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Over the past million years, the 
Earth’s climate regularly !uctuated 
between cold glacial and warm 

interglacial states. "e standard explanation 
for these cycles holds that variations in the 
shape of the Earth’s orbit and the tilt of its 
spin axis a#ect the waxing and waning of 
glacial states, by altering the amount and 
distribution of solar radiation reaching 
the planet1. "e changes in incoming solar 
radiation are thought to be ampli$ed by 
changes in atmospheric carbon dioxide 
concentrations and ocean circulation1. 
Palaeoclimate reconstructions support this 
view, with temperature and atmospheric CO2 
concentrations (as recorded in Antarctic 
ice cores) varying in concert2. Writing 
in Nature Geoscience, however, Landais 
and colleagues3 $nd that the coupling 
between temperature and carbon dioxide 
concentrations broke down during the latter 
part of the penultimate glacial termination, 
suggesting that oceanic and atmospheric 
circulation a#ected the carbon cycle in an 
unusual way.

An increase in the amount of incoming 
solar energy during the last deglaciation 

(and probably most of the preceding 
terminations) caused the vast continental ice 
sheets to melt4. A series of teleconnections 
from the melting ice caused the Southern 
Hemisphere westerly wind belt to shi& to 
the south — warming the ocean and so 
melting sea ice around Antarctica, and 
stimulating upwelling and the release of CO2 
from the deep ocean. Rising atmospheric 
CO2 concentrations warmed the whole 
planet through the greenhouse e#ect4. "is 
chain of causality is borne out by climate 
reconstructions, which show that the CO2 
rise lags behind Antarctic warming by a few 
hundred years, and the warming of the entire 
planet lags behind the CO2 rise2. However, 
these time lags are small, and o&en di'cult 
to discern in proxy records, leading to the 
appearance of a tight coupling between 
atmospheric CO2 concentrations and 
Antarctic and global warming across the full 
6,000 years of the last deglaciation.

Hence it comes as a surprise that 
Landais and colleagues3 report a decoupling 
between CO2 and Antarctic temperature 
during the second-to-last deglaciation, 
which occurred 136,000 to 129,000 years ago 

(Fig. 1). "ey identi$ed the decoupling using 
a relatively neglected proxy for Antarctic 
temperature — the isotopic composition of 
N2 in air bubbles in the European Project for 
Ice Coring in Antarctica (EPICA) Dome C 
ice core from inland East Antarctica. "e 
N2 isotopes were measured alongside 
atmospheric CO2 concentrations, avoiding 
the problems introduced by the age o#set 
between the gas and the ice containing it. 
"e 18O/16O ratio of atmospheric O2 was also 
measured, which provides the relative timing 
of changes in the Asian monsoon and CO2 
with no age uncertainty.

Analysis of the cores reveal that for 
the $rst approximately 5,500 years of the 
deglaciation, which included a period known 
as Heinrich stadial 11, Antarctic temperature 
and CO2 concentrations rose in lockstep, 
as expected. But in the $nal 1,500 years 
of the deglaciation, the atmospheric CO2 
concentration leveled o#, whereas Antarctic 
temperature continued its upward arc. "is 
decoupling between CO2 and Antarctic 
temperature seems to be rare among 
other deglaciations.

"e authors report a possible clue to 
the origin of this decoupling: the Northern 
Hemisphere’s tropical rain belts and the Asian 
monsoon intensi$ed slightly during this 
$nal 1,500 years, consistent with a modest 
northward shi& of Earth’s thermal Equator 
and atmospheric circulation cells. Such a 
northward shi& may have reduced upwelling 
in the Drake Passage5,6, in turn reducing the 
amount of CO2-rich water that is brought 
to the surface and released. Alternatively, 
they suggest that the vigorous regrowth of 
the terrestrial biosphere in the Northern 
Hemisphere in the wake of the increase in 
tropical and monsoon rainfall could have 
pulled CO2 out of the air3. Interestingly, 
the increase in tropical rainfall occurred in 
a step-wise manner, with an abrupt jump 
followed by a very constant value over 
the $nal 1,500 years of the penultimate 
deglaciation1. "is step-wise trend in tropical 
rainfall intensity mirrors that observed in the 
carbon dioxide trend (Fig. 1)

One well-known source of variability 
that occurs in a quantized manner is 
ocean circulation, particularly the Atlantic 
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Deglacial decoupling
Antarctic temperatures and atmospheric carbon dioxide levels generally co-varied at the end of glacial periods. 
Detailed analysis of an Antarctic ice core suggests a decoupling during the deglaciation 130,000 years ago, 
possibly linked to a strengthening of ocean circulation.

