Climate System II

Glacial Climate, Orbital Theory

9. November 2021 (3rd lecture)

Gerrit Lohmann



Paleoclimate dynamics

to 1dentify driving mechanisms for climate change
external forcing and internal variability of the climate system
to test models of the Earth system

statistical analysis of instrumental and proxy data.



Proxy Data

Indirect data, often qualitative
Long time series from archives

Information beyond the instrumental record




Earth System: a polar perspective
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Climate Trends at different Timescales

Deglaciation — Greenland ice core
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The Brexit is not new !




LGM climate of North America and Europe

A Modern vegetation

[ 1ce M Boreal forest Mediterranean scrub
! Tundraand m Deciduous Prairie-steppe
mountain and conifer forest

£ l:

B Glacial vegetation

[from: Ruddiman, 2008]
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Atmospheric Gas Concentrations from Ice Cores
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The Earth ‘S Ol'bit (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

Radius: r=a +/- 2%
Quelle: Wieder 1982



Y Polaris

The tilt of
the Earth's axis

with respect to
its orbital plane
(ecliptic)

EanhW/ “Ecliptic ¢ir®\®

Plane of
ecliptic

BQuelle: Strahler: ,,Physical Geography“,2002, Wiley-Verlag, ISBN=0-471-23800-7, Bild3.15,p.55



Seasons are a consequence of the inclination of the earth 's axis of rotation

Vernal Equinox { ~ March 21)

90 Winter Solstice ( ~ Dec. 21)

Summer Solstice { ~ June 21)

uAutumnal Equinox ( ~ Sept. 21)

Fig 2.2: The seasonal variation of the angle between the earth 's polar axis and the
earth-sun line.

The angle of inclination (between the earth axis of rotation and the line perpendicular to the ecliptic plane)
is 23.5° and remains constant throughout the year.

The rate of rotation is also constant and equal to one rotation every 23.93 hr = a sideral day..

Summer solstice (June 21) : earth axis of rotation is tited 90-23,5 = 66.5° toward the sun
Winter solstice (December 21) : 90 +23.5 =113.5° away from the sun
Autumnal equinox (September 23) : 90 °
Vernal equinox (March 21) ; 90°

Quelle: Wieder 1982



The 4 seasons

Vernal equinox
March 21

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

L

Plane of the ecliptic
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Autumnal equinox
September 23

Quelle: Strahler: ,,Physical Geography*,2002, Wiley



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

Quelle: Strahler: ,,Physical Geography*,2002, Wiley



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

Quelle: Strahler: ,,Physical Geography*,2002, Wiley



Declination over the year
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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°
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Fig. 5.19: Changes in the Earth's elliptical orbit from the present configuration to 9,000 years ago.(left)

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.

Quelle: J.E. Kutzbach in ,Climate System Modelling“ (1992). Houghton, J.: Global Warming (1997)




Orbital parameters
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Anomalie W/m”"2

Resulting Effect
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Non-linearities are important



e Global Concept
(Imbrie 92)
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Summer insolation (65°N)
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latitude / deg N

Insolation anomaly

annual insolation anomaly /W /m 2; year -128000
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Insolation (6k minus present)
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Monsoon: seasonal signal
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Figure 1. Seasonal variations in
the mean position of the Intertropi-
cal Convergence Zone (ITCZ) over
the Caribbean region, illustrated
for typical summer (September)
(top) and winter (March) (bottom)
conditions. These varnations con-
trol the pattern and timing of re-
gional rainfall. Numbers and col-
ours reflect sea surface tempera-
tures in degrees Celsius. Loca-
tions of the study areas (Bonaire,
Cuba, Barbados) and the Cariaco
Basin and Maya Lowlands are
indicated. Figure and legend modi-
fied from (Haug et al., 2003).



Monsson

seasonal reversing wind accompanied by corresponding changes in
precipitation, but is now used to describe seasonal changes in atmospheric
circulation and precipitation associated with the asymmetric heating of land and
sea.

The English monsoon came from Portuguese moncao, ultimately from Arabic

mawsim (~= s« "season") and/or Hindi "mausam", "perhaps partly via early
modern Dutch monsun”.

During warmer months sunlight heats the surfaces of both land and oceans,
but land temperatures rise more quickly.

water heat capacity (4.2 J g—-1 K-1)

dirt, sand, and rocks heat capacities (0.19 to 0.35 J g-1 K-1)

difference in pressure causes sea breezes to blow from the ocean to the land,
bringing moist air inland

https://en.wikipedia.org/wiki/Monsoon



Indla

ﬁ, Monsoon Onset Map




Precession: Effect on climate

Suggested configuration for
monsoonal maximum
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Rough locations of the Intertropical Convergence Zone (ITCZ), the
Congo Air Boundary (CAB), and the southen margin of the Sahara
Desert for the present-day, and for the monsoonal maximum.



Holocene 6K- PI, precipitation
JJA
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Older than 7000 years
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https://de.wikipedia.org/wiki/Agadez_(Region)
https://de.wikipedia.org/wiki/Niger

~ Sahel Zone

The famine in the Sahel in the 1970s and
1980s was the result of drought, affected
about 50 million people and led to the

death of an estimated one million people.

Sahel Niederschlag Index
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Exercise

* https://paleodyn.uni-
bremen.de/study/Climll 2020 Ex1.pdf

e R markdown

http://paleodyn.uni-bremen.de/gl/tmp/Orbital.html


https://paleodyn.uni-bremen.de/study/ClimII_2020_Ex1.pdf

orbit

* Website to the Notebook including the data are at [
https://www.awi.de/fileadmin/user upload/AWI/Forschung/Kl
imawissenschaft/Dynamik des Palaeoklimas/OrbitalTheoryO
flceAges/index.html

* and here:
https://www.awi.de/forschung/klimawissenschaften/dynamik-
des-palaeoklimas/lehre.html



https://www.awi.de/fileadmin/user_upload/AWI/Forschung/Klimawissenschaft/Dynamik_des_Palaeoklimas/OrbitalTheoryOfIceAges/index.html
https://www.awi.de/forschung/klimawissenschaften/dynamik-des-palaeoklimas/lehre.html

