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Observed Climate Variability and Change

Table 2.4: Guide to terminology used in palacoclimate studis of the last 150,000 years

“Event”, Stage

Estimated age (calendar years)

Holocene
Holocene maximum warming (also
referred to as “climatic optimun”)
Last deglaciation

~10 ky BP 1o present
Variable?

~1810 10 ky BP
~14ky BP
~12.710 1.5 ky BP
1410 13 ky BP

Termination |
Younger Dryas
Antar
Bolling-Allerod warm period
Last glacial

LGM (last glacial maximum)
Last interglacial peal
Termination 2

Eemian/MIS stage Se

Hei
Dansgaard-Oeschger events
Bond cycles

ic cold reversal

~130ky BP
~12810 118 ky BP
Peaks of ice-rafted detritus in marine sediments, ~7 to 10 ky time-scale.

h events

~4.510 6 ky BP (Europe) 1010 6 ky BP (SH)

14.5 10 13 ky BP (Europe)

‘Warm-cold oscillations determined from ice cores with duration ~
cle during the last Ice Age whose period is equal to the time between

£ 2o b
Thousands ofyears bofor present (< BF)

Figure 2.22: Variations of temperature, methane, and atmospheric
carbon dioxide concentrations derived from air trapped within ice
cores from Antarctica (adapied from Sowers and Bender, 1995:
Blunier er ., 1997: Fischer et al., 1999; Peit et al.. 1999).

Before review

e mportant recent information about rapid
changes, we briefly mention progress made on two aspecs of the
palacoclimate record of relevance for future climate. The fist deals
with the relationship between moder and past terrestrial data and
SSTs around the time of the Last Glacial Maximun (about 20 ky
P): this is important because of lidate
climate models. New resuls obtained since the SAR both from
marine and terrestrial sources (reviewed in Chaper 8), a
tropical cooling of about 3°C. The second concerns the greenhouse
s record (CO, and CH,) which has now been considerably
extended due to the recent completion of drilling of the Vostok ice

the use of glacial data o

successive Heinrich events.
Terminations Periods of rapid deglaciation.

T T core in central East Antarctica. The strong relationship betw
P Ko o o orcniin €O, and CH, and Antarctic climate documented over the

climatic cycle has been remarkably confirmed over four climatic
les. spanning about 420 ky (Figure 2.22). Present day levels of
these two important greenhouse gases appear unprecedented
during this entire interval (Petit et ., 1999 and Figure 2.22). From
a detailed study of the last three glacial terminations in the Vostok
ice core, Fischer et al. (1999) conclude that CO increases started
600400 years after the Antarctic warming. However, considering
the large uncertainty in the ages of the CO, and ice (1,000 years or
more if we consider the ice accumulation rate uncertainty), Petit et
al. (1999) felt it premature to ascertain the sign of the phase
relationship between CO, and Antaretic temperature at the initia-
arallel
Antaretic temperature ¢ laciations (Sowers and
Bender, 1995; Blunier et al., 1997; Petit ef al. 1999). This is
consistent with a significant contribution of these greenhouse gases
1o the glacial-interglacial changes by amplifyin

forcing (Petit et al., 1999).

e also now have a better knowledge of climate variability
over the last few climatic cycles as illustrated by selected palaeo-
temperature records back o about 400 ky (Figure 2.23). The
amplitude of the glacial-interglacial temperature change was lower
in tropical and equatorial regions (e.£.,
high latitudes (other curv
the North Atlantic and adj

the initial orbital

). During glacial
ent regions (curves a and b) was more
variable than in the Southern Hemisphere (curve d). Also (not
shown), ful glacial periods were characterised by very high flw
of dust (seen in ice-core records and in continental and mar
records). A combination of increased dust source area, stronger
atmospheric transport and a weaker hydrological cycle (Yung er
al., 1996; Mahowald et al., 1999; Petit ef al., 1999) probably
generated these changes.

