Climate System i
(Winter 2023/2024)

6th lecture:
Biogeochemical cycles, vegetation and dust

(Aridity and dust, vegetation dynamics, land use, terrestrial biosphere)

Gerrit Lohmann, Martin Werner

Tuesday, 10:15-11:45

https://paleodyn.uni-bremen.de/study/climate2023 24.html



https://paleodyn.uni-bremen.de/study/climate2023_24.html

What are biogeochemical cycles?

e Earth system has four parts
e atmosphere

e hydrosphere

e [ithosphere
e biosphere
e Biogeochemical cycles LAURERINErE

e The chemical interactions (cycles)
that exist between the atmosphere,
hydrosphere, lithosphere, and
biosphere

e Abiotic (physio-chemical) and biotic
processes drive these cycles



Transport of biogeochemical aerosols and dust
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Animation 1. Aerosol optical thickness of black and organic carbon (green), dust (red-orange), sulfates (white), and sea salt
(blue) from a 10 km resolution GEOS-5 "nature run" using the GOCART model. The animation shows the emission and
transport of key tropospheric aerosols from August 17, 2006 to April 10, 2007.

(http://gmao.gsfc.nasa.gov/research/aerosol/modeling/nr1_movie/)



http://gmao.gsfc.nasa.gov/research/aerosol/modeling/nr1_movie/

Biogeochemical cycles in climate research

Biogeochemical

Cycles ‘ Biosphere

Climate
Processes

Atmospheric e JTemperature

Chemistry e Winds Ocean Processes
Gases, aerosols e Clouds, Precip.

Biogeochemical cycles are a key element
for understanding our past and present climate!



Biogeochemical cycles - key elements

Six nutrient elements make up 95% of the biomass mass
on earth and form the biochemical foundation for life.

Carbon (CO,, CH,, CO)
Nitrogen (N,O, NO, NO,, NH,)
Sulfur (SO,, COS, H,S, H,SO,)
Phosphorous

Hydrogen

Oxygen

Water



Biogeochemical cycles: Common features of all key elements

e each element typically occurs in all four parts of the Earth System
(e.g. water, carbon, nitrogen, etc.)

e each biogeochemical cycle can be described by
* reservoirs A
* fluxes F in and out of pools
e chemical or biochemical transformations
e important quantity: turnover times t

® 7 can be calculated as the size of reservoir A
divided by the sum of all ingoing (or outgoing) fluxes F



Biogeochemical cycles - key elements

Six nutrient elements make up 95% of the biomass mass
on earth and form the biochemical foundation for life.

Carbon (CO,, CH,, CO)
Nitrogen (N,O, NO, NO,, NH,)
Sulfur (SO,, COS, H,S, H,SO,)
Phosphorous

Hydrogen

Oxygen

Water



The global carbon cycle
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CO; sources and sinks

Balance of sources and sinks
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[[https://www.globalcarbonproject.org/carbonbudget/19/presentation.htm]] (percentage for years 2009-201 8)


http://%5Bhttps//www.globalcarbonproject.org/carbonbudget/19/presentation.htm%5D

Carbon isotopes

Relative abundance
12C 98.89 % stable
13C 1.11 % stable
14C 1x101°%  half-life=5276 years

12C and 13C are stable isotopes

14C is called radiocarbon

Formed by cosmic radiation (*N + 'n — '“C + p)

Also formed in nuclear explosions

e During photosynthesis, plants preferentially uptake 12C
=> the atmosphere will become enriched in 13C



Variations of 13C in different carbon pools
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Variations of 13C due to fossil fuel burning

e & (per mil)

Mauna Loa Observatory, Hawaii and South Pole, Antarctica

Monthly Average Carbon Isotopic Trends
Data from Scripps CO2 Program Last updated March 2009
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Variations of 13C since the last glacial maximum (LGM)
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[Brook, The Ice Age Carbon Puzzle, Science, 2012]


https://science.sciencemag.org/content/336/6082/682

The global nitrogen cycle
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The global nitrogen cycle. Pools ([])and annual (—) flux in 1D12gH . Note that the industrial
fixation of nitrogen is nearly equal to the global biological fixation. (SOURCE: Data from

Soderlund, and T. Rosswall, 1982 , O. Hutzinger (ed.), The Handbook of Envircnmental
.Chemistry, Vol 1, Pt. B., Springer-Verlag New York, Inc., New York).



The global sulfur cycle
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Biogeochemical cycles - key elements

Six nutrient elements make up 95% of the biomass mass
on earth and form the biochemical foundation for life.

Carbon (CO,, CH,, CO)
Nitrogen (N,O, NO, NO,, NH,)
Sulfur (SO,, COS, H,S, H,SO,)
Phosphorous

Hydrogen

Oxygen

Water
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Dust in the climate system
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WA massive sandstorm blowing off the
northwest African desert has blanketed
¥ hundreds of thousands of square miles of the
! eastern Atlantic Ocean with a dense cloud
of Saharan sand. The massive nature of this
particular storm was first seen in this SeaWiFS
image acquired on Saturday, 26 February 2000

=
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i J
when it reached over 1000 miles into the Atlantic.
% These storms and the rising warm air can lift dust

15,000 feet or so above the African deserts and then

out across the Atlantic, many times reaching as far as

the Caribbean where they often require the local weather

services to issue air pollution alerts as was recently
the case in San Juan, Puerto Rico. Recent studies by the

U.5.G.S.(http://catbert.er.usgs.gov/african_dust/)

have linked the decline of the coral reefs in the Caribbean

i

to the increasing frequency and intensity of Saharan Dust

events. Additionally, other studies suggest that Sahalian

Dust may play a role in determining the frequency and
intensity of hurricanes formed in the eastern Atlantic Ocean

Provided by the SeaWiF$ Project, NASA/GSFC and ORBIMAGE

(http://www.thirdworld.org/role.html)

.




