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1.

1.1

INTRODUCTION

The current plans for development of the European
Air Traffic System as envisaged in both the
Eurocontrol European Air Traffic Management System
(EATMS) concept and the ECAC Eurcpean Air Traffic
Control Harmonisation and Integration Programme
(EATCHIP) (managed by Eurocontrol) all have a
requirement for the introduction of 4 dimensional
{(4D) control of aircraft in the 2005 - 20165
timeframe.

The achievement of the 4D control of aircraft will
require the introduction of enhanced capabilities to
the overall ATM system by use of increased
automation and computer assistance both within the
ground based ATC system and on aircraft flight decks
within the flight management systems.

The single most important enhanced capability
required to permit 4D control of aircraft both from
the ground and in the air is the ability to provide
accurate 4D Trajectory Prediction (TP). Without
thig capability it is unlikely that any of the
future European Air Traffic Management Systems
currently envisaged will be able to deliver the
capacity and efficiency gains necessary to satisfy
the predicted growth in air traffic demand.

In 1989 the Burocontrol PHARE programme set out to
develop and demonstrate a number of the automated
tools, including both ground based and airborne
trajectory predictors, necessary to enhance the
capability of future Eurcopean air traffic management
systems.

Key to the ability to produce accurate 4D trajectory
prediction tools is the need for accurate knowledge
of the meteorological conditions which the aircraft
will encounter over the period for which its
trajectory is tc be predicted.



To address this issue the United Kingdom
Meteorological Office (UKMO) set out in 1992 (joined
by Meteo France (MF) in 1993), under the PHARE Met
Task TM 02, to investigate the Meteorological (Met)
data accuracies required by the PHARE trajectory
prediction tools and how these might be achieved
using a short term forecasting technique, known as
"Nowcasting".

The PHARE Met work programme was initially planned
to have three stages (However Stage 2 was split into-
Stages 2A & 2B in late 1992 for "budgetary reasons"
at the request of the PHARE management Cell):

Stage 1 - Started in January 1992 this stage had 5
work packages.

. To clarify the operational reguirement
(WP1),

Investigation of traffic scenarios (WP2),

Review of data sources and forecast
modelling methods (WP3),

] Development of an experimental model
. Production of an overall workplan (WP5).

The Stage 1 report was issued in Octcber 1952.

Stage 2A - Started in January 1993 this stage
had 5 work packages, 2 of which
continued from Stage 1.

. To further refine the operatiocnal
requirements identified in Stage 1 (WP1),

Continue development of an experimental
model (WP4},

. _Monitor operational forecast performance

(WP6) ,
. Congider icing and turbulence problems
(We7),

SR



. Build a prototype quasi coperational model
{wpg) .

The Stage 2A report was issued in December 1993.
Stage 2B - started in January 1994 this stage

had 5 work packages, 4 of which
continued from Stage 2A4.

. Continue development of an experimental
model (WP4),

. Monitor operational forecast performance
(WP6) , :

Congider icing and turbulence problems

(WP7) ,

. Build a prototype quasi operational model
(Wp8) .

. Develop an airborne wind & temperature

model {WP10).

Note: WP9 originally identified in the overall work
programme produced in the Stage 1 report was removed
from the work programme (with the agreement of the
PHARE Management Cell) at the end of Stage 2A.

The Stage 2B report forms part of this document and
was completed in December 1994.

Stage 3 - Started in January 1995 the work programme
for this stage has been totally revised,
from that issued in the Stage 1 report,
and is described in section 8 of
this report.

The following 5 sections summarise the findings of
Stage 2B of the project which has been conducted by
a team of 4 researchers, 2 from Meteo France and 2
from the UK Meteorolcogical Office. Section 2
describes the results of the further development of
the experimental model. Section 3 presents the
regults of monitoring of the operational forecast
performance in both the UK and France. Section 4
looks at the problems associated with production of
icing and turbulence forecasts.
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Section 5 reports on the production and use of a
prototype nowcasting model and section 6 describes
the progress to date in developing an airborne wind
and temperature model. Section 7 summarises the
main conclusions that can be drawn from the PHARE
Meteorology work programme to date and section 8
sets out a proposed Stage 3 work programme and a way
ahead for PHARE Meteorological Research.

