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Distlrbios ionosféricos propagantes
(T1Ds— Traveling ionospheric disturbances)

16-17 de julho de 1999

16-17 de JULHO de 1999

: . 23:30 LT :
lo 2230 LT 23:00 LT 00:00 LT L

22:30 LT

02:00LT

00:30 LT 01:00 LT 01:30LT
S

16-17 de JULHO de 1999 23:30LT |

00:45 LT 01:00 LT | 01:15 LT
4 6 8 10 120 2 4 6 8 10 120 2 4 6 8 10 12
Freqaéncia (MHz) Frequéncia (MHz) Freqiéncia (MHz)

S
4
=

@

—

=)
=
<

HORA LOCAL (h)



Solar minimum of the solar cycle 23-24
2008-2009
What happened?

Previous solar minima
1966, 1976,1986, 1996 — 2006

Observed

2008 = 2 years later! . .
Lower UV radiation emission

Unusually deep and complex
y P P Lower solar flux

266 spotless days in 2008

Lower Total Solar Irradiance (TSU)
Magnetic field at the solar poles 40%

weaker than previous solar cycles

Months with no sunspots — August 2009




Sunspot area as a function of latitude
and time

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS
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Figure 12: Hale's Polarity Laws. A magnetogram from sunspot cycle 22 (1989 August 2) is shown
on the left with yellow denoting positive polarity and blue denoting negative polarity. A corresponding
magnetogram from sunspot cycle 23 (2000 June 26) is shown on the right. Leading spots in one hemisphere
have opposite magnetic polarity to those in the other hemisphere and the polarities flip from one cycle to
the next.
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Figure 8: Sunspot area as a function of latitude and time. The average daily sunspot area for each solar
rotation since May 1874 is plotted as a function of time in the lower panel. The relative area in equal
area latitude strips is illustrated with a color code in the upper panel. Sunspots form in two bands, one in
each hemisphere, that start at about 25° from the equator at the start of a cycle and migrate toward the
equator as the cycle progresses.
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Figure 14: A Magnetic Butterfly Diagram constructed from the longitudinally averaged radial magnetic

field obtained from instruments on Kitt Peak and SOHO. This illustrates Hale’s Polarity Laws, Joy’s Law,
polar field reversals, and the transport of higher latitude magnetic field elements toward the poles.

Russel et al., Rev. Geop., 2010




Solar Indexes

a) Images of the Sun at sunspot
max and min

b) Sunspots number

c) F10.7

d) Mg-ii (280 nm) emission intensity

e) Fs— Open solar flux

f) GCR (galactic cosmic rays) —
Antarctica

g) TSI (total solar irradiance) —
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h) Ap index

2010

Gray et al., Rev. Geop. 2010
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Solar Indexes

TSI : total Solar Irradiance (W.m?) 10.7 cm solar flux vs solar SSN
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Figure 10: Daily measurements of the Total Solar Irradiance (TSI) from instruments on different satellites.
The systematic offsets between measurements taken with different instruments complicate determinations
of the long-term behavior.

TSI F10.7
Radiant energy emitted by the Sun 10.7 cm solar flux is the disk integrated
at all wavelenghts crossing a square emission from the Sun at the
meter each second outside the A=10.7 cm (2800 MH2z)

Earth’'s atmosphere
F107 = 67+ 0.97R, + 17.6 (€0-035R -1 )
Hathaway, Living Rev. S. Phys., 2010



Total Solar Irradiance TSI
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Fig. 1. Daily TSI of the PMOD composite (updated until end of March
2009, Version 41_62_0904) and extrapolated with a proxy model back
to 1976. The amplitudes of the three cycles decrease first and then in-
crease again. The two horizontal lines indicate the value of the minima
in 1986 and 2008, respectively. Note the low value of the 2008 min-
imum, which is 0.22 Wm™ lower than the previous one, or 22% in
terms of the cycle amplitude.

