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ABERRATION:    a definition

A departure from what is normal, usual, 
or expected…..typically one that is 
unwelcome

An irregularity, rarity, anomaly, deviation



What is background climate?



What is background climate?
What counts as an aberration? 
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TIMESCALES, TIMESCALES, TIMESCALES…



What is background climate?
What counts as an aberration? 

TIMESCALES, TIMESCALES, TIMESCALES…

(and rates of change)



Is anthropogenic warming an 
aberration? 



Is anthropogenic warming an 
aberration? 

PAGES2k
Mann et al. 2008

HadCRUT4 instrumental data

0.5ºC over ~100 years
vs.

0.2ºC over ~1000 years



Zooming out…
2,000 years

+1

-1

Marcott et al., 2013



Holocene Climate 
10,000 years

Slow change on order 1ºC over 1000’s of years

Marcott et al., 2013
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The Holocene, which covers the last 11,700 
years including the entire time span of human 
civilization, stands out as an interval of relative 
climate stability. A major goal of the paleo-
climate community has been to develop a 
longer-term perspective on climate change to 
understand natural variability and provide con-
text for future warming, which model projec-
tions indicate will substantially exceed even the 
warmest Holocene conditions (Fig. 1b). Major 
efforts by PAGES working groups to synthesize 
and analyze global paleoclimate records and 
model simulations of the late Quaternary have 
mostly focused on the Common Era of the past 
two millennia (PAGES 2k), the last deglaci-
ation (SynTraCE-21), and past interglacials 
(PIGS), with relatively less attention paid to the 
transient evolution of the Holocene. Given that 
the Holocene is the closest analog for today’s 
climate state and covered by abundant proxy 
data, coordinated scrutiny of the Earth System 
over this timeframe should add important 
information regarding future climate change.

To better define both the short and long-term 
goals of the scientific community working on 
reconstructing and modeling Holocene cli-
mate, a meeting was held at Timberline Lodge 
at Mount Hood, Oregon. The meeting focused 
primarily on three themes: regional and global 
climate trends, variability in space and time, 
and data-model comparison.

Trends 
As highlighted in Marcott et al. (2013) and 
Liu et al. (2014), a data-model disparity exists 
for global surface temperature during the 
Holocene that is not apparent for the last 
deglaciation, with proxies recording a long-
term cooling and models simulating a warming 
(Fig. 1a). This “conundrum” was distilled to 
either relating to seasonal biases in the data, 
incomplete forcings, or insufficiently sensitive 
feedbacks in the models, or a combination of 
these. Seasonal biases in paleoclimate proxies 

pose a major challenge for reconstructing 
annual temperatures and comparing unlike 
datasets (e.g. Mix 2006), particularly during the 
Holocene when seasonal insolation changes 
were strong compared to other forcings that 
act across the year. Model simulations are like-
wise challenged by initiating glacial inceptions 
from insolation forcing and are limited by some 
weakly constrained forcing inputs, such as vol-
canic and solar activity. resolving the Holocene 
temperature conundrum is important for un-
derstanding the forcing-response mechanisms 
during the current interglacial and for putting 
present and future climate into context, as 
the global temperature trend dictates to what 
extent today’s earth system has already exited 
the Holocene range (Fig. 1b).

Variability
Temperature, precipitation, and glacier 
variability at sub-millennial frequencies and 
in multiple regions was also discussed. Given 
the relatively small changes in climate during 
the Holocene, differentiating a meaningful 
climate signal from proxy or local noise was 
highlighted as a critical goal for accurately 
reconstructing Holocene variability. This issue 
is central to comparisons between data and 
model results, which currently disagree over 
the spectrum of regional variability. Models 
tend to suppress the regional-scale variability 
seen by proxies at multi-decadal and longer 
periods (Fig. 1c). This discrepancy suggests 
that models may not generate enough low 
frequency internal variability, thus limiting 
their ability to produce accurate simulations 
of climate at longer time scales (Laepple and 
Huybers 2014).

Proposing a PAGES 12k Working Group
To move forward, a PAGES 12k Holocene work-
ing group was agreed to be a useful bridge 
between the existing PAGES 2k project and 
previous efforts focusing on the deglaciation. 
The focus should be on both temperature and 

hydroclimate changes across the Holocene, 
and include independent modeling and 
data analysis efforts. Forward modeling will 
be an important link between the modeling 
and proxy communities that will enable true 
data-model comparisons. The initial phase of 
the working group should focus on developing 
a Holocene database, first synthesizing existing 
compilations, and then incorporating remain-
ing data. Community involvement and poten-
tial crowd sourcing should be encouraged to 
finalize the database and maximize its analysis, 
leading to a series of synthesis products. To 
run and maintain such an effort requires that 
dedicated personnel be supported. This could 
include a well-versed postdoc(s) who would 
lead the initial phase of the project and help 
steer the early scientific objectives.
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Holocene climate change and 
its context for the future
Shaun A. Marcott1 and Jeremy D. Shakun2

Mount Hood, USA, 13-16 October 2014

Figure 1: (A) Global mean temperature from proxies (Marcott et al. 2013; Shakun et al. 2012) and models (Liu et al. 2014). (B) Histograms of the Holocene time series in (A) 
showing how the distribution of Holocene temperatures compare to the 20th century instrumental range and IPCC projections for 2100 (Collins et al. 2014). (C) Power Spectral 
Density (PSD) of sea surface temperature for Holocene time series (Laepple and Huybers 2014). rCP = representative Concentration Pathway.