Accompanying this Executive Summary is a series of
Annexes which describe in detail the outcome of the
work packages, the key results of which are
summarised in sections 2-6.
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CONTINUED DEVELOPMENT OF EXPERIMENTAL MODEIL (WP4/Met
2.2.1)

PERFORMANCE OF WAFTAGE MODEL

The UK Met Office (UKMO) and Meteo France (MF) have
both demonstrated the advantages of using the
Waftage 4D data assimilation model to update old NWP
forecasts using recent observations from aircraft.

UKMO has shown that their global NWP model forecast-
RMS errors can be significantly reduced over the USA
using reports from aircraft routinely available via
ACARS. On average over a 16 month period the RMS
errors for forecasts up to 2 hours ahead were
reduced by about 0.5°C in temperature from 1.6°C to
1.1°C, and by almeost 1m/s (2knots) in wind component
from 4.5 m/s (9 knots) to 3.5 m/s (7 knots). Taking
account of the aircraft measurement errors of 1-2°C
and 2-3 m/s (4-6 knots), this implies achieved
WAFTAGE nowcast accuracies of less than 1.0°C in
temperature and close to, if not less than, 2.5 m/s
(5 knotg) in wind component.

UKMO has also shown that their regicmnal NWP model
forecast RMS errors can be substantially reduced
over the UK using a high density of reports taken
from recordings of the majority of aircraft in the
British Airways fleet on a particular day.
Throughout most of the day the RMS errors of
forecasts up to 1 hour ahead were reduced by at
least 0.8°C in temperature from 2.0°C to 1.2°C, and
by at least 1.5 m/s (3 knots) in wind component from
4.5-5.5 m/s (9-11 knots) to 3-4 m/s (6-8 knots).

Again taking account of aircraft measurement errors,
this implies achieved WAFTAGE nowcast errors of less
than 1.0°C in temperature and close to or less than
2.5 m/s (5 knots) in wind component. These results
are dependent upon a sufficient supply of aircraft
data, and cannot be achieved during the late
evening, overnight, or in the early morning.
Results using 3-hourly radiosonde data in Waftage
demonstrated a limited improvement over NWP, but
were considerably inferior to the results cbtained
uging aircraft data.



Computational difficulties were encountered in
trying to use a very high density of aircraft data
in WAFTAGE. An instability caused by the data
selection procedure was identified and resolved.
However, results using a very large data sample are
still inferior to those obtained using a more
modest, but still relatively large, quantity of
data. :

Using a limited amount of real-time Mode S data from
the DRA(B) BAC 1-11, UEKMO has demonstrated an
improved accuracy in the temperature field, but
significant improvements to the wind field remain to
be demonstrated.

MF has carried out Waftage experiments using 2 days
of recorded aircraft data from Air Inter in the
Paris terminal area and in the Lyon mountainous
terminal area. Both studies have demonstrated a
significant improvement of Waftage over NWP when the
NWP errors are large eg in the mountainous area
where temperature errors of 3°C close to the ground
were reduced to 1.5°C, and wind component errors of
4 m/s (8 knots) for u component and 5 m/s (10 knots)
for v component were reduced to 3 m/s (6 knots) and
3.5 m/s (7 knots) respectively. Waftage RMS errors
in wind speed were less than 3.5 m/s (7 knots).
However, the study showed that in cases where the
NWP errors are small, Waftage can have a detrimental
effect.

MF has also carried out Waftage experiments using a
limited amount of {non real-time) Mcde S data on 8
days in the Paris area. The results suggest that
Waftage relies too heavily on cbservations and as a
consequence performs badly in areas where data is
sparse either spatially or temporally, the latter
being particularly serious when there is a change in
the atmosphere between the last observation time and
the time of the nowcast.

