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* HF radio wave disturb.
* Navigation errors

* Avionics errors
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PECASUS: Partnership of Excellence for Civil Aviation
Space weather User Services Consortium Agreement

Alert from BIRA system in support to PECASUS
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PECASUS: Partnership of Excellence for Civil Aviation
Space weather User Services Consortium Agreement

Alert from BIRA system in support to PECASUS

A simple three colour message
generated within the ALARM system

Risk

HF To generate Space Weather alerts, ALARM system used:
. . . BIRA COMESEP alert system (COronal Mass Ejections and Solar Energetic
What ALARM Wa rnlngs prOVIde- GNSS Particles — SEP), based on data and model, provides SEP forecast to issue a
: : warning on an increased risk for high frequency (HF) disruption and for
E)erngeers;faéi:i?cn;ant(;cfé:I(?lyl)at?(l)enrz/t\(l;lfr:;lr\:\ﬁt:]arl?slﬁ SATCOM enhanced radiation exposure with impact on the radiation dose and avionics.
indicator (low, moderate, high) for impact on RAD
HF, GNSS, SATCOM and Increased Radiation

exposure at flight altitude

using, COMESEP SVStV
= COMESEP alert system

= GOES16 proton flux data
= HESPERIA UMASEP-500 system
=  Neutron Monitor data

Affected area:

HF disruption in polar region for
SEV proton fluxes > 10 MeV

Radiation risk at flight altitude

What ALARM warnings do not (any region) for SEP > 500 MeV

provide:
- effective dose rates
- specification of impacted regions (e.g. FL)

Radiation risk at flight altitude in
case of ANeMoS GLE

ALARM [grant n°891467] 23-05-22
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PECASUS: Partnership of Excellence for Civil Aviation
Space weather User Services Consortium Agreement

Alert from BIRA system in support to PECASUS

A simple three colour message

Risk
generated within the ALARM system
HF To generate Space Weather alerts, ALARM system used:
. . . BIRA COMESEP alert system (COronal Mass Ejections and Solar Energetic
What ALARM Wa rnlngs prOVIde' GNSS Particles — SEP), based on data and model, provides SEP forecast to issue a
: : warning on an increased risk for high frequency (HF) disruption and for
g)er'ngeerg;faéiztt:?cn;ant(ljcfé:I(?lyl)at?(l)enrz/t\(l)vr?r:]r;l r\:\%t:]ar?sli SATCOM enhanced radiation exposure with impact on the radiation dose and avionics.
indicator (low, moderate, high) for impact on RAD
HF, GNSS, SATCOM and Increased Radiation
exposure at flight altitude Neutron Monitor Stations Map for 28 Oct 2021 21:00:30 (UTC)
using,
=  COMESEP alert system . ° \ - Affected area:
=  GOES16 proton flux data 60°N 2 TR R °
s 5 . . .
+ HESPERIA UMASEP-500 systen , AL H disruption in polar region for
. . proton fluxes > e
*  Neutron Monitor data 30°N *
Halloween storm o Radiation risk at flight altitude
_Solar flare (any region) for SEP > 500 MeV
30°S
- proton event
ZLE event ° Radiation risk at flight altitude in
60°S . o case of ANeMoS GLE
=>» ALARM issued both warning for HF and RAD * quiet
watch/warnin (=]
=>» GLE event seen on the NM worldmaps Il i i
s off-line
90°S o
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CALIPSO/ATLID

GNSS network Belgium (focus Brussels Zaventem airport) %

FOCUS on 2 AIRPORTS S
| g
NIKL
‘ GNSS network ItaIy (focusjon Milan Malpensa a|rport)\ GawP‘Eswe
5%%%’“ TRUI
: GERA Tligh )
E%Fl’mﬁ%&mwﬁﬁa‘

i MR

50 km

GNSS receivers  Meteo Station
Lightning detectors

Data availability:

