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PERFORMANCE OF WAFTAGE MODEL USING NORTH AMERICAN ACARS

by

A Ken Davis and David A Forrester
Meteorological Office, Bracknell

April 1994

INTRODUCTION

Short period (0 - 6 hour) forecasts of winds and temperatures
have been produced over N America using the 4D data assimilation
model known as Waftage. (See references 1,2,3.) Radiosonde and
ACARS data were used as input to the model, and independent ACARS
data were used for verification. Background fields were taken
from the global NWP model 6, 12, 18 and 24 hour forecasts.

MODEL ANALYSES

Waftage was run retrospectively four times a day. Each run
consisted of a six hour analysis period followed by a six hour
forecast period. The main run of each day, introduced during
October 1992, used an analysis period from 06Z to 122 and a
forecast period from 122 to 18Z. This will be referred to as the
06%2-12%~187 run. The remaining three runs were introduced during
May 1993 and follovwed similar patterns (122-182-00Z, 182-002-06%,
and 00%Z-06Z-12Z) so that the whole 24 hour period was covered.

For each run, ACARS reports within the area 20N to 50N and 130W
to 65W were extracted from the meteorological data bank (MDB) and
placed into two files, one for analysis and the other for
verification. As well as the ACARS, 12%Z and 00Z radiosondes were

. used in the analysis periods of the 062-127Z-18Z and 18Z-00Z-062%

runs respectively.

The ACARS and radiosonde data were reformatted and the background
values at all the observation positions, in space and time, were
calculated using the NWP forecast fields. The main (06Z-127Z-18Z)
run used 6, 12 and 18 hour forecasts from the 00Z global NWP
model run as background fields. The next run (122-18Z2-002) used
12, 18 and 24 hour forecasts. The remaining two runs repeated
the cycle using the 122 NWP model run. Whilst it would have been
possible to use T+0, 6, 12, and 18 as background fields, the use
of T+6, 12, 18, and 24 allows a more useful comparison to be made
against the current WAFS service to the aviation community.

The input files to Waftage contained the latitude, longitude,
pressure and time of the observations together with the cbserved
and background values of temperature (T) and wind components (u
westerly and v southerly).

Waftage produced a total of four files containing the



background values and the Waftage analysis values at the analysis
observation positions, and the background values and the Waftage
forecast values at the verification observation positions. These
files were then used to calculate the RMS differences between the
observations and the various fields (background, Waftage analysis
and Waftage forecast).

Table 1 lists the approximate numbers of ACARS observations
used during each half hourly period. The actual numbers of ACARS
reports reaching Bracknell varies considerably from day to day.
Moreover, it is believed that only a small fraction of all ACARS
reports available within the US are actually sent to Bracknell.
In addition to these ACARS data, an average of about 500 reports
on 10 pressure levels from 70 radiosondes were used at 00Z and
123.

Table 2 shows the average distribution of ACARS observations
as a function of pressure. Note the paucity of reports below 300
mb (FI, 300).

RESULTS

The results are summarised in Figures 1-8 in terms of RMS
differences between the verification observations and the
background values, in comparison with the RMS differences between
the verification observations and the Waftage forecast values.

Two sets of results are displayed. Figures 1«4 show the
dependence of the background and forecast errors on the forecast
period out to 6 hours in half-hourly steps. Figures 5-8 show the
dependence of these errors on flight level for the first hour of
the forecast.

Figure 1 displays the results for the main (062-122-18%Z)
run, and is based on 336 days during the 16 months from October
1992 to January 1994. Note that the symbol plotted above a given
forecast time indicates the result for the preceding half-hour.
Waftage has reduced the RMS temperature errors from about 1.6°C
to less than 1.1°C at the beginning of the period and from about
1.8°C to less than 1.4°C at the end of the period. Note that the
RMS Waftage forecast error increases through the period, whereas
the RMS background error displays a maximum close to the middle
of the period. This maximum may be associated with the fact that
the background values are interpolated over the 6 hour period,
in which case use of 3 hourly or, better still, hourly background
fields should give smoother results.

In the case of the wind components, the RMS Waftage forecast
errors increase through the period from 3.4 to 4.1 m/s (u
component) and from 3.4 to 4.1 m/s (v component). In contrast
the background RMS errors are almost constant at about 4.4 m/s,
although there is evidence of a slight increase in the middle of
the period.

Considering wind speed and wind direction, the RMS Waftage
forecast errors increase through the period from 3.4 m/s to 4.1
m/s (wind speed), and from 18° to 20° (wind direction). The
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background RMS errors are almost constant at 4.5 m/s for wind
speed, and fluctuate around 21° for wind direction.

The RMS vector wind errors display a similar pattern to the
u and v component errors, with the Waftage forecast errors
increasing through the period from about 4.75 m/s to about 5.7
m/s, the background errors being almost constant at just over 6
m/s.

Thus, for short period forecasts (0-2 hours), Waftage can
produce an improvement of about 0.5°C in RMS temperature error,
about 0.7 m/s (about 1.4 knots) in wind component error, 0.8 m/s
in wind speed error, 2° in wind direction error, and 1.0 m/s (2
knots) in vector wind error.

Assuming that the ACARS observation error RMSs are about
1.0°C for temperature and 2.5 m/s for wind component, one can
deduce that the background RMS errors are about 1.3°C and 3.5 m/s
and that the Waftage forecast RMS errors are about 0.7°C and 2.5
m/s (5 knots).

Figure 2 displays the results for the second run (122-18Z-
002). Although based on a shorter period of data (164 days
during the 8 months from June 1993 to January 1994}, the results
demonstrate a significant advantage in the use of Waftage
particularly for winds during the first few hours when a
reduction in RMS error of between 0.5 and 1.0 m/s was achieved.

Figure 3 displays the results for the third period (18Z-00Z-
06Z). In this case the results are disappointing. This run
covers both before and after midnight GMT, and it is suspected
that therein 1lies the cause of the problen. Whilst the
possibility exists that observations close to midnight are being
wrongly treated in the Waftage observation processing programs,
there is also a possibility that some of the ACARS reports are
being attributed to the wrong day. This is a well known problem
with AIREPs, and arises largely due to the fact that, although
the bulletins contain a date, the meteorological reports
themselves do not.

Figure 4 displays the results for the fourth run (00Z-06Z-
12Z). As with the second run, this is based on a shorter period
of data, but demonstrates a significant advantage in the use of
Waftage particularly during the first few hours when reductions
in RMS errors of 0.3°C in temperature and between 0.9 and 1.2 m/s
in wind component were achieved.