However, Waftage performed well in data dense areas,
in particular near the ground. A comparison showed
that using background fields from the Aladin
(Limited area 15 km fine mesh) model Waftage
performed better, (ie gave smaller final errors) ,
than it does using fields from the Arpege (global
variable mesh, 25 km over France) model.

[OR—
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2.12

Both UKMO and MF conclude that the data sampling
should be done on a random basis within a grid of 4D
boxes. The dimensiong of these boxes should
coincide with the dimensions of the grid on which
the nowcasts are to be produced for ATC use.

It is recommended that the data sampling requirement
should be stated as follows:-

"At+ least one observation should be made within each
4-D box".

UKMO recommends that the dimensions of the boxes be:
15 nm x 15 nm x 2,000 ft x 20 minutes for en-route,
and MF recommends:

7.5 nmx 7.5 nm x 1,000 ft x 10 minutes for terminal
area. '

UKMO also suggests the use of a coarser grid for
uplinking to aircraft:

45 nm x 5,000 ft for en-route assuming a route-based
grid. This result is only an initial estimate and
will need to be confirmed by further work.

In conclusion, the results of these studies
demonstrate that Waftage can achieve accuracies
close to the stated requirement of 5 knots for wind
component and well within the stated requirement of
2.5°C for temperature.



MONITOR OPERATIONAL FORECAST PERFORMANCE (WP6/Met
2.2.2)

PERFORMANCE OF NWP MODEL FORECASTS

The topics covered in the UKMO Annex Bé and the MF
Annex T6 are rather different, so it is difficult to
carry out a comparison. However, the following
comments may be helpful:

WIND

RMS vector wind errors are greatest in the vicinity
of the jet streams which occur around FL 300-340
{300-250 hPa).

In winter over NW Europe, where the jet streams tend
to be stronger, the RMS vector wind error can exceed
20 knots {10 m/s) in a 24 hour forecast, 15 knots
(7.5 m/s) in a 12 hour forecast, and 10 knots (5
m/s) in a 0 hour forecast at 300 hPa (FL 300). Over
Europe as a whole, where the average wind strength
is weaker, the errors are smaller being 16 knots (8
m/g) in a 24 hour forecast, 12 knots (6 m/s) in a 12
hour forecast, and 8 knots (4 m/s) in a 0 hour
forecast at 250 hPa (FL 340).

At lower levels, where the winds are less strong on
average, the RMS errors are considerably smaller eg
10 knots (5 m/s) over NW Eurcope in a 12 hour
forecast at 850 hPa in winter.

TEMPERATURE

RMS temperature errors are greatest in the vicinity
of the tropopause around FL 390 (200 hPa).

In winter over NW Europe the RMS temperature error
can be as large as 2.5°C in a 24 hour forecast at
200 hPa.

At lower levels, where there is less variability in
the temperature, the errors are smaller eg 1.5°C in
a 24 hour forecast, 1.25°C in a 12 hour forecastj
and 1.0°C in a 0 hour forecast over Europe at 850
hPA.
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OTHER PARAMETERS

In Annex B6 the UKMO discusses the accuracy of NWP
forecasts of equivalent headwinds, clear air
turbulence, freezing level, and cloud.

Route mean equivalent headwind errors are shown to
depend on the route length according to an inverse
square-root law with a standard deviation of the
errors for short routes being about 8 knots and for
long routes being about 4 knots.

Forecasts of CAT are shown to be consistent with
automated aircraft reports of nil, light and
moderate turbulence. Many, but not all, severe
turbulence reports are due to thunderstorms.

It is shown that the RMS error in the height of the
forecast freezing level is 200 to 300 metres, but
that there is a significant bias (or mean errcor)
which is seasonally dependent.

It is shown that the existence of cloud at a
location (irrespective of height} can be analysed to
fairly high precision . However, the RMS errors in
cloud base and cloud top are relatively large, being
about 1,500 ft in the case of low cloud, 3,000 ft in
the case of medium cloud, and 6,000 f£t in the case
of high cloud.






