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Klima

Die Synthese des Wetters
uber einen Zeitraum, der lang
genug ist, um dessen
statistische Eigenschaften zu
bestimmen




KLIMAFAKTOREN:
Prozesse und Zustande, die zur Entstehung,

Aufrechterhaltung und Veranderung des Klimas fuhren.

Sonnenstrahlung (solares Klima)

Strahlungs- und Warmehaushalt

Land- und Meerverteilung (maritimes/kontinentales Klima)
Hohe uber NN (Gebirgsklima)

Zusammensetzung der Erdatmosphare (Spurengase,
Aerosole, Wasserdampf)

Ozean- und Atmospharische Zirkulation

Landvegetation und biologische Produktion
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Temperature

SEASONAL RADIATION CHANGES

_ June 21
& %30 [ Annual
§ : average
I
= o ‘ .
e} I
2 :
o '
B | [
& -30 Ny December 21
» 4
~ -
- -
P -
Y N
Q
//J:r B i\\\
I -2 m
Wind Land
mixing

June 21
1

Juncle 21

+
o (9, ]
e
|

Temperature
change (°C)

|
wn
°

change (°C)
=
I
|
o
[

SEASONAL TEMPERATURE CHANGES




Latitude

20°

40°

- Temperature
range (°C)
> 20
10-20
m5-10

W 160° 120°

80°

40°

Cl<5 _

00
Longitude

40° 80° 120° 160° E




pressure High pressure:
cooler ocean
Hot land surface

A Summer monsoon

High
pressure

Low pressure:

warmer ocean
Cold land surface

B Winter monsoon




Polar person
spinning in place




Coriolis
deflection

Coriolis
deflection

in northern
hemisphere

in southern
hemisphere

High
pressure

(H)




’———->

-
/’

72~ Counterclockwise

Clockwise circulation

coming out of circulation going
high-pressure regions into low-pressure
regions

D Northern hemisphere




Precipitation (P)
vs.
evaporation (E)

P<E P=E P>E
- | >

Fronts

Subtropics

00

Subtropics




Mid-latitude

southwesterly Water driven

southeastward

uadap Ja3eM

northwestward Tropical
by winds northeasterly
trade winds




Wind blows
parallel to coast

Winter Summer Winter Summer A (Cosstalipwalling 4
&
Northern Southern
trade winds trade winds

R) 10 15 20 25 B Equatorial upwelling
Temperature (°C)




Forcing low latitudes Cane and Clement
(1999) AGU Monograph
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Winter sea ice cover
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Clouds drift inland from the ocean
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Innertropical Convergence Zone
TMI Monthly Averaged Precipitation Rate: August , 1998
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The Thermohaline Circulation
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‘Atmosphere & Ocean Circulation
Schmitz, 1996
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‘Atmosphere & Ocean Circulation

Climate Variability in the Atlantic Sector
Possible interconnections of three major climate phenomena

Atlantic SST and Rainfall
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[ SST TDI and
Correlation between the Atlantic cross ITCZ SST difference as defined by Servain (1991, J. Geophys. Res., 15137-15146),
and station rainfall. This figure is done for annual averages of both the index and the rainfall data from 47 years. The pattern
of the Atlantic SST is very similar to the NAO panem: i.e. during strong phases of the NAO, there are strong westerlies and
north-easterlies, colder SST, and thus the ITCZ is further south. When ITCZ is further south, the correlation with Tropical
Dlpole Index (TDI ) is neganve, less precipitation over the Sahel region and more precipitation along the coastilne in lhe Gulf
more pi in the Nordeste Brazil as well (Y. Kushnirand G. Krat , 1998,

ML/G4/991

NAO: North Atlantic Oscillation
MOC: Meridional Overturing Circulation
TAV: Tropical Atlantic Variability

from the US-CLIVAR Implementation Plan (www.usclivar.org)
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from CLIVAR website
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37

37

0.2 Deep ocean
Sediments and rocks

B Carbon exchange rates (gigatons/year)




Paleo-CO,
and productivity
in the ocean

Relation to atmospheric CO,
Proxies
Problem of Quantification
Late Quaternary Variations
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‘ Greenhouse
Effect ?
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Greenhouse
Effect ?

