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Argen<na	

First I will address the Space Weather issues as a matter of  an operational 
center: 

–  It needs cooperation with real time capability (most of  time).  
–  It will be restricted to products being used for monitoring/

forecasting space weather. 
	•  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.  

Introduc)on	
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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	La<n	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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Magnetometers	

Solar	observatories	

Interplanetary	Scin<lla<on	

Cosmic	Rays	



GNSS	Network	for	determina)ons	of	TEC	
Net:	RBMC	(RBMC	-Brazilian	Network	for	Con)nuous	Monitoring	of	

the	GNSS	Systems.)	

•  The	EMBRACE	program	
does	not	own	all	the	
instruments	used	to	
complete	the	South	
America	TEC	map	(now	
being	extended	to	La<n	
America).	

•  A	successful	program	of	
na<onal	and	interna<onal	
coopera<on	was	set	to	
grant	a	denser	GNSS	
network.	

•  In	this	example	the	
Brazilian	RBMC	net.	



GNSS	Network	for	determina)ons	of	TEC	
Net:	LISN	–	Boston	College,	USA		



GNSS	Network	for	determina)ons	of	TEC	
Net:	RAMSAC	-	Argen)na	



GNSS	Network	for	determina)ons	of	TEC	
Net:	IGS	-	Interna)onal	



GNSS	Network	for	determina)ons	of	TEC	
Net:	ALL	NETWORKS	

•  Even	including	all	
sensors	it	is	s<ll	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	determina)ons	of	TEC	
Net:	TLALOCNet-Mexico		and	COCONet-Central	

America	

•  The	network	is	
now	being	
extended	to	
whole	La<n	
America	
including	these	
two	Networks.	

•  The	gaps	can	be	
seen	in	the	TEC	
maps.	



Magnetometer	Network		
Net:	EMBRACE	•  A	low	density	network	

•  Although	the	
magnetometers	are	
cross-calibrated	some	of	
them	are	noisy	due	to	
electrical	devices	near.	

•  As	the	Magne<c	Equator	
has	moved	to	the	West	
there	is	no	
magnetometer	under	the	
Equatorial	Electro	Jet.		

•  EEJ	may	amplifies	the	
geomagne<c	varia<ons	
that	give	origin	to	the	
GIC.	Need	to	have	more	
focus	on	research.		



Airglow	Network		
Net:	EMBRACE	•  Low	density	network.	

•  Very	important	for	the	plasma	
bubble	monitoring.		

•  Suffers	from	adequate	sites	
without	light	pollu<on,	clear	sky	
and	infrastructure.	

•  Need	investment	in	F-P	
interferometer	to	understand	
beger	the	plasma	irregularity	
called	plasma	bubble.	

•  Two	F-P	were	acquired	to	
measure	thermospheric	winds	
and	temperature	(EMBRACE).		

•  Ini<al	discussion	with	Dr.	Qian	
Wu	-NCAR	(2	FPI)	to	be	part	of	a	
North_South	network.	

•  Ini<al	discussion	with	Dra.	Hsieh,	
Syau-Yun	(John	Hopkins)	(4	All-
Sky)	to	be	deployed	in	Brazil		



GNSS	Network	with	S4	index		
Net:	EMBRACE	

•  Low	density	network.	
•  Very	important	for	
monitoring	
disturbance	in	radio	
wave	propaga<on	
(index	S4,	others).		

•  The	full	network	
suffers	from	old	GNSS	
receivers	without	
capability	to	measure	
scin<lla<ons.	



Ionosonde	Network	
Net:	EMBRACE	

•  Low	density	network.	
•  Need	Ionosondes	at	
the	crest	of	the	
anomaly.	

•  Lack	of	local	
technical/scien<fic	
training	to	s<mulate	
the	partnership	in	
planned	strategic	
sites.		
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Fig. 1: Artistic representation of Sun - Earth relation-
ship, now called Space Weather. The solar variabil-
ity is the main source of disturbances in vicinity
of Earth. Source: http://www.estec.esa.nl/wmwww/
wma/spweather/index.html

occurrence of disturbances in Geospace around the Earth
and thus, provides the prediction of Geoeffective Magnetic
Storms [4, 5, 6, 7, 9].

