The South African Astronomical Observato-
ry (SAAQ) is the national center for optical
and infrared astronomy in South Africa, and
home to the largest single telescope in the
Southern Hemisphere. The larger view, with
SALT in the foreground, shows the older and
smaller telescopes seen at the other end of
the plateau. Inset is a close-up of the South

north as Ghana, which
are projected; and inter-
estingly, Nigeria is anoth-
er country in the region
that has strong capability
in radio astronomy. It's
very exciting to be work-
ing with these countries

on SKA.

Also, in the domain of
satellite technology, there
is an African Resource
Monitoring Constellation.
This is a project whereby
each country contributes
one satellite to the con-
stellation, but has access
to the data from the other
satellites. At the moment, the ARMC proj-
ect is being led by Algeria, Kenya, Nige-
ria, and South Africa, but it is, in princi-

ple, open to other countries to join at
the level appropriate to their develop-
ment and needs.

INTERVIEW: DR. LEE-ANNE MCKINNELL

What Is the Weather in Space?

Dr. Lee-Anne McKinnell is the manag-
ing director of space science at the South
African National Space Agency (SANSA),
and former acting managing director at
the Hermanus Magnetic Observatory.
Her area of research is in the development
of an ionospheric model for application to
communication in the ionosphere.

In addition to her scientific research,
she plays a leading role in developing a
new generation of young scientists from
the nations of Africa.

She was interviewed by Marsha Free-
man on Oct. 6, 2011, during the Interna-
tional Astronautical Congress in Cape
Town.

21st Century: Can you give us a bit of
the history of the Hermanus Magnetic
Observatory, and why it was built in
South Africa?

McKinnell: It was started in 1937 atthe
University of Cape Town, for measuring
the Earth’s magnetic field, which was
needed at that time. But by 1940, they
realized that when you measure the
Earth’s magnetic field, you want to do it
as accurately as possible, in an area
where there are not outside influences.

In Cape Town, where the University
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was based, there was an electric railway
line, and the system was causing inaccu-
racies in the measurements they were
trying to make. So they decided to move
the observatory to a place which is what
we call “magnetically clean,” where
there are no serious external influences
on the Earth’s magnetic field. They looked
for a town that didn’t have a railway line.
And Hermanus, which is 120 kilometers
from Cape Town, off the coast, had no
electric railway in those days—and still
doesn’t today, thankfully, so the Observa-
tory was placed there.

At Hermanus, we have 16 hectares of
land, and in the middle, we have a mag-
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African Large Telescope (or SALT).

netically clean area, which is where we
take the measurements of the Earth’s
magnetic field. All of the buildings use
non-magnetic material and are built with
non-magnetic material, and we restrict
activities in that area. We don’t allow
people to dig and put up structures that
have magnetic components. We preserve
the pristine nature of that.

21st Century: | believe there have
been changes over time in the strength
of the Earth’s magnetic field. Have you
seen this in your measurements?

McKinnell: You are absolutely right.
The reason why we want to measure the
Earth’s magnetic field in different places
is because it’s changing, and it's different
in different places. SANSA, at the mo-
ment, operates four permanent field ob-
servatories, where we have accurate in-
strumentation to take measurements, in
South Africa and in Namibia. Hermanus
is one of them; and then we have one in
Hartebeesthoek, which is north of Preto-
ria, and then there are two in Namibia, at
Tsumeb and Keetmanshoop.

All four these have INTERMAGNET
(International Real-Time Magnetic Ob-
servatory Network) status, which is an in-
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The management team of the South African National Space Agency (SANSA) poses
with the Congress 2011 flag at their offices in Pretoria.

ternational organization that dictates the
standards for measurements. It’s a bit like
having a standard measure for the kilo-
meter, or the meter.

21st Century: Where are the data col-
lected?

McKinnell: There is a global database
of magnetic field measurements, called
the INTERMAGNET Data Base, and all of
the data from these four observatories,
plus many other observatories around
the world, contribute to that. There are a

The Hermanus Magnetic Observatory is in a “magnetically clean”
area where it takes measurements of the Earth’s magnetic field. Above
is the observatory in 1932, and at right, the observatory today, with its
logo. It is one of four field observatories operated by SANSA.

