of all aircraft of the selected B777-300ER / GE 90-110B1 type. 
 

 
Figure 99: Example of FDR outside air temperature distribution at start of taxi-out during a 
one year operation of all aircraft of the selected B777-300ER / GE 90-110B1 type. 
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Figure 100: Example of FDR dew point distribution at start of taxi-out during a one year op-
eration of all aircraft of the selected B777-300ER / GE 90-110B1 type. 
 

 
Figure 101: Example of FDR altimeter (QNH) distribution at start of taxi-out during a one year 
operation of all aircraft of the selected B777-300ER / GE 90-110B1 type. 
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Figure 102: Example of FDR gross weight distribution at end of taxi-in during a one year op-
eration of all aircraft of the selected B777-300ER / GE 90-110B1 type. 
 

 
Figure 103: Example of FDR nautical air miles distribution during a one year operation of all 
aircraft of the selected B777-300ER / GE 90-110B1 type. 
 
 


