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I.

environmental

INTRODUCTION

Detailed high-fidelity weather data can have significant
impacts on environmental modeling results. Headwinds, for
example, play a critical role in performance calculations. One
analysis of a global emissions inventory showed that, in cruise,
headwinds can cause equivalent still air flight distance to vary
by as much as 20% [1]. This, in turn, can significantly affect
fuel burn. Fig. 1 illustrates the sensitivity of fuel burn
calculations to headwind, based on flight data recorder
information.
A robust aircraft performance model must include a
description of the atmosphere through which an aircraft is
flying. The accuracy of a performance calculation is limited by
the realism of the weather model on which it is based. This
paper discusses the implications of incorporating a high-fidelity
weather specification into present standard environmental
models, and their underlying algorithms. The possible impacts
of different weather inputs on performance results are explored.
The significance of such impacts, along with the resulting
impacts on noise and emissions results, is illustrated in the
context of the change from current standard weather treatments
to a high-fidelity weather model

II.

BACKGROUND

A. Standard Performance Models
Existing aviation environmental models typically utilize
one of two specifications for calculating aircraft flight
performance. Thr first is found in European Civil Aviation
Conference Doc 29 [2]. Since it is largely based on Society of
Automotive Engineers Aerospace Information Report No. 1845
[3], it is commonly referenced as 1845/Doc29.
This
performance model is intended for use only within the terminal
area, or at altitudes below 3048 meters (10,000 feet) Above
Field Elevation (AFE). Therefore it is primarily used in
environmental models that focus on single-airport or regional
analyses, such as the FAA’s Integrated Noise Model (INM),
Emissions and Dispersion Modeling System (EDMS), and
Noise Integrated Routing System (NIRS) [4], as well as the UK
Department for Transport’s Aircraft Noise Contour Model
(ANCON). It is also used for terminal area performance
calculations in the FAA's Aviation Environmental Design Tool
(AEDT). The second specification used for performance
calculations is the EUROCONTROL Base of Aircraft Data
(BADA) [5]. BADA performance is specified throughout all
phases of flight, but is primarily used for en-route portions,
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Figure 1 - Changes in fuel burn due to the effect of headwind; fuel burn
calculations based on flight data recorder information for a collection of Swiss
Air flights.

above 3048 meters (10,000 feet) AFE, in global models such as
AEDT and EUROCONTROL’s Aviation Environmental
Model (AEM).
There is a core set of features that both performance
specifications maintain. Each of them supplies an atmospheric
model and equations that govern physics. They each provide a
means to calculate aerodynamic quantities for standard flap
configurations, and thrust as function of state for standard
power settings. Each specification is furthermore associated
with a database that includes modeling coefficients for these
calculations. These databases also contain standard flight
procedures.
Beyond their core features, each peformance specification
provides unique details that are not found in the other. For
example, 1845/Doc29 includes explicit recommendations on
how to calculate unknown flight path information from known
quantities. This includes methodologies for synthesis of flight
paths (calculating the progression of speed and/or location
according to procedure steps, usually from standard thrusts and
aerodynamics), and analysis of flight paths (calculating the
progression of thrust according to known locations and speeds).
Details range from simple path discretization and order of
evaluation, to iterative solution of governing equations.
1845/Doc29 also addresses the relationship between airspeed,
groundspeed and headwind. BADA does not address any of
these issues, but it does include a model for determining fuel
burn, which 1845/Doc29 lacks.
Environmental models often extend, adjust, and combine
performance specifications, implicitly establishing their own
complete performance model. AEDT extends 1845/Doc29 by
pairing it with a terminal-area fuel burn model [6][7], and by
providing a more flexible atmosphere than specified (as
discussed later). It uses the 1845/Doc29 recommendations on
flight path analysis and synthesis for both performance
specifications, and uses the BADA fuel burn model in the
terminal area when data required for the terminal area fuel burn
model are unavailable. When attempting to satisfy track-based
altitude constraints, as found in NIRS to specify airspace
restrictions, AEDT adjusts the 1845/Doc29 methodology for
flight path synthesis to reverse the order of evaluation, or to use
different degrees of freedom in the governing physics.
B. Standard Weather Models
1) Terminal-Area Atmosphere
Although the 1845/Doc29 performance model specifies
International Standard Atmosphere (ISA) [8]for its weather
model, environmental models that use this performance
specification typically opt instead to use a model that allows
some customization of atmospheric conditions. Reference
values for thermodynamic properties (temperature and
pressure) are given at specified altitudes, and atmospheric
profiles are constructed to fit those data in a physically realistic
manner, similar to the manner in which the ISA was derived.
These quantities are a function of altitude only, with no
variation with respect to surface coordinate or time. For
AEDT, the reference temperatures and pressures are 30 year
annual average values associated with an airport relevant to the
flight.

