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The Halloween Event (Oct 28-29, 2003) 

Source: Extreme Events in Geospace: Origins, Predictability, and Consequences. Elsevier Science 2018. ISBN:978-0-12-812700-1. 

This is an extreme event that 

impacted Earth recently! 

 

• Very soon after the flare and 

CME the society took 

actions to safeguard the 

technological systems. 

• Two super intense 

geomagnetic storm was 

produced 



Ionosphere 
                   
 Magnetosphere 

 What is observed/monitored? 
    
The physical and phenomenological state of the natural 

  space environment, including the Sun and the 

   interplanetary and planetary environments. 

 Magnetized 
 plasma 
   
 Energetic 
 particles 
   
Electromagnetic 
radiation  (X,EUV,UV, radio) 

GIC 
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Solar /Solar Wind 

Magnetosphere/ 
 Ionosphere 

Atmosphere/ 
 Ionosphere 

L1 Satellite Location –  DSCOVR 

Observations and Numerical  Modeling  

CCMC -  https://ccmc.gsfc.nasa.gov 
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•  Aviation 

 • Disruption of communication and radiation risk 

 • Next generation air traffic management systems will 

  rely on GNSS 
  
•  GNSS 

 • Degradation of accuracy or availability 

 • Strong growth in applications – surveying, drilling, 

  precision agriculture, navigation, aviation 
  
•  Electric Utilities 

 • Potential for significant disruption of service with short- 

  term and long-term consequences 
  
•  Space Systems 

 • Degradation or loss of satellite capabilities 

 • Disruption of launch scheduling 

TECHNOLOGY SECTORS - FEED BACK 

http://www.astrosurf.com/luxorion/Documents/aurore-8sep02-stevoss.jpg
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Overarching Goal: Strengthen Resilience 

 Through Improved Services 

Designing SW capabilities 

User Needs Understanding the risks and the 

actions to be taken 

Targeted Services Develop usable capabilities from 

basic science knowledge 

Observing infrastructure Distributed space-based and 

ground based 

Global Coordination Consistent, accurate message 



Observation from the Space 
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Space Weather Portfolio 

• NASA/NOAA and ESA research satellites, such as DSCVR, 

SOHO (with ESA), STEREO, and SDO, designed for scientific 

studies have provided over the past decade or more 

critical measurements essential for specifying and 

forecasting the space environment system, including the 

outward propagation of eruptive solar events and solar wind 

conditions upstream from Earth.  

• Also, a growing literature has documented the need to provide 

a long-term strategy for monitoring in space, and elucidated 

the large number of space weather effects. 

8 
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STEREO - A 

Space based – short wavelengths 

SDO SOHO 
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Heliophysics 
Research 
Missions 

with Real-
time Space 

Weather 
Utility 

DSCOVR 



Solar Orbiter (ESA/NASA 
Feb 2019) 

Solar Probe Plus 

ICON 

Formulation 

Implementation 
Primary Ops 

Extended Ops 

Voyager (2) 

STEREO (2) 

SOHO (ESA) 

DSCOVR 
SDO 

RHESSI 

Hinode (JAXA) 

IRIS 

TIMED 

AIM 
IBEX 

WIND 

TWINS (2) 

Geotail (JAXA) 

THEMIS (3) 

ARTEMIS (2) 

VanAllen Probes (2) 

SET-1 

GOLD 

MMS (4) 
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EMBRACE - Two Missions in Satellites 

SPORT The Scintillation Prediction Observations 

Research Task – 2019 

NASA – ITA – INPE Mission 

Science Goals 

1. What is the state of the ionosphere that gives 

rise to the growth of plasma bubbles that 

extend into and above the F-peak at different 

longitudes? 