Figure 5 displays the results for the main run for the first
hour of the forecast period as a function of pressure in 100 mb
intervals. This shows that Waftage has a significant impact on
the RMS temperature error, particularly at the low and high
levels where the background errors are largest eg a reduction
from 2.3°C to 1.3°C in the 100-200 mb layer. The impact on wind
component errors is consistent at all levels, and particularly
significant at the higher levels where again the background
errors are largest eg a reduction from 5.0 to 4.0 m/s in the 100-
200 nmb layer. The impact at low levels 1is particularly
encouraging considering the relatively small number of ACARS



observations available at those levels. This pattern is
reflected also in the wind speed and vector wind results. The
wind direction, however, displays rather large errors at low
levels, although there is a consistent improvement of Waftage
over the background can be seen.

Figures 6 (second run) and 8 (fourth run) display a
significant impact of Waftage over the background for both
temperatures and wind components, again particularly important
at levels where the background errors are large eg a reduction
of about 1.0 m/s in both wind components in the 300-400 mb layer
in Figure 6.

Figure 7 indicates some skill in reducing the background
errors using Waftage, although clearly these results for the
third run are inconsistent with the results for the other runs,
as already explained in the discussion of Figure 3.

After completion of this study it was discovered that
reports from Delta Airlines had been arriving with the reporting
time set to zero. This explalned the large peak in observations
close to midnight as depicted in Table 1.

Reruns of Waftage were carried out to ascertain the
magnitude of the effect of removing all the Delta data. The
results showed two impacts. Firstly in the verification of the
third run, the effect was to reduce both the background and the
Waftage forecast RMS errors for the time of mldnlght thus making
the curves in Figure 3 more horizontal. Secondly in the analysis
of the fourth run, the effect on the forecast was negligible
because the spurious data was already 6 hours old at the start
of the forecast period and hence had little impact.

CONCLUSIONS

The advantage of using a 4D data assimilation model to
update old background fields from NWP model forecasts using
recent observations has been clearly demonstrated using North
American ACARS data over a 16 month period. A reduction of about
0.5°C in RMS temperature error and 1.4 knots in RMS wind
component error can be achieved in the 0~2 hour forecast range.
This is adequate to satisfy the 5 knots accuracy requirement
stated in Reference 4.



REFERENCES

1. Forrester, D A and Dharssi, I "The Improvement of
Meteorological Data for Air Traffic Management Purposes"
Meteorological Office, Stage 1 Report on CAA Contract No
7D/S/988/1, October 1992. Annex 4 "Short Period Forecasts of
Winds and Temperatures" by Dharssi, I and Forrester, D A.

2. Forrester, D A "The Improvement of Meteorological Data for
Air Traffic Management Purposes" Preprints, Fifth International
Cconference on Aviation Weather Systems, August 2-6, 1993, Vienna,
VA, American Meteorological Society, pp 322-326.

3. Forrester, D A "The Improvement of Meteorological Data for
Air Traffic Management Purposes” Preprints, PHARE Forum,
Scientific Seminar of the Institute for Flight Guidance of DLR,
6-8 October 1993, DLR Braunschweig, pp 7-1 to 7-12.

4. Forrester, D A "The Improvement of Meteorological Data for
Air Traffic Management Purposes" Stage 2a Report on Eurocontrol
Contract No C/0113/HQ/PW/93, December 1993 "The Operational
Requirement".



00.00Z - 00.302 280 12.002 - 12.302 70

00.302 - 01.002 150 12.302Z - 13.002Z 76
01.00Z2 - 01.30% 145 13.002 - 13.30%2 79
01.30Z « 02.0032 145 13.30Z - 14.002 93
02.00Z - 02.302 129 . 14.00Z - 14.302 116
02.30Z - 03.00Z 123 14.302 - 15.002 135
03.00Z - 03.302 111 15.002 - 15.302 133
03.302 - 04.0032 105 15.30Z - 16.002 144
04.002 -« 04.302 92 16.00Z - 16.302 141
04.302 - 05.002 73 16.302 - 17.00Z2 153
05.002 ~ 05.3032 55 17.002 - 17.302 148
05.30Z2 - 06.002 65 17.30Z - 18.002 156
06.00Z - 06.302 48 18.002 — 18.302 169
06.30Z -~ 07.003% 42 18.30Z2 - 19.002 170
07.00Z - 07.302 41 19.00Z - 19.302 152
07.302 - 08.002 45 19.3072 - 20.00Z 143
08.00Z - 08.302 47 20.002 « 20.302 136
08.30Z - 09.00Z 48 20.30Z - 21.002 134
09.00Z2 - 09.30% - 58 21.00Z - 21.30% 146
09.30Z - 10.002 51 21,302 ~ 22.00Z 140
i0.00Z - 10.302 39 22.002 - 22.30Z2 143
10.30Z2 - 11.0032 36 22.302 - 23.00Z 160
11.00Z2 - 11.3032 34 23.002 ~ 23.30%2 156
11.30Z2 - 12.002 43 23.30Z - 00.00% 171

Table 1. Average numbers of ACARS reports used during half-
hourly periods.

mb layer %
100~200 27
200-300 45
300-400 8
400-500 6
500-600 5
600700 4
700-800 3
800-900 2

Table 2. Average percentage distribution of ACARS reports as a
function of pressure.
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Verification of wind speed forecasts
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Verification of temperature forecasts
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Verification of temperature forecasts
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Verification of temperature forecasts
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Verification of temperature forecasts
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Verification of temperature forecasts
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WAFTAGE MODEL TESTS USING BRITISH AIRWAYS DATA

by

David A Forrester and A Ken Davis
Meteorological Office, Bracknell

October 1994

INTRODUCTION

In order to test the Waftage model (Reference 1) in a
realistic high density scenario, arrangements were made with The
Flight Data Company Ltd to procure and process flight data
recordings from as large a sample as possible of British Airways
flights covering Western Europe during a 24 hour period.

This report describes the tests carried out to optimise both
the aircraft density and the forecast grid resolution required
to produce prescribed levels of forecast accuracy.

DATA

The Flight Data Company Ltd agreed to procure, process and
supply under contract, data from the flight recorders of a large
sample of British Airways aircraft during a pre-arranged 24 hour
period. Table 1 gives details of the parameters supplied and
their resolutions.

For reasons of confidentiality neither the aircraft
registration (tail number) nor the flight number could be
provided. The aircraft ID therefore consisted of 6 characters,
the first letter indicating the aircraft type, the next two
digits defining specific aircraft of that type, and the last 3
digits defining specific flights of that aircraft.

Table 2 gives details of the aircraft types from which data
was available. Because types D and K could provide no latitude
and longitude (nor wind), the decision was taken at an early
stage not to reguest these types.

The only major omission of data from the other aircraft
types is the lack of wind on type B (the older B-737).

