
B Y  A L E X A N D R A  W I T Z E

In the fight to protect Earth from solar 
storms, the battle lines are drawn in space 
at a point 1.6 million kilometres away. 

There, a US National Oceanic and Atmos-
pheric Administration (NOAA) satellite waits 
for electrons and protons to wash over it, a sign 
that the Sun has burped a flood of charged  
particles in our direction.

As early as the end of this month, NOAA 
should have a much better idea of just how 
dangerous those electromagnetic storms are. 
The agency will begin releasing forecasts that 

use a more sophisticated model to predict 
how incoming solar storms could fry electri-
cal power grids. It will be the clearest guide yet 
as to which utility operators, in what parts of 
the world, need to worry.

“This is the first time we will get short-term 
forecasts of what the changes at the surface 
of the Earth will be,” says Bob Rutledge, lead 
forecaster at NOAA’s Space Weather Predic-
tion Center in Boulder, Colorado. “We can tell 
a power-grid customer not only that it will be a 
bad day, but give them some heads-up on what 
exactly they will be facing.”

Powerful solar storms can knock out radio 

communications and satellite operations, but 
some of their most devastating effects are on 
electrical power grids. In 1989, a solar storm 
wiped out Canada’s entire Hydro-Québec grid 
for hours, leaving several million people in 
the dark. In 2003, storm-induced surges fried 
transformers in South Africa and overheated 
others at a nuclear power plant in Sweden. But 
if a power company knows that a solar storm is 
coming, officials can shunt power from threat-
ened areas of the network to safer ones or take 
other precautions. 

Until now, NOAA had warned of solar 
activity using the planetary K-index, a scale 
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US sharpens surveillance 
of crippling solar storms
Next-generation space-weather model will map the danger facing power grids.

moved around the world. 
Fraught relations between Aboriginal 

communities and geneticists continued well 
into the twentieth century with the Human 
Genetic Diversity Project, a 1990s survey of 
indigenous groups worldwide. Worries that 
scientists would create patented cell lines 
using blood gathered from Aboriginal groups 
prevented any sample collection.

Two decades later, publication of the first 
Aboriginal Australian genome4 was nearly 
shelved because researchers did not get 
approval from any Aboriginal group before 
sequencing some hair collected in the 1920s. 
After a team member threatened to withdraw 
from the project, lead author Eske Willerslev, 
an evolutionary geneticist at the Natural His-
tory Museum of Denmark in Copenhagen, 
went to Western Australia to seek the blessing 
of an Aboriginal group in the region where the 
hair had been collected.

“I do regret that I didn’t approach them 
before we had started undertaking the study,” 
says Willerslev. But he is glad that he obtained 
their backing before publication in 2011. 

RULES OF ENGAGEMENT
In the study published this week1, Willerslev 
and his team sequenced Aboriginal 
Australian genomes to trace the arrival of 
humans in Australia some 50,000 years ago 
and track their spread across the continent. 
Willerslev says his meeting with Goldfields 
Land and Sea Council — the group consulted 
for the 2011 genome study — paved the way 
for outreach to other communities.

“Increasingly, there is an awareness that there 
are rules and terms of engagement in terms of 
doing research with Aboriginal people and 
communities,” says Alex Brown, a public health 
researcher at the University of South Australia 
in Adelaide and an Aboriginal Australian. He 
and Willerslev are now studying type 2 diabetes 
in Aboriginal people, who have much higher 
rates of the disease than other Australians.

Other geneticists are also trying to build 
bridges with indigenous groups. The Aborigi-
nal Heritage Project, which aims to sequence 

DNA from the 5,000 
hair samples that 
Tindale, Birdsell and 
others collected, is 
seeking approval 
from living descend-
ants before doing any 

sequencing. And their engagement does not 
end there. “We’re asking them what they want 
to find out, rather than the other way around, 
which is how most research is done on Aborigi-
nal groups,” says project leader Alan Cooper at 
the University of Adelaide. Of the 150 families 
approached so far, only one has declined to 
participate.

The National Centre for Indigenous Genom-
ics (NCIG), which maintains a database of 
7,000 blood samples gathered from nearly 50 
communities since the 1960s, is also giving 
Aboriginal groups a say in research. Blood 
samples will not be included in its database 
without permission from individuals or their 
surviving relatives, and a committee of indig-
enous Australians will weigh all requests from 

researchers to access the data. Participants can 
see how their data are used through an Internet 
portal and can withdraw their DNA from any 
project if they wish.

“There’s been damage done in the past, and 
it’s really important that people have a sense 
of ownership,” says NCIG director Simon 
Easteal at the Australian National University in 
Canberra. He also hopes the database can help 
individuals pinpoint their heritage, especially 
members of the ‘stolen generations’ who were 
forcibly removed from their families as children 
and raised among white Australians. 

There are still rocky moments. Willerslev 
says some people turn his team away, but 
he hopes that relations overall are improv-
ing. Meanwhile, some scientists in Australia, 
including Cooper and Easteal, worry about 
overseas researchers, whom they think may not 
be attuned to Australian cultural complexities.

But Brown has no qualms about interna-
tional researchers if they obey ethical guide-
lines and act with the interests of Aboriginal 
communities in mind. “It is much easier to 
work with people who have proven and mean-
ingful relationships with indigenous commu-
nities,” he says. “My push on them will be: sure, 
you’ll get your pound of flesh out of this, but if 
you’re not leaving something behind, then we 
simply can’t do it.” ■
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“It’s really 
important 
that people 
have a sense of 
ownership.”
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that ranks the current geomagnetic threat to 
the entire Earth. The new ‘geospace’ forecast, 
which draws on more than two decades of 
research, comes in the form of a map show-
ing which areas are likely to be hit hardest 
(G. Tóth et al. J. Geophys. Res. Space Phys. 
110, A12226; 2005).