2. How are plasma irregularities at satellite 

altitudes related to the radio scintillations 
observed passing through these regions? Night 

Region 

2 

Region 

1 

18 17 1

9 

2

0 

2

1 

2

2 

Local 

time 

COSMIC 2 

24° Orbit Data Recovery 
Worldwide geographic 

“fences”  
 

COSMIC 2 Occultation – 3 Hrs Coverage 

EMBRACE antenna for COSMIC 2 satellite constellation with 

NOAA to measure electron content profiles by measuring radio 

occultation of GNSS  - 2018. 
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https://www.wmo-sat.info/oscar/applicationareas/view/25 
 



14 

OSCAR database (WMO) for solar obs. 

Coronographs, EUV images 

Radiation: X ray fluxes 

Coronographs, EUV images 

Magnetometer, EUV images 



Observation from the Ground 



 Networks of Ground-Based Data 
UN International Space Weather Initiative 

Distributed Space-Based Assets 
 International Living With a Star 

Challenge for WMO Members – Transition of Data 

 from Research to Operations 

   ~600 Instruments 

  More than 95 Countries 
    More than 25 Space Agencies 
  
Challenges: 

 -  Utilizing existing research data for space weather services 
 -  Real time access 
 -  Maintaining long-term continuity of key measurements 

Source: Terry Onsager 
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Instruments 

BDA Solar Array 

Solar radio imaging 1.2-1.7GHz  

Iono 

sondes 

Photometers All Sky 

Magnetometers GNSS 

Muon Detector  

Shinshu University  

CALLIST

O 
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Radio Monitor 

Spectrometer 

.4-18 GHz 

The EMBRACE program 

runs many advanced-sites 

over the Country with 

different instruments such as: 

Radiometers, Ionosondes, 

Magnetometers, Imagers, 

VHF radar, GNSS data, GIC 

and Muon sensors.     

SPECM 
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São Luís /MA 

São João do Cariri/PB 

Atibaia/SP 

Itapetinga Radio Telescope 

Cachoeira Paulista/SP 

Antarctica 

Santa Maria/RS 

EMBRACE 

Headquarter 

São José Campos/SP 

  

Cuiabá/MT 

Boa Vista/RR 
Belém/PA 

EMBRACE/INPE observatories 
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RWC 

EMBRACE 

Brazil 

RWC  

SCiESMex 

 Mexico 

AWC–  

Argentina 

• The networks of  sensors today in Latin America 

is mostly driven by science. They are now being 

used by SW operations through cooperation with 

existing projects. 

• We have now in Latin America two Regional 

Warning Center (Brazil and Mexico) and we are 

talking to Argentina to organize their AWC 

(associate). 

• Gaps in the network are being used for planning 

the investment of  EMBRACE program or through 

international initiatives. 

• I will present some conclusions and offer 

suggestions to overcome some of  the main 

difficulties.  

Networks in Latin America 
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TABLE 1. Summary of the Scientific Networks/Facilities, operating in Latin America 

Group Name(Acronym)  Origin 

(Year) 

Objective of Investigation 

(Primary Objective) 

Current Status 

(FO, PO, NO*) 

Atm. Embrace GlowNet 1998 Gravity Waves (85 km) and Plasma Bubbles 

(260 km) footprints signature and propagations 

PO 

Atm. AAS 1998 Airglow in mesopause region FO 

Atm. SARINET 1999 D-Region density variations and solar flares 

related effects  

FO 

Atm. SAVNET 2006 D-Region (daytime) and E-Region (nighttime) 

density variations and solar flares related 

effects  

FO 

Atm. NDMC 1998 Mesopause region and changing climate FO 

Atm. RIOM-SMN 2012 Absorption in ionosphere PO 

Atm. Schumann station 2014 Schumann resonance frequencies FO 

Atm. Embrace DigiNet 1990 Bottom-side ionospheric profile measurements 

and upper-side ionospheric profile theoretical 

extrapolations, Maximum Usable Frequency 

from oblique HF ionospheric reflections 

PO 

Atm. RBMC 1996 Total ionized atmosphere content and 

positioning for several purposes like 

geodynamics studies of the South American 

plate 

FO 

Atm. Calibra 2012 Total ionized atmosphere content and 

positioning for several purposes like 

topographical and geodetic surveys, land 

management and offshore operations 

PO 

Mag. Embrace MagNet 2011 Geomagnetic field variations and geomagnetic 

storm detections 

PO 

Mag. Intermagnet in Mexico 2002 

to 

2012 

Geomagnetic field (absolute, variations), 

geomagnetic storm detections, long term 

secular changes and contribute to IGRF 

PO 

Mag. Intermagnet in Argentina 1991 Geomagnetic field (absolute, variations), 

geomagnetic storm detections, long term 

secular changes and contribute to IGRF 

FO 

Mag. SMN-LAS 1961 Geomagnetic Storms. South American 

Magnetic Anomaly. 