After the International Polar Year of 1932-1933 a magnetic obser-
vatory was established at the University of Cape Town, and later
moved to Hermanus, where it operates today. It recently inaugu-
rated the Space Weather Operations Centre, to develop the tools to

issue warnings of magnetic storms.
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number of magnetic observatories which
do very similar things to what we do, all
around the world. A number of them, in-
cluding the one in Hermanus, had been
chosen to use their data to calculate what
we call the DST index, the Disturbance
Storm Time index. It is a global index for
magnetic field measurements, and if you
have that index, you can correlate with
any other space environment data and
see the effects the magnetic field is hav-
ing on the rest of the space environment.

The Earth’s magnetic field is a very im-
portant parameter in space mea-
surements. And we're very proud of
the fact that Hermanus is of such a
standard that it can be used for that
calculation.

In terms of the change in the mag-
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netic field, we have people on our staff
whose specialty is geomagnetic data,
and every magnetic observatory should
have somebody like that. But we go one
step further—we have people on the staff
who simulate the Earth’s magnetic field.
They will have a look at how it’s chang-
ing with time, and try to predict how it is
going to change in the future, and then
will update it with new measurements,
as they become available.

What they have noticed is that the
Earth’s magnetic field is changing, and
that in Hermanus, it has changed by up
to 20 percent over the last 75 years. Ap-
parently, this is something that they’ve
seen in geologic ages; around 100,000
years ago, the Earth’s magnetic field actu-
ally switched and that it will switch from
time to time, in geological time-spaces,
and that we're due for a change—a switch
of the Earth’s magnetic field, again. When
it's going to happen, they’re not so sure,
but they say we're about 200,000 years
overdue, and that it might happen in the
next 100,000 years. So | don’t think we
have to lose any sleep over it tonight, but
it is going to happen.

What will happen when the Earth’s
magnetic field switches, is a question we
get asked, and of course, we have no sci-
entific evidence. None of us were around
the last time; we didn’t have the mea-
surements we have today. All they know
from geological records is that the last
switch of the Earth’s magnetic field did
not coincide with the extinction of any
life form. They feel we're probably going
to be safe. It's not life-threatening.

The Earth’s magnetic field has a pur-
pose—it keeps the atmosphere to the
Earth, and the atmosphere protects us
from the Sun’s rays. So we're probably

Hermanus Magnetic Observatory

SPACE REPORT



going to get stronger rays coming through
the atmosphere, more extreme ultravio-
let light coming through as the magnetic
field weakens. But probably not for a
very long period of time.

The Earth’s Space Environment

21st Century: The Observatory is also
part of an international network of re-
gional warning centers for space weath-
er. How does that function?

McKinnell: Space weather is the term
we give to changing conditions in the
Earth’s space environment. It is a very
hostile environment, and conditions that
happen in that environment can affect
our technology on Earth.

It starts with the Sun as the driver, prop-
agates through interplanetary space, and
affects the atmosphere. The atmosphere
maybe receives an increased number of
particles. We're putting satellites into the
atmosphere that we're dependent on for
communications, the Global Positioning
System, the Internet, etc. We have long
pipelines on Earth, and they are suscep-
tible to currents.

Space weather has been around for a
long time, of course, but we recently
coined the term. It's become a hot topic,
because of the effects it’s having on tech-
nology, and our dependence is growing.
So, therefore, we really need to know
and understand the effects it has on tech-
nology.

In order to coordinate global activi-
ties—because really every country is, or
should be, interested in space weather—
there is an international body, called the
International Space Environment Ser-
vice, ISES, and they have set up regional
warning centers around the globe. They
try to go for at least one on every conti-
nent, whose job it is to coordinate space-
related data for each continent. You call it
the applied side of research.

