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Transitions from Greenhouse to Icehouse Climate:
Evidence from Marine Sediments
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Precession of the
axis of the earth
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The 4 seasons

Vernal equinox
March 21

Summer
solstice
June 21
_Circle of
illumination
Night Winter
solstice
December
22

L

Arctic circle

Equator
Plane of the ecliptic =

/
/

Autumnal equinox
September 23

BQuelle: Strahler: ,,Physical Geography“,2002, Wiley-Verlag, ISBN=0-471-23800-7, Bild3.16,p.55



Equinox

at equinox, the

circle of North pole

illumination 0° Sun's rays
passes through

both poles

40° North

the subsolar
point is the
equator 0° Equator

Circle of Subsolar

each location on illumination point

Earth
experiences 12
hours of sunlight
and 12 hours of
darkness

South pole

BQuelle: Strahler: ,,Physical Geography“,2002, Wiley-Verlag, ISBN=0-471-23800-7, Bild3.17,p.56 (bzw. Fig.1.18,p.41 in neuerer Auflage)



Solstice

Solstice (“sun stands still”)
On June 22, the subsolar point is 23%2" N (Tropic of Cancer)
On Dec. 22, the subsolar point is 23%" S (Tropic of Capricorn)

24-hour day —
24-hour Antarctic circle
night

Summer solstice Winter solstice

BQuelle: Strahler: ,,Physical Geography“,2002, Wiley-Verlag, ISBN=0-471-23800-7, Bild3.18,p.56 (bzw. Fig.1.19,p.41 in neuerer Auflage)



The ea rth ‘S Orb it (shown with an exaggerated eccentricity &)

.o a(l-¢€’)
14+€cos

cos 6 = -1

0=0;cos6=+1

(Aphelion ~ July 4) r,
162 x10'' m

(Perihelion ~ Jan. 4)

r, = |"Aphelion =a (1+ € )

o = Iperihelion =4a (1' € )

the mean orbital distance is a=149,7 [Gm] = 149,7 Mio km
and the eccentricity is ¢ =0.0167

alsoca.: r=a+/-2%
Quelle:/ Wieder82, Fig 2.1; p.20



Configuration of the earth‘s orbit 9000 years ago

Today:
Perihelion in January

Tilt of the earth's axis:
23.5°

9000 years ago::
Perihelion in July

Tilt of the earth's axis: /
24.0° 3"

Modem
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Changes in the average solar radiation during the year over the northern
hemisphere (right). The incoming solar energy averaged over the northern
hemisphere was ca. 7 % greater in July and correspondingly less in January.

J.E. Kutzbach in ,Climate System Modelling® (1992).
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Insolation (6k minus present)
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Precession

Maximumt 247/2°.
Today's tilt 237/2° i« /
Minimum til* 227/>° 5&.,7

Plane of
Earth’s orbit

/ Ot;liquiw

Eccentricity



Orbital focing

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

* Geometry of the Sun-Earth configuration
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Quelle: Peixoto & Oort




Precession, Nutation
(Not to scale)

Precession Nutation
N

Rotation




Sunspots  Photo: Nasa



https://www.awi.de/fileadmin/user upload/AWI/Forschung/Klimawissensch
aft/Dynamik des Palaeoklimas/OrbitalTheoryOflceAges/index.html

https://paleodyn.uni-bremen.de/study/climate2021 22.html



https://www.awi.de/fileadmin/user_upload/AWI/Forschung/Klimawissenschaft/Dynamik_des_Palaeoklimas/OrbitalTheoryOfIceAges/index.html
https://paleodyn.uni-bremen.de/study/climate2021_22.html

Glacial-Interglacial variability
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Anomalie W/m”"2

Insolation: Resulting Effect
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Non-linearities are important



Ice Ages: Concegts
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Theory of ice ages: Rectification







Summer insolation (65°N)
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