CO2 Concentration (ppmyv)
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Effect ?
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IPCC Scenarios
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Model results in context with natural variability
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Global Carbon Cycle
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Type of primary productivity

Ca?* 2HCO,” => CaCO,+CO,+ H,0

H,0 + CO, =>(Photosynthesis) CH,O + O,

Important: C_,/CaCO, ratio of total PP

org
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Phytoplankton




Primary Productivity (gC m-2)

Monthly primary production (June) Monthly primary production (December)
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Atmosphere - Ocean CO, exchange

Mean Annual Air-Sea Flux for 19935 (NCEP 41-Yr Wind, 94OK. W-92)
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4 glacial cycles recorded in the Vostok ice core
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atmospheric CO, urban area
0"3C -7.8 %o t0 -12 %o

athropogenic
CO,
8"3C-26 %o

atmospheric CO, rural area
0"C -6 %o to -7.8 %o

CAM plants
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ocean water

d13C -13%o
seagrass
0"°C-10 %o

organic carbon
0"C -23 %o

coal
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petroleum
0"*C -30 %o

modified after http:// homepage.mac.com/uriarte/carbon13.html and iae.org
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Internationale Standards fir Isotopen-
Zusammensetzungen von H, C, O, §; N

Standard Standard Element

PDB Belemnitella americana C,O
aus der Peedee Formation der Kreide
South Carolina

SMOW Standard Mean Ocean Water H, O

CD Troilit (FeS) Eisenmeteorit S
aus dem Diabolo Canyon

N, (Luft) Luft N



Calculation of paleo PCO, in the ocean
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Biological Pump Effect
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RADIOCARBON DATING

Method, Instruments, Calibration,

and Application in the Marine Environment
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Radiocarbon Method

The radiocarbon dating method was developed

by a team of scientists led by the late Professor
Willard F. Libby of the University of Chicago between
1947 and 1952.

Libby later received the Nobel Prize in Chemistry in
1960:

"for his method to use Carbon-14 for age
determinations in archaeology, geology, geophysics,
and other branches of science."

"Seldom has a single discovery in chemistry had such
an impact on the thinking of so many fields of human
endeavour. Seldom has a single discovery generated
such wide public interest."”

Today, there are over 130 radiocarbon dating laboratories around the world
producing radiocarbon assays for scientific fields including hydrology, atmospheric
science, oceanography, geology, palaeoclimatology, archaeology and biomedicine.




Radiocarbon Method

There are three principal isotopes of carbon which occur naturally - C12, C13 (both stable) and C14 (unstable or
radioactive). These isotopes are present in the following amounts C12 - 98.89%, C13 - 1.11% and C14 -
0.00000000010%. Thus, one carbon 14 atom exists in nature for every 1,000,000,000,000 C12 atoms in living material.
The radiocarbon method is based on the rate of decay of the radioactive or unstable carbon isotope 14 (14C), which is
formed in the upper atmosphere through the effect of cosmic ray neutrons upon nitrogen 14. The reaction is:

14N +n=>14C +p (Where nis a neutron and p is a proton).

The 14C formed is rapidly oxidised to 14CO2 and enters the earth's plant and animal lifeways through photosynthesis
and the food chain. The rapidity of the dispersal of C14 into the atmosphere has been demonstrated by measurements
of radioactive carbon produced from thermonuclear bomb testing. 14C also enters the Earth's oceans in an atmospheric
exchange and as dissolved carbonate (the entire 14C inventory is termed the carbon exchange reservoir (Aitken,
1990)). Plants and animals which utilise carbon in biological foodchains take up 14C during their lifetimes. They exist in
equilibrium with the C14 concentration of the atmosphere, that is, the numbers of C14 atoms and non-radioactive
carbon atoms stays approximately the same over time. As soon as a plant or animal dies, they cease the metabolic
function of carbon uptake; there is no replenishment of radioactive carbon, only decay.

