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Temperature anomaly (°C wrt 1961-1990)

Temperature anomaly (°C wrt 1961-1990)
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400 Years of Sunspot Observations
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Solar irradiance forcing (W m®)

Temperature anomaly (°C wrt 1500-1899)
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4 glacial cycles recorded in the Vostok ice core
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Drilling locations of the ice

Beeman et al. 2018,
Climate of the past
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Upper panel: Atmospheric CO2 (black) and ATS2 (Antarctic Temperature
Stack 2)(red) placed on a common time scale, with the normalized
histograms of probable change points (8 points) given below. Histograms
are plotted downward-oriented when the rate of change decreases and
upward-oriented when it increases (same colors, y-axis not shown,
probabilities range from o (center) to 0.0024 (top/bottom)). Note the
multiple modes that are often present in each of these intervals, particularly
for the CO2 series. These modes can be representative of abrupt centennial-
scale change preceding a millennial-scale change, or of ambiguity

in the overall trend of the series.

Lower panel: Chronological uncertainty, taken as the sum of the age
uncertainties and the uncertainty estimate for volcanic synchronization.
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Two more recent works (Pedro et al., 2012; Parrenin et al., 2013), used stacked temperature records and improved estimates
of the age difference between ice and air records to more accurately estimate the relative timing of changes in Antarctic
temperature and atmospheric CO, concentration. In the first of these studies, measurements from the higher accumulation
ice cores at Siple Dome and Law Dome, used to decrease the uncertainty in the ice-air age shift, indicated that CO, lagged
Antarctic temperature by 0-400 yr on average during the last deglaciation (Pedro et al., 2012). The second study (Parrenin et al.,
2013) used measurements from the low accumulation EDC ice core but circumvented the use of firn densification models by
using the nitrogen isotope ratio §'°N of Ny as a proxy of the DZ height, hypothesizing that the height of the CZ was negligible
during the study period. COz and Antarctic temperature were found to be roughly in phase at the beginning of TI and at the
end of the ACR period, but CO, was found to lag Antarctic temperature by several centuries at the beginning of the Antarctic
Cold Reversal and Holocene periods.

Figure 5. WD CO; and ATS2 change point histograms plotted with WD Acidity, ATS2, WD COy and WD CHy series (top to bottom).

Vertical lines are plotted to highlight select change point modes for the CO5 (black) and ATS2 (red) series. CHy tracks changes in Northern

Hemisphere climate. CO2 modes correspond with rapid changes in CHs at the ACR end, ACR onset, 16 ka rise. and the rapid rise preceding

the Holocene onset.
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