They take the models the researchers
have developed, and they take the data
that are coming in from the instrumenta-
tion that we deployed, and turn it into in-
formation. We call it the operational and
forecasting and predicting side of space
weather.

In Hermanus, in 2007, ISES ap-
proached us because they didn’t have a
regional warning center in Africa, and Af-
rica is a continent a lot of people are in-
terested in, because it's very sparsely
populated with geophysical instrumenta-
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Artist’s composite of space weather, showing the Sun’s interaction with the magnetic
field of the Earth. Centuries ago, explorers observed the southern sky, as they rounded
the Cape of Good Hope, hoping to find a sea route to the East, and before 1600, they
made measurements of the Earth’s magnetic field to aid navigation. This region was
also of particular interest, because of the South Atlantic anomaly, a region of weaken-

ing of the Earth’s magnetic field.

tion, and the data are still a little bit
scarce. We are playing a major role in
putting infrastructure in Africa.

Cosmic Radiation

21st Century: People have been look-
ing at how galactic cosmic radiation af-
fects Earth’s climate, and geophysical
phenomena, and have noted changes in
the ionosphere, for example, preceding
earthquakes. Have you looked into
that?

McKinnell: We’ve not really concen-
trated on precursors to earthquakes or
the effects of cosmic rays. But there are
people globally who are studying just
that, particularly precursors to earth-
quakes—the huge disasters that have
happened in Argentina and Japan, for ex-
ample. We do run networks of iono-
spheric equipment that tell us about
changes in the ionosphere. But we're in-
terested in the ionosphere for another
reason, in South Africa.

We're interested for our ability to com-
municate through the ionosphere, with
radio waves. In Africa, that’s very impor-
tant. Because not all African countries
can afford satellite communications, a
lot of them are still using high-frequency
(hf) radio-wave propagation through the
atmosphere. In South Africa, we still use
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hf radio-wave propagation quite a bit. So
our space weather center, until now, has
concentrated on being able to predict
communication via the ionosphere; be-
ing able to predict frequency changes.
And then also just looking at warnings, in
relation to space weather.

For example, we monitor the Sun. We
don’t have any solar satellites ourselves.
We use the data from U.S. and European
satellites.

Space weather starts with the Sun. So
no matter what your interest is, you're al-
ways going to start by looking at the Sun.
We do have requests to notify people
when there is a coronal mass ejection
from the Sun. We are trying to give some
indication of how long it will be before it
hits the Earth. We've concentrated on the
communications side. Anybody who
wants to know, can find out from our
website or from contact with us, or from
subscription services we offer: “This thing
has left the Sun, and is heading towards
Earth.”

Then there is a whole range of things
that come after that. What happens when
it hits the Earth. If you're using GPS, is it
going to be affected? If you have a long
pipeline, and you're piping something
from here to North Africa, should you
stop it for a few days? We provide the in-
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formation up to a point. The cus-
tomer, the client, the person on
the other side, will decide how
serious it is, and what to do.

Then, on top of that, we are
also running an investigation
where we gather data from differ-
ent people who are affected by
these things, and look at ways in
which we can tell you, “Okay, a
coronal mass ejection has left the
Sun. It's going to hit the Earth.
Now it has hit the Earth. This is
the effect it had on the iono-
sphere, and because of those ef-
fects, this is the likelihood that
something will happen to your
equipment.” We're not quite there
yet, but we're working on that.

We hope to be at a point where
we can say to you: “This after-
noon at 2:00, there was a coro-
nal mass ejection; we saw it, we
know it's there. It is likely to hit
the Earth’s atmosphere four days later,”
and give you a probability: “These are the
effects that are likely to happen,” be it to
satellites, to power lines, to whatever it is
that you're operating.

