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e About me

e Greenhouse effect

e |ce coring and ice core records

e Recent atmosphere, last 1000 years
e Distant past (Glacial-Interglacial)

e Rapid climate change
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Thomas Blunier

Professor, Centre for Ice and Climate,
Niels Bohr Institute, University of
Copenhagen.

Part of ice core science since 1991.
Head of the trace gas group.


http://www.iceandclimate.dk/
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Composition of the atmosphere
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Gas % | ppm

Nitrogen (N,) 78.084 780'840.000
Oxygen (O,) 20.946 209'460.000
Argon (Ar) 0.934 9'340.000
Carbon dioxide (CO,) 3.9050E-02 390.500
Neon (Ne) 1.818E-03 18.180
Helium (He) 5.240E-04 5.240
Methane (CH,) 1.803E-04 1.803
Krypton (Kr) 1.140E-04 1.140
Hydrogen (H,) 5.500E-05 0.550
Nitrous Oxide (N,O) 324.2E-05 0.324
Carbon Monoxide (CO) 1.000E-05 0.100
Xenon (Xe) 9.000E-06 0.090

IPCC 2013, status 2011
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30% reflection

n1Z-Sy(1-A,) = 4-n-rf o T
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aus Poixoto & Oort, Physics of Climate
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Redistribution of Energy
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Radiation balance
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annual mean) as a
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(Peixoto & Oort, 1992)
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Annual mean meridional
heat transport in
atmosphere (latent and
dry) and ocean (Ocean
Circulation & Climate,
2001)
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Adam Nieman
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Green-House Ice-House

Tibetan Plateau uplift
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Ice archives on

earth
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Instantanious sea level

Region Ice volume .
rise
[km’] [m]
Glaciers 180000 0.45
Greenland 2'620'000 6.55
Antarctica 30'109'800 73.44
Total 32'909'800 80.44
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http://www.fourmilab.ch/earthview/nopan.map
http://www.fourmilab.ch/earthview/nopan.map
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Ice flow
< Summit “The two mile
X time machine”
><]

Accumulation zon llllllll"'“li? — I“mmm““"lll.
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Ablation zone

Cross section of the Greenland ice sheet

Continuous climate records
Greenland: ~120,000 years
Antarctica:. ~800,000 years
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Precipitation
Water

Whatever is
Trapped in the Ice

Air bubbles




"‘"s
% CENTRE FGR

ICE “>CLIMATE

Isotope thermometer
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Proxy indicator for temperature (see next presentation)
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Na*
Sodium

Caz*
Calcium

SO42‘
Sulfate ;

NH4+
Ammonium

NO,-
Nitrate
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= NEEM  77.43°N,51.10°W
: Bedrock has been
| reached Tuesday July
27,2010 at the deep ice . -
[I _ * I I I 0

” core drilling site NEEM
" on the Greenland Ice
Sheet at the depth of

*
*
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Hollow shaft
Hans Tausen Drill ¥

Bajonet connection

Drill electronics

Pressure tube

Anti torque section

The &m long HT drill was build
in 1985 as a prototype for
the North Grip! Epica drill

The drill exsists in a wet and a dry version,
and has recovered ice core down to bedrock
at Hans Tausen (350m) and the warm bottom
ice at North Grip (3085m).

: " Core diameter : 98 mm
> Core barrel o Core Length : 1,6 m

(Quter barrel removed)
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Gas occlusion
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Pore space in polar firn. White: pores.
(B33 Dronning Maudland, Antarctica)
Johannes Freitag, AWI, not published
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Drum with tubes

N

Snow surface

Bladder inflation

Sampling tubes
( ( i 3/8"
1/4"

5mlong —*
sealing bladder

L T e P

L . " . ™

Upper
inlet

Lower
inlet

NEEM 2008
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Biomassburning
7%

Riceagriculture
14%

Ruminants
16%

Landfills&waste

7% Gas,oil,industry
12%

Coalmining
5%p
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http://www.esrl.noaa.gov ICE .~x0CLIMATE
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A large portion of the long
term changes occurs on
orbital frequencies.

»

Eccentricity Cycle (100 k.y.)

Rl

Obliquity Cycle (41 k.y.)

o

@5cofl Butherford (1897)

Normal to Ecliptic

Precession of the EquinoXes (19 and 23 k.y.)

.i 7:?:::

Neorthern Hemisphere tilted away from the sun at aphelion.

15—

Nanthem hemisphere tilted toward t?\rer{sun at aphelion.
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Based on Peltier http://jesse.usra.edu/public/jesse _html
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. Tropical Seasonal Forest
. ropical Dry Forest/Savanna
.E.e""fﬂe'/Wc"rr* mixed Forest

.:e'v"pef:'.e Decidous Forest
.Coo Mixed Forest

JCOQ' Conifer Forest
.Tcz-gu

.(Jo'o Mixed Forest

-\.'OIJ Deciduous Forest
.XE’OD"\f tic Woods/Shrub e
_1Worm Grass/Shrub
.Cool Grass /Shrub

B

Hot Desert

; Semidesert

Wlce /Poior Desert Prentice et al., 1993




The PIMP2 LGM model results (PIMP2 =
Paleoclimate Modeling Intercomparison Project)lCE
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40 20 -1 -2 8

Annual mean LGM changes in temperature (°C)

Braconnot et al., Climate of the Past, 2007
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e Mean global temperature was 3 to 8°C lower.

e Huge ice masses on the North American continent
and Europe.

e Sea level was about 120m lower
e Massive reduction of vegetation
e 30% Lower CO,
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Explain the difference glacial-interglacial |CEANDC]_|]\/]ATE

Ballpark numbers for glacial interglacial change

Water vapor
CO,

Ice sheets
Sea Ice cover

Vegetation
Clouds

50% Greenhouse effect ¢

50% Albedo 3
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The great ocean conveyor belt ICE .\n0 CLIMATE

IPCC 2001
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* Important climate changes in the northern
hemisphere on millennial time scale.

e Similar changes in the tropics (Methane)
 Different pattern in Antarctica at the same pace.

e Consistent pattern between Greenland and
Antarctic temperature variations.

 Internal variability!
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