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Vegetation  <--> Atmosphere 
interactions

Different Climate States  ?



Multiple steady states in the atmosphere 

biosphere system can arise as a 

consequence of positive feedbacks 

between atmosphere and land surface

On the climate effect of land cover change there is a need to 

understand the impact of large perturbations to land cover
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How long will it take for the climate system

to reach a new equilibrium in such a case?

What determines the time scale?

If deforested areas are abandoned and forests 

are allowed to re-grow, will the climate system 

go back to its natural state?



Model

IBIS →CAM

Experiments(1000 years):

Control (Present day conditions)

LCC   (we do not allow tree pft’s exist for first 100years 
and only grass and shrubs are allowed)
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Climate-vegetation system has no 
multiple states in this model

Devaraju et al (2011), Biogeosciences



11.8%

13.8%

5.6%

7.6%

Last 100 years



Long time scales of vegetation dynamics in 
the northern high-latitudes playing a role
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In the literature
Staal et al (2020) In areas where climate change causes 
drying, some forested areas may cross a tipping point to a 
nonforested state, whereas in areas where climate 
change causes wetting, nonforested areas may cross the 
reverse tipping point.

Brovkin et al (2003)  found one steady state in northern 
high latitudes (abrupt vegetation change due to delayed 
response)

Brovkin et. al. (2009) found an absence of multiple states

Kleidon et al (2007) claim that the occurrence of multiple 
steady states could be a model artifact
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Large spread in climate response to 
biophysical effects of LULCC



 Due to differences in implementation of land cover maps in 
different models – the historical and future simulations are 
limited in their usefulness on the land use model inter-
comparison projects.

Idealized simulations are useful for model comparisons

 Useful to identify the structural differences to similar land cover 
forcing

 Useful to answer how sensitive is atmosphere to a given change 
in vegetation in a climate model

Limitations of realistic LULCC 
simulations



Idealized deforestation experiments

CESM1.0,  IPSL-CM5, HadGEM2-ES



Sensitivity to deforestation

Globally triggered regional sensitivity 
metrics



Disentangle the individual biophysical 
effects



Differing response in the two models

CESM1.0 is ~ 3 fold more sensitive to air
temperature in the boreal region
compared to IPSL-CM5

IPSL-CM5 is ~ 2 fold more sensitive to
aerodynamic resistance in the tropical
region compared to CESM1.0



Partitioning between individual components 
of biophysical effect of vegetation change is 

highly model dependent

Take away message
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How does deforestation affect precipitation, 
especially in the tropics???

Is there Any fundamental constraint 
that governs monsoonal P changes?



Location of ITCZ, AHTeq and the 
monsoons
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% Reduction in 
precipitation over 
India in JJAS is 
larger for Boreal (-
6%) and Temperate 
(-9%) deforestation 
than for local (-4%) 
deforestation 

Remote effect is 
larger than local 
effect for rainfall

Global Boreal

Temperate Tropical
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Quantifying Shifts in ITCZ

Experiments

Global ITCZ location in CTL and its shift 

(PCENT) towards south relative to CTL

Annual JJA DJF

CTL 0.50oS±0.20o 5.60oN±0.35o 5.16oS±0.17o

GLOBAL-CTL 1.70o 1.30o 0.80o

BOREAL – CTL 1.02o 0.80o 0.47o

TEMPERATE –

CTL
1.11o 0.62o 0.47o

TROPICAL - CTL 0.03o 0.23o 0.03o



Deforestation in NH extra-tropics 
necessitates Atmospheric Heat 

Transport from SH to NH 

TOA energy budget
Changes 

Atm. Heat transport 
Changes 



ITCZ shifts are consistent with 
seasonal scale ITCZ shifts
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Atm. Heat transport at the equator 

In fact, 
seasonal shifts 
are eight times 
larger than 
simulated for 
Boreal 
deforestation 



CTL4. The upper 

branch of NH 

Hadley cell sits 

over the 

equator

5. Less rain 

north of ITCZ 

and more in the 

south
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 Any Climate forcing that results in NH cooling → ITCZ 

moves southward

 Remote effects have large influence than local effects on 

monsoonal precipitation

 Afforestation strategies should carefully evaluate the 

remote effects on monsoonal precipitation in addition to T 

changes and carbon sequestration

Take away messages