2) BADA Atmosphere
The weather model and corresponding performance model
outlined in the BADA user manual is partially based on a
reference condition, and partially based on the ISA. As in the
terminal-area model discussed above, the temperature is
specified one elevation (and once again, AEDT assigns an
average value associated with a relevant airport). The
temperature profile is taken to decrease with altitude at the
same lapse rate as the ISA. The pressure at sea level is taken to
be equal to the ISA sea-level pressure, but the rest of the
pressure profile is adjusted to account for the non-ISA
temperature profile.
The BADA model of the atmosphere changes above the
tropopause altitude, which the model defines as the altitude at
which temperature equals 216.65 kelvin. The temperature
above this altitude is constant, maintaining the tropopause
value. The pressure (and therefore density) profile exhibits
exponential decay from its tropopause value as the altitude
increases beyond the tropopause altitude.
3) Wind Models
For wind, one value for headwind is assigned to an
operation. This value of headwind applies throughout the
flight, without regard to altitude, latitude, longitude, time, or
direction of travel. This is equivalent to a model where wind
has constant speed and varies such that it is always directed
against the course of an aircraft. AEDT uses an average
headwind value associated with a relevant airport, and scales it
by a multiplier associated with the runway corresponding to the
operation.
C. Weather Effects on Other Models
Performance models determine position, groundspeed and
thrust for a flight. These, along with weather conditions, are
further used as inputs to noise and emissions calculations.
There are therefore many ways in which changes in weather
conditions might affect modeled results. Note that the response
of performance results to changes in weather inputs is not
always intuitive. For example, altitude profiles from standard
arrivals are insensitive to weather because the 1845/Doc29
specification honors the distance and descent angle specified by
the procedure.
1) Speeds
There are many speed-related opportunities for weather to
affect performance. Although speed in performance can be
specified relative to the ground frame of reference, it is rare for
a procedure to do so. There are two possible layers of
abstraction between groundspeed and the speed specified in a
procedure. The first lies between groundspeed and true
airspeed. The second is between true airspeed and either
calibrated airspeed or Mach number
The groundspeed corresponding to a given airspeed is
directly related to the headwind. Greater headwinds dictate
smaller groundspeeds for a given true airspeed. Note that the
BADA model does not explicitly reference headwind, but
implementations such as that in AEDT rely partially on aspects
of the 1845/Doc29 model that are sensitive to headwind.

Standard flight procedures in 1845/Doc29, as well as some
in BADA, are specified in terms of calibrated airspeed. In the
1845/Doc29 model, calibrated airspeed is related to true
airspeed through atmospheric density alone. The relationship
is specified more accurately by the BADA model through both
density and pressure. For a given calibrated airspeed, the
corresponding true airspeed increases with decreasing density.
There are some BADA procedure steps for which speed is
specified as a Mach number. Since the speed of sound is a
direct function of temperature, true airspeed for a given Mach
number is also temperature dependent. For a given Mach
number, the corresponding true airspeed increases with
decreasing temperature.
2) Thrusts
For many procedure steps for aircraft with jet engines in the
1845/Doc29 model, the thrust is specified as a function of
pressure, temperature, and calibrated airspeed, along with a set
of craft-specific coefficients. Calibrated airspeed is not a
degree of freedom in these steps, so it is unaffected by weather.
However, changes in pressure and temperature can cause thrust
to grow or diminish. Since the coefficients vary by aircraft,
and per procedure step, there are no general expected
correlations between these weather changes and the
corresponding thrust; the only reliable expectation is that thrust
will usually change in response to weather conditions.
The 1845/Doc29 model also includes procedure steps for
propeller-driven aircraft in which thrust is a function of
pressure and true airspeed. Since calibrated airspeed is fixed
for such steps, this comprises an indirect dependence on
density. Increases in pressure and density lead to gains in
thrust.
For descending steps of 1845/Doc29, the thrust depends
directly on headwind and calibrated airspeed. Again, calibrated
airspeed is fixed without regard to weather, so there is no
indirect dependency. However, the dependence on headwind is
direct; increased headwinds require greater thrust.
Thrust for a turboprop or propeller-driven aircraft under the
BADA model is specified as a function of altitude, true
airspeed, and temperature. A different expression is used for
each engine type, and a different set of modeling coefficient
values is used per-aircraft. As with the case of parametric
thrust calculations under the 1845/Doc29 model, the a priori
unknown coefficients leave no general rules regarding the
response of these thrusts with respect to weather conditions, but
there is a sensitivity to weather through its dependence on true
airspeed.
3) Distances
In the case of procedure steps for which track distance is
not specified directly, distance calculations depend on weather
conditions. In the 1845/Doc29 model, force balances and
geometric constraints are used such that distance traveled can
be a function of thrust and/or true airspeed, each of which has
its own dependence on weather. In addition to this indirect
interaction, some weather parameters appear independently of
thrust and speed in some 1845/Doc29 distance calculations,
most notably the headwind in takeoff and climbing steps, but
also temperature in the case of takeoff. In general, increased