We also, at SANSA, will be looking at
satellite programs for South Africa. Every
country that has a satellite program, has a
direct link to the space-weather center.
You're not going to spend a lot of money
on your satellite, and then put it into an
environment that is currently unstable.
You want your satellite launch window to
happen at a stable period of the Sun’s ac-
tivity. So you will keep in constant con-
tact with your space-weather
center.
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The map shows the magnetic measuring stations in south-
ern Africa. where measurements were recorded in 2004-
2005 The large dots are the three stations with continu-
observations—Hermanus
(HMO), Hartebeesthoek (HBK), and Tsumeb (TSU).

magnetic

phrase as “terrestrial weather,” to distin-
guish it from space weather. But that's not
to mean that there isn’t a correlation; and
there is a group of people who are trying
to correlate terrestrial weather data and
space weather data.

For example, we do do some science
that involves lightning strikes, and waves
in the atmosphere. There is a group in
South Africa that is studying what we call
the heliosphere, the Sun’s atmosphere. A
portion of that group was looking at cos-
mic rays, solar cosmic rays, and the effect
on the Earth’s magnetosphere, and trying
to model the effects.

There are two spacecraft that have re-
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cently gone into the edge of this
heliosphere—Voyager 1 and Voy-
ager 2. Those spacecraft have re-
leased a whole lot of new data
that these scientists are very excit-
ed about, and probably will show
us much more than what we've
seen before. At least that will vali-
date the models, anyway.

Our atmosphere protects us
from the solar cosmic rays. We
have done no studies to see
whether those cosmic rays are
penetrating further down in the at-
mosphere than we believe they
are. However, the reason we be-
lieve they are not penetrating
down very far, is because of the
ionosphere, which are the dense
layers that protect us.

So, at the moment, what | can
tell you is that the extent of the
cosmic ray effects on people on
Earth is very small. The Earth’s at-
mosphere is doing a good job of protect-
ing us.

The effects of any kind of particles that
the Sun ejects are first felt in the magneto-
sphere, usually in the form of a magnetic
storm. The study of magnetic storms is
something we do know a lot about, and
have done a lot of work on, because that’s
the first time you feel the effects of space
weather. A magnetic storm compresses
and expands the Earth’s magnetosphere,
and that has an effect on the ionosphere;
and that, in turn, has an effect on radio
communications and other things. We
can measure it, we can see the Earth’s

magnetic field, and that is part
of what the space-weather cen-

i ter does. It will look at raw

Extreme Weather Events %M%U Dm:‘:.issnh T s - magnetic data. It turns it into
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the Earth’s magnetic field / ,’; |I A o me\ \ level of that index tells us the

have an impact on the amount [ ] i [ ; “‘:!\ V| | severity of the event—whether
of cosmic radiation that | | i

reaches the Earth’s atmo-
sphere, which appears to have

cleation to create clouds, for
example.

McKinnell: There are three
things in your question. The
first, is that currently there’s
been no scientific evidence
that relates space weather to
terrestrial weather. The weath-
er all around us we now
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ISES REGIONAL WARNING CENTRES

International Space Environment Service
The Hermanus Observatory is one of 12 regional facilities of the
International Space Environment Service’s Regional Warning
Center Network. The centers are responsible for issuing warnings
of geomagnetic storms that can affect radio communications,
long-distance pipelines, and electric-power grids on Earth.
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J' | it'sa minor, or moderate, or se-
vere magnetic storm.

There have been a lot of
studies of coronal mass ejec-
tions coming off the Sun,
which is particles being thrown
at the Earth’s magnetic field,
geomagnetic storms or events,
and the ionosphere. That link
is fairly well known. There are
lots and lots of scientific pa-
pers published on that link.
What we're trying to do now—
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and we have got some scientists working
on it in SANSA—is looking at the lower
atmosphere, which is still above terres-
trial weather, looking at that effect and
whether what we see is different when
we have a geomagnetic storm.

And we've recently installed a piece of
equipment in Hermanus called a Doppler
radar, which will basically sound the at-
mosphere at a very low frequency, con-
tinuously at certain times, but only at that
one single frequency, and bring us back
spectrograms that will allow us to see dis-
turbances and irregularities in the iono-
sphere, mostly in the lower ionosphere.
We're hoping to see a correlation between
those, and the geomagnetic storms, which
happen much higher up. So we haven’t
gotten down to terrestrial weather yet, but
we're coming down in our science!

