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Context: global carbon cycle

IPCC (2007) WG1, chap. 7
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Soil and vegetation ?
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Ecosystem carbon balance

Chapin 2002
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Global carbon stocks in ecosystems
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Stock vs. sequestration: partitioning 
between vegetation and soil
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Soil carbon stock is large & vulnerable

after Davidson & Janssens 2006
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Disturbance
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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 CO2

Kirschbaum, 1993, 2000
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Predictions of simple model

Kirschbaum, 2000

CO2 effect dom.

Temp. effect dom.
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Results from more comprehensive models
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HADCM3

Jones et al. 2005HADCM3 model
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Predicted change in soil C stock

Jones et al. 2005HADCM3LC model
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Only Temperature

Only C-input

Full experiment

Siberia Canada

Separating temperature and C-input effects
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Results depend on temperature sensitvity

Friedlingstein et al. (2004)
Q10: factor by which process 
rates increase with ΔT=10°C

Low Q10

High Q10



GIFT workshop – EGU Vienna 2008

LPJ-DGVM offline runsWeather /Climate
(timeseries of temperature , precipitation and radiation )

Soil data

Annual processes include:
¥ Allocation & Turnover
¥ Resource competition
¥ Vegetation dynamics
¥ Disturbance (fire)

Daily processes:

Photosynthesis /Transpiration

Water balance

Maintenance
Respiration

Heterotrophic respiration

Litter fall

Weather /Climate
(timeseries of temperature , precipitation and radiation )

Soil data

Annual processes include:
¥ Allocation & Turnover
¥ Resource competition
¥ Vegetation dynamics
¥ Disturbance (fire)

Daily processes:

Photosynthesis /Transpiration

Water balance

Maintenance
Respiration

Heterotrophic respiration

Litter fall

Daily processes:

Photosynthesis /Transpiration

Water balance

Maintenance
Respiration

Heterotrophic respiration

Litter fall

Timeseries of
land-use
patterns

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

Erhard et al. ,
(in prep.)

¥ Management ( crops , forest)

Timeseries of
land-use
patterns

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

Erhard et al. ,
(in prep.)

Timeseries of
land-use
patterns

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

Timeseries of
land-use
patterns

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

Timeseries of
land-use
patterns

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

Timeseries of
land-use
patterns

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

Timeseries of
land-use
patterns

Timeseries of
land-use
patterns

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

Erhard et al. ,
(in prep.)

¥ Management ( crops , forest)

LPJ

Weather/Climate
( timeseries of temperature , precipitation and radiation )

Soil data

Annual processes include:
¥ Allocation & Turnover
¥ Resource competition
¥ Vegetation dynamics
¥ Disturbance (fire )

Daily processes:

Photosynthesis /Transpiration

Water balance

Maintenance
Respiration

Heterotrophic respiration

Litter fall

Weather/Climate
( timeseries of temperature , precipitation and radiation )

Soil data

Annual processes include:
¥ Allocation & Turnover
¥ Resource competition
¥ Vegetation dynamics
¥ Disturbance (fire )

Daily processes:

Photosynthesis /Transpiration

Water balance

Maintenance
Respiration

Heterotrophic respiration

Litter fall

Daily processes:

Photosynthesis /Transpiration

Water balance

Maintenance
Respiration

Heterotrophic respiration

Litter fall
Timeseries of
land-use
patterns

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

Erhard et al. ,
(in prep.)

¥ Management ( crops, forest )

Timeseries of
land-use
patterns

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

Erhard et al. ,
(in prep.)

Timeseries of
land-use
patterns

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

Timeseries of
land-use
patterns

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

Timeseries of
land-use
patterns

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

Timeseries of
land-use
patterns

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

Timeseries of
land-use
patterns

Timeseries of
land-use
patterns

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

Erhard et al. ,
(in prep.)

¥ Management ( crops, forest )

LPJ

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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High-latitude/
altitude sink

Boreal-
temperate 
source

?
?

Tropics: 
Mixed response

C-stock changes
until 2100
by LPJ-DGVM
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Uncertain model representation: partly terrestrial 
biosphere

C4MIP, Friedlingstein et al. (2006)

Uncertain representation:
Atmospheric physics/chemistry
Ocean feedback
Vegetation dynamics
Soil dynamics 
…

sink

source
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Missing representations of biosphere in global models: 
the soil

Bacteria

Fungi

(In-)Organic
carbon

(In-)Organic
nitrogen

Roots
Water

Mesofauna

Macrofauna

Minerals

Temperature

Water holding
cap.

Water potential

Oxygen

Living constit . Dead constit . Processes Properties

(In-)Organic
phosporus

Nutrient avail.

Mineralization

Humification

Bioturbation

Adsorption

Aggregation
Aggregate

stabilityFreezing/thawing

Diffusion

Bacteria

Fungi

(In-)Organic
carbon

(In-)Organic
nitrogen

Roots
Water

Mesofauna

Macrofauna

Minerals

Temperature

Water holding
cap.

Water potential

Oxygen

Living constit . Dead constit . Processes Properties

(In-)Organic
phosporus

Nutrient avail.

Mineralization

Humification

Bioturbation

Adsorption

Aggregation
Aggregate

stabilityFreezing/thawing

Diffusion

Vertical: 

Systematic variation

Horizontal: Heterogeneity

Vertical: 
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2-7 pools, 1st order kinetics,
no biota, no transport

 “Dead-soil paradigm models”
Empirical falsification indicators appearing
(e.g. Reichstein et al. 2007, GRL; Fontaine et al., 
Nature 2007)
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Missing representations of biosphere in global models: 
terrestrial feedback loops – nitrogen-water-carbon



GIFT workshop – EGU Vienna 2008

Missing representations of biosphere in global models: 
permafrost carbon dynamics and the role of biota

Khvorostyanov, Ciais et al. 2008
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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: 
fire ?



GIFT workshop – EGU Vienna 2008

Projected change in European carbon stocks: 
Management effects

Climate change only Climate change + management

Smith et al. (2006)



Model uncertainties / omissions

– CO2 effect / Interactions with the N cycle  ↓

– Permafrost dynamics ↓
– Extreme events ↓
– Temp. sens. / Interactions with H2O cycle ↑ 

– Interactions with biota and soil-vegetation feedback  ↕
– Dynamics of the forest floor and deeper soil horizons not 

accounted       ↕

Factor or mechanism Likely effect on soil C 
if process represented
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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 (CO2 signal versus T signal) 
– Specific to region also
– Depends on time-scale

• Uncertainties large
– Climate models
– Global Ecosystem models and missing representations
– Management effects

Thanks for 
your attention!


