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Climate and Human History

1. Climate and climate history

2. The Ice Age

3. Farming and City States

4. Rise and Fall of the Roman Empire

5. Tang and Maya in the 10th century

6. Mediaeval Optimum and Little Ice Age
/. El Nino through the ages

8. Miscellaneous topics

9. Current and future changes

10. Summary and re-cap
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Arctic Change
Observed 1954-2003
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I About you

I * Why did you decide to come to this course?
* Are there any civilisations or periods that you

are particularly interested in?



I Climate and Climate History

I Outline:

* The Climate System
* Methods for Reconstructing Past Climates

* Climate History



What is Climate?

“average weather”:

“Climate represents (...) the accumulation of
daily and seasonal weather events (the
average range of weather) over a long period
of time.”

[Ahrens (2002): Meteorology Today]



Atmospheric Circulation




Ocean currents
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Thermohaline Circulation

deep current

) Cold saline

Heat release
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A different view of the
thermohaline circulation
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World Map of Koppen—Geiger Climate Classification  Main climates  Precipitation ~ Temperature
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A: equatorial: all months above 18°C W: desert h: hot arid

B: arid S: steppe k: cold arid

C. warm temperate: coldest month > -3°C f. fully humid a: hot summer

D: snow: coldest month < -3°, warmest > 10°C S: summer dry b: warm summer
I E: polar: warmest month < 10°C w: winter dry C. cool summer

; ot & d: extreme continenal

-.I‘* - F: polar frost
v .- we T: polar tundra
R -

o .

a
i |

Ty

Dfb




Energy Balance in the
Atmosphere

Reflected Solar Incoming 235 Outgoing
Radiation Solar Longwave
107 Wm Radiation Radiation

342 Wm*? 235 Wm?

Reflected by Clouds,
Aerosol and
Emitted by ; |

Atmospheric 40
Gases _ Atmosphere/,gc Atmospheric

7 . Window
Emitted by Clouds
' Absorbed by Greenhouse

67 Atmosphere Gases

gl oy Ty

N

1 W 350 324
= =
adiation
=
78

390
24 Surface
Thermals Evapo- Radiation 324
transpiration Absorbed by Surface

IPCC (2007), p 96.



Factors affecting climate

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs
Clouds
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Methods for Climate
Reconstruction

Can you think of a method to reconstruct
the climate of the past?

What is the temporal range? How far back
In time does this method work?

What are assumptions and uncertainties?



Methods for Climate
Reconstruction |

Instrumental Records

- Weather stations

- Ship logs

Historical Records

Geomorphological and lithological evidence
- glacial landforms

- lake sediments

Borehole temperature



Methods for Climate
Reconstruction I

* Biological evidence
- Tree rings
- Pollen
- Macrofossils (also rodents)
- Insects (particularly in lake sediments)
- Marine Plancton assemblages (diatoms,
foraminifera)

* Geochemistry

- Isotope methods (oxygen isotope)
- from ice cores and (marine) sediment cores



Degrees C

04

0.2

-0.8

Instrumental Records

J -

Képpen 1881 -

Callendar 1938
Willett 1950
Callendar 1961
Mitchell 1963
Budyko 1969 —
Jones et al. 1986

Hansen and Lebedeff 1987
Brohan et al. 2006 —

1840

1860

1880 1900 1920 1940
Year

1960 1980 2000

IPCC (2007), p 101.



HF

06

o4

02

Difference (‘'C) from 1961-1990 | SN =

Instrumental Records

Globe

]
1860

[
1880

]
1900

]
1820

2 [ 2 ] L ]
1940 1960 1980 2000

IPCC (2007), p 249; after Brohan et al. (2006)






80N Franz Josef Land

w

60°N Southern Scandinavia

e L V\j\w\ﬁ

“- - —“"l" *u s’ n\ R v
o * % N L ¥
49°N-52°N Canadian Cordillera
............ -
=1 — — — —
[ Th L pweew — ;
% Sy e ———————— _—
" o 'l\-_'r"- 1.‘“"- - ‘1‘*;"“ :
46°N Alps u
4

- 28-38°N Himalaya & Karakorum “l ; ;;

T 7 ¥ = 2

n F [} r L e LY " -
v % 7 " Ty ’ T N
- % g % ’ o ' F. F A |
0.6°S Mt. Kenya Y W WO
L ] T [ ]
[ ] L #
V4 ff' -‘r ‘1 .c-' li 'ﬂl 1“1. :
45°S New Zealand L Py WAV IRY AW
B L] . - &
] i Y - A n
tal r L] L 1 LY YA J
‘i:’ I‘ A |J lq_ f’t\ g ‘. LA TRTL R
v - v =

Time (ka)

Unknown extent
of retreated glaciers

Retreated glaciers: . Direct evidence (organic material buried under glacier)

—— Confinuous records = ====== Discontinuous records - - - - -

Indirect evidence (wood upper the modem tree limit, buried soils etc.}

Glaciers shorter than
atthe end of 20th century

>

<

Glaciers longer than
atthe end of 20th century



Oxygen Isotope method

* Fractionation (temperature dependent:
more fractionation at lower temperatures)
* Isotopes bound in ice sheets change global distribution

MNear the poles, atmosphernic wdter vapor

15 increasingly depleted in 170,
anow in the interlor
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http://earthobservatory.nasa.gov/Features/Paleoclimatology OxygenBalance/



Oxygen Isotope method

Present Climate (observed)
, 7
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lce Cores
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Treering
(Dendro-
I climatology)
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Rings of uniform width provide Rings of varying width provide

_ little or no record of variations in  a record of variations in climate.
Bradley (1999): Paleoclimatology, p. 401 climate.



I Tree ring data
I (Dendroclimatology)

* Climate factors
- Temperature
- Precipitation
- Sunlight
- Wind
* Soll
* Tree age
* Disease, Disturbances, herbivore impact

I Confounding factors:

Bradley: Paleoclimatology, p. 7.



Palynology (pollen analysis)




Palynology (pollen analysis)

L

JAHR

_opon—{
4000
6000

S=mireRs HinUs Betula Corvius Ulmus Quercus  Alnus Fraxinus




Plancton faunal assemblages

(TR —

100 um

Coiigeringiioides prairieliiiensis
(holotype)

Calcidiscus



Plancton assemblages

Globoquadrina pachyderma
Globigerina quinqueloba
Globigerina bulloides

Globigerinita uvula
Globorotalia scitula

Globorotalia inflata
Globigerinita glutinata

Globorotalia truncatulinoides

Globoquadrina dutertrei
Globorotalia crassaformis
Orbulina universa
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Ocean drilling




Drilling for sediment cores




Sediment cores




Analysing the sediment core




I Climate Reconstruction

* Multi-proxy:
- Instrumental (red)
- Tree rings (brown triangles)
- Ice cores (blue stars)
- Boreholes (black circles)
- Other (purple squares)

I * 1000 years
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I Literature

(available at http://www.ipcc.ch/)

* Bradley (1999): Paleoclimatology. Academic
Press.

* Lowe, Walker (1997): Reconstructing
Quaternary Environments. Longman.

* General reading on weather and climate:
Eyewitness companion “Weather”, Dorling-
Kindersley, 2008.

I * |[PCC (2007): Fourth Assessment Report.



Climate and Human History

Next session (19 January):

2. The Ice Age



