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Context: global carbon cycle
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Soil and vegetation ?

Reservoir size

Turnover time [yr]

Flux

carbon

[Pg] into atm. [Pg yr-1]

Sediments & 77,000,000 >>1,000,000 <1
rocks
Deep ocean 37,000 2,000 18 (?)
Soils 2300 (+850 frozen <1-5,000 52 (het.)

and wet) 60-80 total
Vegetation 800 1-1000 60
Atmosphere 750 3-5 -
Fossil organic 1200 (- >6000) - ~5.6(-8.1)




Ecosystem carbon balance

Rplant

Emissions

Fdisturb

Rheterotr

Litterfall

Soil organic matter
and microbes

NPP = GPP - Ryjant

Chapin 2002

NEP = GPP - (Rpjant * Rheterotr * Fdisturb * Fleach )
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Global carbon stocks in ecosystems
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after Gruber et al. 2004, Lal, 2005, Davidson & Janssens 2006
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Stock vs. sequestration: partitioning
between vegetation and soil
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Soil carbon stock is large & vulnerable

Stock Current gain per  Potential loss by
century century

after Davidson & Janssens 2006
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Climate Change effects on Ecosystem Carbon Balance
Direct and indirect effects

‘Climate’
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Climate factors affecting soil carbon

(simplified)
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Modelling approaches
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Conceptual model of soil carbon feedback to
temperature and CO,

CO, (NPP,
incl. photo-
synthesis and

+ autotrophic
Pl a IltS T’ respiration)

l ;ﬂ Temperature l

Soil
Organic .
Carbon f Co,

(heterotrophic

\ /  soil respiration)
N

Figure 1. Diagrammatic representation of the basic relationship between carbon gain and
carbon loss from whole ecosystems.

Kirschbaum, 1993, 2000
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Predictions of simple model
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Results from more comprehensive models
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Predicted change in soil C stock

HADCM3LC model Jones et al. 2005
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Separating temperature and C-input effects
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Results depend on temperature sensitvity

Q,,: factor by which process
rates increase with AT=10°C Friedlingstein et al. (2004)
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LPJ-DGVM offline runs

"\, Maintenance
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Water balance Litter fall

Timeseries of
land-use - _ T ‘\\\\

patterns R, PP 1 N v Heterotrophic respiration
Erhard et al. , : | -\l

: Annual processes include:
(in prep.)

¥ Allocation & Turnover
) ¥ Resource competition
Soil data ¥ Vegetation dynamics

- ¥ Disturbance (fire)

¥ Management ( crops, forest)

LPJlanduse classes Cropland, pasture, managed forests, natural vegetation, barren land
13 crop functional types, 8 tree functional types, 2 herbaceous functional types

LPJ compared to HADCM3LC:

* Multiple soil pools

* More sophisticated vegetation dynamics
* Inclusion of fire
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LPJ-DGVM global carbon dynamics driven
by various GCMs
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C-stock changes
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Uncertain model representation: partly terrestrial
biosphere
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Missing representations of biosphere in global models:

th soil
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Missing representations of biosphere in global models:
terrestrial feedback Ioops mtrogen-water -carbon
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Missing representations of biosphere in global models:
permafrost carbon dvhamics and the roje of biota
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Missing representations of biosphere in global models:
extreme events and lag-effects
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Missing representations of biosphere in global models:

acclimation?
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Missing representations of biosphere in global models:




Projected change in European carbon stocks:
Management effects

= | A2 scenario HADCVI3
Change in for

Climate change only Climate change + management

Smith et al. (2006)
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Model uncertainties / omissions

Likely effect on soil C
If process represented

Factor or mechanism

— CO, effect / Interactions with the N cycle !

— Permafrost dynamics !

— Extreme events

— Temp. sens. / Interactions with H,O cycle

— Interactions with biota and soil-vegetation feedback J

— Dynamics of the forest floor and deeper soil horizons not

accounted i



Conclusions

* Terrestrial ecosystems and in particular soils already contain a
large amount of carbon (that is highly vulnerable)

— Need for protection

* Models tend to see an overall negative direct effect of climate
change on forest carbon stocks (T signal)

* Models tend to see mixed total effect of CC on the ecosystem
carbon stocks (CO, signal versus T signal)

— Specific to region also
— Depends on time-scale Thanks for

* Uncertainties large your attention!
— Climate models

— Global Ecosystem models and missing representations
— Management effects

GIFT workshop — EGU Vienna 2008



