
CLIMATE Beware the ‘magical 
thinking’ of negative 
emissions p.404

REMAINS Watery grave 
discovered for 
prehistoric Swedes p.407 

WORLD VIEW  Stamp out 
xenophobia in global 
science p.405

Blurred distinction
The idea of research excellence is ubiquitous, 
but what it means depends on the context.

Excellence is everywhere in science. Or that seems to be the 
plan: to make excellence ubiquitous in research. This month, 
the University of the West Indies in Kingston, Jamaica, became 

the latest academic institution to encourage its scientists to excel, setting 
up a Regional Centre for Research Excellence in the Caribbean.

To be good is no longer enough — excellence, by definition, must 
go beyond that.

And for those who achieve it — from individual researchers and 

can track factors including mortality, stunting and vaccination rates.) 
Next, society needs to be intelligent about interventions and pro-

grammes for young people. More-informed and thoughtful approaches 
are needed to study and address cognitive and social changes that 
happen during adolescence, and to design effective interventions. The 
input of adolescents themselves is crucial here: no scientific programme 
should be launched without talking to the people it aims to reach.

Such programmes shouldn’t assume knowledge on the basis of what 
researchers know about children and adults. They need major efforts to 
study the development of adolescents, and their thinking and challenges.

Take HIV: despite tremendous progress in 
other age groups, the virus remains one of the 
main killers and causes of disability in adoles-
cents. And then there’s mental illness: fewer 
than half of the young people who need psy-
chiatric services in the United States receive 

treatment, and even fewer get effective specialized therapy. The situa-
tion in other parts of the world is much worse. Both of these crises are 
ripe for targeted approaches by agencies, policymakers and funders. 
Concerted efforts can produce a tangible improvement: between 1990 
and 2016, a global focus on infant health halved the mortality rate for 
children under five years old. 

Many of the issues are highly affected by social and cultural 
factors, and hence regional ones, and need to be tackled on that scale. 
But scientists could aim, for example, for global sharing of brain-
development data.

It’s tough growing up. In many cultures, parents, educators, doctors 
and policymakers criticize adolescents for their impulsivity, mis
understand their rage and mock their language and customs. The next 
generation deserves better. And we can start by paying attention. ■

The journalist Earl Wilson wrote that snow and adolescence are the 
only problems that disappear if ignored for long enough. When 
it comes to science- and evidence-based approaches to welfare, 

adolescence has been ignored for too long. That needs to change.
This week, Nature and the Nature journals try to point the way, to 

offer support to those living through a too-often misunderstood phase 
of life. In a special package (see page 425 and https://www.nature.com/
collections/adolescence), we examine the complexity and promise of 
adolescence, and assess problems this age group faces, as well as possible 
solutions, through the lens of disciplines from medicine and social sci-
ence to education and neuroscience. The need has never been greater: 
10–24-year-olds now make up a record 25% of the global population.

When discussing this generation, it is easy — especially for those 
in rich societies — to resort to clichés about rebellious attitudes and 
eccentric behaviour. It’s worth remembering that both childhood and 
adolescence are cut short in many parts of the world, with young people 
working in hazardous conditions or bearing children in their teens. 
Millions of adolescents are forced to grow up too fast. 

It can be one of the most creative times of life. But adolescence is also 
a difficult stage for many; not all development during these years is 
positive, especially given the increasingly digitized and socially competi-
tive environment in which many teenagers live. Mental disorders such 
as depression and alcohol abuse are particularly likely to strike. And 
the pile-up of multiple problems, such as poor nutrition compounded 
by stress, is now understood to have lifelong consequences, including 
obesity and diabetes.

Too many people in science and medicine share society’s indifferent 
attitude: adolescence is a phase to be endured and moved on from as 
quickly as possible. That is wrong. A modern health-care system with-
out a focus on the unique challenges of paediatrics or geriatrics would 
be unthinkable, yet there is no similar effort on behalf of adolescents.

It’s not just science. The international-development community has 
never sufficiently prioritized adolescence. In the past decades, major aid 
and development organizations and governments have come to agree 
on the importance of a child’s first 1,000 days of development. There has 
been no such emphasis on what comes later. The United Nations Millen-
nium Development Goals set (important) targets for maternal health, 
child mortality and primary education, but teenagers were left out. 

To improve things, first, the scientific community needs to 
appreciate what it doesn’t know. For infants, there exists a wealth of 
knowledge on normative growth, large-scale studies on the impacts 
of early deprivation and a rich evidence base for how to intervene 
positively in early development. No comparable body of knowledge 
exists for adolescents. Nobody knows for sure what it means to be a 
typically developing teenager, nor the best way to improve health or 
behaviour and to address young people’s mental-health conditions. 
And there are no good ways to measure progress towards improving 
the lives of adolescents around the world. (For babies, investigators 

Adolescence science must grow up
Young people get a raw deal from society. Targeted study and approaches as part of a new global 
effort are urgently needed to help them.
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Negative thinking
Work on how rocks draw carbon from the air 
shows the scale of the emissions challenge.

Decarbonization of the world’s economy would bring colossal 
disruption of the status quo. It’s a desire to avoid that 
change — political, financial and otherwise — that drives many 

of the climate sceptics. Still, as this journal has noted numerous times, 
it’s clear that many policymakers who argue that emissions must be 
curbed, and fast, don’t seem to appreciate the scale of what’s required.

According to the Intergovernmental Panel on Climate Change 
(IPCC), carbon emissions must peak in the next couple of decades 
and then fall steeply for the world to avoid a 2 °C rise. A peak in emis-
sions seems possible given that the annual rise in carbon pollution 
stalled between 2014 and 2016, but it’s the projected decline that gives 
climate scientists nightmares.