FO 

I. M. GMDN in Brazil 2006 Cosmic ray, ICMEs trough Forbush decrease FO 

I. M. SciCRT-GMDN in 

Mexico 

2014 Cosmic ray, ICMEs trough Forbush decrease FO 

I. M. LAGO 2011 Cosmic ray, ICMEs trough Forbush decrease PO 

I. M. Auger - Low energy 

modes 

2005 Cosmic ray, ICMEs trough Forbush decrease FO 

I. M. Cosmic Ray Observatory 1999 Cosmic ray, ICMEs trough Forbush decrease FO 

I. M. MEXART 2005 tracking of solar wind disturbances using the 

interplanetary scintillation technique 

FO 

Sun Solar Submillimeter 

Telescope 

1999 Active region FO 

Sun Callisto-MEXART 2015 Solar radio burst FO 

Sun Solar Neutron Telescope 

Network 

2004 Solar energetic particles FO 

Sun Itapetinga Radio 

Observatory 

1974 Galactic and extra-galactic studies, solar 

physics specially the solar continuous emission 

and transition region monitoring 

FO 

Sun Brazilian Decimetric 

Array 

2004 Galactic and extra-galactic studies, high 

resolution solar physics 

PO 

Sun Northeast Radio Space 

Observatory 

1993 Geodetic studies as well as galactic and extra-

galactic studies. 

FO 

* FO = Fully operational, PO = Partially Operational, NO = Not Operational 

Source: Denardini, et.al (2016): Review on space weather in Latin America-2, AdvSR, 58, 

p.1940.  

Magnetometers 

Airglow imagers 

Ionosondes 

GNSS sensors 

Clezio Marcos Denardini, Sergio Dasso and J. Americo Gonzalez-Esparza  
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Source: Denardini, et.al (2016): Review on space weather in Latin America-2, AdvSR, 58, 

p.1940.  

Magnetometers 

Solar observatories 

Interplanetary Scintillation 

Cosmic Rays 
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• The EMBRACE program does 

not own all the instruments used 

to complete the South America 

TEC map (now being extended 

to Latin America). 

• A successful program of national 

and international cooperation 

was set to grant a denser GNSS 

network. 

• In this example the Brazilian 

RBMC net. 

GNSS Network for determinations of TEC 
Net: RBMC  
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GNSS Network for determinations of TEC 
Net: LISN – Boston College, USA  
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GNSS Network for determinations of TEC 
Net: RAMSAC - Argentina 
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GNSS Network for determinations of TEC 
Net: IGS - International 
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• Even including all 

sensors it is still a 

low density array. 

•  Mainly in the North 

of Amazon region 

and some neighbors 

countries . 

• This map does not 

include Central 

America. 

GNSS Network for determinations of TEC 
Net: ALL NETWORKS 
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TEC Map over South America 

27 
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• The network is 

now being 

extended to 

whole Latin 

America 

including these 

two Networks. 

• The gaps can be 

seen in the TEC 

maps. 

GNSS Network for determinations of TEC 
Net: TLALOCNet-Mexico  and COCONet-Central America 
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• A low density network 

• Although the magnetometers are 

cross-calibrated some of them are 

noisy due to electrical devices near. 

• As the Magnetic Equator has moved 

to the West there is no magnetometer 

under the Equatorial Electro Jet.  

• EEJ may amplifies the geomagnetic 

variations that give origin to the GIC. 

Need to have more focus on research.  