The possible inclusion of the older B-747 (136 and 236
series), of which British Airways has 31 such aircraft, was
considered but was ruled out on grounds of cost~effectiveness,
bearing in mind the likely inferior quality of the data due to
the age of the aircraft flight recording equipment.

Both British Airways and The Flight Data Company required

advance notice of our choice of date for the data collection.
Initially this was set to one week, but was later reduced to a

21



couple of days. On Monday 7 February the decision was taken to
choose Wednesday 9 February for the first data collection. The
forecast suggested that upper winds would reach 90 to 100 knots,
although the synoptic situation was expected to be fairly
stationary with high pressure to the south-west of Ireland.

Data were requested at 1 minute intervals in cruise and at
1,000 feet intervals in climb and descent from all possible BA
flights within a circle of radius 500 statute miles centred on
Heathrow (51.467 N 0.450 W) for the 24 hour period from 00002 to
23592Z.

Static air temperature (SAT) is recorded on most aircraft
types, but on types C, D, F and T it was calculated from total
air temperature (TAT) and Mach number using a recovery factor of
0.97- A

SAT+273.15 = (TAT+273.15)/(1+0.2%0.97*Mach*Mach)

A total of 32,185 aircraft observations were received from
104 different aircraft on 368 different flights, although 109 of
these flights were from B-737-236 aircraft with no winds. Figure
1 shows the geographical distribution of the aircraft data.

To augment the aircraft database, extra radiosondes were
requested from Aughton, Camborne, Hemsby and Herstmonceux to
provide 3-hourly coverage of full temperature and wind (TEMP)
ascents throughout the day from 05Z to 23Z. Figure 2 shows the
geographical distribution of the radiosonde stations within the
aircraft data area.

DATA QUALITY

The BMDP package (Reference 2) 2D program was used to
produce statistics and frequencies of the various parameters, and
this provided a clue to the general quality of the data.

The date was variously represented by 940209, 940000, 0002095
and even 950209 on one flight (M17001).

The times were found to be erronecus on a single report on
some 9 flights (A04001, 102003, 104002, I11001, I11003, I11006,
112001, I12002, I13001). In 4 cases the time was reported as
00:00. In the other 5 cases the time was reported as 01:30 and
the year was reported as either 00 (aircraft type I) or as 01
(aircraft type A). These errors were easily corrected by hand.

Windspeeds in excess of 110 knots (unrealistic on this date
in the area concerned) were recorded on 3 flights by aircraft
type Q (Q02001, Q02002, Q16001), the largest being 250 knots with
a cluster at 178 knots. These unrealistic wind speeds were
accompanied by irregular values of latitude and longitude. The
cause of the problem has not been ascertained, but the 3 flights
concerned were not used in these studies.

A comparison of wind components with corresponding
background field values suggested that the winds on aircraft
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types L and M were reversed. Referrel to The Flight Data Company
resulted in a correction to their software extraction for these
two aircraft types. :

one further problem was discovered when the data was plotted
on a large scale map. All the aircraft of type M (B737-436)
appeared to be landing and taking off exactly 0.1° latitude (6
nm) north of where all the other aircraft types were landing and
taking-off at Heathrow. This problem has been referred to The
Flight Data Company.

COMPARISON OF AIRCRAFT AND RADIOSONDE DATA

A comparison was carried out of aircraft observations with
nearby radiosonde observations. statistics of mean and RMS
differences of aircraft minus radiosondes were computed for
observation pairs falling within a 4-dimensional box. The
standard box was taken to be a circle of radius 30 nm in the
horizontal, a pressure range of 2,000 ft in the vertical, and a
range of 1 hour in time. Boxes of double and half these
dimensions were also considered. The results for one radiosonde
station are summarised in Table 3.

This gives an indication of how the representativeness error
depends on the box size. Extrapolation of the results to a box
of zero dimensions would eliminate the representativeness error,
leaving the combined aircraft and radiosonde errors. Table 3
suggests that the zero box RMS errors may be a little larger than
1°C for temperature and about or a little larger than 2 m/s for
wind component. However, there must be some uncertainty in these
figures. From radiosonde intercomparison trials (eg References
3 and 4) it is known that the RMS errors in radiosonde
measurements are about 0.5°C for temperature and about 1 m/s for
wind component. This suggests that the RMS errors in the
aircraft observations may be about 1.0°C for temperature and
about 2.0 m/s for wind component.

Results for the standard box for all possible radiosonde
stations are given in Table 4. This shows quite a large
variation from station to station, but the data samples are often
gquite small.

BACKGROUND FIELDS

Background fields were based on Regional Area Model
forecasts from 00Z on 9 February 1994. The forecast was rerun
on the Cray €90 from the 00% analysis with hourly write-ups (T+0
to T+24) of winds and temperatures at 19 levels (every 50 hPa
from 1000 hPa to 100 hPa).

The forecast files were then transformed on the front-end
computer (HDS) onto 3 horizontal grid resolutions and areas:

(a) 30 nm 0.5° Lat x 1.0° Lon 60°N-45°N, 15°*W-15°E
(b) 15 nm 0.25° Lat x 0.5° Lon 55°N-47.5°N, 7.5°W-7.5°E
(¢) 7.5 nm 0.125° Lat x 0.25° Lon 54°N-50°N, 4°W-4°K
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These 3 files were then transferred to the Vax workstation
in sequential format. Cubic interpolation routines were written
to transform these fields:

(i) In the vertical to 53 flight levels from FL0O10 to FL530 in
steps of 1,000 feet.
(ii) In time to half hourly or quarter hourly forecast intervals.

The background fields were then interpolated to the
position, pressure and time of each observation in turn. Winds
were converted to U,V components (westerly, southerly) in m/s,
and temperatures expressed in Kelvin.

QUALITY CONTROL

Two quality control schemes are incorporated into Waftage.
Firstly, a gross guality control whereby any observation which
differs very significantly from the background value is rejected
outright. The thresholds for this check are set at 10°C for
temperature and 25 m/s for wind components. Very few
observations are rejected at this stage.

Secondly, a quality control is incorporated into the Waftage
iterative scheme which allows for observations with a non-
Gaussian error distribution. Observations are assumed to be
either good in which case the error is Gaussian, or bad in which
case the observation contains a gross error. The decision as to
whether each observation is good or bad is a statistical one
based on probabilities starting with a prior probability of gross
error of 2% and updating this probability for each observation
at each iteration of the analysis. Individual observations are
not rejected by this scheme but are sinply downweighted.
However, it is found that about 2% of temperatures and about 1%
_ of wind components have a final probability of being a gross
error exceeding 50%.

WAFTAGE EXPERIMENTS

Some preliminary runs were carried out to ensure
optimisation and stability of the Waftage model. The covariances
(see Ref 1) were expressed as a superposition of 3 Gaussian
functions with the following scales and relative weightings.

