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Atmospheric Gas Concentrations
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Compare simulations with real cores
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Paleoclimate Dynamics
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6. October 2008

Broaden the view of the climate system
Interpretation of past environmental changes
Data and Modelling

Climate variability: North Atlantic Oscillation, El
Nino — Southern Oscillation



Paleoclimate Dynamics

Gerrit Lohmann
6. October 2008

Broaden the view of the climate system
Interpretation of past environmental changes
Data and Modelling

Climate variability: North Atlantic Oscillation, El
Nino — Southern Oscillation

2008: Overview
2009: Statistical Interpretation with practical units



Climate Trends at different Timescales
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Climate Trends at different Timescales

Temperature of the last 1000 years
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Climate Trends at different Timescales

Holocene: Temperature proxy for the last 7000 years
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Climate Trends at different Timescales

Deglaciation — Greenland ice core

- 30 i i i i 1 i i i i 1 i i i i 1 i I i i 1 i i i i
mmmmmmmmmmmm
’ a; 1w
1 s
4 i
il / 4
8 . P
] sl A St A M 4 ' ]
A ety YA
134 v 13

W

9.
: Globale Temperatur

'40 -l

8B 0ice [%o VSMOW]

-45 - . . r - - r - - T
20 10 0
Grootes et al. 2000

Calendar age [kyr er]

Anomaly (°C)
e T T
$ b2 2 p



: SURFACE
TOPQGRAPHY (m)

— 3350
3100
E: . — 2860
By el | 2600
243 | 2350
= 2100
= 1850
= 1600
1350
1100

: 850
LS 500

S /N 350
. o 100
L : -150

t= ke BP

Deglaciation

21 ka




Pre-industrial

120 100 80 60 40

THOUSANDS OF YEARS AGO

140

e CARBON DIOXIDE CONCENTRATION
S (PARTS PER MILLION}
[=] Q [ =] [=] [=]
..I.U g & % R g8 8
a ~— [ i [ I
| - y
fe
e g
- —
D -
- —
| | | l | 1
2 1] o i ,ﬂ. T3] _ﬂu
O " e e
.
{SNIS13D 533423q)
A V IN3S3Hd INOHY IDONVHD IHNLYHIJNIL

160



SST[°C]

Climate Trends at different Timescales

Glacial-Interglacial

B. Pacific SST vs planktonic 180 for 350kyr
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Global Climate
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Data

« Anfange physikalischer Messtechnik
— ca. 1650 erste Luftdruckmessungen (Italien, Frankreich, Schweden)
— 1654-1670 erste aufgezeichneten Lufttemperaturmessungen (Pisa)
— 1677-1704 erste Niederschlagsmessreihen (England)
— ca. 1700 erste Windmessungen in Deutschland (Leibniz)

« Vieljahrige (lUckenlose) Messreihen

— Langste lickenlose und homogene Lufttemperaturmessreihe der
Erde: ,Zentral-England®“-Reihe seit 1659

— Langste Niederschlagsreihe: Kew (bei London) seit 1697
— Langste Luftdruckreihe: De Built (Holland) seit 1740

— Langste Windreihe: Hohenpeil3enberg seit 1781
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Observations: Temperature trend since 1901

Annual Trend 1901 to 2005
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Scenarios: sea ice extent

a) 1980-2000 average b) 2080-2100 average
winter summer winter summer
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Scenarios: sea ice extent

a) 1980-2000 average b) 2080-2100 average
il 1

‘Q’

winter summer winter summer

JF

“‘:!

Ecosystem change -> Biologists
_ E——

0 10 20 30 40 50 60 70 80 90 100

| 1PCC AR4 (2007) |




Economic damage:
European windstorms during winter

Economic damage: €1.9 billion per year,
insurance losses: €1.4 billion per year
(1990-1998).

Second highest cause of global natural
catastrophe insurance loss after U.S.
hurricanes.




Temperature of the last 150 years (instrumental data)
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# Hurricans:
Decadal Oscilations plus trend

(b) Ten-year moving average for tropical cyclones formed in the North Atlantic Basin
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Source: MCAA, with re-handling and calaulations by Munich Re.
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Annual Cycle
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Annual Cycle

Fixed axis of Earth rotation
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Precession & Eccentricity

Present Orbital Configuration:
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Example for Milankovitch forcing

The Eemian climate (the last interglacial, 124 000 years)
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Eccentricity
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Obliquity
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Sunspots  Photo: Nasa
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Portrait of Milutin Milankovitch by Paja Jovanovic, 1943, courtesy
of Vasko Milankovitch




Milutin Milankovitch (1879 - 1958)
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2.

3.

Key elements of James Croll's

Astronomical Theory Ice Ages
1.

Earth's climate was influenced by changes in its orbit
around the sun

Croll focused on changes in precession and
eccentricity.

He was aware of changes in the Earth's tilt but had no
means of quantifying It.

