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Kinds of feedbacks

ÅBiogeophysical: energy, water, momentum

ÅBiogeochemical: 

Åcarbon cycle (CO2)

Åother GHGs (CH4, N2O)

Åreactive chemistry with secondary effects on 

GHGs including ozone chemistry (VOCs, CO, 

NOx)

Åaerosols (e.g. black carbon, VOCs => SOA)

ÅFeedbacks involving changes in fundamental 

vegetation properties (e.g. fAPAR, LAI, stomatal 

conductance) are likely to contribute to all types



Complex effects of CO2

ÅSinks and sources arise from changes in land-

atmosphere fluxes => CO2 fertilization is the leading 

contender to explain the land C sink

ÅC pools at equilibrium should be larger at high CO2

concentration, if this effect dominates

ÅCO2 fertilization is opposed by climate-C cycle 

feedback => reduction of sink, and C pools

ÅOôishi, R., A. Abe-Ouchi, S. Sitch and I.C. Prentice 

(2009) GRL 36: what about the land surface 

properties?



CO2 effects on the land surface

ÅStomatal conductance declines (predictable 

consequence of plant water conservation strategy) 

=> minor effect on global climate?

ÅLAI in wet regions: possible increase due to 

increased GPP offset by greater allocation to roots

ÅLAI in semi-arid regions: potential large increase due 

to increased water use efficiency (GPP/AET)

Å=> increased foliage cover and reduced surface 

albedo in subtropics

Å requires a dynamic global vegetation model (DGVM) 

coupled into a GCM...



with CO2 effects on plants

no CO2 effects on plants

Feedback from vegetation dynamics 

(additional T at 4 x CO2)



R. Oôishi et al. (submitted)



Glacial-to-interglacial changes

Å Ice core data: CO2 up from 180 to 280 ppm (LGM to 

Holocene)

ÅPollen data, palaeo SSTs, noble gases => warming 

by 4 to 7 K (tropics less, hi-lats more)

ÅHarrison, S.P. and I.C. Prentice (2003) Global 

Change Biology 9: 983-1004: increase in forest cover 

due to CO2 (not climate) => contribution to radiative 

forcing

ÅPrentice, I.C. and S.P. Harrison (2009) Climates of 

the Past 5: 297-307: land C storage increased by 

about 500 PgC => net effect of CO2 (not climate)



Harrison & Prentice (2003) GCB: 

CO2 effects are necessary, to

explain the scale of forest reduction

during the last glacial maximum







The strange case of dust

Å Ice core, loess and marine sediments: the ice-age world was 

dusty (2-5 times more than today)

Å Mahowald, N., K. Kohfeld, M. Hansson, Y. Balkanski, S.P. 

Harrison, I.C. Prentice, M. Schulz and H. Rodhe (1999) Journal 

of Geophysical Research, 104 (D13): 15895-15916: low 

precipitation and low CO2 caused the dust

Å Claquin, T., C. Roelandt, K.E. Kohfeld, S.P. Harrison, I. Tegen, 

I.C. Prentice, Y. Balkanski, G. Bergametti, M. Hansson, N. 

Mahowald, H. Rodhe and M. Schulz (2003) Climate Dynamics

20: 193-202; Kohfeld, K.E., C. Le Quéré, R.F. Anderson and 

S.P. Harrison (2005) Science 308: 74-78: the dust caused low 

SSTs (=> low precipitation) and high marine export 

production (=> low CO2)







Simulated and observed changes in export production
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Should we care about feedbacks?

ÅFeedbacks influence the relation between GHG  

emissions and climate.

ÅSo long as feedbacks are incompletely quantified, 

there is scope for alarm and confusion (e.g., 

ñrunaway feedbacksò).

ÅPositive feedbacks are common, and to be expected 

(rates of biogenic processes increase with T!)

Å Is there a risk of crossing thresholds (tipping points?) 

It has happened in the past!

ÅWe need reliable ESMs to study feedbacks.



Feedbacks and ñgainò(g)

Lashof (1989) Climatic Change

T = To/(1 - igi)

where gi =  ( T/ fi) ( fi/ T) for factor i

Fast feedbacks (water vapour, clouds, snow, sea ice):

T = 2 to 4.5 K (ñCharney sensitivityò: IPCC range 

for CO2 doubling)

To = 1.2 K (energy balance)

=> g = 1 - To/ T = + 0.20 to + 0.73



ñNon-Charneyòfeedbacks

ÅSlow feedbacks, e.g. involving GHGs or ice sheet 

changes, are not included in the Charney sensitivity.

ÅTheir importance depends on the value of the 

Charney sensitivity.

ÅThe multiplicity of positive feedbacks (gi > 0) is the 

ñwild cardòin climate change.

ÅñDid you say rapid?ò(J. Flückiger, Science): End of 

YD (start of Holocene, ca 11.6 ka) warmed Europe by 

5-10 K in < 30 years; circulation change took place in 

3 years.



Climate-carbon cycle feedback

T/ [CO2] = 1.2/280 = 0.0043 K ppm-1

[CO2]/ T = 6-16 ppm K-1

based on:

ice core 9.1-14.6 (Torn & Harte 2006)

tree ring etc. 6-16 (Joos et al. 2004)

Bern CC/LPJ 12 (Joos et al. 2004)

=> g = + 0.026 to + 0.069

Estimates of other GHG feedbacks:

Methane + 0.002 to + 0.003 (Torn & Harte 2006: ice core)

Nitrous oxide  +0.015, +0.013 (ice core, LPJ-DyN)



Scandalous uncertainty: IPCC TAR, WG1, from C4MIP models


