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Objective

To study the behavior of the ionospheric F
layer In equatorial and low latitude
regions during occurrences of:

- Geomagnetic Storms



Number of sunspots

INTRODUCTION
Solar cycle variation

Reference: NASA

250
Variation in the number of sunspots
200
‘ { ‘ ! ll IH f
R '*i"" ‘ W e
i ’ u ‘|l J ’ (M (i,
.“li,;f‘il\l \ | " | l" ‘Y L‘I\! ‘f r'?','.“ B |
50 — Il ‘\.\’ i | ‘ \ ’ ” m f | M \
‘I‘ ‘H“».-,\‘ ’ L‘I } '{ . i \I\ | l ;!ﬂ!." l", | l'»J
ey RLE AL N R [
O T Il‘ 1‘ v v T v T L ¥ T s T . = ! o ;A‘a“17
1970 1975 1980 1985 1990 1995 2000 2005 2010

YEARS



Geomagnetic Storm

SUN
SOLAR
IMF WIND
CME
- Bz

CME: CORONAL IMF: INTERPLANETARY

MASS MAGNETIC

EJECTION FIELD

-B_: SOUTHWARD
COMPONENT OF IMF

EARTH'S MAGMNETOSPHERE

SOLAR WIND'S ELECTRIC FIELD
MAGNETOPAUSE CURRENTS
MAGNETOSPHERIC DYNAMO
RECONNECTION REGIONS

* AURORAL DISSIPATION

! RING CURRENT DISSIPATION

Im

@ Ox'lsrem

Reference: Tsurutani e Gonzalez (1997)



ALTITUDE ( km )

1000 .
it Earth Ionosphere
f
‘?5 Region F is ionized by
g EUV radiation (26-34
% z nm) (KANE, 2006).
500 | = & =
2% O =
285 £ % oy
2% % ¢
%% 37
- = ~ i L l E 0,.NO" )
50 |
1 : Reference: Banks (1973, p. 13)
0 102 10° 104 10° 106 apud Pimenta 2002.

NUMERICAL DENSITY (cm-3) 5



1200

240 1 ~
200 -
S0 ! 160 - i F
120
800 - " ]
E il
m ' \ Solar Maximum 4
0 600 - AN 10!
= N
5 Solar Minimum ~--._
< 400 + N \ Night
| Night .- Day
200 - Day
I ! I ! I ! I ! I ! I

-5,0x10°> 0,0 50x10° 1,0x10° 1,5x10° 2,0x10° 2,5x10°
ELECTRONIC DENSITY [Ne/cm3]

The vertical profile of the ionospheric layers D, E and F on conditions of
maximum (day and night) and minimum (day and night) solar activity
(results obtained with the International Reference lonosphere model, IRI-
2001).



ALTITUDE (km)
1600

P

BSSF___— Anomaly Crest

\\\'\\ s n .
-10 10

Dip Latitude ,
a. -20 20

1600

Reference: Whalen (2002)



INSTRUMENTATION

lllustration of the constellation of 24 satellites of the GPS system

Reference: Dana (2000) apud de Abreu (2007).



Total Electron Content (TEC) — Conteudo Total de Elétrons

The TEC is related to the electron density contained in a
cylindrical column that extends from the receiving antenna (R) to
the satellite (S), where the base area is unitary. The TEC can be
given by (KLOBUCHAR, 1991):
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Rate of TEC (ROT) or phase fluctuations

The rate of change of TEC (ROT) is useful for tracing the presence of
the ionospheric irregularities of the order of kilometers (Aarons et al.,
1996). The ROT is defined as:

ATEC
Al

ROT =



RESULTS
In this work the ionosphere response was investigated
during:

1) Two geomagnetic storms that occurred on 24/08/2005
and 14/12/2006



Location Station | Dip. Lat.
code

Imperatriz, Brasil IMPZ 02,495
Bom Jesus da Lapa, Brasil BOMJ 119S

Brasilia, Brasil BRAS 11,3°S
Presidente Prudente,Brasil PPTE 14,695
Curitiba, Brasil PARA  18,2°S
Santa Maria, Brasil SMAR 15,69S

Bahia Blanca, Argentina VBCA 23,195
Puerto Deseado, Argentina PDES 28,295

EAST
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CONCLUSIONS

The effects observed during the geomagnetic storms were varied
In the 1onosphere. The observed effects include:

- Positive 1onospheric storm (VTEC) in GPS stations associated
with major changes in the circulation of winds.

- Negative ionospheric storm in the South American sector,
probably due to changes in the O / N2 rate In this sector.

- Generation of equatorial 1onospheric irregularities in the F
region.
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