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e Space Weather Definition.

* The Distributed Observatory Concept.

* The LISN observatory. Description of
Instruments, TEC values, scintillations, ionograms
obtained with VIPIR ionosonde, assimilation
efforts and campaigns.

* The importance of the Human Network for the
success of a distributed observatory.

e Concluding remarks.



Space Weather Definition

The NSWP definesSpace weatheias “the conditions

on the Sun and in the solar wind, magnetosphere,
lonosphere and thermosphere that can influence the
performance and reliability of space-borne and

ground-based technological systems and can endanger
human life or health.”

Solar
Magnetic
Fields and
Variability




Physical Processes Associated with Space Weather

Coronal Mass Ejections and their associated shock was
are drivers of space weather as they can compresiet
magnetosphere and trigger geomagnetic storms.

CMEs are
enhancements
of the
continuous but
variable outflow

1999/08/0100:18 © .

The effects are more pronounced where the Earth’s
magnetic field is connected to the interstellar madm
(e.g. polar regions). The closed field lines of o and

low-latitudes protect the Iionospheres from many
effects.



Coronal Mass Ejections

e sun loses 10'* kg per day in total solar wind

» each CME ejects about 103 kg at about 350 km
3-1

e on average 1 CME occurs every 4 days at
sunspot minimum, but 2 CMEs per day at sunspot
maximum

e 1 CME hits Earth every 2 weeks at sunspot
minimum, 4 per week at sunspot maximum

» total energy in each CME about 1024 J

e at one every 2 days this is 50,000 power stations’
worth hitting Earth.



Solar Wind Pressure Changes

» P, variations
largely caused by
changes in N,
(interplanetary
number density). N
An X% rise in N,
In increases both
P.,and P, in sw
equally

» compresses magnetosphere in a roughly shape-
preserving manner



Reconnection Changes

» opened dayside “y
flux is appended to
tail. In asymptotic
limit B, %/(2n,) = Ng Kk
T, so reconnection does X
not change B, Which
Is constant at constant
Ng,y Butopen flux Fo. =
New B Aq /250
appended extra open
flux causes the area of

each lobe A; torise

» dayside erodes and tail flares



The Bastille Day Storm, Electron Aurora

16 JUL 2000, 00:01



lonospheric Effects of Geomagnetic Storms

GPS TEC [10,180) TECE 10:30 UT March 31, 2001

Storm Enhanced densities (SED)
entering the polar cap through the
dayside convection [Foster et al. 2005].
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Extreme gradients

produced at mid | il
latitudes and TEC i1
gradients [Basu et .~ T SiEae -

al., 2003 e s
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IEF, Correlation between
Interplanetary electric
field and drifts
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TEC variablility during the Halloween Storm
observed at 1810, 2005, 2200, and 0520 UT

1810 UT - 2005 UT
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Physical Processes Associated with Space Weather

Solar Energetic Particles, accelerated by coronal ass
ejections or solar flares, are also an important dver of
space weather as they can damage electronics onboar
spacecraft through induced electric currents.

radiation environment damage:

spacecraft

e [nternal charging (“deep
dielectric charging”)
MeV electrons

ﬁ Iectronlcs box

b 'Surface Charglng | penetrating radiation I "‘

- 0.1 =100 keV electrons

¢ Single event upsets
Mev 10”5 ‘ sensitive compone

ri‘\\ ! ﬂoﬁng circuit frace
' iati llect ch d
e Cumulative radiation dose ( l can collect charge an

discharge
- Limits spacecraft lifetime Sy o
charge buried in

insulator can discharge

w

15




Physical Processes Associated with Space Weather

Other phenomena associated with space weather inde:

geomagnetic storms and substorms, energization of éh
Van Allen radiation belts, ionospheric disturbancesand

scintillation, aurora and geomagnetically Induced
currents at Earth's surface.




Near Earth Space Weather Events
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Influences from within

e The dense density near the F-region peak is
supported against gravity by a horizontal magnetic
field resulting in a “*heavy fluid” on a “light fluid”.

« A small perturbation in @i+ g9 0 @2 %o
the interface generates "
an electric field

ffffff
________________

— 8ExB pushes the oy
interface further up :

Kelley, 1989

« Radio waves passing through the Irregularities
diffract producing signal fading and strong scmtlllatlons
even at L frequencies.