Frohlich, C., A&A 501, L27-L30 (2009)

TSI was 0.2 Wm™2 lower
than it was during the Ilast
minimum in 1996 (~22%)

TSI is Earth’s dominant energy
input (104 > the next highest

energy)

Radiative forcing of climate

Direct impact on sea surface
temperatures and hydrological
cycles



=
3
i
2
c
L
E
7
=]
Q
5
]
E
O

1950 1960 1970

Figure 20: Cosmic Ray Qux from the Climax
monthly # 1 neutron counts from the ©

spot numbers (multiplied by

Galactic Cosmic Rays (GCR)

1980 1990 2000 2010
Date

trom Monitor and rescaled Sunspot Number, The
o by the solid line. The
win by the dotted line
pemding upon the Sun's
pole w

lonisation on lower atmosphere,
Impact on electric field and on

Condensation nucleli

Steinhilber et al., PNAS, 2012
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Forcing factor

Total solar irradiance

Solar UV irradiance

Solar energetic particles

Galactic cosmic rays

Generic mechanism

Radiative forcing of climate
Direct impact on sea surface temperatures and
hydrological cycle

Heating the upper and middle atmosphere dynamic
coupling down to troposphere. Middle and lower
atmosphere chemistry and composition; impacts

temperature and radiative forcing

lonization of upper and middle atmosphere, impact on
composition and temperatures. —ionosphere-
termosphere coupling

lonisation on lower atmosphere, impact on electric
field and on condensation nuclei

Haigh, Living Revies S. Phys., 2007
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Maunder
Minimum
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Figure 15. The smoothed annual sunspot number going
back to 1605, illustrating the Maunder minimum and the
Dalton minimurm.

Solar Minimum Relevance

Associated with lower surface temperatures in the Earth

17 t century

Low temperatures — Europe
Low sunspot number

Low solar activity

Maunder minimum (Eddy, 1976)

Total solar irradiance (TSI)
Solar activity

Earth’s Climate
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‘Saolar Minimum 1996 ' £ . .Solar Minimum 2008 °
| T Low solar-activity g ’

- -Comparable sunspot numbers - ' ' ' '
~Narrow equatorward extensions fromrpolar - - Muftiple broad low-latitude coronalholes

coronal holes

Disorgah‘zied short- Weak . Pe_riodic-long-duration' - " Enhanced .

duration energy flows  radiation energy flows into the Earth's ~ .radiation. -
into the Earth's ‘environment . atmosphere. Atmosphere environment
atmosphere. : ringing with solar wind R

. _ | periodicities. K Ao .




‘Salar Mini

_Narrow equ

Disorganzied
duration energ
into the Earth’
atmosphere.

*Polar coronal hole smaller

*Polar magnetic flux 40% weaker
*Solar wind density decreased (45%)
*Solar wind velocity increased (13%)

*High relativistic electron flux which peaks a

at 4-5 Earth radii (outer radiation belt)

3.4 times higher during the WHI

*High ocurrence of HSS

*HSS affect chemical, dynamics and

energetics of the upper atmosphere

um 2008 -

1al*holes




Solar Maximum Solar Minimum

Heliospheric magnetic Strong and Weak and organized
fields disorganized

Ejection of Massand  Higher ocurrence of Higher ocurrence of
energy CMEs e Solar flares Feixes rapidos (HSS)

Sunspots number High Low or null

Galactic Cosmic Raysin  Shielded by CMEs Higher penetration
the Earth °Be and *4C

Learn more about the Solar Dynamo
Predict next solar cycles
Influence of the Solar activity on Earth’s climate
Set instruments

Coupling processes in the upper atmosphere

Global dynamics processes
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The lonosphere during the
last two solar minimum
over the Brazilian region

Claudia M. N. Candido
|. S. Batista

INPE
National Institute of Space Research
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Solar Minima

1996-1997 and 2008-2009

1996

1998

2000

Sunspot number

2002 2004
Year

2006 2008 2010 2012

http://sidc.oma.be/sunspot-data

Observations
Low Latitude MSTIDs

Post-Midnight F-region irregularities

Spread-F in ionograms
and Post midnight 5-m irregularities

(RTI maps)

Optical imaging
Digisondes
30 MHz Coherent Backscatter Radar
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Observation sites

Digissonda DPS-4D

Digisonde DPS-4
30 MHz Coherent Radar

Digisonde DGS-256

All- sky imager

-80 -75 -60 -55 -50 45 -40
U\

Sao Luis (44.2° W, 2.33° S, dip angle: —6.9°)
Fortaleza (38.45°W, 3.9° S, dip angle: —16°)
Cachoeira Paulista (23° S, 45° W, dip angle: -32)
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Low latitude — Cachoeira Paulista
23° S, 450 W