- Ground based GNSS stations

- Weather stations collocated with GNSS
- Radar data

- Lightning data

Vertical information from
- Radiosonde station
- GNSS Radio Occultations

ALARM [grant n°891467] 23-05-22
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Lightning detector

Recurrent Neural Networks
geound Basssiinie (RNN based Approaches)

Ground-based GNSS
Ng Input

Meteo station > AL ’ Y L/ ; Cell develoment or
N / . x / . a e, i
S Inputy B X A</ N NFHA X Ve intensification
E)' 1., <X S / X /,* Ve 0/1
T o« / N v AKX /S P
b Vertical info Inpite R NS XX~ KN
e . / T\ =t 3
Radiosonde 1/ A \ _."_j' %8 =
Input @/ N X AL .‘ v

Radio occultation

Data availability:

- Ground based GNSS stations
- Weather stations collocated with GNSS

- Radardata

- Lightning data

Vertical information from g ot §
NO NO T}I"

- Radiosonde station
- GNSS Radio Occultations
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Lightning detector

Ground based info

Ground-based GNSS

Meteo station

Radar

Vertical info

Cell detection

Radiosonde

Radio occultation

Data availability:

- Ground based GNSS stations

- Weather stations collocated with GNSS
- Radar data

- Lightning data

Vertical information from
- Radiosonde station
- GNSS Radio Occultations
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Recurrent Neural Networks
(RNN based Approaches)
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Cell develoment or
intensification

0/1

Google Earth

Google Earth

observed Nowcasted at 10 minutes
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MET service aviation‘s climate impact Algorithmic Climate Change Functions (aCCFs)

Climate Change Functions = four dimensional functions (space & time)

Environmental hotspot areas over Europe:
*  Regions (contours) with high climate impact are highlighted in red
e  Climate impact of non-CO, effects (water vapour, NO, - induced effects,
contrail-cirrus) are included
e Case study of a day in summer (daytime), relying on MET data and aCCFs
4y M
MET fields (Matthes et al. 2017, Aerospace) ]
Climate change from meteorological input data by using aCCFs NO.aCCF .-
Water vapour aCCF
Contrail-cirrus aCCF
Merged aCCF -
Climate change functions of non-CO, effects of aviation (contrail-cirrus, water
vapour, NO,-induced changes of ozone and methane) give climate impact of > info. on different FL
aviation at a specific location -
Climate change functions provide environmental information to ATM / trajectory [8 per day / 3h]
planning in order to avoid regions with high climate impact. [forecasts +24h] -
- |
Algorithmic climate change functions (aCCFs) enable calculating climate impact FE PE WE IPE WeE IPE e avE
based on meteorological parameters from numerical weather prediction data. (Dietmiiller et al., in prepa.)

ALARM [grant n°891467] 23-05-22 11
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SO, ALERT at AIRPORTS
(FL contamination and forecasts)

Identify obs raining dataset

* Extract model data at airport locations

¢ Collect observational data: clean and —— Original
Corrected (Quantile Mapping)

Acy el data
==

collocate with airport locations 1 opservations
Moel Bets Shasmvationet Dets * Develop bias correction algorithms to 0
correct model forecast data based on
Hindcast observations 3

=B Bigs/Carvantisn * Generate measures of SO, extremes 20
=3 Algorithn o based on observational data f i o l 1 | m‘
. I " I Y
* Build an accurate alarm forecast “| |
etrics . i | ARl I .
system for airports based on corrected . AU MU URNEL AL AN
Forecasts R modelforecast data and measures Of 201701 2017-04 2017-07 2017-10 252'-:1;: 201804 2018:07 201810 201901
extremes
Modelled data, observations, and corrected model data
at Birmingham Airport, Alabama. Quantile mapping has
BIRA lead, SATAVIA contribute

been applied to the training data (days to correct from
Biasicorrected Data provide the previous years padded by 30 days on each side)