headwinds lead to reductions in the distances required to reach
target speeds and altitudes; takeoff lengths are shorter, and
climb angles are steeper.
4) Noise
The noise analysis that follows performance calculations is
heavily dependent on corrected net thrust. This is the net thrust
produced by the aircraft engines, scaled by the pressure ratio in
which the thrust was generated. For those procedure steps of
the 1845/Doc29 model that do not specify a parametric thrust,
and for the BADA model, net thrust is calculated, without this
scaling, because it is involved in a force balance (sometimes
the balance is how the thrust is calculated). Although this net
thrust generally already has a dependence on weather, through
the various possible couplings enumerated in the discussion of
thrusts, the use of corrected net thrust for noise calculations
adds to noise results an additional layer of weather-sensitivity.
Decreasing pressure augments corrected net thrust, for a given
net thrust.
5) Fuel Burn
The BADA model of fuel burn rate for propeller-driven
aircraft has no dependence on weather. However, for jets and
turboprops, it specifies fuel burn rate as the product of net
thrust with a thrust-specific fuel consumption (TSFC) rate.
This immediately introduces an indirect dependence on
weather as described in the discussion of thrust response to
weather changes. Each type of engine has its own expression
to evaluate TSFC as a function of true airspeed and aircraftspecific modeling coefficients. BADA fuel burn rate for jets
and turboprops therefore inherits further weather-sensitivity
from true airspeed, but the effect cannot be qualitatively
predicted because the values of the TSFC coefficients are not
constrained.
The terminal-area fuel consumption model used in AEDT is
the basis for fuel burn calculations in the terminal area phase of
flight, in cases where the proper modeling coefficients are
available for the aircraft. This model has separate treatments
for arrivals and departures, but both depend on temperature,
Mach number, and thrust for TSFC rates, all of which have
their own weather dependencies. Arrival TSFC rates have an
additional sensitivity to weather through pressure.
III.

IMPROVED WEATHER TREATMENT

A. Improved Weather Model
The improvement under consideration is the introduction of
a high-fidelity model of weather that supports variation of all
atmospheric properties (temperature, pressure, wind, etc.) along
all three spatial dimensions, as well as in time. This is done by
reading and interpolating weather data defined on 4D grids.
These grids are supplied by the user as files, and they can be
retrieved in supported formats from the historical datasets of
the NCEP/NCAR Reanalysis Project [9][10], from the
predictive datasets of NOAA/NCEP's Rapid Update Cycle
(RUC) [11][12], or from NASA's Goddard Earth Observing
System (GEOS) [13]. The data supplied in these sets are
defined on grids that are regularly spaced in time and along
geographic coordinate systems, but irregularly spaced along the
direction in which altitude is measured.

fidelity weather through the corresponding issues enumerated
for that performance specification. Several aspects of the
BADA model, predicated on the assumption that temperature
varies according to certain features of the BADA temperature
model, are also disrupted by the change in atmospheric
modeling.
These include the thrust correction due to
temperature deviation, the maximum altitude, the constantspeed energy share factors, and the Mach transition altitude.
BADA applies a correction to standard thrust to account for
the deviation of the actual temperature profile from the ISA
temperature profile for which BADA thrust coefficients are
calibrated. The correction is expressed by the relationship

Tm = Tm ISA (1 − CTc ,5 (ΔTISA − CTc , 4 ))

Figure 2 - Data samples (circles) from continuous functions (dashed curves)
can be interpolated (solid lines) using nearest neighbor (top), most recent
(middle), or piecewise linear (bottom) approaches.

