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Forests and climate change

Multiple competing influences of ecosystems

Credit: Nicolle Rager Fuller, National Science Foundation
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Tropical rainforest ðplanetary savior ðpromote avoided 
deforestation, reforestation, or afforestation

Boreal forest ðmenace to society ðno 
need to promote conservation

Temperate forest ðreforestation and afforestation?

Ecosystems and climate policy

Biofuel 
plantations to 
lower albedo 
and reduce 
atmospheric 
CO2
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The Community Land Model

Fluxes of energy, 
water, and carbon and 
the dynamical 
processes that alter 
these fluxes

Oleson et al. (2004) NCAR/TN -461+STR

Oleson et al. (2008) JGR, 113, 
doi:10.1029/2007JG000563

Stöckli et al. (2008) JGR, 113, 
doi:10.1029/2007JG000562

Spatial scale
2.5º longitude 1.875º latitude
(144 96 grid)
1.25º longitude 0.9375º latitude
(288 192 grid)

Temporal scale
o 30-minute coupling with 

atmosphere
o Seasonal-to -interannual  

(phenology)
o Decadal-to -century climate 

(disturbance, land use, succession)
o Paleoclimate (biogeography)
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Outline of talk

1. Carbon cycle ðclimate feedback
Nitrogen cycle and model evaluation

2. Land use and land cover change

2a. Biogeochemical
Wood harvesting
Land use carbon flux

2b. Biogeophysical
Albedo and evapotranspiration
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Effect of climate change on carbon cycle

Climate - carbon cycle feedback

11 carbon cycle-climate models of varying 
complexity

All models have a positive climate -carbon 
cycle feedback (20 ppm to >200 ppm)

Atmospheric carbon increases compared 
with no climate -carbon cycle feedback, 
while land carbon storage decreases

Friedlingstein et al. (2006) J Climate 19:3337 ð3353 

Prevailing model paradigm

CO2 fertilization enhances plant productivity, offset by decreased 
productivity and increased soil carbon loss with warming é

But what about the nitrogen cycle and land use?

C4MIP ðClimate and carbon cycle
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Carbon- nitrogen interactions

Inclusion of N cycle reduces CO 2 fertilization ( L) and 
changes carbon cycle -temperature feedback ( L) from 
positive to negative

Sokolov et al. (2008) J Climate 21:3776 -3796 

Carbon cycle ðclimate feedback in response to increasing 
atmospheric CO 2 and warming, with and without nitrogen

Figure from Bonan (2008) Nature Geoscience 1:645 -646 

n=11
n=5
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Simulated atmospheric CO 2 and climate -carbon cycle feedback: Ca from
uncoupled experiments (a); difference in Ca due to radiative coupling (b)

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)

CCSM3.1 carbon cycle - climate feedback

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

Inclusion of N cycle leads to high atmospheric CO 2 and 
introduces a negative carbon cycle -climate feedback
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Multi - scale carbon cycle evaluation

òSystematic assessment of terrestrial biogeochemistry in 
coupled climate -carbon modelsó

James T. Randerson, Forrest M. Hoffman, Peter E. 
Thornton, Natalie M. Mahowald, Keith Lindsay, Yen -Hui 
Lee, Cynthia D. Nevison, Scott C. Doney, Gordon Bonan, 
Reto Stocki, Steven W. Running, and Inez Fung

Global Change Biology, in press, 2009

Carbon- LAnd Model intercomparison Project (C -LAMP)

Hour      Day     Month      Year     Decade      Century  

Canopy  

Region  

Continent

Globe

Atmos CO2
(NOAA GMD, OCO)

MODIS
(LAI, NPP, albedo, 

LST, fire)

Ice Cores 

Fluxnet

EMDI NPP

Biomass
Inventories

FACE
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C-TEM has larger 
sinks in the tropics 
and warmer 
temperate regions

CðN interactions influence location 
of carbon sinks

CN-TEM has 
larger sinks in 
boreal and cooler 
temperate regions 

Sokolov et al. (2008) J Climate 
21:3776 -3796 
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1. For IPCC AR5 land use and land cover change are to be described consistently 
with Representative Concentration Pathways (RCP) scenarios

2. All pathways share the same historical trajectory to 2005. After 2005 they 
diverge following own representative pathway.

3. For the historical period and for each RCP, land use that results in land cover 
change is described through annual changes in four basic land units:

- Primary Vegetation      (V)
- Secondary Vegetation (S)
- Cropping                      (C)
- Pasture                        (P)

4. Harvesting of biomass is also prescribed for both primary and secondary 
vegetation land units 

5. George Hurtt and colleagues at University of New Hampshire are harmonizing 
the historical and RCP data

Land use and land cover change
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Grass PFTs

Crop PFT

Shrub PFTs

Tree PFTs

Historical land cover change, 
1850 to 2005

Feddema, Lawerence et al., unpublished


