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enhanced aviation
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Space weather group
Finnish Meteorological Institute




The Customer: ICAO

—

* International Civil Aviation Organization,

 Works under UN and was established in 1944

* Develops principles and techniques for enhanced safety in civil aviation
* Close collaboration with WMO

 Wishes to integrate Space Weather (SWx) services to its regulations
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The three global space weather centers

*  Two week shifts in the
responsiblity of advisory
validation and

PECASUS dissemination

I consortium
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* All centers will monitor
space weather
continuously.

NOAA Space
Weather

consortium Prediction
Service




SWx information will be given as strictly formulated advisories

Forecasts up to 24 HR; ”"Not available” is also OK Location information in geographic coordinates

/

SWX ADVISORY

DTG: 20161108/0100Z

SWXC: DONLON*

ADVISORY NR: 2016/2

NR RPLC: 2016/1

SWX EFFECT: HF COM.MOD AND GNSS MOD
OBS SWX: 08/01004 HNH HSH E18000 — W18000

08/07004 HNH HSH E18000 — W18000
08/13008 HNH HSH E18000 — W 18000
08/19004 HNH HSH E18000 — W18000
09/0100

FCST SWXI+6 HR:
FCST SWXl+12 HR:
FCST SWX#+18 HR:
FCST SWx#+24 HR
RMK:
ACT AND SUBSEQUENT MOD DEGR ADATION OF GNSS AND HF COM
AVBL IN THE AUROR 0 ; E IN
THE FCST PERIOD. SE -

NO FURTHER ADVISORIES

NXT ADVISORY:

* Ficticious location

LOW LVL GEOMAGNETIC STORMING CAUSING INCREASED AURORAL

Updates can be provided Additional info can be prOVided with a

Manual of Space Weather Information in Support of Air Navigation (Draft)

web-site



Space weather impact areas of interest for civil aviation

Radiation at flight altitudes
* Flights across polar areas
e Air crew: Accumulated doses

Problems in Global Navigation Satellite Systems (GNSS) SATCOM
* Errors in positioning

* Scintillation in the signal amplitude and phase w b
Disturbances in HF communication V' AT FLIGHT ALTITUDE
* Anomalous propagation paths »
* Variations in the usable frequencies >~ L
About SATCOM ?E RN POSITIONAL
* ICAO has not given yet the thresholds for advisories “0) Commonicarion
DISTURBANCES

* Data and voice drop out at frequencies < 2 GHz (L-band)

* No big problemsin S, C, Ku and Ka

* SWX something to keep in mind when planning future
automated ATM systems Figure: ESA/Proba-2, EUMETSAT, STCE
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AVIDOS Sample Maps for Historical GLE42, Sep. 28",
1989

Minute INPUT-Data Global OUTPUT-Data - every 5 minutes

Neutron Monitor (Oulu) Minimum expected dose rate Maximum expected dose rate

Minimum Eflective Dose Rate. SEIBERSDORF Maximam Effective Dose Rate SEIBERSDORF
UTC  1968-08-28T12:10:00 LABORATORIES UTC:  1889-09-28T1210:00 LABORATORIES
Altdude 11km L LI LIl Altitude. 11 km LL L ALL L Ll

UTC: 12:10

Mirimum Eflective Dose Rate SEIBERSDORF Maximum Effectve Dose Rate SEIBERSDORF
. urc 1969-00-28T13.50:00 ABORATORIES ure, 1989-09-281 5000 LABORATORIES
155 Aleude. 11km (T Atude: 11 km [T

UTC: 13:50

T e - AVIDBS

Efective dose rate in Swh AVIATION DOSIMETRY

RAD

Moderate Severe

Effective radiation dose (microS/hour) 30 80




HF service

Network of ionosonde
stations will be used to
create the MUF depression
maps

Reference level median of
previous 30 days

HF Moderate Severe
Kp-index 8 9 GFZ Potsdam & UKMO
dB from 30 MHz riometer data 2 5 Riometers in Finland and Sweden
X-ray flux (0.1-0.8 nm) (W/m2) 1x104 (X1) 1%10-3 (X10) GOES from NOAA
MUF depression 3O(y 50%
- D-RAP model