The implementation of this model requires a decision of
how atmospheric quantities should vary between grid points.
Perhaps the simplest treatments to implement involve
piecewise constant variation, where properties remain constant
throughout a piece of space or time adjacent to a grid point (the
most common example of this is "nearest neighbor"
interpolation, but temporal interpolation might favor a "most
recent sample" approach). A more complex, but arguably more
intuitive treatment is to use linear interpolation of atmospheric
properties between grid points. Fig. 2 illustrates these
approaches in one dimension, for clarity.
B. Implications for Performance Models
1) 1845/Doc29 Performance Model
The 1845/Doc29 specification calls for flight profiles to be
calculated independently of the flight track. The two are then
combined to complete the flight path. There is also no regard
for time in profile calculations. With the introduction of 4D
weather, this treatment is no longer possible, as the location
and course of the aircraft must be known to determine the
weather for profile calculations. The algorithm must therefore
keep track of the surface coordinate and time while calculating
flight profiles. Furthermore, since the final weather conditions
of a flight path segment can no longer be determined from just
the final altitude, more procedure step types will require
iteration to resolve the degrees of freedom for the final state.
Headwind in the 1845/Doc29 model is specified directly.
High-fidelity weather does not supply headwind information
specifically.
Instead, full directed wind information is
available. Headwind must be therefore be calculated from the
local 3D wind vector and the course of travel.
The iteration scheme recommended by 1845/Doc29 for
procedure calculations was developed with certainty that
temperature, pressure, and density are monotonically
decreasing with altitude. High-fidelity weather eliminates this
guarantee. Furthermore, the implementation of the weather
model may introduce spatial and/or temporal discontinuities in
these properties. The solver may need to become more robust
in response to possibly ill-conditioned atmospheric inputs.
2) BADA Performance Model
Implementations of BADA that borrow 1845/Doc29
recommendations are affected by the introduction of high-

where

Tm is corrected thrust
TmISA is uncorrected thrust
ΔTISA is temperature deviation
CTc ,5 , CTc , 4 are thrust coefficients

With high-fidelity weather, the temperature lapse rate no
longer matches the ISA lapse rate, so the temperature deviation
is no longer constant. This introduces ambiguity surrounding
whether or not temperature deviation should refer to the value
of the deviation at sea-level or at the altitude for which thrust is
being evaluated. Favoring the use of at-altitude temperature
deviation is the fact that the thrust to which the correction is
applied is based on local altitude and speed, and also that using
the sea-level deviation would introduce non-local effects. The
latter reasoning is less compelling when considering that the
BADA performance model, when using the BADA
atmosphere, does introduce non-local effects for altitudes
above tropopause, for which the local temperature deviation
from ISA is zero.
The interpretation of temperature deviation also figures
prominently in the dependence of maximum altitude on a
BADA temperature profile. Again, the BADA performance
model defines this quantity, for a given aircraft mass, in terms
of the temperature deviation from an ISA temperature profile:
hm , act = min [hMO , hmax + (ΔTISA − CTc , 4 )Gt + (mmax − mact )Gw ]

where
hm , act is maximum altitude
hMO , hmax are candidate maximum altitudes
Gt , Gw are temperature and weight gradients
mmax , mact are maximum and actual aircraft mass

It is not clear whether sea-level deviation or at-altitude
deviation is appropriate in conjunction with a high-fidelity
weather model. The altitude maximum models the variation in
"altitude capability", as provided by aircraft manufacturers
[14]. In the case where BADA temperature is used, the

