Climate variability across time scales:
challenges from limited instrumental,
paleoclimate data and modeling
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Motivation: Observational Record

Temperature anomaly [°C]
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Climate variability beyond the instrumental record:
Decadal, centennial, millennial



Insolation (6k minus present)
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Alkenone Records + Trends
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Model SST at core locations
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Marine temperature trends of the last 6000 years

Annual mean sea surface temperature trends
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Marine temperature trends of the last 6000 years

Annual mean sea surface temperature trends
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Marine temperature variability

(annual to millennial time scales)

Power spectrum
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Current climate models seem to underestimate long-term
variability
Laepple and Huybers, 2014; GRL, PNAS



Holcene SST -Trends 6000 years

PMIP2, ~3° resol

PMIP3, ~2° resol
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Climate model ECHAMG6-FESOM

Atmosphere: general circulation model ECHAM6 (MPI) T63
Sea ice and ocean: finite-element model FESOM (AWI)
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Holocene SST -Trends 6000 years
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Seconds

Assumption: Spatial Scales || temporal Scales

Dissipative Systems (as atmosphere & ocean) cannot
maintain large gradients on long time scales
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Paleoclimate Data: Millennial variability

GISP2 delta 180
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Millennial variability occurs ...

at intermediate sea level

ice volume
not during the Holocene & LGM

Schulz, 2002,
GRL



Bistable system
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Role of CO, for Glacial Climate Stability

Xu Zhang, Gregor Knorr, Gerrit Lohmann, Stephen Barker
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Challenges and open issues: sea level in a warmer world

Present LIG + 2°C LIG + 3°C
SL: 2-3m SL: 3-bm
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Sutter et al., 2016
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5180 Signal in the Hydrological Cycle

Scheme of typical isotope depletion in various parts of the hydrological cycle
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Speleothem 8 30 (VPDB)

Comparison with O isotope records: Hoti Cave
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Recorder Problem: Antarctic

Antarctic ice cores
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Isotope sighal weighted with accumulation
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Greenland Shallow Ice Core Positions Variability of Accumulation Rate
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Greenland Shallow Ice Core Positions
(23%) ACCUMULATION 1502—-1992
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Fennoscandian tree-rings and warm-day extreme
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Atmospheric blocking & sea ice export
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Synoptic variability and multidecadal variability are not independent
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Climate variability across time scales:
challenges from limited instrumental,

paleoclimate data and modelin
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Past climates help us to understand the climate system as a whole

To elaborate processes (first and second order)

Test hypotheses by scenarios and comparing model results to data &=




Climate variability across time scales:
challenges from limited instrumental,

paleoclimate data and modeling
PEESEESG o~ NP

Past climates help us to understand the climate system as a whole

To elaborate processes (first and second order)
| Test hypotheses by scenarios and comparing model results to data

: olocene: High Iatitﬁdéﬂcooling, Iow-Iétie Wam'g
~ Models and data disagree in amplitude, variability underestimated (fdt)

H
l Dynamics: Heterogeneities in temperature,
large gradients can persist on long time scales

Interpretation of proxy data: Seasonal to syonptic signatures
Bring the current climate into a long-term context, extremes