3 Space Weather Forecast by observations

of Cosmic Rays

It is a known fact that Cosmic Rays observations on Earth’s
surface are modulated by solar disturbances that are ap-
proaching the Earth. These disturbances, usually caused by
Solar Mass Ejections, shields cosmic rays like magnetic
shields, causing depressions on the order of 1% to 10% in
cosmic rays count. Based on this principle, it is possible to
predict the arrival of a solar disturbance with up to 10 hours
in advance, since there is a network of detectors around the
Planet [4, 5, 6, 9]. Therefore, in 2001 Brazil became part
of the International Network of High Energy Cosmic Rays
Detectors, using the MMD installed in SSO.

4 The Brazilian Contribution for Space

Weather Forecasting

The MMD installed in SSO, along with two other detector
systems, located in Hobart (Australia) and Nagoya (Japan),
allow the study and performing the prediction of geoeffec-
tive magnetic storms [8]. These storms are consequences
of plasma ejections from Sun’s eruptions. When they reach
our planet, can cause great damage to satellites, communica-
tions, power distribution by high voltage networks, among
others. Even, a few years ago a magnetic storm caused a
fire in a power plant in Quebec, Canada, causing a blackout
that left six million people without electricity for ten hours.

Besides the three detectors mentioned previously, two
another systems were installed in City of Kuwait (Kuwait)
and Greifswald (Germany), which together allow the cov-
erage of the celestial sphere of the Earth. The goal is to or-
ganize a highly efficient global alert system. Currently, the
geoeffective geomagnetic storms forecast can only be done
with just an hour in advance, since for this prediction are
used data from satellites located in the vicinity of the Planet.
With the new data, provided by the International Network
of Multidirectional Muon Detectors, or GMDN - the Glob-
al Muon Detector Network (see Figure 3) the detection of
distribution of Muons will allow the prediction from six to

Fig. 2: Multidirectional Muons Detector (MMD) of Coop-
eration Japan-USA-Brazil, installed in the Southern Space
Observatory, in São Martinho da Serra, Southern Brazil.

Fig. 3: The complete coverage of the GMDN - Global Muon
Detector Network with the directions for each MMD’s:
Nagoya, Japan 17 directions; Hobart, Australia 13; Greif-
swald, Germany 9; Aragats, Armenia 11; Kuwait, Kuwait
13; So Martinho da Serra, Brazil 17 (V, N, S, E, W, NE,
NW, SE, SW, N2, S2, E2, W2, N3, S3, E3, W3).

twelve hours before magnetic storms occur. In Figure 3 it is
presented the GMDN geographic location (big star) of each
muon detector. The symbols (squares, triangles and circles)
shows the existing asymptotic viewing direction of a par-
ticle incident to each Multi-Directional Muons Detector
(MMD) with the median primary rigidity, after correction
for geomagnetic bending of cosmic ray orbits. The track
through each symbol represents the spread of viewing di-
rections corresponding to the central 80% of each MMD’s
energy response. . This makes it possible to organize pre-
ventive strategic defenses, such as the shutdown of instru-
ment and satellite systems that may be affected, to protect
humans and their properties.

Today, the expanded system of the MMD, consists of
two layers of 32 detectors. These layers are separated by
1.73 meters high, intermediated by a layer of 5 centimeters
thick lead blocks, used to absorb the low energy cosmic rays
the components. At the bottom of a 1.6 millimeters thick
metallic box are installed blocks of scintillating plastic (with
dimensions 1 ⇥ 1 ⇥ 0.1 meter) which release photons - UV
to be pierced by muons. The photons are captured in the top
of the box by a photomultiplier tube whose diameter is 12.7
centimeter, generating electrical pulses. These detectors are
arranged in the shape of a rectangle (4 ⇥ 8 meters) in each
layer, where one side is aligned geographically in the north-
south direction.

During the SSO’s MMD expansion mission in 2005,
about 10 people attended the installation, including re-
searchers and especially graduate and undergraduate stu-
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1)Nagoya,	Japan;	2)Hobart,	Australia;	3)City	of	Kuwait,	Kwait;	
4)São	Mar<nho	da	Serra,	Brazil	

A	radiotelescope		MEXART,	an	array	of	4096	
dipoles	opera<ng	at	140	MHz	to	track	solar	
wind	large-scale	disturbances	using	the	
interplanetary	scin<lla<on	technique.	