The 2015 Paris agreement gave politicians an answer: negative 
emissions. Technology to reduce the amount of carbon already in the 
atmosphere will buy society valuable time. The agreement went as far 
as arguing that incorporating one such technology — bioenergy with 
carbon capture and storage (BECCS) — could even see the global 
temperature increase kept to 1.5 °C.  

What would negative emissions look like? A Perspective this week in 
Nature Plants offers another glimpse, and it’s not pretty (D. J. Beerling 
et al. Nature Plants http://dx.doi.org/10.1038/s41477-018-0108-y; 
2018). The review focuses on the idea of enhanced weathering, which 
aims to exploit how many rocks react with carbon dioxide and water to 
form alkaline solutions that, over time, find their way into the sea. It’s 
one of a number of proposed negative-emissions technologies.

In theory, enhanced weathering could lock up significant amounts 
of atmospheric carbon in the deep ocean. But the effort required is 
astounding. The article estimates that grinding up 10–50 tonnes of 
basalt rock and applying it to each of some 70 million hectares — an 
area about the size of Texas — of US agricultural land every year would 
soak up 13% of the annual global emissions from agriculture. That 
still leaves an awful lot of carbon up there, even after all the quarrying, 
grinding, transporting and spreading. 

It’s not hard to see why many climate scientists have dismissed the 
near-impossible scale of required negative emissions as “magical think-
ing”. Or why the European Academies’ Science Advisory Council said in 
a report this month: “Negative emission technologies may have a useful 
role to play but, on the basis of current information, not at the levels 
required to compensate for inadequate mitigation measures.”

The IPCC is now working on a report on strategies to keep warming 
to under 1.5 °C, which is due to be published later this year. By neces-
sity, those strategies will lean heavily on negative emissions. Scientists 
must continue to spell out to policymakers the harsh reality of what 
this would involve, and in the strongest possible terms. ■

laboratories, to universities, regions and even entire countries — 
grants, students and political patronage follow. Britain’s largest bio-
medical-research funder, the Wellcome Trust in London, runs a grant 
scheme aimed at “Sustaining Excellence”, and the United Kingdom 
funds universities according to a mammoth Research Excellence 
Framework (REF) assessment every few years.

What does excellence mean? How is it measured? When do we 
know that we have reached the required standard? These are difficult 
questions, but if the excellence agenda is to be taken seriously, they 
must be asked — even if they cannot be adequately answered.

A paper in Science and Public Policy makes the latest attempt to 
ask — and indeed answer — them (F. Ferretti et al. Sci. Publ. Pol. http://
doi.org/ckpg; 2018). The authors interview a dozen experts — from 
policy wonks to researchers — about excellence and quickly reach two 
points of consensus.

First, the idea of excellence as a measure of research quality makes 
many people uncomfortable. And second, these people — despite their 
discomfort — cannot suggest anything better, given that science and 
scientists must meet political demands of accountability and assessment.

These arguments will be familiar to those who follow the debate, but 
the conclusions of the study are still striking. The authors suggest that 
“the making of current indicators for research policy in the EU may 
be in need of serious review”. This is especially noteworthy because 
it is those very authors who devised the policy indicators — based, of 
course, on excellence.

The majority of the authors work at the European Commission’s 
Joint Research Centre (JRC) in Ispra, Italy, which in 2013 took the 
excellence agenda to its logical conclusion and set up a way to assess 
the scientific performance of nations. Policymakers in Europe now 
use this metric — the Research Excellence in Science & Technology 
indicator — to rank the performance of the member states, and so to 
set priorities and distribute funds.

Critics of the concept of research excellence (and there are many) 
will welcome the suggestion from the JRC excellence architects in the 
new paper that the system is flawed. But the scientific community 
should remember the second point of consensus identified in the 
study: if not excellence, then what?

Many scientists would like to see excellence metrics — indeed, 

all metrics — scrapped. Leave the job of directing research, they 
say, to researchers. Others suggest that the excellence effort should 
be rebranded to reflect its most important features — such as 
“soundness” and “capacity” (S. Moore et al. Palgrave Commun. http://
doi.org/ckph; 2017).

The case for abandoning metrics is not realistic and not 
desirable: applied properly, metrics can indeed be a useful guide 

to policymakers and a way for the public 
to trace the billions of tax dollars funnelled 
into research every year. (This is espe-
cially the case in countries susceptible to 
cronyism and nepotism.) And to change 
the language used is politically unwise. 
Semantics matter — and excellence, to an 
extent, is what politicians and policymakers 
expect from scientists.

But it is true that excellence can be defined in many ways. And this is 
where reforms should focus. Nature, for example, intends to promote 
the health of research groups this year and, with that, the responsi-
bilities of principal investigators and other group leaders to promote 
reproducibility. Can a university that does not offer adequate training 
to people in these positions truly be considered excellent? 

Meanwhile, some funders are starting to place more importance on 
the societal impact and relevance of research. Britain’s REF exercise, 
for example, deserves credit for including such impacts in its assess-
ment. And in recent years, the handling of issues such as equity and 
social justice have come under welcome scrutiny.

Perhaps most important, in both defining and applying excellence, 
is transparency. Local definitions can create problems. Young scientists 
trained at universities that downplay the need for high-impact papers, 
for example, can find themselves at a disadvantage when applying for 
jobs at places that attach greater value to them.

Excellence depends on context. But scientists, funders and officials 
can do more to discuss and agree on some suitable basic principles. 
A news story last week, for example, revealed that more than three-
quarters of research organizations in the United Kingdom have no 
policy for preventing the misuse of metrics in hiring decisions. Many of 
these universities consider themselves excellent. Others will disagree. ■

“Some funders 
are starting 
to place more 
importance on the 
societal impact 
and relevance of 
research.”
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