Plasma Bubbles,
Gravity waves

b
and o
MSTIDs Univap
as seen by optical techniques
over INPE

low latitude

Plasma bubbles vs. MSTIDs
Climatology

I 1990 AAS

I 1995 BAS

I 1996 BAS

[ 1997 AS_ASC

[ 1998 AS_ASC
11999 AS_ASC

I 2000 AAS

—O— Média (AS_ASC + BAS)

OI 557.7-nm

" MSTIDs
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Fig. 2. Seasonal variation of the occurrence of plasma bubbles ‘5?'% Qé @?Q §’@ @?\ 306 30\/?.00 6é O\)« éo
observed during HSA and LSA. MESES
Sahai., JASTP, 2000 Candido et al., GRL, 2008
Airglow Airglow data

Ol 630.0-nm
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Ocurrence Rate (%)
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Looking at the ionosphere during the
solar minimum 2006!

20:02LT

June 21-22, 2006
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Low latitude MSTIDs and plasma
iIrregularities/spread-F
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Looking at the ionosphere In the
solar minimum 2007!

August 6-7, 2007

.}- & LM  Depletions/MSTIDs Low
T latitude
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Height (Km)
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Looking at the ionosphere In the
solar minimum 2007!

MSTIDs and
spread-F/
irregularities

ﬁ

01:45LT T < 0200LT

03:00LT

1
:

23



Height (km)

2006.05.15
02:15 LT

YKp< 24

- 2008.07.20
02:45 LT

6 8 10 12 14 16
Frequency (MHz)

Looking at the ionosphere during the

2005.08.04 |4

02:45 LT

TKp < 24

2007.08.07
01:45LT

2Kp< 24

2009.06.06
01:15 LT

solar cycle 23/24!

Post-Midnight irregularities

a) Plasma bubbles
(disturbed night)

b) Plasma bubbles
(quiet night) — rare

c) to f) meso-scale MSTIDs
(quiet nights)

JUNE SOLSTICE
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Number of events for all years

- Low Latitude Spread-F

] Occurrence_rate - only quiet nights
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25



lonograms from Sao Luis, July 25-26, 2011
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lonograms from Fortaleza, July 25-26, 2011
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F-layer height, plasma frequency and spread-F

Fortaleza

18 19 20 21 22 23 0 1 2 3 4 5 6
LT(UT-3h) T eee”

Frequency Spread-F

Images Ol 630.0 nm lonospheric Parameters
Digisondes

Sao Luis (top panel)
Fortaleza (bottom panel)

Makela (Cajazeiras, Brazil)
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Equatorial Post-Midnight irregularities
2011

R
Cachoéira Pal
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RTI maps 30 MHz radar Sao Luis - June 2011 RTI maps 30 MHz radar Sao Luis - July 2011m1
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Equatorial region - Sao Luis - 1996

=l T T T T T T
8 10 12 14 16 18 20 22

HOUR (UT)
Equatorial region - Sao Luis - 2009

Y

no echoes

foF2 (MHz)

Equatorial region - Sao Luis - 1996

12
HOUR (UT)

Equatorial region - Sao Luis - 2009

No echoes

Equatorial lonosphere variability
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Low latitude lonosphere variability

Low Latitude - Cachoeira Paulista - 1996 Low Latitude - Cachoeira Paulista - 1996
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Summary
Equatorial region - Sao Luis (44.2° W, 2.33° S, dip angle: —6.9°)

* hmF2 during 2009 was lower than during 1996, both day and night
except during December solstice (Summer)

» foF2 (NmF2) didn’t present remarkable differences

* PRE peak: occurred earlier in 2009 than in 1996 and was higher
(22 % - December Solstice and 15 % Equinox)

Low latitude region - Cachoeira paulista (23° S, 45° W,

 hmF2 and foF2 were higher in 1996 than in 2009

 High ocurrence of plasma irregularities at low latitudes probably associated with

mid-latitude processes — MSTIDs




Next Solar Minimum
Review

Configuration,
Calibration and/or
Location
of
instruments

Install new instruments

Solar Minimum
Solar Cycle 24
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