Horizontal Vertical Time Relative weighting
T,U,V T U,V T,U,V .
300 km 0.1 0.2 6 hours 1.0
900 km 0.3 0.6 18 hours 0.2
60 km 0.02 0.04 1.2 hours 0.15

The vertical scales are defined in terms of the dimensionless
guantity 1n{(p,/p,) eg 0.2 corresponds to a vertical height scale
of about 5,000 feet.

The first major experiment was to investigate the dependence

of the forecast error on the density of the observations. Three
hours of observations were used ie T-3 to T+0 to produce
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forecasts for up to one hour ahead ie T+0 to T+1l. The forecasts
were produced at the position and time of all the observations
available during that hour. The density of observations input
to Waftage was varied by simply choosing every Nth observation
which corresponds to using observations at N minutes interval
during cruise and N thousand feet interval during climb and
descent. Note that all observations are used in the verification
of the forecast, although only a fraction are used in the
production of the forecast.

Preliminary tests indicated that N=5 produced optimum
results, and this value of N was used subsequently to produce the
following detailed results for the area 55°N - 47.5°N, 7.5°W -
7.5%E.

The results are plotted as a function of time of day for
both RMS differences (Figure 3) and mean differences (Figure 4)
of the nowcast minus observations. Figure 3 shows that there is
a clear dependence between the improvement to the background
field and the number of observations. Waftage gets off to a slow
start in the morning as the number of observations is building
up, but clearly demonstrates superiority over the background
fields during the day, although accuracy is lost late in the
evening as the number of cbservations falls off. Note the
significant increase in background error during the 24 hour
period of the NWP forecast. {Updated background fields are
available every 6 hours at about 032, 09Z, 15% and 21Z and would
be used in an operational Waftage model. However, the purpose
of this demonstration is to compare the performance of Waftage
with the performance of the NWP model forecasts which are
currently used by aviation ie 12, 18 and 24 hour forecasts.]

Figure 4 shows how Waftage improves the wind forecast by
reducing the mean bias error consistently throughout the day,
apart from during the morning spin-up period and to a lesser
extent during the evening spin-down periocd. The temperature bias
error is already quite small in the background field and is
affected by Waftage only to a small extent.

The superiority of using aircraft data rather than
radiosonde data can be seen by comparing Figure 5 with Figure 3.
In both cases verification is done using the same aircraft data.
whilst radiosonde +temperatures have a significant impact in
waftage, aircraft temperatures actually producea slightly better
nowcast consistently throughout the day. In the case of winds,
however, the evidence is overwhelmingly in favour of the use of

aircraft observations in Waftage.

Figures 6 and 7 summarise the 0 to 1 hour forecast results
for the whole day plotted against pressure. Figure 6 displays
the RMS differences, Figure 7 the mean bias. Note how Waftage
dramatically reduces the large background errors, whilst still
having a small positive impact even when the background errors
are small.

Figures 8 and 9 summarise the 0 to 3 hour forecast results

for the whole day plotted at forecast intervals of 15 minutes.
Figure 8 displays the RMS differences, Figure 9 the mean bias.
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Note the increase in the Waftage RMS error through the 3 hour

nowcast period. The 1l-hour period oscillations apparent in some

of the graphs is a consequence of the interpolation between
hourly background fiélds.

More detailed experiments were carried out to confirm the
choice of N=5 to produce optimum results using Waftage. The
results of these experiments are summarised in Figure 10, which
displays RMS differences as a function of Nthob(=N) which is
inversely proportional to the data density. The results for
temperature indicate that only a small amount of data is required
to produce a significant improvement over the background field.
Tncreasing the data density gradually improves the nowcast until
a certain point is reached (about N=10) after which there is
1ittle further improvement. The results for wind components are
different. Here, a small amount of data produces only a small
improvement over the background field. Increasing the data
density initially produces only a small improvement, but as high
data densities are approached (about N=30) the rate of
improvement increases. It must be stressed that Figure 10 is
based on a single day, and that confirmation is required using
other data. The apparent poor performance of Waftage at Nthob=1
for both temperature and wind may be due to the onset of an
jnstability. This requires further investigation.

The second mnajor experiment was to investigate the
dependence of the forecast error on the horizontal, vertical and
temporal resolution of the forecast grid. Experiments were run
using a high resolution grid which was gradually degraded by
taking every Nth grid point in horizontal or vertical or time,
and comparing the verification results using interpolations from
these degraded grids with the verification results obtained

directly from Waftage.

Starting from a 15 nm/1,000 ft/15 minute grid, degradation
in the horizontal produced little effect on the temperature
results, but did begin to influence the wind component results
at a degradation factor of 3 (ie on a 45 nm grid). Degradation
in the vertical had a significant effect on the temperature
results at a degradation factor of 5 (ie on a 5,000 £t grid), but
had little effect on the wind component results. Degradation in
time produced no significant effect out to 1 hour. Note that
this study is based on only a single day which was in fact gquite
stationary. A more mobile situation may require nowcasts every
30 minutes. Note also that sensible interpolation algorithms are
required to produce good results ije bilinear or better still
bicubic in the horizontal, piecewise cubic polynomials in the
vertical and in time. Wind components (u,v) must be

interpolated, not speed and direction.
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CONCLUSIONS

I+ has been shown that Waftage can provide 0 to 3 hour
nowcasts of temperature and wind which are significantly better
than the NWP forecasts. The use of aircraft data in Waftage has
been demonstrated to be superior to the use of radiosonde data.
Recommendations have been made concerning the choice of aircraft
data density, and the choice of a nowcast grid resolution.
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Aircraft ID

Date

Time

Latitude
Longitude
Pressure altitude
Temperature

Wind speed

Wind direction
Roll angle

Vertical acceleration

Phase of flight indicator

6 characters
year, month, day
hour, minute
0.001°

0.001°

1 foot (relative to 1013.2 hPa)

0.1°

0.1 knot

0.1°

0.1°

0.01qg

(take-off)
{climb)
(cruise)
(descent)

U d= W=

Table 1. Details of aircraft parameters.

Code Aircraft
Letter Type

A B757-E4~ACMS
B B737-236

c B757--236

D DC-10-30

F Concorde

I B767-336-ER
K ATP

L A320-211

M B737-436

Q B747-436

T 1.-1011-100

Number of Number of

qircraft aircraft

in BA providing
fleet data
6 1
(*) 27
36 17
5 0
7 3
21 16
13 0]
10 8
(*) 18
26 13
1

(*) Total of 77 B-737s in fleet.

Table 2. Details of aircraft types.