Dust depositions on glacial-interglacial time scales

Dust—climate couplings over the past 800,000 years
from the EPICA Dome C ice core

F. Lambert"?, B. Delmonte?, J. R. Petit*, M. Bigler®, P. R. Kaufmann', M. A. Hutterli®, T. F. Stocker™?, U. Ruth’,

Vol 452|3 April 2008|d0i:10.1038/nature06763
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Figure 1| EDC dust data in comparison with other climatic indicators. Marine Isotopic Stages. Note that the vertical extent of the scales of b and cis
a, Stable isotope (0D) record from the EPICA Dome C (EDC) ice core® back  larger than for the other records. d, EDC dust size data expressed as FPP (see
to Marine Isotopic Stage 20 (EDC3 timescale) showing Quaternary Methods). The orange and grey curves represent measurements by Coulter
temperature variations in Antarctica. b, Vostok dust flux record (Coulter counter (2-kyr mean) and laser (1-kyr mean), respectively. e, Marine
counter) plotted on its original timescale''. ¢, EDC dust flux records. Red sediment 5'°0 stack'®, giving the pattern of global ice volume. f, Magnetic
and grey lines represent, respectively, Coulter counter (55-cm to 6-m susceptibility stack record for Chinese loess'” (normalized).

resolution) and laser-scattering data (55-cm mean). Numbers indicate



Dust depos

itions on

glacial-interglacial time scales
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Fig. 2. Iron content fluctuations across the Pacific and Atlantic SO (7) compared to dust content

changes in the EDC ice core (1).
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Increased Dust Deposition in the
Pacific Southern Ocean During
Glacial Periods

F. Lamy,”?* R. Gersonde,™? G. Winckler,>* 0. Esper,* A. Jaeschke,>? G. Kuhn,* J. Ullermann,*
A. Martinez-Garcia,” F. Lambert,® R. Kilian’

ES755 RAPS75/79::)

120°E
Fig. 1. Map showing the modern relative contributions of the three major dust sources in the
Southern Hemisphere (blue, Australia; red, South America; green, South Africa), based on model

data (20). Red dots mark primary core locations; yellow dots indicate additional cores; gray dots
denote location of published reference records (1, 4, 7).



LGM dust cycle: fertilisation of the marine biosphere

Figure 1. In the
equatorial Pacific Ocean
and Gulf of Alaska,
phytoplankton
populations are
relatively low (purple
shaded areas on map),
despite adequate
sunlight and nutrients.

{ John Martin set out to

- prove that a lack of
dissolved iron in the
water in these areas
keeps populations of
marine algae lower than
normal.

John Martin

Dust contains iron which is a key micro-nutrient in the Southern Ocean
=> higher dust inputs into ocean can fertilise marine biosphere
=> an increased marine bioproductivity will lead to less atmospheric CO2

(http://www.palomar.edu/oceanography/iron.htm)


http://www.palomar.edu/oceanography/iron.htm

LGM dust cycle: fertilisation of the marine biosphere

Ocean Carbon Cycle: Sensitivity Studies for different LGM conditions

* Hypothesis of Martin (1988) : Iron Fertilization of the Glacial Ocean
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(Quelle: Bopp et al.., 2003)
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Dust in the climate system
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Dust in the climate system
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LGM climate of North America and Europe

A Modern vegetation

[ Ice M Boreal forest Mediterranean scrub
"' Tundraand m Deciduous Prairie-steppe
mountain and conifer forest

&

B Glacial vegetation

[from: Ruddiman, 2008]




Simulation of glacial dust emissions

modern mean dust emission [g/m2/yr]

changes of glacial dust emissions:
- global emission increase of factor ~2-3

- glacial increase is not uniform, but varies
for the different source regions
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- Sahara: increased dust emissions by
increased number and intensity of dust storms

- Asia: increased dust emissions by increase of
(potential) source areas

30°S

60°S

180°W 120°W 60°W 0° 60°E 120°E 180°E

- seasonal changes of LGM dust emissions are < |
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[plots from: Kratschmer et al., Climate of the Past, 2022]



The glacial dust cycle: summary

- during LGM: 3- to 5-fold increase of dust cycle intensity (global value)

- about 1/2 - 2/3 of glacial increase in dust emissions might be caused by the
increased wind strength during the LGM

- about 1/3 - 1/2 of the glacial dust emissions might stem from glacial-only
source regions (change of glacial vegetation cover)

- mineral dust aerosol might be responsible for about 1/4 of the glacial
temperature cooling in the (sub)tropical low latitudes

- In higher northern latitudes these radiative effects are minor as compared to
radiative changes caused by the glacial ice sheet

- model simulations with marine biogeochemistry models reveal that the glacial
atmospheric CO2 concentration may have been decreased by up to 40-50ppm

- it seems unlikely that glacial dust input into the oceans is the only reason for
the observed total glacial-interglacial CO2-reduction of ~80-100 ppm



Climate System i
(Winter 2023/2024)

6th lecture:
Biogeochemical cycles, vegetation and dust

(Aridity and dust, vegetation dynamics, land use, terrestrial biosphere)

End of lecture.

Slides available at:
https:/paleodyn.uni-bremen.de/study/climate2023 24.html
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