maximum altitude parameter defines a surface of spatially
constant altitude, above which an aircraft cannot fly because its
altitude exceeds its maximum altitude; the altitude of this
surface increases as the weight of the aircraft diminishes. One
might argue that, in the context of a 4D temperature field, the
sea-level temperature deviation is the preferred basis for
maximum altitude. This would mean that the maximum
altitude defines one surface entirely at or below a spatially
constant altitude (increasing as aircraft weight diminishes)
through which the aircraft cannot fly because altitude exceeds
maximum altitude on the other side. The surface would change
in time in response to changes in the temperature field, but at
any given time the surface would be single-valued for every
ground coordinate. Alternatively, one might argue that, since
the maximum altitude is a function of aircraft capabilities, it
should be calculated from conditions local to the aircraft,
including the at-altitude temperature deviation. In this case,
maximum altitude defines at least one surface similar to the
surface described for the sea-level deviation case, except
without the "single-valued" criterion. It could also define any
number of additional moving closed surfaces below this
surface, each separating accessible regions from inaccessible
regions.
The energy share factor for constant-speed procedure steps,
derived from the BADA total-energy model, has complicated
interactions with weather conditions. The BADA model
presents simplifications of the energy share that are valid for
constant-Mach or constant-CAS conditions (typical of BADA
procedure steps), but the simplified expressions are partially
based on the BADA pressure, density, and temperature
profiles. For example, energy share depends on the local
temperature lapse rate, but the BADA specification instead
indicates the global BADA temperature lapse rate. Thus, the
expression for energy share in the constant Mach number case,
−1

⎧ γRk 2 ⎫ ,
f {M } = ⎨1 +
M ⎬
2g
⎩
⎭

should be expressed in terms of the actual lapse rate,
⎧ γR dT 2 ⎫
f {M } = ⎨1 +
M ⎬
⎩ 2 g dh
⎭

−1

where
f {M } is energy share
γ , R , g are modeling coefficients
T is temperature
h is altitude
M is Mach number

Similarly, the BADA specification is able to omit an energy
share dependency on local pressure gradient because the
BADA atmosphere is in static equilibrium, but no such
condition is assured when using high-fidelity weather.
Specifically, the energy share for constant calibrated airspeed,

−1
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should reflect both the actual lapse rate and include a new term
γ
−1
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− 1⎥ ⎬
f {M } = ⎨1 +
M2 −
X ⎢X
ρg dh
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⎢⎣
⎥⎦ ⎪⎭

−1

where
P is pressure

ρ is density

in order to hold for both non-ISA and non-equilibrium
atmospheric conditions.
The Mach transition altitude marks the transition between a
constant-CAS procedure step and a constant-Mach step in
standard BADA procedure steps. In the BADA model, the
transition altitude for a given calibrated airspeed and Mach
number defines a surface of constant altitude. Although the
transition altitude presented in the BADA model is predicated
on the BADA temperature and pressure profiles, the transition
pressure ratio included in the model can be shown to hold for
any spatially continuous atmospheric conditions. Thus, the
transition altitude in the context of high-fidelity weather is a
(single-valued) function of surface coordinate that also changes
with time.
C. Present Implementation
The present work is based on the implementation of a highfidelity weather model in an early version of AEDT. Here, all
atmospheric data given for any specific time are interpolated
linearly in space to define the 3D weather field for that time.
This field is taken to remain static until the next time available
in the data set. Whenever headwind is required, it is calculated
by first interpolating the wind vector field to the desired
location, and then taking the component of the interpolated
vector that is opposite to the aircraft's direction of travel. This
version of AEDT continues to base the BADA maximum
altitude, Mach transition altitude, thrust correction, and energy
share on the BADA atmosphere. All other weather-related
calculations (including the BADA atmosphere's reference
temperature) are based on high-fidelity data, if available.
Calculations for procedure steps are performed on the
assumption that the atmospheric profiles at the beginning of
each step remain the same throughout the length and duration
of the step. This approximation is made in order to avert the
problem of not knowing a priori the final time and location of a
procedure step.

IV. SAMPLE PERFORMANCE IMPACT
In order to provide a more concrete idea of how variations
in weather can affect performance results, we have included
results from a series of five flight calculations differing only in
the weather model applied. The control result used the legacystyle ("lapsed") weather treatment. The remaining four

