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Better understand and predict the hydroclimate 
resilience of Arizona grassland

Fewer, larger precipitation events 
& longer dry intervals between 

rainfall

Zhang et al., 2021

Research Questions



Rainman Precipitation Manipulation 
Experiment: Assessing the hydroclimate
response of Arizona grassland 

• Increased GPP
• Delayed peak 

productivity
• Changed 

community 
composition

• Deeper root depth

• Rubisco efficiency and mesophyll feedback
• Stomatal conductance feedback
• Leaf and root conductivity feedback
• Phenology feedback

CLM5.0 included feedback mechanisms 

• Diverse drought tolerance capacity
• Root dynamics 
• Carbon and nutrient allocation feedback

Not included in CLM5.0



Model experiment design
Drought-tolerant 

phenology (CLMphenology)
Control (CLMc)

CLM Dynamic root 
(CLMdynroot)

Song Dynamic carbon 
allocation and root growth 

(CLMdynallo)

• General C3 and C4 
grasses

• Rubisco efficiency and 
mesophyll feedback

• Stomatal conductance 
feedback

• Leaf and root 
conductivity feedback

• Phenology feedback

• Annual C3 and C4 grass, 
Perennial C3 and C4 grass 

• Rubisco efficiency and 
mesophyll feedback

• Stomatal conductance 
feedback

• Leaf and root conductivity 
feedback

• Phenology feedback

• Dynamic root growth 
in response to water 
and nutrient 
availability.

• Annual C3 and C4 grass, 
Perennial C3 and C4 
grass 

• Distinct drought tolerant 
of each plant functional 
types onset and offset of 
the growing season.

• Rubisco efficiency and 
mesophyll feedback

• Stomatal conductance 
feedback

• Leaf and root 
conductivity feedback

• Phenology feedback

• Dynamic carbon 
allocation in response 
to water and light stress

• Vertical and horizontal 
root growth in response 
to water availability.

• Annual C3 and C4 grass, 
Perennial C3 and C4 
grass 

• Distinct drought tolerant of 
each plant functional 
types onset and offset of 
the growing season.

• Rubisco efficiency and 
mesophyll feedback

• Stomatal conductance 
feedback

• Leaf and root conductivity 
feedback

• Phenology feedback



Drought-tolerant phenology is important 
moisture feedback mechanism of Arizona 
grassland (CLMphenology) 

Wet season 

Dynamic root growth and carbon allocation 
better captures root profile of Arizona grassland

CLMphenology (Static Root)

CLMdynroot (CLM Dynamic Root)

CLMdynalllo (Song Dynamic Root & Carbon allocation)



Observed

Model overall performance

• Implementation of drought-tolerant phenology for annual 
and perennial grasses significantly improves simulation of 
carbon and water fluxes

• Implementation of  dynamic root and carbon allocation 
further improves carbon and water fluxes simulation.The increase in productivity and delayed peak is better 

Captured in dynamic root and allocation experiment.

Dynamic carbon allocation and root growth is a useful scheme of Arizona 
grassland in response to less frequent and more intense rainfall

GPP
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