 Must know what is going on %f\ :
;

along the entire field line to
understand all the physics.




Height (km)

Plasma Bubbles observations using different technuges
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Formation Mechanisms of Plasma Bubbles

Rayleigh-Taylor instability seeded by Gravity waveqRottger,
1973; Kelley et al., 1981; Singh et al., 1997].

Large Scale Wave Structure (LSWS): An altitude-modiated

sporadic E (E) layer produces an electric field that maps to
the F region, raising the layer and helping triggerplasma
bubbles [Tsunoda, 2005, 2006].

Wind-driven gradient drift instability [Kudeki et a ., 2007].
This theory suggest the development of westward tidd wave-
fronts resulting in wave-vectors tilted 45° that beome unstable
by a large zonal wind.

Collisional Shear Instability: large scale waves (=0 km) are
created by this instability that seed the bubblesHysell and
Kudeki, 2004].



DMSP EPBs 1989 — 2002
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Solar-cycle averaged monthly rates of equatorial plsma bubbles encounter
by DMSP (8300 bubbles). Longitudinal variability a 75° W due to radiation
belt precipitation that can enhanceX; and lower growth rate.

Burke et al., Annales Geophys, 2004



http://VW\AN.spaceweather.com/

AURORA ALERTS | SUBMIT YOUR PHOTOS! | CONTACT US | SOLAR TELESCOPES | SUBSCRIBE

SPACE WEATHER
Current conditions
Solar wind

speed: 399.0 km/sec

density: 1.4 prntnnsfcm:{

explanation | more data
Updated: Today at 1826 UT

X-ray Solar Flares
6-hr max: A 1820 UT Mar28
24-hr- AQ 1820 UT Mar28

explanation | more data
Updated: Today at 1820 UT

Daily Sun: 28 Mar 09

The sun is blank—no sunspot.
Credit: SOHO/MDI

i
Sunspot number: 0

What is the sunspot number?
Updated 27 Mar. 2008

REEEE

KWhat's up in Space

March 28, 2009

AURORA ALERT: Did you sleep through
the Northern Lights? Next time get a
wake-up call: Spaceweather PHONE.

NMEW MORNING STAR: On March 27th, Venus passed by the
sun and underwent a transformation—from Evening Star to Morning
Star. For the next eight months, the brightest of all planets will shine
in the pre-dawn sky, changing phases, casting shadows, and
occasionally posing with the crescent Moon for a lovely photo-op. A
new animation from graphic artist Larry Koehn shows what to expect
when you wake up in the moming: play it

3D SPACE STATION: When space shuttle Discavery undocked
from the International Space Station on March 25th, the shuttle left
something behind—a brand new pair of 115-ft long solar arrays. Cross
your eyes to see the results of last week's hig construction in jump-
out-of-the-screen 30:

rYT s v oL EELRLET L]

Planetar\r K-index
MNow: Kp= 2 guiet
24-hr max: Kp= 2 guiet

explanation | more data

Current Auroral Oval:

Switch to: Europe, USA,
Mew Zealand, Antarctica
Credit- NOAAPOES

What is the auroral oval?

Interplanetary Mag. Field
B,y 33 0T

EIZ. 1.9 nT south

explanation | more data
Updated: Today at 1827 UT

Coronal Holes:

March 27,2009

There are no largs coronal holss
on the Esrth-fecing side of the



From: "SpaceWeather.com" <swlist@spaceweather.couject: Solar Minimum is a
Big EvenDate: Thu, 02 Apr 2009 15:49:00 -0600: "SpaceWeather.com"
<swlist@spaceweather.comzw source Space Weather News for April 2, 2009
http.//spaceweather.com

SPOTLESS SUNS: Yesterday, NASA announced thatuhénas plunged into the
deepest solar minimum in nearly a century. Sungpaie all but vanished and
consequently the sun has become very quiet. In,2868un had no spots 73% of the
time, a 95-year low. In 2009, sunspots are everersoarce, with the "spotless rate"
jumping to 87%. We are currently experiencing atstr of 25 continuous days
uninterrupted by sunspots--and there's no endylmt.si

This is a big event, but it is not unprecedenteachil&rly deep solar minima were

common in the late-19th and early-20th centuried,&ach time the sun recovered with a
fairly robust solar maximum. That's probably whdt thappen in the present case,
although no one can say for sure. This is the diegfp solar minimum of the Space Age,
and the first one we have been able to observeg usotdern technology. Is it like others
of the past? Or does this solar minimum have its anique characteristics that we will
discover for the first time as the cycle unfold$fe3e questions are at the cutting edge of
solar physics.