28

(touch~down)

Number of
Flights

109

72

44

34
76

22

Remarks

No

No
No
No

No

No
No
No

wind

date
lat,lon
wind

date

date
lat, lon
wind
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Box

Half
Standard
Double

Table 3. RMS differences (aircraft - radiosonde) for Herstmonceux

No

40
627

7739

No

18
354
5445

-

Sl o
0o 00 u

for different box sizes.

Radiosonde

Herstmonceux
Aughton
Eshmeals
Boulmer
Shoeburyness
Larkhill
Long Kesh

De EBilt
Uccle

St Hubert
Trappes
Hannover
Essen
Stuttgart

All

Table 4. RMS differences (aircraft - radiosonde).

No

1413
410
24
6
172
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0
50
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MODE S DATA LINK FLIGHT TRIALS

USE OF MODE S WIND AND TEMPERATURE DATA FROM BAC 1-11

David A Forrester
Meteorologica! Office, Bracknell
November 1993

1. INTRODUCTION

Following test transmissions earlier in the year of Mode S data from
Malvern to Bracknell using the WMO AMDAR code, the first real-time
transmission took place on 26 October 1993. Reports made at roughly 3 minute
intervals were transmitted in bulletins each containing a maximum of 10 reports.
Some problems occurred at Bracknell due to the message format, and some
changes were implemented at Malvern to overcome these problems. The
characters MODES in the bulletin heading were replaced by the characters
AMDAR to agree with standard WMO practice. Also the time in the bulletin
heading was adjusted so as not to be older than any report contained in that
bulletin.

A second transmission took place on 27 Qctober, this time with reports
made at roughly 1 minute intervals. Although most of this data was accepted
by the Bracknell databank, a change to the WMQ code whereby the characters
UNS (previously used for unsteady flight when wind reports were unreliable) are
no longer permitted as a description of the state of flight, caused a problem. It
was agreed with Malvern that in future they would suppress the transmission of
UNS reports.

The WAFTAGE model is being used to analyse this Mode S data using the
same background fields that are being provided to Bedford for their EFMS trials
ie forecasts at 3-hourly intervals from the midnight run of the Bracknell limited
area model.

2. FLIGHT TRIAL 27 October 1993

This flight included a cruise at FL250 from the Bedford area to the Isle of
Man and back again along an almost identical route at the same flight level.

The synoptic situation was anticyclonic, with a high pressure centre of
1038 mb centred over Scotland. Winds were generally light, being 20 to 30
knots easterly at 400 mb over England.

Between 13:03 and 15:45 152 observations were transmitted from
Malvern of which 147 were accepted by the Bracknell databank. 5 of the
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observations labelled UNS, in each case the first report in a bulletin, were
rejected by the databank software. No corruption occurred during transmission.
The times taken for the bulletins to reach the Bracknell databank from Malvern
varied from 3 to 10 minutes, the average time being about & minutes.

Analysing all of this data using Waftage and comparing with the
background field values gave the following results for temperature (T,°C) and
wind components (westerly,U and southerly, V, m/s}):

T U \Y N
RMS(obs-ant) 0.3 1.4 1.9 152
RMS(obs-bck) 1.9 1.6 2.4 152

This implies that the background {NWP forecasts) have an overall RMS
error on this occasion of about 2°C and 2m/s. Waftage has been able to
analyse the temperature data much more accurately than the wind data.

Splitting the flight into 2 sections, and using the 53 obs before 14Z to
perform an analysis/forecast and using the 94 obs after 14Z to verify the
forecast gave the following results:

T U \Y N
RMS(obs-anl) 0.2 1.1 1.2 53
RMS({obs-bck} 1.7 1.7 1.8 53
RMS{obs-fct) 1.3 2.1 2.4 94
RMS{obs-bck) 2.0 1.5 2.6 94

This demonstrates a significant positive skill in forecasting temperatures for
the second half of the flight, but a slightly negative skill in forecasting winds.

Removing the observations during the preliminary and final sections of
flight which involved manoeuvres produced the following results for the straight
and level flight to the Isle of Man and back:

T U \Y N
RMS(obs-anl} 0.3 1.0 1.1 30
RMS(obs-bck) 1.7 2.0 2.1 30
RMS(obs-fct) 0.3 3.1 2.1 34
RMS(obs-bck) 1.8 1.8 2.2 34

This shows a very significant level of skill in forecasting temperatures for
the return flight, but a disappointing lack of skill in forecasting winds.

During these sections of flight, the reported flight level fluctuated between
249 and 250. The aircraft temperature, which is reported only to half a2 degree,
fluctuated between -33.0°C and -34.0°C, most reports being -33.6°C. The
background temperature fluctuated between -31.7°C and -32.1°C . Some of
this background fluctuation is attributable to the 100 ft differences in reported
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flight level. At the standard atmosphere lapse rate of 6.5°C/km, a temperature
difference of 0.2°C will occur across a 100 ft layer.

There is, however, still a bias of about 1.6°C when comparing background
and aircraft reported temperatures. {The background is warmer than the aircraft
report.} Part of this bias might arise from a bias in the aircraft temperature
measurement. Graham (1993) reported finding the BAC 1-11 temperatures
about 0.6°C too cold in a comparison with a radiosonde ascent.

Part of this bias might also arise as a result of an error in the background
field. A comparison of the background values with reports from surrounding
radiosondes shows that at 400 mb the background values are, on average,
0.25°C warmer than the radiosondes. The radiosondes used are tabulated in
Table 1, but, unfortunately, none are very close to the aircraft flight path.

Examination of the aircraft wind observations shows that the winds
reported on the return flight from the isle of Man were systematically lighter by
up to 11 knots and backed by up to 13° when compared with those on the
outbound flight. The limited radiosonde data available in this area (Table 1)
shows a veering of the wind by 15° at Aughton and a backing by 5° at Hemsby
{but a veering of 5° at Herstmonceux) between 11Z and 17Z at 400 mb. This is
not as sharp a change as reported by the aircraft.

Two further tracks were flown later in the flight which crossed the tracks
to and from the Isle of Man. The winds reported near these 2 crossing points
are listed in Table 2. This shows significant changes in the vector wind over
periods of less than an hour.- These changes are not apparent in either the
radiosonde data or the background fields which are taken from NWP forecasts.
Whilst the possibility that the measured fluctuations in the wind field might be
genuine, there is a suspicion that the aircraft wind measurements may be prone
to a systematic bias. Graham (1993} hinted that such a bias might be a function
of the angle between the track direction and the wind direction.

3. FLIGHT TRIAL 10 November 1993

46 observations were received during a period of almost 1 hour between
11:44 and 12:42 when the aircraft climbed from FLO70 to FL240 and then
descended again while flying a curved race-track pattern over East Anglia.

The synoptic situation was quite mobile with a low centre moving ENEly at
about 10 knots across S$§ England, with the centre of 1004 mb over

Cambridgeshire at 122. Winds were 25 to 30 knots SWIly at 500 mb (FL180).

