
has asymmetric conductivity even when it is 
switched on: it conducts well in one direc
tion but poorly in the reverse. Ideally, for an 
absorber application — in which as much 
microwave energy should be converted into 
heat as possible — the absorber should con
duct well in both directions when the power 
level is above a certain threshold. The use of 
four diodes does exactly this. It is a common 
topology used in electronics to make devices 
known as fullwave rectifiers. These have uni
versal use; for example, they are common in 
power supplies that convert a.c. (alternating 
current) power to d.c. (direct constant current) 
to charge laptops and everyday consumer elec
tronics. With signals being conducted in both 
directions, the metasurface absorber becomes 
more efficient and converts most of the inci
dent energy into heat. And this last statement 
explains the presence of the resistor in the unit 
cell: the energy is eventually absorbed by the 
resistor, which naturally converts electrical 
energy into heat. But why involve a capacitor 
in the unit cell?

A capacitor is a simple device (two parallel 
conducting plates with a dielectric in between) 
that stores electrical energy. The rate at which 
this storage takes place is controlled by a quan
tity known as the RC time constant, which has 
units of time. This quantity endows the meta
surface absorber with one of its most subtle 
and striking features: pulseshapedependent 
absorption. Energy is stored in the capacitor 
when a pulse impinges on the absorber. This 
energy is then dissipated in the resistor (the 
capacitor is discharged through the resistor) 
in the time between two successive pulses. In 
this way, the amount of absorption depends not 
only on the incoming power level of the pulse, 
but also on its shape. This is the reason that 
the title of Wakatsuchi and colleagues’ paper is 
“Waveformdependent absorbing meta surface”. 
Shorter pulses lead to high absorption, whereas 
longer pulses are not absorbed well (Fig. 1c).

To put the results in context, in the past 
three years there has been a renewed interest 
in the field of metasurfaces. However, most of 
the metasurfaces described so far have linear 
behaviour (the input and output signals are 
proportional to each other) and do not con
tain electronic devices such as diodes. For 
example, a metasurface has been designed2 
to refract light by controlling the phase shift 
(delay) that the light undergoes as it propa
gates. Another example is a surface3 with a 
tailored absorption achieved using antennas 
made of metal nanoparticles, the absorptiv
ity of which does not depend on the incident 
power. Moreover, a passive metasurface — one 
that consumes but does not produce energy — 
has been engineered4 to make thin cloaks for 
small dielectric cylinders, and a more general 
thin active cloak was reported last year5. How
ever, Wakatsuchi and colleagues’ metasurface 
is unique because its absorption performance 
is nonlinearly dependent on the shape and  

power level of the incoming wave.
The authors’ waveformdependent absorber 

has applications in several disciplines. For 
example, it could be applied to the skin of 
military vehicles or aircraft to protect sensitive 
electronics from strong electromagneticpulse 
threats, while allowing the electronics to com
municate with external antennas. Moreover, 
one could imagine applying these absorbers 
to protect computernetwork electronics such 
as those in data centres from strong interfer
ing signals while allowing the electronics to 
operate properly. And one may foresee sen
sor or signalling applications based on the 
recognition of the width and power level of 
incoming pulses. In the authors’ words, these 
metasurface absorbers could potentially  

create “new kinds of microwave technologies 
and applications”. ■
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C L I M AT E  S C I E N C E

A resolution of the 
Antarctic paradox
A combination of observational data and modelling reveals the potential 
significance of the north and tropical Atlantic Ocean in driving change in 
Antarctic winds and sea ice on decadal timescales and longer. See Letter p.538

J O H N  K I N G

In recent years, the polar regions have 
provided some striking examples of 
rapid environmental change. Perhaps the 

most notable of these has been a reduction 
of more than 30% in the summer extent of 
Arctic Ocean sea ice since the late 1970s1. In 
the Antarctic, the pattern of change has been 
more complex. Although the extent of Ant
arctic sea ice has fallen significantly in some 
regions, it has increased in others, leading to a 
slight rise in overall winterice extent2 (Fig. 1). 
Establishing the drivers of these changes has 
proved challenging, and the observed increase 
in Antarctic seaice extent — seemingly para
doxical in a warming climate — has frequently 
been used to question the widely accepted 
view that recent climate change is primarily 
anthropogenic in origin. A study by Li and 
colleagues3, reported on page 538 of this issue, 
suggests that longterm warming of the north 
and tropical Atlantic may be the ultimate cause 
of the observed changes in the Antarctic. The 
authors’ findings imply that growing Antarc
tic sea ice may be consistent with a generally 
warming Earth.

In contrast to ice in the Arctic Ocean, 
which is confined by the surrounding conti
nents, Antarctic sea ice is largely free to drift 
with the wind and ocean currents. Its extent 
is therefore strongly influenced by the pattern 
of surface winds around the continent. Much 

of the yeartoyear variability in Antarctic  
sea ice is captured by a pattern known as the 
Antarctic dipole4, which is characterized by 
anomalies in ice extent of opposing signs in 
the Bellingshausen Sea and the western Ross 
Sea. The ice anomalies are a result of wind 
variations associated with changes in atmos
phericpressure patterns around the Antarc
tic. It is well established that these changes 
are connected to anomalies in sea surface 
temperature (SST) in the tropical Pacific 
Ocean4,5 through the generation of largescale 
atmospheric waves by deep convection in the 
tropical atmosphere. These waves, known as 
Rossby waves, can propagate to polar latitudes 
and influence the atmospheric circulation 
there. Much of the yeartoyear variability in  
Antarctic sea ice can thus be attributed to  
variability in tropical Pacific SSTs.