Je!rey P. Severinghaus

Figure 1 | The end of a glaciation. a, During a typical deglaciation, Antarctic temperature (black) and 
atmospheric CO2 concentrations (blue) generally rise in tandem, with CO2 slightly lagging temperature. 
Landais and colleagues3 show that this co-variation broke down in the latter phase of the penultimate 
glaciation, in which atmospheric CO2 concentrations plateaued for 1,500 years (red). The plateau could 
be caused by a strengthening of the Atlantic meridional overturning circulation, which would have 
shifted Earth’s thermal equator northwards11 and caused the observed increase in rainfall from the Asian 
monsoon (green). b, Ancient air trapped in ice.
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meridional overturning circulation 
(AMOC)7,8. During glacial periods, the 
AMOC seems to operate in three distinct 
modes9. One is a so-called ‘on’ state, which 
is associated with relatively warm European 
conditions, and is thought to correspond to 
a near-modern circulation with deep water 
forming in both the Nordic and Labrador 
seas. In contrast to this is the second mode, a 
complete shutdown of deepwater formation 
in both locations, thought to occur during 
Heinrich stadial events. Heinrich stadials 
were associated with extreme iceberg 
discharge and winter sea-ice cover in the 
North Atlantic, as well as strong tropical 
rainfall perturbations9–11. Atmospheric CO2 
concentrations rise strongly during Heinrich 
stadials12. "ere is also a third, intermediate 
mode, which corresponds to milder cooling 
in the Northern Hemisphere known as 
Dansgaard–Oeschger (D–O) stadials. 
During D–O stadials, deepwater formation 
is limited to the Labrador Sea and the open 
ocean south of Iceland9. D–O stadials are 
linked with cooling over Greenland, but 
have only minor e#ects on tropical rainfall. 
Atmospheric CO2 concentrations generally 
remain stable throughout the D–O stadials.

Landais and colleagues3 therefore 
suggest that the last 1,500 years of the 
penultimate deglaciation might correspond 
to a D–O stadial event, with moderate 

overturning circulation and monsoon 
rainfall. "is is in contrast to the preceding 
phase of deglaciation, which was marked 
by a complete shutdown of the meridional 
overturning circulation associated with 
Heinrich stadial 11. A transition from a 
Heinrich to a D–O stadial could explain 
why atmospheric CO2 concentrations rose 
rapidly and then plateaued. However, if 
this interpretation holds, it would be the 
$rst described instance of a transition from 
Heinrich stadial circulation directly to a 
D–O-stadial-like circulation.

"e rarity of such a transition begs 
the question of why it occurred at that 
time. It could be that a hysteresis loop 
normally forbids such a transition, except 
under extreme circumstances. Given that 
the penultimate glaciation seems to have 
been characterized by a 7,000-year-long 
suppression of the AMOC that extended well 
into a period of warm interglacial Antarctic 
climate4, which disfavoured dense deepwater 
production in the south, this event could 
certainly qualify as extreme. "e underlying 
cause of this very long suppression was 
probably the strong eccentricity of the 
Earth’s orbit at the time, which reduced the 
distance between the Earth and Sun during 
northern summer and hence intensi$ed the 
rate of melting, compared with the most 
recent deglaciation3.

Landais and colleagues3 have shown 
that the penultimate deglaciation was 
characterized by an unusual breakdown 
of the relationship between Antarctic 
temperature and atmospheric CO2 
concentrations, possibly caused by even 
more unusual behaviour of the AMOC. 
Figuring out how such behaviour could 
occur may provide insights into the 
dynamics of the future warmer world with 
a weaker AMOC (ref. 13). ❐
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Isoprene is the most abundant hydrocarbon 
emitted into Earth’s atmosphere each 
year, apart from methane1. Once in the 

atmosphere, isoprene can undergo a series of 
chemical reactions that generate ozone and 
submicrometre-sized aerosols at the surface, 
thereby a#ecting local air quality, public 
health and potentially climate. Broadleaf 
trees found in densely forested areas of 
the world, such as the Amazon and the 
deciduous forests of the southeastern United 
States, are the main source of isoprene to the 
atmosphere1. Isoprene is removed from the 
atmosphere through gas-phase oxidation 
by hydroxyl (OH) radicals2. However, the 
exact nature of the interaction between 
isoprene and OH radicals — particularly 
in environments largely untouched by 

human activities — remains unclear. 
Writing in Nature Geoscience, Fuchs and 
colleagues3 present laboratory-based 
evidence to suggest that OH radicals are 
regenerated following oxidation of isoprene 
in pristine environments.

"e reaction of isoprene with OH 
radicals generates hydroxy-peroxy isoprene 
radicals. In urban areas, these hydroxy-
peroxy isoprene radicals can react with 
nitric oxide (generated by human activities), 
regenerating OH radicals (and producing 
ozone) in the process4. However, signi$cant 
quantities of isoprene are generated in 
environments with low concentrations of 
nitric oxide. In these settings, hydroxy-
peroxy isoprene radicals are assumed 
to react with hydroperoxy radicals, as 

opposed to nitric oxide, resulting in a net 
consumption of OH radicals.

However, concentrations of OH radicals 
are much larger than expected — assuming 
net consumption following reaction 
with isoprene — in forested locations in 
Amazonia5, Borneo6, Europe7 and North 
America8, as well as in the Pearl River 
Delta region of China9. Quantum chemical 
calculations point to alternative mechanisms 
of OH radical regeneration in the absence 
of nitric oxide10,11. However, experimental 
veri$cation of these novel radical-
regeneration mechanisms has been lacking.

Fuchs and colleagues3 monitored the 
concentration of OH and peroxy radicals 
(which include hydroxy-peroxy radicals) 
generated during the oxidation of isoprene 
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Radical regeneration from isoprene
Significant quantities of the ozone and aerosol precursor isoprene are released into the atmosphere in densely 
forested regions of the world. Experimental observations suggest that the oxidation of isoprene in these pristine 
environments adds to the self-cleansing capacity of the atmosphere.
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