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Climate Trends at different Timescales

Temperature of the last 150 years (instrumental data)

Northern Hemisphere Temp. anomaly
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Motivation: Observational Record

Temperature anomaly [° C]

1.5

HadCRUT4 . . .
— GISSTEMP Uncertainty largely due to missing

Uncertainty bounds information at high latitudes

0.5+

-0.5 ! |

T
1900 1920 1940 1960
Time [years]

T T

1980 2000

T
1880

Temperature Anomaly 1930
White areas: not enough data



Motivation: Observational Record

1.5

0.5+

-0.5

Temperature anomaly [° C]

— GISSTEMP
Uncertainty bounds

HadCRUT4

Uncertainty largely due to missing
information at high latitudes

T
1880

T T T T T T
1900 1920 1940 1960 1980 2000

Time [years]

Temperature Anomaly 1930
White areas: not enough data

Climate variability beyond the instrumental record:
Decadal, centennial, millennial
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Proxy Data

Indirect data, often qualitative
Long time series from archives

Information beyond the instrumental record




Data in the Earth System

Ice drilling camp, 2009 Polarstern, marine sediments Lake/permafrost sediments

Climate records from ~ Lake/permafrost ~ —
ice cores 2 sedimentrecords .
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Climate Trends at different Timescales

Deglaciation — Greenland ice core
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Atmospheric Gas Concentrations from Ice Cores
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Questions

* Response of climate models to forcing?
« Common pattern of data and models?

* Climate sensitivity and variability
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Orbital focing

« ~20.000, ~40.000, ~100.000 years
0.5, 1 year

* Geometry of the Sun-Earth configuration
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Sunspots  Photo: Nasa
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Spatio-Temporal Scales

Dissipative Systems (as atmosphere & ocean) cannot
maintain large gradients on long time scales
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Insolation (6k minus present)
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Marine temperature trends (last 6000 years)

Annual mean sea surface temperature trends

4
B ey . 3
P 12
o 12
b . 1
< 08
06
3 — 04
¢ — 03
: Gg : — 02
BN ’/g , : o
RNt T
k‘ﬁ‘m e —t 0
¢ | T
N =03
6, 05
07
3 Qﬁp ;
i 4 15
3 2
. 3
4
5
6

°Cle ké
AN
;&: Alkenone-based temperature trends

Lohmann et al., 2013, CP



Marine temperature trends (last 6000 years)
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Marine temperature variability

(annual to millennial time scales)

Power spectrum
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Climate variability and sensitivity are related

Stochastic climate model
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Holocene SST -Trends 6000 years
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Momentum equations
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Model Strategy

Intermediate
integratiomn

A Conceptual Models - Processes AOGCMS
Comprehensive Models

computer power,
optimisation

Detail of Description

Pictorial definition of EMICs (Claussen et al. 2002)



Energy balance model
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Figure 1. Schematic view of the energy absorbed and emitted by the Earth following
(1). Modified after Goose (2015).



last 7000 years: Models & Data
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When do we reach the temperature level of

6000 years before present (climate optimum)?

Year of summer warmer than in the Holocene
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Greenland Shallow Ice Core Positions
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Greenland Shallow Ice Core Positions
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Climate variability across time scales:
challenges from limited data & modeling

PEESESNG ~ NGP
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 &=
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Climate variability across time scales:
challenges from limited data & modeling

PEES-ESG 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

Holoé:ne: High IatitJd;ﬂcooIing, Iow-Iéde warm'
. Models and data disagree in amplitude & variability (fdt)
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l Dynamics: Heterogeneities in temperature,
large gradients can persist on long time scales

Interpretation of proxy data:
Bring the current climate into a long-term context, extremes
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The use of of 8180 in precipitation as a temperature proxy

Modern spatial relation
between 6180 and surface temperature
(on Greenland):
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The 0180 signal in marine sediment cores

Vapour Transport and Cloud Formation
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Transformation of snow to ice

Sintering Process
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Example: difference between ice age and gas age
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Transitions from Greenhouse to Icehouse Climate:
Evidence from Marine Sediments
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Transitions from Greenhouse to Icehouse Climate:
Evidence from Marine Sediments
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Transitions from Greenhouse to Icehouse Climate:
Evidences from Marine Sediments
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