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OI 7774.0-nm - Fine structures 
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Solar minimum of the solar cycle 23-24 

2008-2009 

What happened? 

Lower solar flux  

Previous solar minima  

1966, 1976,1986, 1996   2006 

Unusually deep and complex 

266 spotless days in 2008 

Magnetic field at the solar poles 40% 

weaker than previous solar cycles 

Months with no sunspots – August 2009  

Lower UV radiation emission 

Observed  

2008  2 years later! 

Lower Total Solar Irradiance (TSU) 
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Sunspot area as a function of latitude 

and time 

Russel et al., Rev. Geop., 2010 
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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) – 

PMOD 

h) Ap index 

Solar Indexes 

Gray et al., Rev. Geop.  2010 
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10.7 cm solar flux vs solar SSN 

F10.7 

 

10.7 cm solar flux is the disk integrated 

emission from the Sun at the  

=10.7 cm (2800 MHz) 

 

F10.7 = 67+ 0.97RI + 17.6 (e-0.035RI -1 ) 

TSI 

 

Radiant energy emitted by the Sun 

at all wavelenghts crossing a square 

meter each second outside the 

Earth’s atmosphere 

TSI : total Solar Irradiance (W.m2) 

Solar Indexes 

Hathaway, Living Rev. S. Phys., 2010 
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Frohlich, C., A&A 501, L27–L30 (2009) 

TSI was 0.2 Wm−2 lower 

than it was during the last 

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 

Total Solar Irradiance  TSI 
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Galactic Cosmic Rays (GCR) 

Steinhilber et al., PNAS, 2012 

Ionisation on lower atmosphere, 

Impact on electric field and on 

Condensation nuclei 
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Forcing factor Generic mechanism 

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

Solar UV irradiance Heating the upper and middle atmosphere dynamic 
coupling down to troposphere. Middle and lower 
atmosphere chemistry and composition; impacts 
temperature and radiative forcing 

Solar energetic particles Ionization of upper and middle atmosphere, impact on 
composition and temperatures. –ionosphere-
termosphere coupling 

Galactic cosmic rays Ionisation on lower atmosphere, impact on electric 
field and on condensation nuclei 

Haigh, Living Revies S. Phys., 2007 
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Solar Minimum Relevance 

Associated with lower surface temperatures in the Earth 

17 th 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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Gibson, JGR., 2009 
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Gibson, JGR., 2009 

 

 

•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 

 



15 

 Solar Maximum  Solar Minimum 

Heliospheric magnetic 
fields 

Strong and 
disorganized 

Weak and organized 
 

Ejection of Mass and 
energy 

Higher ocurrence of  
CMEs e Solar flares 

Higher ocurrence of  
 Feixes rápidos (HSS) 

Sunspots number High Low or null 

Galactic Cosmic Rays in 
the Earth 

Shielded by CMEs Higher penetration 
10Be and 14C 

 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 



16 

The ionosphere during the 

last two solar minimum 

over the Brazilian region 

Claudia M. N. Candido 

I. S. Batista 

INPE  

National Institute of Space Research 

Brazil 
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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 

Solar Minima 

1996-1997 and 2008-2009 
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Observation sites 

Sao Luis (44.2° W, 2.33° S, dip angle: −6.9°) 

Fortaleza (38.45°W, 3.9° S, dip angle: −16°) 

Cachoeira Paulista (23º S, 45º W, dip angle: -32) 
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Sahai., JASTP, 2000 
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Low latitude – Cachoeira Paulista 

23º S, 45º W 

Cortesy by 

Dr. Abalde, 

Univap 

INPE 

INPE 

Plasma Bubbles, 

 Gravity waves  

and 

MSTIDs 

as seen by optical techniques 

over 

low latitude 

Candido et al., GRL, 2008 

Airglow data 

Plasma bubbles vs. MSTIDs 

Climatology 
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Low latitude – MSTIDs  

Solar minimum 1996 

20 

Candido et al., GRL, 2008 

OI 630-nm emission 

All-sky imaging system 
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Low latitude MSTIDs and plasma 

irregularities/spread-F  

Looking at the ionosphere during the  

solar minimum 2006! 
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Depletions/MSTIDs Low 

latitude 

Looking at the ionosphere in the  

solar minimum 2007! 
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MSTIDs and 

spread-F/ 

irregularities 

Looking at the ionosphere in the  

solar minimum 2007! 



Looking at the ionosphere during the  

solar cycle 23/24!  

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 



Low Latitude Spread-F 

and Solar Flux (F10.7) 
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Candido et al., JGR, 2011 

Inverse Correlation 

Spread-F occurrence and Solar 

Flux  

 

Occurrence Peak at  

Solar Minimum Period 

 

June Solstice 

 

Pre-Midnight to Post- Midnight  
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Equatorial Spread-F  

June solstice  

2011 
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Images OI 630.0 nm 

Makela (Cajazeiras, Brazil) 

Ionospheric Parameters 

Digisondes 

São Luis (top panel) 

Fortaleza (bottom panel) 
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Equatorial Post-Midnight irregularities 

2011 

Candidoet al., JGR submitted  

Very distinct patterns of echoes/irregularities 



29 29 

Equatorial Ionosphere variability 
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Low latitude Ionosphere variability 
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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 (23º S, 45º 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 

 

•Observation of meso-scale irregularities in both latitudes 
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Solar Minimum 

 Solar Cycle 24 

 

Next Solar Minimum 

 

Review  

 

Configuration,   

Calibration and/or  

Location 

of 

instruments 

 

Install new instruments 
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