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Innovative weather forecast system for aviation —why?

Example thunderstorms

Icing lightning halil
» Adverse weather is responsible for 40-50% of all delays in Europe

* Thunderstorm activity is the reason for up to 90 % of all delays in the airspace
over the USA during the summer months.

 Thunderstorms are the most dangerous weather phenomenon for aviation
(survey with pilots)

Goal: Help to increase safety and efficiency for air traffic

durlng adverse weather S|tuat|ons




Jun 06 2011
Mo 15:00 UTC

NWP model forecasts can only give a rough estimate of place and time of future thunderstorm occurence
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Jun 06 2011
Mo 15:00 UTC

NWP model forecasts can only give a rough estimate of place and time of future thunderstorm occurence
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... superimposed with lightning’information from 15:00:UTC
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Thunderstorms as weatherobjects with multiple object attributes E
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Cb-TRAM - Cumulonimbus TRacking And Monitoring

satellite data analysis
—>en-route

. Cb-TRAM 14.07.2010 15:25 UTC Meteosat9 HRV rapidscan) data:

WV 6.2 IR 10.8
IR 12.0 HRV

WA iV b Detection stages:
R ,,,,,,,,,,,,, 1: Convection Initiation (CI)
i development in HRV

IR 10.8 cooling
2. Rapid development
WV 6.2 rapid cooling
(> 1K/15min)

PN ML g e VL B HRYV texture

............................................

] Extrapolation up to 60 min
(here 30 minute nowcast plotted)
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Cb-TRAM - Cumulonimbus TRacking A

satellite data analysis
—>en-route

14.07.2010 15:25 UTC Meteosat® HRV

= LUMETSA,

A ST AR | Detection stages:
..................... é ,,,,,,,,,,,,, ...... 1 Carveean Tieria (Cl)
R L ARt development in HRV
IR 10.8 cooling
2. Rapid development
WV 6.2 rapid cooling
(> 1K/15min)

AR g vt T i Rty HRV texture

.............................................

o ] Extrapolation up to 60 min
. Q s | (here 30 minute nowcast plotted)

e 0t % Description: Zinner et al., 2008,09 & 13
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Rad-TRAM - Radar Tracking and Monitoring

weather radar data analysis
—>take-off and landing

Domain TMA MUC 05.07.2012 1625 UTC DWD radar composite
Rad- TRAM 21 RX 5 5 1 Rad-TRAM.30 Custom 06.08.2013 2000 UTC DWD radar comosﬂe

: EURADCOM product
Based on DWD radar data: i
RX and EURADCOM

EXPERIMENTAL PRODUCT - NOT FOR OPERATIONAL USE
60 min nowcast

\ ; : 19 28 a7 46 55 64

Available every 5th minute

image matching like in Cb-TRAM



Forecast skill for convective precipitation

— Theory
--+= Nowcasts
- = Models

Forecast skill

Forecast lead time >

after Lin et al. , 2005, Golding, 1998
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Predicting the future state of a weather object

through:

Nowcast based on extrapolation methods

[ Track
Forecast based on NWP models Noweast

(ensemble model and high resolution forecasts) Forecast

Selection of the forecast that agrees best with the

- o \
observation @
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IDL: the platform to realize the WxFUSION concept

IDL ...

 is a platform for data analysis
and visualization

e provides a means to easily
describe weather objects as well
as their attributes

« provides an effective platform to
integrate and overlay different
data sources

 enables a quick analysis of the
changes made in a WxFUSION
algorithm

* is highly specialized for the
processing and display of
geospatial imagery

DATA SELECTION |

nd Time:

22;:;11‘:75@ ~15min
e lplomf A e

Satelts image Tme: 22072010 15.00
CAUTO FHRV CR C WY Cof

2nd Time: -
T AN I NCis [ NCH0 T NCas [ NOED

Redar image: & On O Time:22.07.2010 1500 |

Flader Cals (Chbettom) Tres:-
AN T NCis T NCI0 T NCes T NCED [ Tracks:
2 e«

T an I ncis T ncao I nces [ NCeD

Uging:  On @ OF  Time 220720101500

COSMO Qoud Cels Time: -
COSMO Analysts Time: -
Cwm CMz CMIC M C M5 FOR

Addceal Trme (YYYYMMDDHRM I

COSHO Anaives Time (YYYMMDDHRY|

MapGid: © On 08

wms|
I™ Oiect i I~ Data Fusion: Cb intenaty

I™ Data Fusion: Nowcasiing [~ Selection of Best Merber

[lon: 128 Lt 575"




WxFUSION GUI with selection of best member

xFusion2 * Weather * Forecast * User-oriented * System * Including * Object * Nowcasting =[S}
File Edit Insert Operations Window Help

BEST COSHO MEMBER 4

ANALYSIS TIME: 2010072206
Trackingid: cosmo_cbtop 20100722 06.0800.0195

COSHO MEMBER 1
COSMO ANALYSIS TIME: 2010072215 |
SIZE (SYN-OBS) 129.28621 % |
OVERLAP 69 081081 %
Trackingid: cosmo_cbtop_20100722_15.0000. 0001
Developmentstage: 3
Hovingdirection: 84,2972
Movingspeed: 19 4305
Severity: 1
Lowerboundary: 10159.8
Upperboundary: 131598
Trendarea: growing
Trenddepth: decaying
Gravitycenter: 12.34 N, 47.80 E
Hail: unknown
Confidencelevel: 00005
Maxreflectiwity: 0.000000
Cloudtoptemp: 216 767