Libby, Anderson and Arnold (1949) first discovered that this decay occurs at a constant rate. They found that after 5568
years, half the C14 in the original sample will have decayed and after another 5568 years, half of that remaining material
will have decayed, and so on (see figure 1 below). The half-life (f 1/2) is the name given to this value which Libby
measured at 5568+30 years. This became known as the Libby half-life. After 10 half-lives, there is a very small amount
of radioactive carbon present in a sample. At about 50 - 60 000 years, then, the limit of the technique is reached
(beyond this time, other radiometric techniques must be used for dating). By measuring the C14 concentration or
residual radioactivity of a sample whose age is not known, it is possible to obtain the countrate or number of decay
events per gram of Carbon. By comparing this with modern levels of activity (1890 wood corrected for decay to 1950
AD) and using the measured half-life it becomes possible to calculate a date for the death of the sample.

As 14C decays it emits a weak beta particle (b ), or electron, which possesses an average energy of 160keV. The decay
can be shown: 14C=>14N+b

Thus, the 14C decays back to 14N. There is a quantitative relationship between the decay of 14C and the production of
a beta particle. The decay is constant but spontaneous. That is, the probability of decay for an atom of 14C in a discrete
sample is constant, thereby requiring the application of statistical methods for the analysis of counting data.



Natural Carbon |sotopes 12C ~ 98.89 % of total

BC ~ 1.11 % of total
14C  ~0.00000000010 % of total (1 part per Trillion)

Radionuclides  Half-life (years) Cosmogenic nuclides

10Be 1,500,000 Cosmogenic nuclides are isotopes

that are produced by interaction of
_ cosmic rays with the nucleus of the

264 730,000 gtom. Shown are radioactive |
isotopes of the elements beryllium,

36C]| 301,000 carbon, aluminum, chlorine, calcium,
and iodine. The lifetimes range from

41Ca 100,000 thousands to millions of years. They

129 16,000,000 are produced in meteorites and other

extraterrestrial materials, in the
Il Libby’s half-life time is used by convention!! ~ Earth’'s atmosphere, and on the solid
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Production and Decay
1 14 14 1
oN + - N — GC + 4 H
14 14 -
6C ™ N T B (160 kev)

Atmosphere, Biosphere, and Oceans contain about:
42 x 1072 tons of 12C
47 x 1079 tons of 13C

but only 62 tons of 4C

The estimated “C production rate of 7.5 kg/year
is assumed to be by the annual global decay
to keep the global *“C budget constant



Law of Decay

A=A,e™M

In (A/A;) = -At = t=1/AIn(A)/A)
A: measured '4C activity, e.g., in dpm/gC

A, natural '*C activity at the time of incorporation
A half-life time (t,,), ¢ : time passed

http:/Ilvcourseware4.calstatela.edu/VirtualDating/files/RC_2.html
http://staff.gc.maricopa.edu/~mvillarb/SyRIS/lawdecay.htm



Law of Decay
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Terrestrial Archives




Terrestrial Archives
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Terrestrial Archives
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Terrestrial Archives
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Marine Archives

CORALS DEEP-SEA CORALS




Marine Archives Planktonic Foraminifera/
Mediterranean/ Levantine Basin/

Globerinoides ruber
Images from a thesis by Jens Kallmayer (yr. 1998

GIObigerina buIIOides SOCRATES visitor from Bremen)

For more information about these research projects
contact Dr.Eelco.J.Rohling
(Pages created and maintained by Barry Marsh

SOES)

15kU X156 106rm BB86B6474

15kU X289 l1686prm BB88474




Marine Archives Neogloboquadrina
pachyderma (right
coiling)

Globigerinoides sacculifera

15kV X288 166prm B©B06B8474

15kUV X288 l168rm B068474




Counting techniques

B~ DECAY in dpm perg C

# in gas counters (Geiger principle) C is converted to CH,, CO,
or Acetylene and electron emmission is measured by voltage

# with liquid scintillation with conversion of C into an organic
liquid (e.g., Benzene) and photochemical reaction (flashes of
light) in the liquid

PROBLEMS:

# Large samples needed, grams of pure C

# Long measure times of hours to days for old samples

# Shielding of instruments against natural background
radioactivity

> AMS 14C Measurements



‘ Sample Preparation

cobalt catalyst
Cu holder

pressure

transducer vacuum line

"cold finger"
water trap
-80°C

ETH Zirich Website

Large
reaction
chamber




Principle Accelerator Mass-Spectrometer
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Accelerator Mass-Spectrometer ,mini version”

ETH Zirich Website




Examples Marine Records
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Fig. 3. Age models for the sediment cores GeoB 3104-1,

3129-1/3911-3, and 3202-2, derived from linearly interpolated

and calibrated '*C AMS dates. The cores GeoB 3117-1, 3176-1.

and 3229-2 were linked to the established stratigraphies correlat-
ing various sediment parameters.