Magnetometer Network  
Net: EMBRACE 
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• Low density network. 

• Very important for the plasma bubble monitoring.  

• Suffers from adequate sites without light pollution, 

clear sky and infrastructure. 

• Need investment in F-P interferometer to 

understand better the plasma irregularity called 

plasma bubble. 

• Two F-P were acquired to measure thermospheric 

winds and temperature (EMBRACE).  

• Initial discussion with Dr. Qian Wu -NCAR (2 

FPI) to be part of a North_South network. 

• Initial discussion with Dra. Hsieh, Syau-Yun (John 

Hopkins) (4 All-Sky) to be deployed in Brazil  

Airglow Network. Net: EMBRACE 
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The photometers Network 

Antarctica 
Installed in Antarctica 
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• Low density network. 

• Very important for 

monitoring disturbance in 

radio wave propagation 

(index S4, others).  

• The full network suffers 

from old GNSS receivers 

without capability to 

measure scintillations. 

GNSS Network. S4 index   Net: EMBRACE 
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• Low density network. 

• Need Ionosondes at 

the crest of the 

anomaly. 

• Lack of local 

technical/scientific 

training to stimulate 

the partnership in 

planned strategic 

sites.  

Ionosonde Network.  Net: EMBRACE 
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1)Nagoya, Japan; 2)Hobart, Australia; 3)City of Kuwait, Kwait; 

4)São Martinho da Serra, Brazil 

A radiotelescope  MEXART, an array of 4096 

dipoles operating at 140 MHz to track solar 

wind large-scale disturbances using the 

interplanetary scintillation technique. 

Source: Mejia-Ambriz et.al, Solar Phys 

(2010) 265: 309–320  

 

SCiESMEX-Mexico 
EMBRACE-Brazil 

A muon detector part of the Global 

Muon Detector Network –GMDN 

Shinshu University  

Other Networks in Latin America 
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Solar Monitors - Network 

35 MCTI / INPE - AEB / CEA – LAC – DSS -  EMBRACE Program 

7 GHz 

Polarimeter 

BDA – Solar  Interferometer 

CALLISTO - Solar 

Spectrometer 

Solar Burst observed by SPECM  

Flare M6.5, 02 April 2014 

BSS – Solar  Spectrometer 

1-2.4GHz 
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Cosmic ray monitoring by Muon detector  
Magnetic storm 6-8 hours ahead  

São Martinho da Serra 

Santa Maria (S29, W53) Munakata etal, JGR.2000 



Risk Management 
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ISES (RWC members)  

16 Regional Warning Centers 
 
 4  Associate Warning Centers 
 
 1  Collaborative Expert Center 
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  South Korea: 
 
•  Space Weather included in 

 National Risk Profile 
 
•  Roles and responsibilities of 

 agencies and ministries defined 

Korea Space Weather Center 

 United Kingdom: 
 
National Register Recognizes 

Space Weather Risks 

Space Weather Risks are Recognized ‐ 
National Mitigation Plans are being Developed 
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Space Weather Risks are Recognized ‐ 
 Mitigation Plans are being Developed 

•   U.S. National Strategy and Action Plan 
 released October, 2015 
  
•   Developed by the Space Weather 
 Operations, Research, and Mitigation 
 Task Force 
  
•   Addresses benchmarks, response, data, 
 research, modeling, and operations 
  
•   Mandates basic and targeted research 
  
•   National and international actions 

Space Weather Risks are Recognized 
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•  Addresses observing needs for: 
 -     Long lead-time forecasts 

 -     Alerts of hazardous conditions 

 -     Event climatology 

 -     Model validation 

 -     Scientific research 
 
•  Observing domains: 

 -     Ionosphere 

 -     Thermosphere 

 -     Geomagnetic 

 -     Energetic Particles 

 -     Solar and Interplanetary 
   
  http://www.wmo.int/pages/prog/www/OSY/SOG/SoG-SW.doc 

Space Weather Observations 

Space Weather Risks are Recognized 

Statement of Guidance 

Inter Programme Coordination team on Space Weather 



Communication with Users 
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Communicating through scales 
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Daily Forecasts (1-3 day): 
-   Solar flares                      R-scale 
-   Solar energetic particles  S-scale 
-   Geomagnetic activity      G-scale 
-   10.7 cm radio flux          daily flux 