calculations
were
performed
using
high-fidelity
("interpolated") weather data, each taken from NCAR files
describing a distinct time window (a morning in June, the
evening of that same day, a November morning, and the
corresponding evening). All flights are departures from
Denver International Airport, in a Boeing 747-200. The
ground track used for these flights includes altitude controls, as
found in NIRS. Results presented here are restricted to those
for which performance was calculated from the 1845/Doc29
specification.
The differences between weather inputs for each case can
be examined from plots in Fig. 3. These feature samples of
weather properties gathered at the midpoint of each segment of
the calculated flight paths. Differences between pressure
profiles are subtle, but the largest differences are between
interpolated and lapsed pressure profiles. Temperature profile
differences are most pronounced between interpolated and
lapsed cases, and differences among interpolated temperature
profiles are larger between seasons than between times of day.
The most dramatic variation in inputs is found in headwind;
interpolated headwind profiles are substantially different from
the constant airport headwind used in the lapsed treatment.
Interpolated headwind profiles for a given month are again
qualitatively similar to each other, but differences between
night and day become more pronounced at higher altitudes.
Also, the difference between night and day headwinds is
greater in winter than summer.
Performance results exhibit sensitivity to these changes in
weather inputs, as seen in Fig. 4. As the effects of headwind
and each thermodynamic property reinforce and counteract
each other in complex ways, it is not straightforward to discuss

specific variations of results in response to specific changes in
weather conditions.
Generally, differences in weather
conditions affect the distance required to reach the target
speeds and altitudes specified by procedure steps. Weather
conditions affect altitude and speed profiles the most at lower
altitudes, where performance is driven by standard procedures.
During the latter stages of the flight, aircraft altitude is driven
by altitude control constraints associated with the surface
coordinate, and speed is driven by a speed schedule established
by the standard flight profile, so the effects of weather variation
no longer come into play for those quantities. Thrust results
are susceptible to changes in weather throughout all flights.
Also, for all performance quantities, results from a given month
are similar to each other, as expected in light of the
corresponding similarity of inputs.
V.

SAMPLE AIRPORT-WIDE IMPACT

The aggregated effects of high-fidelity weather are also an
area of interest. It is possible for weather differences to play a
significant role in individual flight calculations while having a
negligible effect on overall noise and emissions results. We
have analyzed a full study of San Francisco International
Airport with the standard lapsed weather model (based on
annual average weather conditions at the airport) and also with
three alternative sets of high-fidelity weather data (one from
NCAR during summer, one from RUC during summer, and
one from RUC during winter). The study contains 256 unique
combinations of procedural profiles and ground tracks, from 9
airplanes, each flown at multiple times of day for a total of 788
departures and 161 approaches.
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Figure 3 - Pressure, temperature, and headwind experienced by a departure event for 5 different weather specifications.
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Figure 4 - Altitude, groundspeed, and thrust profiles calculated for a departure for 5 different weather specifications.

Noise contours for the four scenarios are illustrated in Fig.
5. Note that there is no overall trend in the changes; in some
locations, noise is greater for the high-fidelity scenario, while
other locations exhibit more noise for the lapsed scenario.
There are also no identifiable trends in the noise and emissions
metrics values provided in Table 1.
VI.

FUTURE WORK

The present work represents a small first step into a vast
landscape of possibilities to explore regarding high-fidelity
weather treatment. There are many improvements that can be
made to performance models to take advantage of the
expansion in weather realism. The current algorithms are also
quite simple, and would benefit greatly from a more robust

sampling of richer weather content. As the models and
algorithms improve, applications of simulation-driven design
will expand, with previously impractical possibilities becoming
realities.
A. Model Improvements
The current 1845/Doc29 and BADA performance models
are based on the assumption that aircraft heading and aircraft
course are equivalent. Now that realistic 3D wind information
is available, it is possible to adjust these models to treat the two
separately. Thus, the effect of an aircraft "crabbing" into
prevailing winds to maintain a desired course can be properly
calculated, including directivity effects on noise.

Calculation of arrival procedure steps using the
1845/Doc29 model is somewhat insensitive to weather. There
are enhanced models that more realistically capture arrival
performance.
Procedures can be designed using these
enhanced step models to achieve more realistic results.
The model for energy share in BADA constant-speed
procedure steps is inadequate in the context of high-fidelity
weather. These quantities should be reformulated to include
the effect of deviations from the BADA atmospheric model.
B. Algorithm Improvements
The present implementation assumes a locally invariant
atmospheric column for the duration of every procedure step.
These steps can cover long distances and durations, over which
significant changes in weather and aircraft course can take
place. A first improvement to this situation would be to break
the procedure step calculations into smaller segments, taking
new weather and track course readings at the beginning of each
segment.
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Further improvements might treat the track-wise or
temporal variation of weather conditions within a procedure
step (or sub-segments thereof). This would likely require a
significant amount of additional iteration schemes. It could
possibly also require a broader set of information from the
weather model than the point-wise data readings provided by
the present implementation.
There are also opportunities to address the dependence of
the BADA performance model on the BADA weather profiles.
The present implementation does not address these issues.
There are many simple options outlined in the previous
discussion that could be easily implemented. Improvements
presented to address Mach transition are less simple, but crucial
to finding results that better reflect reality. The other more
complex treatments presented, may have less promise from a
cost-benefit perspective.
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Figure 5 - Noise contours at 55dB, 50dB, 65dB for a full study in the context
of a lapsed atmospheric model (red), and high-fidelity datasets from NCAR
summer (green), RUC summer (black), and RUC winter (blue)