Analysing all 46 obs gave the following resuits:

T U Vv N
RMS{obs-ani) 0.6 4.9 1.7 46
RMS{obs-bck} 1.6 4.1 2.4 46
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Removing the first 6 obs when the aircraft was flying a low level circle,
and splitting the rest of the flight into two sections produced the foliowing
results:

T V) \Y% N
RMS(obs-ani) 0.3 1.4 2.3 20
RMS{obs-beck) 1.2 4.2 2.3 20
RMS(obs-fct} 1.1 2.3 3.6 20
RMS(obs-bck) 1.4 3.8 2.5 20

This demonstrates a modest level of skill in forecasting both temperatures
and winds for the second half of the flight.

4. CONCLUSIONS

Analysis of real-time Mode S data from the first few flights has
demonstrated encouraging results in the ability of Waftage to use data from
early in a flight to produce a forecast for later in that same flight. In the case of
temperatures, a significant improvement has been shown over the background
field. In the case of wind, however, where the accuracy of the background field
is already high (typically 4 knots), the improvement is small or negative.

A suspicion of a possible systematic bias in the aircraft wind
measurements should be further investigated.
5. REFERENCE
Graham, R J "A comparison of wind observations from a flight of the DRA(B)
BAC 1-11 research aircraft over Hemsby, 11 June 1991, with observations from

the Hemsby radiosonde" Meteorological Office, Forecasting Research Division
Technical Report No 37 (1993)
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Station Station Time Temp Wind

No Name GMT °C DDD/FF
. 03322 Aughton 112 -29.1 100/21
03496 Hemsby 11Z -29.3 085/25
03693 Shoeburyness 112 -28.7 095/36
03743 Larkhilt 112 -28.9 095/40
03882 Herstmonceux 11Z -28.9 090/35
oy 03213 Eskmeals 122 -29.3 100/17
03743 Larkhill 142 095/32
03322 Aughton 172 -28.9 115/17
03496 Hemsby 172 080/23
03882 Herstmonceux 172 -29.1 095/43
Tabie 1 400 mb temperatures and winds from nearby radiosonde stations on

27 October 1993.

GMT Lat Lon DDD/FF  Vector Diff
1332 5217N 0002w  089/27

8 knots
1436 5217N 0002w  076/21

14 knots
1505 5216N 0000W 110/26
1335 522N 0027w 093/29

11 knots
1432 5229N 0025W 085/18

8 knots
1515 5227N 0026W 108/20
Table 2 Winds and vector wind differences encountered at track crossing

points.
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‘} leANC%
ModeS experiments
Verification of WAFTAGE forecasts

» Scope of the study

Experiments were done in order to realise real forecasts. That is why we
retained days for which several collections of ModeS data were available. This
constraint implicated eight experiments. Days retained are the following:
13/08/93 14/08/93 15/08/93 10/09/93 11/09/93 17/09/93 18/09/93 and 19/09/93.
In best cases two ModeS data collections were available (a collection is equal to
forty observation points). Experiments have been done with Arpege and Aladin
model (exactly in the same way) used as guess fields so as an entry to
WAFTAGE assimilation system. Results are shown as error rms (root mean
square) between the forecast or the guess field and the observation at the
verification points. The two rms are located on the same graphs. The mean is
calculated for several levels of the atmosphere - level with hpa as unit - and this
for wind (zonal West/Est and meridian South/North componant -m/s-) and
temperature( °C) parameters

sTemporal distribution of observations for experiments

Temporal features of experiments

«13/08/93:
QObservations used for assimilation:
—Near 4 PM and 5:30 PM
Observations used for verification:
—Between 7:30 PM and 8 PM
Time of background fields: 6 PM
»14/08/93:
(Observations used for assimilation:
—Near 7 AM and 9 AM
Observations used for verification:
—Between 3 PM and 3:30 PM
Time of background fields: 12 AM
* 15/08/93:
Observations used for assimilation:
—Near 11 AM
Observations used for verification:
—Between 1 PM and 1:30 PM
Time of background fields: 12 AM
«10/09/93:
Observations used for assimilation:
—Between 5:30 PM and 6 PM
Observations used for verification:
—>Near § PM
Time of background fields: 6 PM
«11/09/93:
Observations used for assimilation:
—Near 7 AM and 9 AM
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ModeS experiments
Verification of WAFTAGE forecasts
Observations used for verification:
—sNear 12:30 AM
Time of background fields: 12 AM
«17/09/93:
Observations used for assimilation:
—Between 5 PM and 5:30 PM
Observations used for verification:
—Between 7 PM and 7:30 PM
Time of background fields: 6 PM
«18/09/93:
Observations used for assimilation:
-»Near 10 AM
Observations used for verification:
—sBetween 12 AM and 12:30 AM
Time of background fields: 12 AM
] 9/09/93:
Observations used for assimilation:
—Near 8§ AM
Observations used for verification:
—Near 3 PM
Time of background fields: 12 AM

Remarks

Hours of forecast for the experiments are going from 00 hour (18/09/93)
to three hours and a half (14/08/93 and 19/09/93). The question is to see if short
forecasts are better than late ones. For the experiment of the 18/09/93 we can
observe an improvement on the forecast wind in comparison with the "guess”
wind for the low atmosphere. But for the middle and high atmosphere there is no
improvement. If we look at observations used for the assimilation system and
those used for the verification we can see the same characteristic for the wind in
low atmosphere and a different behavior of the wind in middle and high
atmosphere. For experiments of the 14/08/93 and 19/09/93 despite the fact that
the forecast is later than the one of the 18/09/93 we can see an improvement of
the forecast wind in comparison with the "guess" wind. But if we look at
observations we can see nearly no difference between observations used for
assimilation and those used for verification. As a concluding remark we can say
that the forecast depend much more on observations used for the assimilation
system than the guess. This can implicate errors due to a change of behavior of
parameters between the observation hour and the forecast hour. With the three
experiments examined before we can not conclude on the dependence of
forecasts on the time of the forecast. But with the significant dependence of the
forecast on observations we have in principle more chances to keep same
behavior of parameters with a short forecast than a long one.

Time differences between observations and forecasts are going from eight
hours to one and a half. Experiments of 13/08/93 15/08/93 10/09/93 and
17/09/93 are those with the observation time very near from the forecast time.
For these experiments and except the one of 17/09/93 we can see an
improvement of the forecast in comparison with the guess (especially the
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15/08/93). For the experiment of the 17/09/93 we can see a change in the
behavior of the wind at the observation time and at the forecast time.

Conclusion

The sample of experiments is not important enough to allow us to
conclude on the quality of forecasts in comparison with forecasting time.