Other	Networks	

310 J.C. Mejia-Ambriz et al.

Figure 1 Pictures of the MEXART facilities. (Left) The antenna, showing the ensemble of the 4096 dipoles.
(Right) Facilities at the site: antenna, control room, laboratories, staff offices and guest house for students and
visitors.

small diameter (<2 arc sec) caused by the scattering of the wave front as it propagates
through random fluctuations in the refractive index of the turbulent interplanetary medium.
These phase distortions of the radio wave front are related to small-scale electron density
inhomogeneities (!ne) in the interplanetary plasma that produce a diffraction pattern in
the plane of the observer and create intensity fluctuations (scintillations) as the diffraction
pattern is convected across the antenna by the solar wind (Ananthakrishnan and Kaufman,
1980).

The IPS technique assumes that these electron density fluctuations (!ne) are proportional
to density variations in the solar wind. Significant enhancements in solar-wind density above
what may be expected in the background solar wind is likely to be related with two general
types of solar-wind disturbances:

i) The region around a stream interface between a fast solar-wind stream interacting with a
slow ambient wind (stream interaction region).

ii) The density enhancement associated with solar transient events such as Interplanetary
counterparts of Coronal Mass Ejections (ICMEs) and their associated shocks.

We can use IPS observations to identify large-scale solar-wind perturbations propagating
from the Sun to 1 AU (Hewish and Bravo, 1986). A network of IPS stations distributed along
different longitudes can help to track the evolution of solar-wind perturbations.

The aim of this paper is to report the first observations of IPS sources detected by the
Mexican Array Radio Telescope (MEXART). We describe the array’s characteristics, the
instrument current sensitivity, the initial list of IPS sources, and the power spectral analysis
of the intensity fluctuations.

2. Description of the Array

MEXART is located in Coeneo, Michoacan, at a latitude of 19°48′N, and a longitude of
101°41′W. Figure 1 shows two pictures of the MEXART antenna and the facilities at the
site. MEXART has an operation frequency of 139.65 MHz. The array has 64 parallel east –
west (E – W) rows and each row has 64 dipoles. Every E – W row can be considered as a
uniform linear array of 64 elements with the same amplitude and phase having a length
of 64λ. In total, the array has 64 × 64 = 4096 elements occupying (69 m × 140 m) 9660
square meters.

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		



ISWI	in	Brazil	(48)	AMBER(2),	CALLISTO(2),	CSSTE(1),	
GMDN(1),	LISN(22),	MAGDAS(2),	RENOIR(2),	SAVNET(6),	
SCINDA(3),	SID(7)	

The	majority	of	the	
ISWI	instruments	in	
the	South	America	
are	in	the	LISN	
network.	

ISWI	Network	

NSSC	-		
Interna)onal	
Meridian	Circle	
Project.	
•  Ionosonde(1)	
•  Magnetometer(1)	
•  GNSS	(1)	
•  All	Sky	(1)	



•  The	coopera)on	among	existent	research	groups	must	be	within	associa<on	with	
an	Opera<onal	Center	for	SW	(RWC)	and	follow	an	opera<onal	approach:	
•  The	Opera<onal	Center	(e.g.	RWC)	commit	to	monitor	the	pipeline	of	the	

instrument	data	to	report	quickly	to	the	PI	of	instruments	any	interrup<on.	
Assuring	an	efficient	duty	cycle.	

•  The	Opera<onal	Center	commit	to	organize	a	data	bank	and	promptly	release	
the	informa<on.	

•  The	Opera<onal	Center	may	offer	some	technical		support	for	the	instrument	
maintenance	when	needed	(not	always	possible).	

•  Ini<a<ves	to	deploy	instruments	such	as	ISWI	should	always	use	the	support	of	
an	Opera)onal	Center	to	be	responsible	for	the	instrument	opera<on.		

•  Interna<onal	ini<a<ves	should	work	hard	for	the	crea)on	of	data	banks	of	data	
from	ground	and	space	based	instruments	in	data	servers	around	the	world	to	
enable	the	Opera<onal	Centers	to	collect	data	directly	from	the	data	servers.	

•  Foment	open	data	police.	
•  In	strategic	areas	foment	local	technical/scien)fic	training	to	s<mulate	the	

partnership	and	assure	con<nuity	of	the	instrument	opera<on.	Training	through	
capacity	building	schools.		

•  Offer	technical	support	scholarships.		

Conclusions		