Particularly in this kind of science, we
specialize in two ways: in the area in
which you have expertise, so if we have
scientists who are interested in certain
aspects of the space environment, we
tend to build a specialty around them;
and then, in terms of the needs of that
particular country. That’s why our space-
weather center has done so much hf
propagation work, because that happens
to be a need in this particular area.

The ‘Extended Solar Minimum’

21st Century: There was a lot of con-
cern about the lateness of the onset of
this current solar cycle. Is that an area
that you also can measure and confirm,
looking at the changes in the Earth’s
magnetic field?

McKinnell: We monitored that. It's
been termed “the extended solar mini-
mum of 2007.” | think 2007 was when
we thought the end of it would come, but
it was a much longer solar minimum than
the previous one, which was 11 years be-
fore. The concern was that the last time
such a long solar minimum had been
seen was what we called the Maunder
Minimum, beginning in 1645, which
was the mini-ice age.

Another concern was that after a solar
minimum, the next thing you worry about
is the solar maximum. The question was:
What is this going to do to our solar max-
imum? Does this mean we get an en-
larged solar maximum or that the solar
maximum will be delayed, because the
whole cycle has now been shifted by the
extended solar minimum?
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Hermanus has graduate students from all over Africa, and conducts outreach pro-

grams for younger students (shown here).

As far as measurements are concerned,
of course we were measuring throughout
that period and we monitored the Sun.
Space-weather enthusiasts and operators
don't get very excited during that time,
because nothing is happening on the
Sun, so everything else is quiet. During
that time, everybody was complaining
that there was no activity on the Sun.
“What's happening?” was a question we
got asked a lot.

We have a period of solar data which
we didn’t collect ourselves, which we
have access to, and the whole array of
geomagnetic data which we did collect
ourselves. So now, there is a whole re-
search study into whether it’s possible to
model the effects during the solar mini-
mum. What effects did it have on iono-
spheric propagation? You don’t assume
that nothing is going on. Let’s have a look
at the data, and see.

And also, what are the effects now? |
think it’s going to open up a whole inter-
esting area of study now, going into the
next solar maximum, because I've seen
quite a few scientific papers coming
through, where they refer to the extended
solar minimum and its effect on the mag-
netosphere and on the ionosphere.
They're looking at the correlation be-
tween data during that period; but we're
also looking at what happens immediate-
ly after that period.
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21st Century: The Sun doesn’t often
make front-page news, but this extended
solar minimum was very heavily publi-
cized.

McKinnell: Yes. And the Sun is going to
be making more front-page news in the
coming years, as we go towards the solar
maximum. Because now the Sun is get-
ting more and more active, and the solar
maximum is predicted for the end of
2012, beginning of 2013. There is a six-
month uncertainty on the prediction, be-
cause of how these things work. And that
prediction has been shifted up because
of the extended solar minimum. All indi-
cations are that the solar maximum will
be at the same level of the previous one.
The majority of predictions have shown
that, but, of course, we don’t know.

The difference between now and 11
years ago, is that now we are really de-
pendent on technology that could be
disrupted by solar events. Now we do
need to be aware. Eleven years ago, we
were doing research on it, of course, but
it wasn’t making front-page news, and
we weren’t concentrating on the fore-
casts and predictions. Eleven years ago,
you used a normal phone, or waited un-
til you got home to make a call. Now
there is a good chance that you don't
have a phone at home, because you're
dependent on your cell phone. So our
technological dependence has grown
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remarkably in the last 11 years.

That's why we need to be up-to-date
with space weather. That's why we need
regional warning centers. That’s why we
need people who are trained to forecast
and predict. You know, a researcher—he
knows his data—but most researchers
cannot look at the Sun and tell you ex-
actly what it’s going to do to technology
in four days’ time. A good forecaster can.
And that’s why we are trying to develop
good forecasters here to work alongside
the researchers and interpret.

21st Century: I'd bet that your goal is
to do better than the weather forecast-
ers, who are about 50 percent accurate!