10 20 25
Degroded Frequency (MHz) +/~ 2 MHz

trong X—ray flux
roduct Valid At : 2006—12-06 18:47 UTC
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Maximum Ugable Frequency (MUF) ratio forecasting
©, 08-09-2017 19:00 UT
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te Strongly degraded radiocommunication conditions over:

- North Eastern Europe
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Plot: INGV, ltaly



GNSS service

GNSS Moderate Severe
Amplitude Scintillation (S4) (dimensionless) 0.5 0.8
Phase Scintillation (Sigma-Phi) (radian) 04 0.7
Total Electron Content (TEC) (TEC Units) 125 175

Scintillation measurement stations

@ Ny-Alesund, Norway (INGV)
Tromsoe & Ramfjordbotn, Norway (DLR)
Kiruna, Sweden (DLR)

Neustrelitz, (grmany (DLR)

@)
Toulouse, France (DLR)

o o
Stanford, USA (DLR) Chofu, Japan (DLR)

(o]
Teneriffe, Spain (DLR)

Q
Bahir Dar (2x), Ethiopia (DLR)

(&}
Fortaleza, Brasil (DLR)

o o)
Sao Paulo EkasiINGY) Hartebeesthoek, South Africa (DLR)

Sanae IV, 4 -
Antarctica (INGV) Concordia Station, Mario Zucchelli Station,
(6] Antarctica (INGV) An'amgw (INGV)
(0]

EUREF

anor@d
active
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mean
uptime

DLR

165
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active

mean
uptime

NTRIP Stream Monitor

Provided by the workir

TrigNet
@M

active

mean
uptime

for the IMP



Total Electron Content (TEC) 2017-02-28T09:10:00 UT

-180° -90° 0° +90°

-180°

-30°

-60°

+90°

+60°

-90°
-180° -90° 0° +90°
lonospheric Range Error (L1) / m
0.0 1.62 3.24 4.86 6.48 8.1 9.72 11.34 12.96
_, | | ; | l |
0 10 20 3|0 4|0 50 6|0 7|0 8|0
TEC / TECU

Plot: DLR, Germany
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Space Weather service 24/7

Satellite and ground-based data
= Computer simulations
Collab. UK MetOffice, STCE, NOAA

8 2

_ﬁ Security Duty Space Weather
Alerts and Offi-cer
Warnings ,

.

T -
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guidance




Finnish Meteor. Institute

Solar Terrestrial Centre of Excellence

(STCE, Belgium)

The concept for operations

r'y

I Outgoing advisories

SWXC Royal Netherlands Meteor. Institute
Verification Hub

L] SWXC Resilient

SWXC L ICEEICEIE UK MetOffice
Advisory Production Hub ~ Ea

* German Aerospace Center
* Istituto Nazionale di

.eeee**" Geofisica e Vulcanologia
 EG soL Solar (INGV, ltaly)
* STCE
I3 A
Operational, manned 24/7, outgoing advisories '-. :.
Operational, manned 24/7 . :

. Manual/automated analysis, office hours

. Space Research Center (Poland)
* INGV

Seibersdorf Laboratories (Austrié)
STCE




Future steps

Official operations will start on Nov 7 2019

Pilot phase (operations by own cost) - 2022 after that
the cost of the services will be included to the aviation
cost base.

Regional SWXCs will be integrated at latest 2022
ICAO will re-evaluate the number of centers in 2027

Plans in Finland:

— Collaboration between FMI and Defence Forces for dual-
usage of the services

— The routines and procedures developed for PECASUS will
be used as the starting point for a national Space
Situational Awareness system
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METEOROLOGISKA INSTITUTET

ILMATIETEEN LAITOS

Thanks for your attention!
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