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Mode-S system

> Primary radars

e aeratt enaing e mmnmnmmu i

> Secondary radar systems

> transponder on board the Z
aircraft transmits its identity, I
as well as the aircraft’s -
altitude

> Mode-S

> selective communication
between airframe and ground
station (possibility to transmit
various 56-bit data registers, up
to 5 for a standard system).
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name MODE-S MRAR MODE-S EHS
Meteorological routine air Enhanced surveillance (report)
report
data - (BDS 4,4) - met. routine (BDS 4,0) selected vertical
air report intent ( )

(BDS 5,0) track and turn report

(BDS 4,5) - met. hazard

report (
(BDS 6,0) heading and speed
report
type Direct data Indirect (temperature) data
rep. by around 5 % of all Mode-S all Mode-S equipped aircraft

equipped aircraft (depends on
the transponder configuration)

Strajnar 2012, Hrastovec and Solina  de Hann 2011, de Haan and Stoffelen 2012
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Mode-S data from Ljubljana airport

Mode-S

2014-04-03 11:00 - 2014-04-03 12:00 UTC Mode-S horizontal coverage
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» 5 of all data from national carrier (Adria Airways)

> Mostly smaller airplanes ( CRJ) and corporate jets (some
possiblly problematic), little data from bigger Airbus and
Boeing airplanes

Longitude [deqg]

» 5 Z % =i A

ROMANIA
E ZAMG ANM




Validation (1)

> COmparison with AMDAR Mode-S — AMDAR Mode-S — AMDAR
and radiosondes over 9
months

> Match with AMDAR (on
the same aircraft) very

good (std. difference 0.35 emmerate G i oomd e
K,0.8 m/s and 10 deg.) N =7032 N = 7028

> NO Slgnlflcant blaS Mode-S - AMDAR Mode-S — AMDAR vs. Mode-S roll angle
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Validation (2)

> Comparison with hi-res oot - raciosonds oot - ratosonds
radiosondes from _
Ljubljana, Zagreb, Zadar ) 5 ; g
and Udine 3 ¢ 3 3
> Std. deviations larger (1.7~ i
K 3 m/S and 25 de ) -4 2 0 2 4 =0 =10 i i0 20
’ > o e
> But still no significant bias ) )
Mode-5 - radiosonde E Mode-5 - radiosonde vs. Mode-S roll angle
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Preprocessing and quality control

> Temporal smoothing (12s / from ATC
60 s)

> Whitelist approach

> Generated from
comparison of Mode-S with
operational NWP over a
period of 22 months

> Airplanes with high mean or
sd with respect to model
flagged

> Coding to OBSOUL format

data assimilation
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Assimilation experiments - model

> ALARO - model cycle 38t1
> 4.4 km resolution, 87 levels

> 3-hourly 3d-Var data
assimilation

> SYNOP+AMP, TEMP,
AMDAR, AMV, NOAA,
METOP, MSG

> ECMWEF LBC

> 2 evaluation periods Z’;ﬁ' AN = %
» 18 Dec 2013 — 10 Jan 2014 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000

> 18 Jun 2013 — 10 Jul 2013
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Winter period - impact on analysis

> Temperature inversions locally much better captured in the

analysis due to assimialted Mode-S

Ljubljana - model cross section

Ljubljana - model cross section
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pressure [hPa]

Winter period - Impact on forecasts
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Temperature RMSE reduction

200

400 —

'1.0

600 —

800

[ I T T T
0 5 10 15 20

fcast. range [h]

0.5

0.0

-1.0

Wind speed RMSE reduction (same for dir.

200 '1.5
1.0
400
0.5
T
% 600 0.0
o
-0.5
800
-1.0
' ' ' l w 15
0 5 10 15 20
o _ N
Verification against Mode-S "l
™oe Py eOMANY
D% A = EZAMG ”;m:




pressure [hPa]

ZXLACE

nwp central europe

Summer period - impact on forecasts

Temperature RMSE reduction Wind speed RMSE reduction
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Severe freezing rain case (1

_____________________________________________________________________________ sonoa LJUBLJANA DATUM: 1. 2.2014 URA: 0:00UTC
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Severe freezing rain case (2

Ljubljana - model cross section Ljubljana - model cross section
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Severe freezing rain case

HORIZONTAL CROSS-SECTION
01.02.2014 19:00
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Conclusions

> Mode-S MRAR are (on average) very good
observations

> Only a small percentage of all aircraft responding
with temperature and winds

> Quality control very important

> Clear impact on analysis and short-range forecasts
even with data from a single radar

> Longer impact in winter (inversions)
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Future

> Use Mode-S MRAR operationally

> Automatic/adaptive creation of whitelists (important
to accept new aircraft)

> New Mode-S radar sites (Korlape in Austria, another
near Ljubljana

> Promote Mode-S MRAR

> Use Mode-S EHS (winds)