McKinnell: ...The thing that we don’t
fully understand yet, and we are still
grappling with, is the history of data,
keeping the history of what’s happened
before. The Sun is very predictable, ex-
cept for the lower solar minimum, |
guess. Butevery 11 years, it will do some-
thing. We have all of that solar data, go-
ing back to the 1600s. There's a very good
reason why it's been kept, and we should
be keeping ours, and we are, by the way,
keeping our data as well as delivering
real-time data.

Archiving the data is just as fundamen-
tally important. The really good models
take the physics into account, but they
use the history and data, of what came
before, to help us decide what’s going to
come in the future. And that’s also going
to really, really help us.

21st Century: It is quite remarkable
that this data, from the 1600s, has been
preserved.

McKinnell: The curiosity and the need
for scientific knowledge have always
been there. One of the first things scien-
tists were sensitive to was the presence of
the Sun. And | think it’s great that they
had the presence of mind to keep it. And
I think it was scientific curiosity that
drove that, rather than the thought that
“400 years from now, they're going to
want this data.”

Typically, we don’t use the data from
400 years ago; we only use the data from
three or four solar cycles. But the sunspot
number data base is the longest archived
data base, ever. lonospheric data, we only
started archiving in the '50s. Geomagnet-
ic data, | don’t think even goes back as
long as that. There is also the whole thing
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SANAP
of how you keep and record the data, and
technology has helped us with that.

21st Century: At the Hermanus Ob-
servatory, how many people are in-
volved? Do you have people from other
countries?

McKinnell: Absolutely. We have a num-
ber of international collaborations. It's
very important for space science. In fact,
next week, we are hosting an internation-
al workshop of 65 delegates, 60 of whom
come from other countries. So this week-
end we are going to have a huge influx of
visitors to the facility and to Hermanus.

Our permanent staff is South African,
but we have students that come from the
rest of Africa. One of the ways in which
we work with the rest of Africa is through
training and helping them to build capac-
ity in their countries, and the exchange of
expertise. We are going to have at least
25-30 African scientists joining us next
week for the international workshop, all
of whom are contributing in their own
right. In our student exchange, we have a
number of students from other African
countries, who are getting Ph.D.s and Mas-
ters degrees in space science, and want to
go back to their countries and work in the
space-science programs. In any given
month, we have a good flow of people
travelling and people coming in, and |
think that’s what keeps the science alive.

The Southern Hemisphere

21st Century: The International Astro-
nautical Congress here in Cape Town
was organized for all of Africa, so there
is a large role for South Africa to play on
the continent. You have a special geo-
graphic position globally, but there are
other countries, such as in Latin Ameri-
ca, that are also relatively close to the
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Hermanus runs
an active
program in
Antarctica.
Here,
Antarctica
SANAE IV:
South Africa’s
base station.
Inset is a GPS
station at the

South Pole. Are there other, sister, obser-
vatories in the Southern Hemisphere?

McKinnell: Argentina, Brazil, and Aus-
tralia have very vibrant space science
programs, and we work very closely with
them. Two years ago, when | needed to
send a young person to learn about space
weather operations, | sent her to Austra-
lia, because they have quite a fantastic
space weather center there, and they
know about space weather forecasting
in the Southern Hemisphere, and | want-
ed her to get a Southern Hemisphere
perspective. They were very happy to
help.

We run a very active program in Ant-
arctica. We have a suite of equipment
down at the South African National Ant-
arctic Expedition Base, and one of those
is in high frequency radar which is used
to observe irregularities at the poles. It is
part of the International Super DARN
(Dual Auroral Radar Network). We run
one of the Southern Hemisphere radars.
The other one is the Halley Research Sta-
tion run by the U.K. And the two of them
have overlapping beam patterns, which
allows you to see a certain kind of irregu-
larities, which is the way that Super
DARN works. It's an international net-
work of polar high frequency radars. We
send people down there every year, to
look after the equipment and to maintain
it. It's very much a part of what we do.
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