existing practices, or to design new practices, in the context of
real weather conditions. Such analyses and designs will have
benefitted from the increased realism of individual flight
results.

C. Applications
There are immediate applications for this new realism in
coupling weather with performance models. Past weather
conditions in aggregate are fair indicators of what to expect in
the future. Using datasets covering past conditions, simulations
can be used to predict what impacts would have resulted from a
given procedure and track. This can be used to analyze

Over the long term, high-fidelity weather treatment in
performance simulation has the potential to enable very useful
technologies. As predictive weather data sets become more
reliable, and computing power becomes more accessible,
simulations could be performed within an optimization
framework to choose flight paths, on the fly, such that

TABLE I.
ENVIRONMENTAL IMPACTS FOR A FULL STUDY UNDER VARYING WEATHER CONDITIONS; AREA OF NOISE CONTOURS AND EMISSIONS OF
CARBON DIOXISE (CO2), MONO-NITROGEN OXIDES (NOX), TOTAL PARTICULATE MATTER (PM), VOLATILE FUEL ORGANICS PARTICULATE MATTER (PMFO),
NON-VOLATILE PARTICULATE MATTER (PMNV), VOLATILE SULFUR PARTICULATE MATTER (PMSO), SULFUR OXIDES (SOX), AND FUEL BURN
Weather Data

Contour Area

CO2

2

Type

9

(km )

NOx
7

PM
5

PMFO
5

PMNV
4

PMSO
4

SOx
5

Fuel

(10 g)

(10 g)

(10 g)

(10 g)

(10 g)

(10 g)

(10 g)

(105kg)

55 dB

60 dB

65 dB

Lapsed

171.8

77.0

31.4

1.87

1.67

1.54

2.17

3.21

3.25

6.93

5.92

NCAR Summer

179.3

83.5

37.5

2.02

1.85

1.67

2.31

3.47

3.51

7.50

6.40

RUC Summer

172.8

82.2

37.1

2.00

1.84

1.67

2.32

3.46

3.49

7.43

6.34

RUC Winter

172.3

78.5

32.0

1.91

1.73

1.64

2.31

3.38

3.36

7.10

6.07

environmental impacts are minimized.
The use of high-fidelity weather could impact both
synthesis and analysis of optimized profile descents. For
example, from a measured continuous descent arrival (CDA)
trajectory, analysis of the thrust, noise and emissions that
accompanied the flight path could be performed with the actual
atmospheric conditions associated with the points along that
trajectory. Conversely, for known atmospheric conditions
based on high-fidelity data, CDA profiles could be custom
tailored to the weather by synthesizing an approach with idle
engine thrust.
Although the present implementation is based on highfidelity weather data sets that are defined on structured grids,
there are less restrictive data sources available. Realistic
weather data could also come from other aircraft that transmit
readings of local conditions as part of automatic dependent
surveillance (ADS), broadcast or contract. This would be
advantageous in an analysis of the transmitting flight, as
weather data would be directly available along the trajectory.
Additionally, operational craft could assemble readings from
all available ADS sources to define an unstructured grid of
high-fidelity weather data, on which a model of the atmosphere
at the time of operation could be based.

[4]
[5]

[6]

[7]

[8]
[9]

[10]

[11]

VII. CONCLUSION
AEDT users can now have greater control over the weather
data used in the aircraft performance models. Although the
comparisons performed in this work should be considered on a
broader set of operations, aircraft, and airports, it is clear from
the included results that, as in reality, atmospheric weather
conditions have a real impact on aircraft performance. From
this heightened accuracy in weather modeling, one can expect
more realistic results for predicting aircraft positioning, fuel
consumption, acoustics, and emissions.
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