He hypothesized that ice sheets would grow during
severe winters resulting from the interacting effects of
precession and eccentricity.

To explain how very small changes in eccentricity could
Influence climate he formulated the concept of a
"climatic feedback", specifically the Ice-Albedo
Feedback.



http://www.earth2class.org/k12/w5_s2001/wrkshp2001/preccshifts.gif

Key elements of Milankovitch's
Astronomical Theory Ice Ages

1. Quantified variations in the Earth's obliguity, precession
and eccentricity.

2. Determined the seasonal and latitudinal distribution of
solar radiation (insolation) on Earth.

3. Argued that obliquity, followed by precession forcing,
should dominate the climate response, with less
Influence due to eccentricity.

4. Argued that summer insolation at mid-latitudes rather
than winter insolation was the critical forcing for ice sheet
growth.

Despite these considerable advances, Milankovitch's
theory was not widely accepted in his day. It's major
limitation was the lack of a well dated, continuous
climate curve to test the hypothesis.



http://www.earth2class.org/k12/w5_s2001/wrkshp2001/tilt.gif

1. Continuous sedimentary seguences

2. A reliable means of extracting continuous
climate information from these sediments

3. Improved dating methods (chronology)
4. Quantitative analysis methods
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 Obliquity: caused by the gravitational pull of large
planets, including Jupiter. Earth's obliquity varies
cyclically with a period of 41,000 years.

« Eccentricity of the orbit ~100,000 years due mostly to
the gravitation perturbations due to Venus.

 Precession (~20,000) due to the equatorial bulge of
the Earth, caused by the centrifugal force of the
Earth's rotation. That rotation changes the Earth from a
perfect sphere to a slightly flattened one, thicker across
the equator. The attraction of the Moon and Sun on
the bulge is then the "nudge" which makes the Earth
precess.
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Winter sea ice cover
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Modelling

Circulation Models

Cartesian Grid GCM

Fluid dynamical equations

Momentum equations:

_ . utang¢ 1 p LA
uy + Adv(u) — (! R ) E " acosd (P_tl)\ o

. utang 1 P b
vy ".hh‘{r) + (JII + _) u - (_) + F Vertical exchange

IN THE ATMOSPHERIC
COLUMN

Wind vectors
Humidity

[t} [} ¢
o between levels

P
0= — T —4p Glouds
M0/ . Temparature
Continuity equation: Height
— [{u]'\ + (vcos o)o] +(w). =0 . AT THE SURFACE
4 cos @ Ground temperature, Horizontal exchange

water and energy between columns

fiuxes

Equation for tracers y, temperature T, salinity (humidity) S:
i + Adv(x) = A VX + Anv X
Equation of state:

g= I,u(f—). S, Z]I

The equations are ” coarse grained” in space and time.

Subgrid scale processes are parameterized by diffusive mixing. ) _ s e
. Time step~30 minutes Grid spacing~3"x 3




Grid resolution
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Continental shelf

Deep-sea floor
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Upscaling

Interpretation of Proxy Data

: Eisbohrkern Gronland §'°0
Eisbohrkern _

_34i o T
Korallen- 2,
skelett :::f . “.].‘ L
Sediment- 1 1750 1800 1850 1900 1950 20
boh rkern Zeit (Jahr n. Chr.)

Korallenskelett Rotes Meer 3'°0
28 | wh

| (N
dh Al |
i w ,’. ) ' ‘ 1‘
=3 Wy WL T R ‘
WyY | N A WM fa ' J
L ¥ AR AT W 1”
| IR 1LY
32 e et 14 Ml ¥

1750 1800 1850 1900 1950 2000
Zeit (Jahr n. Chr)

Sedimentbohrkern Cariaco Basin

#G. buﬂoides/(;rarnm )
3000 ! ‘
200 MLy 4

L ! N

I WMid  TINEL M
AT L LA YD
v ¥ Al

0 ; ‘
1000 1200 1400 1600 1800 2000
Zeit (Jahr n. Chr))




Statistic

Covariance (cross, auto)

Y(A) =E ((x0-) )

e.g. coral

Correlation (cross, auto)

—_v(A)
pr — normalized

measures the tendency of x (t) and y (t) to covary

Spectrum (cross, auto)

(spectral density)
[(o)=X y(A)e™

measures variance
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Climate Modes from Proxy Data
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ARCTIC OSCILLATION SIGNATURE IN A RED SEA CORAL
Seasonal oxygen isotope signature

time (years) 1980 81 82 83 84 85 86 &/ 43 89 90 91 92 93 94 95
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~ Skeleton of Red Sea coral

Felis et al. Paleoceanography 2000



ARCTIC OSCILLATION SIGNATURE IN
e Q) Correlation of wintertime sea level pressure

NCEP data

1948 - 1995

ed Sea coral

Reconstructed AO-Index from the coral

norm by std dev
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mechanistic understanding



ARCTIC OSCILLATION SIGNATURE IN A RED SEA CORAL
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