Forecast at Airport

Early warning system

Bias correction development and application

ALARM [grant n°891467] 23-05-22
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Ash index — BIRA SO, index — BIRA
SEVIRI 201105231200 SEVIRI 201105231200 ’ .
- 8 : g E Grimsvotn, May 2011
78 N

5 7 . 7
75N 75 N SEVIRI 201105222000
72°N 6 72" N 6
690 N 5 & 69 N 5
66" N s 66° N
63'N 4 & 63" N 4
60" N 3 60° N 3
57°N 2 57°N 2
54" N 54" N

s 1 o
51" N 51" N

30°wW 24°w 18w 12°w 6w 0 6 E 12°E 18 E 24°E 30°E 30°W 24w 18w 12°W 6W 0 6 E 12°E 18 E 24°E 30 E

Ry = Index of spectral significance

Covariance-Based Retrieval Algorithm (COBRA)

-> spectral fitting approach
see (Clarisse et al. 2013, ACP) & (Theys et al. 2021, ACP)

BIRA.IASB

ALARM [grant n°891467] 23-05-22 13
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SEVIRI 201105231200 SEVIRI 201105231200
8 . r o0

: : - Grimsvotn, May 2011
78 N 78 N

5 7 . 7
>N 5N SEVIRI 201105222000
72°N 6 72°N 6 =
69" N o ‘N E

n 5 & 69 N 5
66" N o 66° N

. 4 = : 4
63 N o 63 N
60" N 3 60" N 3
57" N 2 57 N 2
54" N 54" N

5 1 o
51" N 51" N

30°wW 24°w 18w 12°w 6w 0 6 E 12°E 18 E 24°E 30°E 30°W 24w 18w 12°W 6W 0 6 E 12°E 18 E 24°E 30 E
Ash Index 23 May 2011 SO2 vertical column [DU] 23 May 2011
IASI — ULB/BIRA-IASB/CNES/EUMETSAT Day IASI — ULB/BIRA-IASB/CNES/EUMETSAT Day

50

gemo E

Ash: levels of confidence
[ ] S |
unknown low medium  high
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Ash index — BIRA

78" N
75 N
72°N
69" N
66 N
63" N
60" N
57° N
54" N
51N

30°w 24°w 18w 12°w 6

SEVIRI 201105231200
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Ash& SO,

SO, index — BIRA

SEVIRI 201105231200 _

= N WA Uy N

=P Email notifications
_9"—) Data files transfer

Use of GEO data to create SO, & aerosols (ash/dust) notifications

Ry (50,)

sesar
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Grimsvoétn, May 2011

SEVIRI 201105222000
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From SACS <sacs@aeronomie.be > | % Reply || = Forward || & Archive

Subject SO2 height -- TROPOMI -- 2021/09/23 22:44 -- region 205

Email nOt':fication To Toulouse VAAC < vaac@toulouse.fr >

@ ﬁs»&cs’ multi-sensor notification of S02 height retrievals
Process date : 2021/09/23
Process time : 22:44 UTC
Instrument : TROPOMI