This is page 137 which shows Figure 2.22: Variations of
temperature, methane, and atmospheric carbon dioxide
concentrations derived from air trapped within ice cores from
Antarctica (adapted from Sowers and Bender, 1995; Blunier et
al., 1997; Fischer et al., 1999; Petit et al., 1999).
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Figure 2.22: Variations of temperature, methane, and atmospheric
carbon dioxide concentrations derived from air trapped within ice
cores from Antarctica (adapted from Sowers and Bender, 1995;
Blunier et al., 1997, Fischer et al., 1999; Petit et al., 1999).

This is a close up of the graph on that page. Notice that the
graph shows the carbon dioxide levels and the temperature
levels rising and falling with each other simultaneously.

That is the current mantra of Climate Change, previously
Global Warming, that the increase in carbon dioxide is causing
a simultaneous increase in atmospheric temperature.

Notice that the X-axis is in thousands of years. This is a
deliberate compression of the original data to make it appear
that the increases are simultaneous.




REPORTS

Ice Core Records of
Atmospheric CO, Around the
Last Three Glacial Terminations

Hubertus Fischer, Martin Wahlen, J.ss. Smith,
ianni, Bruce Deck

Derek Mastr

Air trapped in bubbles i polar ice cores constitutes an archive for the recon-

struction of

and climate in the past. High-resolution records from Antartic ice cores show
that carbon dioxide concentrations increased by 80 to 100 parts per million by

volume 600 =
Despesrongy docrasing

400 years after the erming of the last three deglaciations.

h carbon

this phase

of
Iag s probably connected to the duration of the pre(edmg warm period, which

controls the
biosphs

Previous studies of Antarctic ice cores (1-3)
revealed that atmospheric CO, concentra-
tions changed by 80 to 100 parts per million
by volume (ppmy) during the last climatic

pogenic emissions increased CO
tions from 280 ppmv during preindustrial

inicrglcial change. Variatons n imospher-
ic CO, concentrations accompanying glacs
mum.w ransitions have been atributed to
clim iced changes in the global carbon
"), but they alo amplfy clmate
variations by the accompanying greenhous
effect. Accordingly, the relation of tempera-
ture and greenhouse gases in the past derived
from ice core records has been used o esti-
mate the sensitivity of climate to changes in
greenhouse gas concentrations (7) 1o con-
strain the prediction of an anthy
elobal warming. This
s the sepurtion of s i
tions representative for all climatic cycles
from those. &pulhk for cach cvent, as well as
a more detailed knowledge of the leads and
lags between greenhouse gas concentrations
and climate proxies.

To resolve short-term changes in the at-
mospheric carbon reservoir, to constrain the
onset and end of major variations in CO,
concentrations, and to test whether these vari-
ations are temporally representaive, we ex.
panded the Antarctic Vostok CO; record over

change in land ice coverage and the

of the terrestrial

mate deglaciton @bout 101 160k Bt
a high resolution of 100 10 2000 years (5).
This data set was supplemented by a C
record recently derived from the Antarc
Taylor Dome (TD) ic core (6, 9) covering
the last 35000 years. The internal temporal
resolution of ice core air samples is restricted
by the age distribution of the bubbles caused
by the enclosure process (/0). This age
spread is about 300 years for Vostok (/1) and
140 years for the TD ice core (9) at present
but bout e times higher for glacial con-
ditions (11). The depth-ice age scale used for
Lermintions I and 1 i the Vst soe s a
recently expanded version of the extended
glaciological time scale (12). The dating un-
ertainty (on the order of 10,000 years for
termination L11) is considerable; however, the
absolute time scale is not so important as long
as we consistently compare Vostok CO, with
the Vostok isotope temperature (8D) record.

