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Eleven carbon cycle-climate models of varying complexity
Large uncertainty in terrestrial flux at year 2100 ranging

from a 6 Gt C/yr source of carbon from land o an 11 Gt
C/yr terrestrial carbon sink

Friedlingstein et al. (2006) J Climate 19:3337-3353
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Change in JJ A near-surface air temperature (1992 - 1870)
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Prevailing model paradigm

Climate and carbon cycle

Climate-carbon cycle feedback

All models have a positive climate-carbon
cycle feedback. The magnitude of this
feedback ranges from 20 ppm to >200

PPmM

The amount of carbon stored in the
atmosphere increases in each model
compared with the comparable simulation
without climate-carbon cycle feedback,
while the land carbon storage decreases

CO, fertilization enhances plant productivity, offset by decreased
productivity and increased soil carbon loss with warming
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Carbon cycle-climate feedback in response to increasing
atmospheric CO, and warming, with and without nitrogen
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Figure from Bonan (2008) Nature Geoscience 1:645-646

Carbon-nitrogen interactions significantly reduce net
terrestrial carbon uptake, even though, at least for small to
moderate climate warming, enhanced nitrogen availability
stimulates plant growth and changes the sign of the carbon
cycle-climate feedback from positive to negative

Sokolov et al. (2008) J Climate 21:3776-3796
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o Nitrogen limitation reduces the CO, fertilization effect

o Greater N mineralization with warming stimulates plant growth

o Overall, terrestrial carbon sequestration is reduced, but climate warming
increases carbon sequestration in a negative, rather than a positive
feedback

Sokolov et al. (2008) J Climate 21:3776-3796
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Predicted atmospheric CO, and climate-carbon cycle feedback: Ca from
uncoupled experiments (a); difference in Ca due to radiative coupling (b)
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Thick solid line is with preindustrial nitrogen deposition
Thick dashed line is with anthropogenic nitrogen deposition
Thin gray lines are C4MIP models (Friedlingstein et al. 2006)

Inclusion of N cycle - High atmospheric CO, and introduces
a negative carbon cycle-climate feedback

Thornton et al. (2009) Biogeosciences Discuss., 6, 3303-3354
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Inclusion of N cycle reduces CO, fertilzation (B,) and
changes carbon cycle-temperature feedback (y ) negative

Thornton et al. (2009) Biogeosciences Discuss., 6, 3303-3354
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The LUCID inter-

comparison study of
the land use forcing
(1992-1870)
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Models
Atmosphere - CAM3.5

Land - CLM3.5 + new datasets for present-day vegetation + grass optical properties
Ocean - Prescribed SSTs and sea ice

Experiments
30-year simulations (CO, = 375 ppm, SSTs = 1972-2001) No irrigation
PD - 1992 vegetation
PDv - 1870 vegetation
30-year simulations (CO, = 280 ppm, SSTs = 1871-1900)
PI - 1870 vegetation
PIv - 1992 vegetation

5-member ensembles each

. . Pitman et al. (2009) GRL, 36,
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LUCID land cover change

Crop+Pasture Fraction Difference
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Change in JJ A near-surface air temperature (PD - PDv)
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Latent Heat Flux Difference
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Change in JJ A latent heat
flux (W m-2) resulting from
land cover change (PD - PDv)
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Land cover change, 1870 to 1992
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Precipitation, 1992-1870
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Land cover change with CO, = 375 ppm (1992) Land cover change with CO, = 280 ppm (1870)
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CLM3 - dry soil, low latent heat flux, high sensible heat flux
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There is a net flux of carbon to the atmosphere from changes in land use:
oTropical deforestation releases carbon
oTemperate reforestation stores carbon

: -Land Use Change

Combustion of Fossil Fuels |

Annual Emissions to the
Atmosphere (PgC)

ial?

(NASA/GSFC/LaRC/JPL)

July 28, 2000

Settlement and deforestation surrounding Rio Branco,
Brazil (10°S, 68°W) in the Brazilian state of Acre, '3’ '3’
near the border with Bolivia. The large image covers

an area of 333 km x 333 km.
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Carbon cycle

o CO, fertilization enhances plant productivity, offset by
decreased productivity and increased soil carbon loss with
warming

o N cycle reduces the capacity of the terrestrial biosphere to
store carbon (CO, fertilization) and changes sign of carbon
cycle-climate feedback from positive to negative. The CO,
fertilization effect is larger than the climate feedback effect

Land use and land cover change

Biogeophysics

o Higher albedo of croplands cools climate

o Less certainty about role of latent heat flux

o Implementation of land cover change (spatial extent, crop
parameterization) matters

Biogeochemistry
o Wood harvest flux is important

o Uncertainty in harvest flux may be greater than the N-cycle
feedback
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Tropical rainforest - planetary savior - promote avoided
deforestation, reforestation, or afforestation

Atmospheric Research Ecosys*e ms and CI i ma.re pOI i CY

Biofuel
plantations to
lower albedo
and reduce

atmospheric
CO,
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Relative importance of a) land-cover changes .vs. b) changes in SSTs,
SiC and CO, concentration on the simulated surface climate

Changes in ambient air temperature (°C ; summer-JJA ; spring - MAM)
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