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Questions
• Are climate and the global carbon cycle altered by plant trait responses 

to elevated carbon dioxide?

• How large is the feedback? What are the mechanisms?

• Which plant trait responses have the largest influence?
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Testing leaf acclimation impact on climate
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Increasing Leaf mass per area in CLM4.5-BGC

• Large, observationally constrained1 increase in leaf mass per area: +1/3

• CLM Parameter SLA0 = 1/LMA0

• By default, +LMA causes +photosynthetic rates

• We tested increased and no change in photosynthetic rates.

11

Vcmax25 =   (Eqn. 8.17 &  8.18)
C:NLeaf

αLMA0

1 Poorter et al. 2009, New Phytol;  2Oleson et al. 2013, CLM Tech Notes
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Leaf acclimation enhances 
physical warming over land (+0.3°C)

Zonal Annual Mean Change (LMA Exp. – CC Control)

19Kovenock & Swann, submitted
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Additional chemical warming from 
reduced NPP growth (-6 PgC/yr) 
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Warming due to Leaf Acclimation
of comparable magnitude to other climate forcings

1 Ciais et al., 2013; 2 Estimated from Arora et al., 2013; 3 Sellers et al., 1996; Cao et al., 2010; Pu & Dickinson, 2012; 4 Bounoua et al., 
2010; Pu & Dickinson, 2012; 5 Bounoua et al., 2010; Pu &Dickinson 2012; 6 Pongratz et al., 2010; and 7 Davin & de Noblet-Ducoudré, 2010. 
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Next: Root response enhances warming?

Meta-analysis of Observations1: 

Root:Shoot ratio 
responds to elevated CO2 :

+15% in forests 

+6% in grasses 

291 Luo et al. 2006, Ecology
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Next: Root response enhances warming?

Meta-analysis of Observations1: 

Root:Shoot ratio 
responds to elevated CO2 :

+23% in forests 

+13% in grasses 

301 Luo et al. 2006, Ecology
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Implement Root Response in CLM5
1. Change carbon allocation

fine root : leaf    & stem : leaf

2. Link to change in fine root biomass to functioning

31

max conductance * fraction * root area index

root length + depth
root conductance = 

root area index  =  (stem + leaf area)  *  fine root : leaf carbon *  root fraction
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Take Home Points

• Plant trait response significantly impacts climate & carbon cycle response 
to elevated CO2.

• Leaf acclimation:
– enhances physical warming over land (+0.3°C)
– lowers leaf area growth, evapotranspirative cooling
– reduces NPP growth (-6PgC/yr)
– additional estimated chemical warming (+0.1 to +1°C)

• Other trait responses to elevated CO2 – e.g. root acclimation - could 
further modify plant influence on climate.

• Urgent need for observations of plant trait responses to multiple climate 
drivers.

• More information or questions: kovenock@uw.edu
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Overview schematic for leaf trait response
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