COSMO MEMBER 3
COSMO ANALYSIS TIME: 2010072209
SIZE (SYN-OBS) 7.1146943 %
OVERLAP: 0.2384824 %
Trackingid: cosmo cbtop 20100722 09.0730.0243
Developmentstage: 2
Hovingdirection: 78 5681
Movingspeed: 22 2316
Severity: 1
Lowerboundary: 8820 90
Upperboundaxry: 11820.9

L

Trackingid:
Developnentstage

L

Mav1§gd}rectw§1 Trendarea: constant

avgngspee X Trenddepth: constant
I Gravitycenter: 12.13 N, 47.96 E

Lowerboundary : el e

Upperboundary:  copesgencelevel: 00004

TTresgarE:: Mazreflectivity 0 000000
renddept. Cloudtoptenp: 228.730
Gravitycenter:

Hail: cocyo MEMBER: 4
Confidencelsvel: cocyg aNAIYSIS TIME: 2010072206
Haxreflectivity: gyzp (SyN,OBS): 195.44262 %
Cloudtoptenp: oypprap. 96 252037 %

Trackingid: cosmo_cbtop 20100722 060800 0195
Developmentstage: 3
Movingdirection: 83 0170
Hovingspeed: 16 6142
Severity: 1
Lowerboundary: 10877 7
Upperboundary: 13877.7
Trendares: growing

{Cloud: chtop_20100722.1545.0002 Trenddepth: decaying
Gravitycenter: 12.12 N, 47 68 E

red: observed Cb-TRAM objects on 22. July 2010 17:00 UTC.
blue: synthetic objects of COSMO-DE member 4 (analysis 22. July 2010 06 UTC)

I L

Shown is a list of COSMO-DE Members that have an overlap with the current observation
The member having the best overlap with the observation is listed on top (here No.4)
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Best member selection example case
flooding in the city of Genoa on 9 October 2014

Custom Domain 09 10.2014 12 40 UTC MeteosoHO HRV
Cb TRAM.32 for DRIHM K F " ' g -_' o O w0

45N

44n L

| L |
8E 9E 10E E
longituce

lafilude

EXPERIMENTAL PRODUCT NOT FOR OPERATIONAL
observed rainfall as given by the
Cb-TRAM detects a storm 12 hour precipitations sums from

cell which persists in that V- 00 to 12 UTC (top) and from 12 to
location for about 6 hours Yy K 24 UTC (bottom)




Best member selection example case
flooding in the city of Genoa on 9 October 2014

09.10.2014 13:10 UTC Matwosaii0 Wy 6.2

AROME EPS member POD4  SynSat W 6.2
2014100900 + 13 hours for 00.10.2014 13:00 UTG

AROME EPS member POD8  SynSal WV 6.2
2014100900 + 13 hours for 08.10.2014 13:00 UTC

AROME EPS member POD!  SynSat WV 6.2
2014100800 + 13 hours for 09.10.2014 13:00 UTC

AROME EPS member POD5 ~ SynSal WV 6.2
2014100800 + 13 hours for 9.10.2014 13:00 UTC

AROME EPS member PODS  SynSal WV 6.2
2014100900 + 13 hours for 09.10.2014 13:00 UTG

#

AROME EPS member POD2  SynSat WV 6.2
2014100800 + 13 hours for 09.10.2014 13.00 UTC

AROME EPS member PODS SynSal WV 6.2
2014100800 + 13 hours for 08.10.2014 13:00 UTG

AROME EPS member PO10  SynSat WV 6.2
2014100900 + 13 hours for 08.10.2014 13:00 UTC

AROME EPS member P003  SynSat WV 6.2
2014100800 + 13 hours for 09.10.2014 13:00 UTG

AROME EPS member POD7  SynSat WV 6.2
2014100800 + 13 hours for 09.10.2014 12:00 UTC

AROME EPS member P11 SynSal WV 6.2
2014100900 + 13 hours for 08.10.2014 13:00 UTC

ded by O. Nuissier, MeteoFrance
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Best member selection example case

flooding in the city of Genoa on 9 October 2014

High potential for timely detection of flood hazard:

 Cb-TRAM detects thunderstorms in both, synthetic (member PO08) and real satellite

data near Genoa

* The thunderstorm near Genoa is not a transient feature in PO08, but persists for about

5 hours

« The precipitation forecast of PO0O8 shows large amounts of rainfall exceeding 200 mm

over 24 hours

09.10.2014 13:10 UTC Meteosat10 WV 6.2
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Cb indicator forecasts up to 6 hrs (Cblike)

Fuzzy logic combination of CAPE, 500 hPa vertical velocity, synthetic
satellite and radar data from the DWD COSMO-DE model

Cblike 6 hrs forecast for 21 June 2012 18: OO UTC

- WxFusion2 * Weather * Forecast * ented * System *Including * Object * Nowcasting <2> g

21,06,2012 12300 ~15min

FE T —
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Blue crosses:
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Cb indicator forecasts up to 6 hrs (Cblike)

Fuzzy logic combination of CAPE, 500 hPa vertical velocity, synthetic
satellite and radar data from the DWD COSMO-DE model

Cb observation 21 June 2012 18:00 UTC

_ WxFusion2 * Weather * Forecast * User-oriented * System *Including * Object * Nowcasting <25 2

File Edit Inzert Operations lWindow Help
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Summary Thank you for your attention!
WxFUSION contact: dennis.stich@dlr.de

— integrates and overlays data from different sources
(observations, nowcasts, forecasts)

— is based on IDL and uses an object-oriented approach
— selects the best forecast out of an ensemble

— combines data by using fuzzy logic and enables Cb likelihood
forecasts up to 6 hrs

modules of WxFUSION have successfully been tested in real time
at Munich Airport
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