For experiments where there is no amelioration of forecasts in comparison
with guess one can observe a different behavior of parameters between the
observation time and the forecasting time. This shows that WAFTAGE system
relies “too much” on observations used for assimilation. This implicates that
observations near assimilation time as well as very short forecasts should give in
principle an improvement of forecasts { in comparison with background fields)
and that because one would have less chance to observe a change on the behavior
of parameters.

* Geographical distribution of observations for experiments

Observations are located between one degree West and five degrees Est of
longitude and between forty six degrees North and fithty one degrees North of
latitude. This corresponds to the middle north of France.

Observations are in a "so good" geographical nearness that there is nearly
no influence on forecasting quality. But one can sort out that the point of arrival
and departure is in common to observations used for assimilation and those used
for verification and the point is located in low atmosphere. Forecasts in low
atmosphere ( near or at this special point in fact) show improvements in most of
cases. The fact that observations are located as well horizontaly as verticaly at
the same point may be the reason of this good behavior.

» Results - Concluding remarks

Results are not so good (see graphs) because one can't observe
systematically an improvement of the forecast in comparison with the guess. One
can say that:

1°) Observations are not numerous enough and so can't represent or give
the evolution of the state of the atmosphere. In best cases we used two
collections of ModeS data for the WAFTAGE assimilation system. One should
have much more collections of data available to have something really
representative of the evolution of the atmosphere.

2°} The assimilation system depends too much on observations. This
implicates that one observes a significant change on the behavior of the
atmosphere between the observation time and the forecast time this change is not
seen by the systemn even if the guess does. This last remark is supported by the
fact that there is no observation available between the two times (see point 1).

3°) In low atmosphere the system gives good results indeed this part of the
atmosphere corresponds to a point of arrival and departure of airplanes which is
always observed.

4°) When there is no change in the behavior of the atmosphere between
the observation time and the forecast time the system gives good results,

63



‘j METEO
FRANCE
ModeS experiments
Verification of WAFTAGE forecasts
As a conclusion one can say that more ModeS data collections are
required during the assimilation time. This could allow the WAFTAGE
assimilation system to consider the evolution of the state of the atmosphere for
the forecast.
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* Scope of the study

Due to the fact that there are not much collections of ModeS data
corresponding to a same time period it is difficult to have an idea of the real
quality of WAFTAGE forecasts with ModeS data. That is the reason why we
chose a day with one single flight to do simulations as well with Arpege model
as with Aladin model both used as guess fields and so as input to WAFTAGE
system. So this is not a forecast but in fact an analysis which can give an idea of
an idealized behavior of the WAFTAGE system.

» Description of experiments

Two experiments were done in the same way. One with Arpege outputs as
guess fields the other one with Aladin outputs as guess fields. The day was the
one of the 24/03/93. The number of observations points was 134, The
observation points used for verification were chosen to have a good vertical
repartition. The hour of experiments was between 6:10 PM and 6:40 PM and the
hour of guess fields (numerical weather prediction model outputs) was the
forecast of six hours coming from an analysis of 12 AM.

» Results of experiments

Results are presented as rms (root mean square) errors (difference between
verification points and WAFTAGE outputs or guess fields). Rms are calculated
for several vertical levels - with hpa as unit - several parameters: Temperature T
(degree), Value of Wind Wv (m/s) Direction of Wind Wd (degree) and for guess -
background - fields bck and forecast - WAFTAGE outputs - fields fcz. The
results are presented for the two experiments. The first one with Arpege fields as
guess fields and the second one with Aladin fields as guess fields.

Arpege results

Levels T bck T fct Wvbck [Wvict Wdbck |[Wdifct
300/400 0,37 0,36 14,11 4,95 25,95 4,46
400/500 0,96 0,35 4,08 3,11 14,25 7.44
500/600 2,45 0,44 2,71 1,32 28,3 6,48
| 600/700 0,89 0,35 0,60 1,12 39,99 6,64
700/800 1,24 0,38 1,20 1,03 49,46 12,16
800/900 0,60 0,17 2,31 2,04 47,18 15,16
900/1000 1,10 0,24 1,55 1,52 93,49 22,20
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Aladin results
Levels T bek T fct Wy bck | Wvict Wdbck | Wdfct
300/400 0,28 0,26 15,07 6,49 24,58 12,16
400/500 0,77 0,34 4,98 3,09 6,77 7,97
500/600 2,48 0,48 3,69 1,77 19,26 8,62
600/700 0,80 0,36 1,28 1,30 47,00 10,07
700/800 1,75 0,36 1,27 1,48 58,63 13,23
800/900 1,36 0,17 3,31 2,89 60,62 20,00
900/1000 1,03 0,18 2,72 1,11 96,06 22,96

For temperature field we can see a real improvement, The maximum of
rms error for all levels is less than .5 degree. We can also see that Aladin(15 kms
mesh ) results are better than Arpege(about 25 ks mesh over France) ones. For
the wind field when the guess field is already a good approximation WAFTAGE
system does not give better results (or just a little better) but if not WAFTAGE
system gives good improvement (5 m/s for maximum rms error of value of wind
and nearly 20 degrees for maximum rms error of direction of wind). For the wind
field we can not say if one model (Arpege or Aladin) is better than the other one.
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«Scope of the stud

Experiments with WAFTAGE system and ModeS data have been
conducted exactly in the same way with Arpege (respectively Aladin) model.
The Arpege model is a global variable mesh model with a mesh size of about 25
kilometers over France. The Aladin model is a limited area model with was run
for these experiments with a mesh size of 15 kilometers. We can then first
compare the performances of each model as first guess, or to say the
performances of each NWP model interpolated to verification or observation
points. We can then evaluate the impact of a better guess on waftage forecasts to
see if a better guess can improve the forecast and accuracy of outputs of
WAFTAGE system.

» Comparison of first guess (Arpege vs Aladin) fields

The results are shown as differences of rms errors (root mean square of
errors in comparison with observations used for verification) between guess
fields of Arpege outputs and guess fields of Aladin outputs. It is the mean for
each vertical level - level with hpa as unit - of rms errors for the whole of
ModeS experiments. As a consequence a result greater than zero shows an
Arpege rms greater than an Aladin one and so a better behavior of Aladin in
comparison with Arpege.