Event-Driven Warnings and Alerts: 
-   Warnings: geomagnetic storms, 
 proton events 
-   Alerts: solar flare, proton event, 
 geomagnetic storm, electron event, 
 solar radio burst 

Numerical Models: 
-   WSA-Enlil – background solar wind and CMEs  (wind velocity, density, ..)  
-   Relativistic Electron Forecast Model                    (density time profile) 
-   D-Region Absorption Product                              (maximum frequency absorption) 
-   U.S. Total Electron Content                                  (TEC map over US) 
-   Ovation Aurora Model                                          (Aurora observation and prediction) 

Example of services by SWPC (NOAA) 
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Daily Bulletins Easy data handling  

GOES burst alerter Geomag alerter by KSA 

New indices are provided to classify the interplanetary 

measurements in simple scales based on a rate of occurrence to 

facilitate the end user information. 

The geomagnetic storm alert is based on a a regional K index for 

South America (KSA). 

The ionosphere disturbance index (DIX) is being develop to be a 

primary product in EMBRACE site. DIX for South America 

Total Solar Irradiance prediction 

RWC Brazil: Some Highlights 
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NOAA Space Weather Scales  



48 

NOAA Space Weather Scales  
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Indices 
I.B, I.Z, I.V, I.C  

Level Typical Occurrence 

5 Extreme one day every two years 

4 Severe one day every six months 

3 Strong one day every  month 

2 Moderate one day every fortnight 

1 Minor one day every week 

0 Absent one day every 1.5 days 

Indices of  the interplanetary medium 
Indices 

I.B – Interplanetary  

Magnetic field 

Intensification 

I.Z – Pure southward 

component of 

magnetic field 

I.V – Persistent 

increasing of the Solar 

Wind Speed 

I.C - Magnetopause 

Compression The IM indices were created 

based in the rate of occurrence to 

describe better the space weather 

daily or hourly conditions in the 

interplanetary medium close to 

the Earth. They are signatures of 

the solar wind speed, magnetic 

configuration and its effects on 

the magnetopause 

HSS ICME 

ICME 

daily 

hourly 

daily 

daily 

http://www2.inpe.br/climaespacial/portal/swd-home/ 



50 

Flare Alerts 

@climaespacial 

50 
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Magnetic Storm Alert 

@climaespacial 

MCTI / INPE - AEB / CEA – LAC – DSS -  EMBRACE Program 51 



RWC Brazil: Some Highlights 

GPS TEC Map over South America 

(dynamic map – every 10 min) Ionospheric model 

(TEC 24 hours ahead 

Plasma bubbles and 

scintillations (realtime) 

Daily Bulletins Easy data handling  GOES burst 

alerter 
Geomag alerter 



Modeling to Predict 
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WSA-ENLIL Model: Solar Wind Speed 

Papers in preparation: GRL, Space Weather 
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Some predicted products (SWPC) 

F-Region absorption Relativistic electron forecast 

Aurora oval prediction 
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RWC Brazil: Developments in forecasting 

New indices are provided to classify the interplanetary measurements in simple scales based on a rate of occurrence to 

facilitate the end user information. 

The geomagnetic storm alert is based on a a regional K index for South America (KSA). 

The ionosphere disturbance index (DIX) is being develop to be a primary product in EMBRACE site. 

Total Solar Irradiance prediction 

Ionospheric model SUPIM 
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The interplanetary medium I.Z index presents a strong correlation with Dst 

index. From the period of 1998-2015 events observed it is noted that after I.Z 

reaches a level 3 the Dst will decrease 45 nT in average in four to six hours 

(Braga et al, 2017, in preparation). 

Example: a practical use of I.Z. index 
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http://www.inpe.br/climaespacial