Users

- “*' Notification region: 205
Y Y- , http://sacs.aeronomie. bs/TROPOMIalert /2621/09/alertsTROPOMI_S02LH 26210923_13h17_205. php ?alert=20210923_224456 205
e.g. VAACs
Date : 2021/09/23
VOICG"O Time ;. 14:57 UTC
. T G Observatory s02 :a)_( ’ . : 161.8 DU (tat:( 28.59 2“ lon: -115{)3 E: S02 height: 3.1 km)
Eile Window Tools Heln S02 height a.s.1. : 2.0 - 4.5 km (centre of mass: 3.0 km
SEPOD La Palma, 502 mass loading :  58.984 kt
- 502 plume area 1 543885 km?
Recent FllesiSi(SlNCAFISO2/20201011'202007010409,502,2LJ;SOZ,ZDZOO?DdDdOS,ZOZOO?OiOS]l LNK_TROPOML. n(|v|(lexr Text - . Notiflcation 'Leve'l_ : HIGH
22.102007040409.2020‘ TR — alrllnes, Volcano erupting : La_Palma  (most likely)
- acrosoLs |8 502 height a1 j5.. B (]
o @) CLOUD_PROPERTIES Table M
Faran s o =] NetCDF Alert products (NCAP) pilots
ooyl || TROPOMI 2021.09.23
~RaLNKS =7 e |- y— 19
¢ @ soz _Lg_‘ :g
o= @ SACS. regions_alens — =
Bsorvct e — * Data Y
g;z:'&‘;'”’”’ . | ) 502.C0improved... @' % 17
_VeD. imarove .
oz veo eecsn | || (2200 Tl Tailored products 16
502.¥CD. trueness . .
B 502_alert_level - alert pixels (column, height) F L 1 50 15
B 502.area I | .
o502 comtaurs GEsis| | - level of severity (LOW, HIGH) P 14
€ 502..griddin 1 K L .
S Lidacs - impacted flight level T 13 €
2 502_height_error B 502.mass.improved... & p 9 Data fl’e % X
T voo ] - extended plume ] iﬂ 125
€% 502_neign_quality -based t E =
h502.mass - surface and mass loading t"GHSfer Cumbre Vieja " 11 ©
502_mass_improved B ()
R 502_max omnls1 636135 | - gridded data ‘ %, g 10 <
ey I l AN ) pe https://sacs.aeronomie.be
- contours (surface, mean, max, mass) o 8 PS. o .
<7,
S —— - info. source, region, max values \\
- traceability of event (START = END) F L 1 10

- links images and email notification
- links images other instruments

w ~ U1 OO N WO

ALARM [grant n°891467] 23-05-22 16
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SO,
PoTenTIAL APPLICATION IN GEoscieNces: NATURAL AIRBORNE HAZARD AA

Eruption Nyiragongo
on 22 May 2021

View from Goma city

IHNT UNDERTANING

SACS home = Motifications = TROPOMIalert = 2021 = 05 > 502 confirmation: TROPOMI Royal Belgian Institute for Space Asronomy

nEAR REAL-TIME|  |[IZOLIsGTE] PRODUCTS

TROPOMI SO, vertical column [DU]

2021-05-23 507 NOTIFICATION

TROPOMI region 307

BIRA:IASE

belspo -
] : Date 2021/085/23
Democratic - fiasy p Time 11:32 UTC
v —Republic of J:_—"Fﬂ.ﬂ-;v‘ ; U8and Longitude 28.3 deg. East
the Congo ¥ kq:‘ X '8 ‘\‘ ganda Latitude -1.1 deg. Morth

- =0 e
Pt it

Max. 502 column
02 mass loading
-

02 plume area
Volcano erupting

17.4 DU {assuming 15 km plume height)
4.995 kt {(assuming 15 km plume height)

182254 km?

MNyiragongo {most likely)

- Cloud data used for VCD
SZA 38.7 deg.
Mame data source ! SSP_MATI_L2_ SOZ___ 28218523T113151_28218523T113651_18788 81 828184 J8218523T123314 nc

g 3

” ol
nzanla

26°E 21°E 8°E 29°F 30°E 31°E
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PoTenTIAL APPLICATION IN GEoscieNces: NATURAL AIRBORNE HAZARD AA

Eruption Nyiragongo
on 22 May 2021

View from Goma city

TROPOMI, DR Congo (Kivu), period: 200\//11 - 2022/0

10

Total SO mass (kT)
%]
i

Total SO mass (kT)

ALARM [grant n°891467]
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TROPOMI, DR Congo (Kivu), period: 2021/04/04 - 2022/04/04

- 7-days moving average
] daily values
10 ~
5_
20
1_
0 T T T T ‘-I T T T N\I- M
" " "e e " "y "y "y "y 13 g NV b "
G- Ll P-4 S KOs D S Er A Sy R o A 4 S ¢
SR R T R i SRR Sy
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