You can monitor the progress of solar minimum vaithew "Spotless Days Counter" on
spaceweather.com. Instead of counting sunspote w@inting no sunspots. Daily
updated totals tell you how many spotless daysthave been in a row, in this year, and
in the entire solar cycle. Vidititp://spaceweather.cofor data.




Tropospheric Weather Displays

19:30 19-HOV-2004 GHT ©Copyright H5I Corporation htbpi//wew,usi.con
LS. SURFACE ANALYSIS w/ Radarand IR S5t VALID AT 1500 UTC 18 NOV 04

I @, ¥
===

MIXED SNOW

UPDATED 19:54 UTC 19 NOV 04 UPDATED EVERY 3 HOURS




 The Distributed Observatory Concept.

Large number of coordinated ground-based arrays ofmall
Instruments whose individual field of view can bentegrated
to provide spatial coverage and resolution neededt
address space physics processes and space weatffects.

« The LISN Observatory was designed to:

1. do continuous measurements of TEC and scintilladns
using GPS, and densities using VIPIR ionosondes.

2. Provide a nowcast of TEC, S4 index, and other deed
parameters.

3. Equipped with assimilation tools to conduct reseah
Investigations of the low-latitude ionosphere.



The Low Latitude lonospheric Sensor Network (LISN)
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TEC Values Observed near the Crest (BoaVista)
and Magnetic Equator (Ji-Parana)
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Geographic Latitude
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S4 Scintillation Index observed in SA on March 082008

Geographic Latitude
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VIPIR lonosonde, (Bullett, Livingston, and
Grubb)

Vertical Incidence Pulsed lonospheric Radar (VIPIR)
Designed for extreme performance and flexibility

8 Receiving Antennas — dipoles (4 N/S and 4 E/W)
4 Transmitting Antenna towers (Log periodic)
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Height Km

High Resolution ionograms (6 Seconds) during the
development of ESF near 8 pm LT on November 02
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Comparison of lonosonde measurements and a numericaodel

Height Km

31 . uie .

Zalezak et
al., 1982,
theoretical
simulation

o T Ml

Jicamarca - Nov 02, 2008(307) 02:09:58

Jicamarca - Nov 02, 2008(307) 00:45:50

Height Km

IS
S
Height Km

Power (dB)

6 6
Freq. MHz Freq. MHz

Freq. MHz



LISN - Data Flow Diagram

Magnetic Field lonosonde Measurements

http://jro.igp.gob.pe/lisn
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Satellite link

TEC/Scintillations _ _
Firewall/Montecillo

Web Displays Real-time,
Rinex Storagg
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Several assimilation, Inverse Modeling and tomograpy
reconstruction (NeQuick) efforts underway

Zonal Vertical Meridional
Wind Wwind Wind

N

Equatorial
Electrodynamics

0 Sﬁ"i’ +5,92
ag| Y ag da

_ LLIONS ‘

A

Vertical
Drift

Inputs /
Observed:
Ne, TEC,
V /
Ne
>—> TEC
V |
4 N
Optimizer
reduces
differences
\_ y

The goal Is to determine the drivers of the low laiude
lonosphere: meridional winds and vertical drifts, and help
achieve a short-termforecastcapabillity.



TEC wave Perturbations associated with TIDs
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ALTAIR Zonal Scan [Hysell et al., Annales Geophys. @06]

Sat Aug 7 08:40:04 2004
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Location of 3 GPS receivers near Huancayo
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TEC values measured at Huancayo using GPS satel#®7 and 27

PRN =07 2008/07/20
20 ;

TEC observed on
July 2008 using GPS
satellites 07 and 27.
Small differences in
time due to
variability of the
sub-ionospheric
intersection points. / 2 23 24

0 PRN = 27 Universal Time 2008/07/20

TEC perturbations
associated with a
TID with a ~40 min
periods.
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dTEC{Unirs)

TIDs observed on July 20, 2008
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TIDs observed on 3
days during

campaign: July 21, 25

and 30, 2008.
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GPS Radio-interferometry