The observed longterm trends in ice extent 
— retreat in the Bellingshausen Sea and com
pensating advance in the western Ross Sea — 
strongly resemble the Antarcticdipole pattern 
and closely match longterm trends in winds 
over the Southern Ocean6. It would therefore be 
natural to look first to the Pacific as the driver 
of this change. However, longterm trends 
in tropical Pacific SSTs are small and cannot 
explain the observed trends in the Antarctic.  
In their study, Li and coauthors highlight 
instead the potential importance of the Atlan
tic in driving change in the Antarctic. This 
result is motivated by observations7 showing 
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The first paper to describe AIDS reported 
that patients had very few CD4+ T cells 
in their blood1. Depletion of this  

crucial subset of immune cells is now known 
to be a key feature of the disease, but the 
mechanisms responsible for their loss have 
remained unclear. Particularly mysterious 
has been the observation that HIV1 infection 

results not only in the death of activated,  
productively infected CD4+ T cells (those in 
which the virus successfully replicates) but also 
in ‘bystander’ CD4+ T cells that do not seem to 
be infected. On page 509 of this issue, Doitsh 
et al.2 show that most CD4+ T cells depleted 
during HIV1 infection are abortively infected 
cells that die through pyroptosis — a celldeath 
mechanism that is distinct from apoptosis and  
necroptosis3.   

HIV1 replication in productively infected 
CD4+ T cells kills them quickly, within one 
to two days4,5. This direct killing is apparent 
during acute infection, when virus levels are 
high and massive depletion of CD4+ T cells 
occurs in the gastrointestinal tract6. However, 
in the absence of treatment, most of the CD4+ 
Tcell loss associated with the infection occurs 
during the prolonged asymptomatic phase 
between the acute stage and the development 
of AIDS. During this period, the number of 
activated, productively infected CD4+ T cells is 
low, suggesting that the infection may promote 
death of quiescent (nonactivated) cells. 

Levels of immune activation are high in 
untreated HIV1 infection, perhaps reflecting 
the translocation of microbial products across 
a compromised gastrointestinal barrier7, and 
it is commonly assumed that this immune 
activation is responsible for CD4+ Tcell loss. 
Perhaps the best evidence for this comes from 
studies of simian immunodeficiency virus 
infections, in which there is high virus repli
cation, but little immune activation or CD4+ 

that, in contrast to the tropical  
Pacific, north Atlantic SSTs 
have warmed significantly since 
1979. The authors demonstrate 
that warmer Atlantic SSTs drive 
anomalous Southern Ocean 
winds that are consistent with 
the observed regional trends in 
Antarctic ice extent. Although 
forcing from the tropical Pacific 
dominates the variability of 
Antarctic winds and sea ice on 
interannual timescales, Atlantic 
forcing becomes important on 
decadal and longer timescales, 
in which Pacific SST variability 
is smaller.

By establishing a chain of 
attribution linking warming of 
the tropical and north Atlantic 
with trends in Antarctic atmos
pheric circulation and sea ice, 
Li and colleagues’ work helps to 
resolve the paradox of growing 
Antarctic seaice extent over 
a period when global mean 
temperature has increased. 
The researchers have also dem
onstrated that global climate 
models can simulate the con
nection between Atlantic SSTs and Antarctic 
winds. Why, then, have climate models such 
as those used in last year’s fifth assessment 
report by the Intergovernmental Panel on 
Climate Change been unable to reproduce the 
observed regional pattern of change in Ant
arctic sea ice8? 

Two reasons suggest themselves. First, the 
recent warming of the Atlantic is the result 
of a combination of anthropogenic forcing 

and natural internal variability of the climate 
system7. Only the effects of the former can be 
predicted in a deterministic way by climate 
models, with natural variability appearing 
as ‘noise’ in the climatemodel simulations.  
Second, sea ice is one of the most challenging 
elements of the Earth system to model. The 
rate at which it forms or melts is controlled 
by the small difference between large fluxes 
of heat from the atmosphere and the ocean,  

and its distribution is strongly 
influenced by winds and ocean 
currents. Small biases in the 
models’ representation of the 
atmosphere or ocean can thus 
translate into large errors in 
modelled sea ice.

Although accurate modelling 
of Antarctic seaice trends will 
require a realistic representa
tion of the processes connect
ing Atlantic SSTs and Antarctic 
winds, this might not be suffi
cient. Given the importance of 
Antarctic sea ice to the South
ern Ocean marine eco system, 
and its role in driving global 
ocean circulation by the pro
duction of ocean bottom water, 
understanding its behaviour 
and improving its representa
tion in climate models must 
remain a high priority for climate  
scientists. ■
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Figure 1 | Trend in Antarctic sea-ice coverage. The trend is expressed as the 
change in fractional ice coverage per decade and is calculated for the period 
1979–2012. The bold lines enclose areas where the change is statistically significant 
at the 5% level. Ice cover has declined in the Bellingshausen Sea (BS), but 
compensating increases in the western Ross Sea (RS) have led to a slight overall 
increase in cover. These trends in ice cover are consistent with changes in winds 
driven by a deepening of the climatological lowpressure centre over the Amundsen 
Sea (AS). Li et al.3 suggest that the changes in ice cover and winds have been caused 
by increased temperatures in the tropical and north Atlantic. (Data: National Snow 
and Ice Data Center, Boulder, Colorado. Image: British Antarctic Survey.)

H I V

Not-so-innocent 
bystanders
The discovery that most CD4+ T cells killed during HIV infection die through a 
process known as pyroptosis may provide long-sought explanations for  
HIV-associated T-cell depletion and inflammation. See Article p.509
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