The results are the following (see also the graph for bck fields)

Vertical levels ‘Temperature First component|Second
of Wind component of
Wind
200/300 + 0,13 + 0,84 + 0,44
300/400 + 0,01 + 0,17 + 1,43
400/500 + 0,09 + 0,44 + 0,20
500/600 - 0,09 + 0,71 + 0,09
| 600/700 - 0,25 + 0,04 + 0,11
-1 700/800 - 0,29 + 0,17 - 0,44
800/900 - 0,39 + 0,32 - 0,06
900/1000 -0,19 + 0,09 + 0,70

Aladin model shows a better behavior than Arpege model for the wind
field for most of the levels: every level for the first component of wind and
every level except two for the second component of wind. To speak in range
words one can look at vectorial rms. The maximum of improvement thanks to
Aladin model is 1,44 m/s in vectorial rms and the minimum is 0,7 m/s. This
means that the first guess of wind field with Aladin model is more accurate in a
range between 0,7 m/s and 1,44 m/s than the first guess of wind field with
Arpege model in most of cases. For the temperature field Arpege model shows a
better behavior than Aladin model except in high levels. The first guess of
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temperature field with Arpege model is more accurate in a range between 0,1

degree and 0,3 degree than the first guess ot temperature field with Aladin
model.

« Impact of differences in the backeround field on WAFTAGE forecasts

We can now compare the results of WAFTAGE with two different kind of
guess fields. This allow us to evaluate if a better guess (respectively a less good
one) implicate a better WAFTAGE forecast (respectively a less good one). The
results are also shown as differences of error rms but between the WAFTAGE
forecast with Arpege guess fields as input and the WAFTAGE forecast with
Aladin guess fields as input.

The results are the following (see also the graph for fct fields)

Vertical levels Temperature First component | Second
of Wind component of
Wind
200/300 + 0,13 + 0,86 + 0,82
300/400 - 0,09 - 0,04 + 1,52
400/500 -0,11 - 0,40 + 0,10
500/600 - 0,04 + 0,07 + 0,28
600/700 - 0,15 - 0,04 + 0,31
700/800 - 0,08 - 0,09 - 0,22
800/900 -0,17 + 0,14 - 0,70
500/1000 - 0,09 + 0,40 + 0,39

On the graph the fact that the quality of a guess field as the same impact
on the quality of a WAFTAGE forecast can be seen when the two fields ( bck
field and fct field) are on the same side of the axe for each level. This is done for
every level except two { two high levels) for the temperature field. For the first
component of the wind field this is not so systematic. This results mean that in
most of the experiments done with ModeS data a better guess used as an input to
WAFTAGE system produces a better forecast (output to WAFTAGE system).

Speaking about accuracy range we can notice that an important
improvement on the guess field implicates an important improvement on the
forecast field. For example for the 300/400 level Aladin as a guess for the second
component of wind shows an accuracy of 1,42 m/s rms greater than Arpege as a
guess too. The forecast for the same level with Aladin shows an accuracy of
1,52 m/s rms greater than the forecast with Arpege field. For improvements of
less importance on guess fields the impact on improvements of forecast fields
are more random. Sometimes the forecast improvement is greater than the guess
one sometimes it is less than the guess one and sometimes the improvement on
the guess field is of negative impact on forecast field (see first component of
wind).

» Conclusion of the study

As a conclusion we can say that Aladin model gives better results than
Arpege model as a first guess field in most of the cases of ModeS experiments.
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This is true for the wind field but not so obvious for the temperature field. Also
when a guess is really better the forecast with WAFTAGE system is improved in
the same way.
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* Scope of the study

Treatment of observations

In order to perform experiments with WAFTAGE system aircraft recorded
data coming from Air Inter fleet are used. Those data are not meteorological ones
but flight parameters that is why a treatment is required.

* Data set description

Two days of recorded aircraft data are considered: the 13/09/93 and the
14/09/93, The number of flights are nearly 150 per day. Those flights are for
most of them national ones so covering France area and a few in Europe area. A
set of parameters or "observation point" is described by a flight parameters cycle

throughtout four secondes,

* Treatment of data set

Position of the aircraft

parameters used treatment parameters obtained
hour, minute, seconde none time (T)
latitude, longitude none latitude, longitude (X, Y)
flight level OACI atmosphere vertical level (P -hPa-)
Air temperature
parameters used treatment parameters obtained

Mach, TAT( Total Air
Temperature)

Mariotte + Laplace laws

air temperature (Tair)

TAS (True Air Temperature) ou Vp

parameters used treatment parameters obtained
Mach, Tai \Y%
ach, Tair Mach = Yp P
[
¢ = sound speed
Wind

parameters used

treatment

parameters obtained

ground speed Vs,
Vp, cape, drift

Vs = ‘7;9+ Wind

Wind

SCEM/PGA
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Validation

*Scope of the study

In order to verify the validity of the treatment done on observed aircraft
data comparisons between results of the treatment and observed soundings are
performed.

+ Description of the verification

Two soundings were chosen corresponding to the one of the 13/09/93 at
12 UTC (Trappes temp message) and the one of the 14/09/93 at 00 UTC
(Trappes temp message). Two flights (taking off from Orly airport) were also
chosen to compare with those soundings the one of Orly-Perpignan 13/09/93
(between 11.7 UTC and 12 UTC) and the one of Orly-Marseille 14/09/93
(between 4.6 UTC and 4.9 UTC).

= Results of the verification

The results are shown on the two following figures:
- verification on temperature profiles
- verification on wind profiles

Temperature profiles: The X-axis corresponds to the temperature value of the
observed points (sounding observed points: Trappes 130912 and Trappes
140900, aicraft observed points: Orypgf 130912 and Orymrs 140905). The Y-
axis correponds to the vertical level of the different observed points (vertical
ievel with hPa as unit). The comparison of temperature profiles of soundings and
those of aicrafts shows the same behavior as well as the same temperature
values.

Wind profiles: the Y-axis corresponds to the vertical level with hPa as unit of the
different observed points. For observed points wind is plotted (value and
direction). We can see that direction between the two type of observation set is
the same and also values of wind. .

We can say that the two kind of observation set (located approximatively in the

same geographical and time place) has the same vertical behavior so we can
validate the treatment of aircraft recorded data.
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Verification of wind profiles
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Sampling

« Scope of the stud

Because of the very high frequency of measurement of the data: a
complete set was collected every four secondes, it was necessary to determine a
sampling rate. In fact observations which are too near from each others implie
instability for the optimal interpolation scheme.

*Sampling

Several experiments were done in order to find a good compromise
between the frequency of observations to be used in the optimal interpolation
scheme of the WAFTAGE system and the grid chosen for the terminal area
experiments. The aim was to find a rate which could permit to access stability for
the optimal interpolation scheme.

Finally a geographical sampling was retained. For each vertical level it
was chosen to keep one observation within one box around one grid point of
the terminal area grid. This special observation was selected randomly.

With this way out the optimal interpolation scheme of the WAFTAGE
system was stable. For example one can see the repartition of the observations
for the terminal area of Lyon for one experiment (see below). One has also to
consider that for the low layers of the atmosphere the observations randomly
selected are only one: the one located at the airport location.
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