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Space Weather:

Space weather is the physical and
phenomenological state of natural space
environments. The associated discipline aims,
through observation, monitoring, analysis and
modelling, at understanding and predicting the
state of the Sun, the Iinterplanetary and
planetary environments, and the solar and non-
solar driven perturbations that affect them; and
also at forecasting and nowcasting the possible
iImpacts on biological and technological
systems.



The origin of Space Weather:
The Sun




Solar Cycle from Space

The Sun is a dynamic star: always active and constantly changing.
The manifestation of solar activity can cause deep disturbances of the physical conditions of the near-
Earth space that can last for several days




Importance of Space Weather:

In economy today, numerous
sectors are potentially
affected by space weather.

Each of these service
domains has a need for
space weather data and
services.

COSMIC RAYS

ASTRONAUT RADIATION
;_l% SOLAR ENERGETIC PROTONS

SOLAR FLARE RADIATION

RADIATION DAMAGE

ENHANCED IONOSPHERIC
CURRENTS AND DISTURBANCES

NAVIGATION ERRORS

e

CREW AND PASSENGERS
RADIATION

SIGNAL SCINTILLATION
AURORA AND OTHER

ATMOSPHERIC EFFECTS

DISTURBED RECEPTION

CORONAL MASS EJECTIONS

SOLAR CELL DEGRADATION

SINGLE EVENT UPSET

ENERGETIC RADIATION
BELT PARTICLES

HF RADIO WAVE DISTURBANCE

GEOMAGNETICALLY
INDUCED CURRENTS
IN POWER SYSTEMS




The biggest customer ever of a Space Weather service /Data:
the International Civil Aviation Organization

» Designated ICAO Centers

— Four Global — Consortiums are considered
one center

« PECASUS (European consortium lead by
Finland)

— Austria, Belgium, Cyprus, Finland, Germany, Italy,
Netherlands, Poland, South Africa, United
Kingdom

N
« ACF (Australia, Canada, France, Japan) " Eg,x”
« United States A\;&;}@
—  NOAA Space Weather Prediction Center ' 177,; Ly .
« China/Russian Federation Consortium 9
(Beginning 2021) j
— One Regional _'Jj &
¥

« South Africa %'




Vertical Total Electron Content
(VTEC) is the measure of the total
number of free electrons in a vertical
column of Earth's atmosphere above a
specific location.

lonospheric scintillation ‘ "

refers to rapid and irregular
variations in the amplitude and
phase of radio signals passing
through the Earth's ionosphere.

Vertical lonospheric Delay: (cm)

is @ measure of the delay or bending of radio

signals as they pass through the Earth's
ionosphere. It is typically expressed in
centimeters and represents the extra path
length that signals from global navigation
satellite systems (GNSS), like GPS, must travel

due to the ionosphere's electron density.

Space Weather Data

lonosphere







Egyptian GNNS Map

Egypt Airports Map
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Solar Activity Prediction Report:
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Time:

IOnO Map - Egs A . 2023-10-20 00:00 UTC +00:00

10 Min — Real Time data
TEC Map over Egypt

20 — Oct. 2023
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A Case Study :
Example of Space Weather Weekly Report

DST Parameter (April 22 - April 27, 2023)

0+ —— DST [nT]
_50 i
= —100-
[
(V5]
[a)]
~150-
—-200-
22-H02 22-H12 22:H22 23-H08 23-H18 24-H04 24-H14 25-H00 25-H10 25-H20 26-H06 26-H16 27-H02

Day - Hour[UTC]




A Case Study :

During Normal / Quite Days During Storm / Disturbed Days

TEC MAP (at Time= 0 UTC)- 24/04/2023
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Latitude (°)

A Case Study :

During Normal / Quite Days

VID MAP (at Time= 0 UTC)- 22/04/2023
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Future Work:

Second Phase of GNSS
Network:
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Conclusions

» The ionosphere is one of the most challenging error sources
» Disturbances are difficult to predict and dramatically increase the magnitude

of the ranging errors
> Require extensive data sets to examine full range of possible behavior

> Methods exist to achieve safe vertical guidance of aircraft
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