Table 2
'MC Ages obtained by accelerator mass spectrometry (AMS)
dating of monospecific samples *

Lab. ID Core 1C AMS &+ Error Calibrated
depth age (y1) age
(cm) (yr B.P.) (cal. yr B.P.)
GeoB 3104-1
KIA 653 8 2660 450 2880
KIA 1857 20 5740 460 6450
KIA 1856 52 9660 450 11140
GrA 3719 87 12580 4100 14760
KIA 1855 97 12960 490 15230
GrA 3720 172 16120 4160 19150
KIA 651 209 20540 +-350/—330 24280
GeoB 3129-1 and 3911-3
KIA 2576 22 1830 430 1910
KIA 2575 52 3610 450 3980
KIA 2574 62 AR20 430 4230
KIA 2573 90 S8R0 440 6610
KIA 655 119 6510 460 7330
KIA 654 207 9160 +80 10200
KIA 1872 241 9650 460 11130
KIA 1871 307 9910 460 11450
KIA 1861 329 10430 460 12090
KIA 1860 452 10610 +70 12320
KIA 1859 491 11600 +70 13540
KIA 2614 523 12040 +70 14090
KIA 2612 S48 12380 450 14510
KIA 2613 S43° 12680 +80 14880
KIA 2611 648" 14160 4110 16720
KIA 1858 665° 16920 490 20140
GeoB 3202-1
KIA 1850 14 3010 430 3280
KIA 1849 34 6420 440 7230
KIA 1848 69 12400 +70 14540
KIA 1847 99 18090 4100 21590

2 G. saccwlifer in the fraction of 250-500 pm, analyses per-
formed at the Leibniz-Labor AMS facility in Kiel. Germany [37]
and the Center for Isotope Research, Groningen, Netherlands.
GrA = Groningen; KIA = Kiel. The '*C ages were corrected for
a reservoir effect of 400 years [38] and transformed into calendar
years [40].

 Samples from core GeoB 3911-3.



Calibration: Marine Environment

14C versus 239Th/234U in the same coral sample
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Calibration by tree rings ,Dendrochronologie”

6600 11— 6600

s Ring number
6550 - 16550
6500 |- 16500
L 6450 |- 16450
| O ' ;
T 6400 | 16400
6350 |- 16350
[ cal BC ]
6300 L — -1 6300

5500 -5400  -5300
http://www.umweltphysik.uni-heidelberg.de/




Calibration by tree rings ,Dendrochronologie”
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True age (?) cal yr BP
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Causes for
deviations of radiocarbon ages from calendaric ages

1. Variations in the rate of '#C production in the atmosphere
# Variations in cosmic ray flux due to solar activity
# Variations in cosmic ray flux due to changes in the geomagnetic field
# 14C production by nuclear weapon testing and nuclear techniques

2. Variations in the rate of exchange of '*C between various reservoirs
and changes in the relative CO, content between reservoirs
# Changes in CO2 solubility and dissolution, atmosphere-ocean
# Changes in terrestrial biosphere (biomass), humidity, human activity
# Ocean productivity and upwelling, and deep circulation

3. \Variations in the total amount of CO, in the atmosphere, biosphere,
and hydrosphere
# Volcanism and other mechanisms of CO, lithosphere degassing
# Release or burial in sedimentary reservoirs
# Combustions of fossil fuels
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14C age (a BP)

v 1400
30000 .
' i &
P //' 41200 g)
20000 i <
/ g 10
10000 } #
B~ 1-200
0 1 1 1 1
0 10000 20000 30000 40000 50000

Calendar age (cal a BP



RADIOCARBON, Vol 55, Nr 4, 2013, p 1869-1887 © 2013 by the Arizona Board of Regents on behalf of the University of Arizona

INTCAL13 AND MARINE13 RADIOCARBON AGE CALIBRATION CURVES
0-50,000 YEARS CAL BP
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