Knowing that Canada, for instance, will 
be hit harder than northern Europe helps 
grid operators, says Tamas Gombosi, a space 
physicist at the University of Michigan in Ann 
Arbor who helped to develop the model. He 
compares it to having a hurricane forecast that 
says a storm will hit Florida, rather than just 
somewhere on the planet (see ‘Storms from 
the Sun’). 

MAGNETOSPHERE MODEL
Space-weather forecasting is as rudimentary 
as conventional weather forecasting was 
three or four decades ago, says Catherine 
Burnett, space-weather programme manager 
at the UK Met Office in Exeter. Researchers 
have developed different models to describe 
various portions of the Sun–Earth system, 
but linking them into a coherent framework 
has been difficult. The Michigan approach 
combines 15  models that collectively 
describe the solar atmosphere through inter-
planetary space and into Earth’s magnetic 
realm. The NOAA forecast incorporates 
three of those: one model describing Earth’s 
entire magneto sphere, another focusing on 
the inner magneto sphere and one for electri-
cal activity in the upper atmosphere. 

The inner magnetosphere chunk is crucial  
to the model’s overall success, says developer 
Gábor Tóth at the University of Michigan. It 
describes how energetic particles flow and 
interact as they approach Earth’s poles, and 

how the particles affect magnetism at the 
planet’s surface. Alerts can provide roughly 
20 minutes to one hour of warning.

NOAA’s improved forecasts are part of a 
push by US agencies to implement a national 
space-weather strategy issued last year by 
the White House. Regulators will also soon 
require power-grid operators to produce 
hazard assessments that include the threat of 
solar storms. “Without those two pieces, we 
wouldn’t have remotely the interest we have 
now,” says Antti Pulkkinen, a space-weather 
researcher at NASA’s Goddard Space Flight 
Center in Greenbelt, Maryland. “It really has 
changed the game.”

NOAA plans to continue refining its  
forecasts as new research rolls in. The possi-
ble improvements include incorporating how 
the geology beneath power grids affects the 
intensity of a solar storm. Fluctuating mag-
netic fields can induce electrical currents to 
flow in the ground, which sets up further 
problems for transmission lines. “All of this 
is terrifically complicated,” says Jeffrey Love, 
a geomagnetics researcher at the US Geologi-
cal Survey in Golden, Colorado.

In their latest paper, Love, Pulkkinen and 
their colleagues describe the most detailed 
map of these ‘geoelectric hazards’ across 
part of the United States (J. J. Love et al. 
Geophys. Res. Lett. http://doi.org/bqpm; 
2016). Of the areas surveyed so far, those at 
the highest risk are the upper Midwestern 
states of Minnesota and Wisconsin, where 
complex geology induces strong electrical 
currents. 

Adding in 3D models of these ground 
currents will improve the next generation of 
NOAA forecasts, Rutledge says. “This is by 
no means the end.” ■

B Y  D A V I D E  C A S T E LV E C C H I

The European Space Agency (ESA) has 
released the largest, most detailed map 
yet of the Milky Way. It pinpoints the 3D 

positions of 1.1 billion stars, almost 400 million 
of which were previously unknown to science. 
ESA’s Gaia space observatory mapped out the 
preliminary catalogue, which is based on its 
first 14 months of data-taking. The results are 
expected to transform astronomy — allowing 
researchers to discover new extrasolar plan-
ets, examine the distribution of dark matter, 
fine-tune models of how stars evolve and refine 
their measurements of the Universe’s rate of 
expansion (see Nature 537, 292–293; 2016).

Hundreds of astronomers began to access the 
database as soon as it was publicly released on 
14 September, says Gaia project scientist Timo 
Prusti, who works at ESA’s European Space 
Research and Technology Centre in Noordwijk, 
the Netherlands. Within the first 24 hours, 
11,000 users had downloaded data, ESA adds. 
The mission, which launched in 2013 and cost 
nearly €1 billion (US$1.1 billion), has already 
found more stars than researchers expected, 
which suggests that the Milky Way is slightly 
bigger than previously estimated, says Gisella 
Clementini, a Gaia researcher at the Bologna 
Astronomical Observatory in Italy. But few 
new results were announced at the catalogue’s 
unveiling; Gaia’s team was allowed to do only 
limited analyses before the data release.

One notable result is a measurement of 
the distance of the Pleiades,a cluster of stars 
in the constellation Taurus that is the subject 
of a long-running controversy (see Nature 
http://doi.org/bqpt; 2014). Numerous meas-
urements put the Pleiades cluster at a distance 
of about 135 parsecs (440 light years) from the 
Sun, but Gaia’s predecessor, ESA’s Hipparcos 
mission, found it to be about 15 parsecs closer. 
Gaia measured 134 parsecs, give or take 6 par-
secs — suggesting that the Hipparcos findings 
were inaccurate. With more years of observa-
tion, Gaia’s measurements will be able to pin-
point the distances of many of the Galaxy’s stars 
to within 1%. “What Gaia is going to do is going 
to be phenomenal,” says Wendy Freedman, an 
astronomer at the University of Chicago in Illi-
nois. “It will be the fundamental go-to place for 
astronomers for decades to come.” ■
See go.nature.com/2cevbnq for a longer  
version of this story.
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Billion-star 
map unveiled
Gaia mission reveals Milky 
Way is bigger than thought.
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