Glacial  à Interglacial
20,000 years

Marcott et al., 2013
Shakun et al., 2012

Larger temperature 
change, still 
relatively “slow”



Glacial Climate 
~100,000 years
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Dansgaard-Oeschger Cycles
~1500 yrs/cycle

• 8-16ºC atmospheric 
warming in years to 
decades (over Greenland)

• Rapid warming likely due to 
abrupt changes in sea ice 
cover in Nordic Seas

• Some involvement of AMOC
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Dansgaard-Oeschger Cycles
~1500 yrs/cycle

• 8-16ºC atmospheric  
warming in years to  
decades (over Greenland)

• Rapid warming likely due to 
abrupt changes in sea ice 
cover in Nordic Seas

• Some involvement of AMOC

…but is this unusual behavior?
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Plio-Pleistocene Ice Age Cycles
Lisiecki & Raymo, 2004



Dansgaard-Oeschger Cycles
In previous ice ages?

sediment core taken from the Iberian Margin (23).
On the basis of the findings of Shackleton et al.
(24), the Iberian Margin records were tuned to
the EDC dD record via the record of benthic
d18O from the same core (23). The tuning exer-
cise did not involve the surface records, which
therefore provide a quasi-objective “target” for
comparing with our reconstruction [which should
be aligned with the surface-ocean records accord-
ing to (24)], and there is good agreement in the
timing and structure of the abrupt events during

MIS 6. We also note good agreement between
our reconstructions and the record of atmospheric
CH4 (25). Our predicted D-O warming events are
generally aligned with sharp increases in CH4

(similar to the observed relationship during MIS
3). This relationship holds for the entire 800,000-
year record (Fig. 4) and provides critical ground-
truthing for our reconstruction.

Building on previous studies (22), we used
the precise and absolutely dated Chinese speleo-
them record to place our reconstruction on an

absolute time scale for the past 400,000 years.
We did this by aligning the cold events in our
reconstruction with the inferred weak-monsoon
events in the speleothem record (Fig. 4) (6). The
EDC3 age scale (which remains the fundamen-
tal basis for our model) was derived through a
combination of ice flow modeling and various
age markers, including orbital tuning constraints
(26). By tuning the millennial-scale features of
GLT_syn to the speleothem record, we provide
a refinement of the age scale that provides an

Fig. 4. (A and B) 800,000
years of abrupt climate varia-
bility. Records of North Atlantic
IRD (4), monsoon rainfall (5, 22)
(normalized) and SST from
the Iberian Margin (27) all
show strong similarities with
our reconstruction of Greenland
climate variability (GLT_syn_hi
and GLT_syn). Glacial termi-
nations (identified by Roman
numerals) are characterized by
cold conditions across Green-
land and the North Atlantic
and weakened monsoon rain-
fall, with a corresponding rise
in atmospheric CO2 (33), fol-
lowed by an abrupt warming
over Greenland, strengthening
of the monsoon, and sharp rise
in atmospheric CH4 (25). Pink
boxes indicate terminal North-
ern Hemisphere cold periods.
Red and blue dots are predicted
D-O warming events using a
fixed or variable threshold, re-
spectively. Lowermost curves in
each panel are moving win-
dows of the standard devia-
tion of AAT_hi´, our ”bipolar
seesaw activity index“ (note
that orbital time scale varia-
tions have been removed; blue
is 5000-year window; green is
10,000-year window). Increased
millennial-scale activity is gen-
erally observed during transi-
tions between climate states,
with minimal activity during
interglacials and glacial max-
ima. All records are on the new
Speleo-Age (A) or the EDC3
(B) time scale except the ben-
thic d18O stack (LR04) of (34),
which is on its own time scale.
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Although abrupt, maybe not that unusual…



Heinrich Events

UBC

UBC



Heinrich Events
Bond et al., 1992



Heinrich Events
Bond et al., 1992

Seierstad et al., 2014



Heinrich Events Bassis, Petersen, & Cathles, 2017



Heinrich Events
Bassis, Petersen, & Cathles, 2017

No special physics required to make a Heinrich Event



Heinrich Events
Bond et al., 1992

Hodell et al., 2008



Heinrich Events
Hodell et al., 2008

Again, occurring 
over multiple 
glacial cycles



Classes of aberrations
■ Temperature changes e.g. D-O’s, PETM
■ Ice Sheet changes                      e.g. HE’s, EOT
■ Ocean Anoxic Events
■ Mass Extinctions
■ Global Shifts e.g. Rise of pO2, Evolution



Rodhe & Muller, 2005 via Andersen at INESAD

MASS Extinction throughout Earth History



Rodhe & Muller, 2005

“Short-lived” genera 
(living < 45 Myr)

“Long-lived” genera 
(living > 45 Myr)

Extinction throughout Earth History



Impacts, Volcanism & Mass Extinction

Caldiera & Rampino, 2017

(A=Anoxic Events)



Impacts, Volcanism & Mass Extinction

Caldiera & Rampino, 2017

(A=Anoxic Events)

?
Cretaceous-Paleogene Mass Extinction



Cretaceous-Paleogene Boundary
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Extinction Events

Seymour Island, Antarctica
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Cretaceous-Paleogene Boundary
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Cretaceous-Paleogene Boundary
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Aberrations from background 
climate…

■PETM
■K-Pg extinction
■….

Shocking in the moment, but possibly not 
that unusual over geologic time