5, PRN=25 P

Radio interferometers are arrays

that use phase differences ; . : . |

of two or more ground receivers

Gx, Gy*100
i

a1 2 23 %

measured at various stations to PRN =25 Universal Time
determine TID velocity,

propagation azimuth, amplitude,
and period. 2-

21 2|2 2I3 24
It is assumed that the TEC perturbation | PRN=25 Universal Time
follows the formula:

O(TEC) =3sin(Qt — KX —-K,Y + ¢)

dT/dt* 1000
o)
|

delta( TEC)

#f) = arctan (G 1)/ G,(1)) = arctan (g (r)/ ¢ (1)) 2 2 I 23 2
w0 = @0/ (1) = wir)sinair) For geo-stationary spatial and time
derivatives of the phases give phase
interference pattern. GPS radio-
interferometry uses the spatial and

temporal derivatives of TEC.

Afraimovich et al., 1998; 2000: 2003

) = gud 1)/ qpel¥) = ulr)jcos alt)
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Cross Correlation of TEC from stations Huancayo-
Chupaca (B-C) and Huancayo-Sicaya (B-A)
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Phase velocity for 2 consecutive days between 12
and 24 UT
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dTEC perturbations observed |n other statlons on Jm 20 2008
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31 Participants — 7 countries from South America
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LISN has motivated the following new projects:

Argentina — Brunini — New methods for calculations of
TEC.

Peru — Veliz — Development of magnetometer prototype.

Colombia — Villalobos — Space Physics School at the
Universidad Nacional.

Brazil — dePaula — Scintillation measurements using
different sensors. Maps of scintillation in SA.

Lesson Learned

The successful operation of the LISN instruments geends
upon local persons willing to provide proper logisc and
maintenance support and initiating a scientific inerest from
Professors, investigators and students.



Conclusions

The most important issue for the success in buildma
distributed observatory is to initiate collaboration with local
scientists working on Space Weather problems. Thscience
has to be strong enough to motivate researchers astudents
In local countries by providing science projects irspace
physics and creating programs for instrument develpment.

There are several outstanding question in space phigs that
the need of distributed observatories is of high pority. A
distributed observatory in Africa will make it possible to
address science guestions regarding: the effectBfand Es
layers on inhibiting ESF, the role of Gravity Waveson
seeding plasma bubbles, or verify the role of alteative
theories for ESF. It will also provide clues to uderstand the
causes of day-to-day variability of the low-latituce
lonosphere in Africa.



GPS measures the lonosphere and Plasmasphere up2@ 000 km
Dual frequency Observations gives TEC

™

GPS
— T~ ~30 satellites in

High Earth Orbait

Hundreds of
Ground-Based

\

Receivers
--—-..,,h“-.-v
5 Re
Distributed ,/ DMSP TEC Sampled
Instruments Continuously along

Each Satellite-
Receiver Path

Example: GPS

TEC 1s a measure of integrated density in a1 m? column

1 TEC unit = 10 electrons m=>



« The Earth’'s magnetic
fleld acts like highly
conducting wires

— This couples the two
hemispheres together
and creates a large,
complex system to study

— Must know what is going |
on along the entire field o e
line to understand all of P
the physics -




Some Impacts of Space Weather

During times of high solar activity, polar airlineutes are often
diverted to lower latitudes to prevent loss of caclbmmunications
and avoid human exposure in case of increasedi@uiaom solar
energetic particles.

Many elements of society have become dependenibalg
positioning, navigation, and timing systems.

Disturbed ionospheric conditions can severely ingpedlio
communication signal propagation (e. g. scintidliag)
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Development of a prototype magnetometer

LISN funded the design of a _
prototype magnetometer by

Oscar Veliz. Right Figure =
shows a comparison with

UCLA magnetometer. "
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UCLA

— JRC Mag.

LISN

——LISN Mag.

Characteristics of Jicamarca’s Triaxial

ring core fluxgate magnetometer:

» High Sensitivity and field resolution (0.1nT)
» Long term mechanical and thermal stability
 Highly robust electronics and system

reliability (multi-layer circuitry).

 Low power consumption

» Data readily available to Internet uploading

(5 min cadence time).



Comparison of lonosonde measurements and numerical model
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Bernhardt, Quasi-analytical models for density
bubbles and plasma clouds in the equatorial
lonosphere, 2. JGR, 2007




Processing of GPS radio-interferometry dTEC

O(TEC) =3sin(Qt — KX -K,Y + ¢)
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