ice and
age difference (Aage) was calculated with a
climatological firn densification model (/1)
and varies between about 2000 and 6000
years for warm and cold periods, respective-
Iy curacy of the model is better than
100 years for recent periods but on the order
of 1000 years for glacial conditions (/7),
which has to be kept in mind when interpret-
ing the phase shift between ice and gas
iscords ol he e corcarchive I he i of
termination 1, recently published age
derved by syt of CH venions

land (13) and between 300 and 600 years for

D (14) during termination I. Further unce
tainty is added because the TD CO, record
has been dated relative to the Greenland lee
Sheet Project 2 (GISP2) core (/4), whereas
the Byrd and Vostok isotope temperature
records have been synchronized with respect
t0 the Greenland Ice Core Project (GRIP) ice:
core record (13). This uncertainty is not rel-
evant for the interval between 10 and 15 ky
B.P.. for which dating of GISP2 and GRIP is
in good agreement; however, there is a shift
of up to 2000 years between the two Green
land reference cores at the age of 20 ky B.P.

In Fig. 1, our data and previously pub-
lished CO, concentration records (1, 6, 9, 11,
15, 16) are compared with Antarctic isotope
(temperature) ice core records (13, 17-19).

Note that the CO, concentrations represent
essentially a global signal. In contrast, the
geographical representativeness o fotape
temperature records may vary from a synop-
tical to hemispherical scale and accordingly
within different cores with increasing vari-
ability for shorter Vostok
and TD €O, data presented hete are in good
sgreement with prevous €O vales

000-year time scale,
i isotope temperatures with minimum gla-
cial CO, concentrations of 180 1o 200 ppmy,
glacial-interglacial transitions accompanied
by a rapid increase in CO, concentrations o
a maximum of 270 to 300 ppmy, and a
gradual retum to low CO, values during gla-
ciation. On a shorter time scale, however, a
much more complex picture evalves.

The onset of the amospheric CO, in-
crease during termination I recorded in the
TD record is at 19 The rise in
the longeterm trend fn CO; concentrations

about 1000 years earlier than the
rise in Vostok B values. In contrast, temper-
atures apparently started 10 rise a1 20 ky B.P.,
as recorded in the Antarctic Byrd and the
Greenland GRIP ice core (13). Again, CO,
concentrations i the Byrd record increase

time scales. The

seems to be

data, In v
the rest of the CO, records, these discrepan-
cies can be attributed to the insufficient age
constraint during the onset of termination |
induced by the different Greenland refercnce
cores. No such dating uncertainties are en-
countered for the interval between 10 and 15
ky B.P. Maximum CO; concentrations of
ypmy are reached at 10.5 ky B.P. (9), 600 to
1000 years after the sotope temperature max.

fhe maskion o e sotoge sage i el Gl sad Anaric o cores s n e By recond (20 The O, pesk
(MIS) 810 IS 7 fabout 210 10,250 hosand (13, 1) wre usd. The preciion ofth i1 wed by a decrease of 5 t0 10 ppmy
years (ky) before present (B.P)] and ana- ation s abou s for perids of  untl § ky B aier which CO, conconra

Iyzed the time interval around the penuli-

Scripps Insituion of Oceanography, Geosciences Re-
search Division, University o Calforia San Diego, La
Joll, CA 52083-0220, USA.

constrained in the interval between 17 a
Ko B when anly sbtle CH, changes oc.
curred. The uncertainty of Aage varies
tween 100 and 300 years for central Green-

tions gradually rise to the preindustrial value
of 280 ppm (9). A delay in the increase of
€O, concentrations with respect 10 the warm-
ing during deglaciation is also indicated by a
brief 10-ppmy decline in CO, concentrations
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This is the Fischer, et al, 1999 paper that was referenced in
figure 2.22.
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This is the second page of the paper. The high lighted sentence
in the second column reads as follows.

“The time lag of the rise in CO2 (carbon dioxide)
concentrations with respect to temperature change is on the
order of 400 to 1000 years during all three glacial-interglacial
transitions.”

The temperature change comes before the rise in carbon
dioxide by hundreds of years, not the other way around.

The deception is the compression of the graph in the report to
make it look like it is simultaneous when it is not.




