ZAS Hydrology &
*| Atmospheric Sciences
The feedback of Arizona Grassland to Longer Seasonal Droughts and its
Implication for Dryland Carbon Cycling: Insights from Model-Experiment

Integration
Tianyi Hu?, Joel Biederman?, William Smith3, Xubin Zeng?!, and Yang Song!

University of Arizona
Email: tianyihu@email.arizona.edu
Dec. 14, 2021

Dr. Nate Pierce and Dr. Fangyue Zhang for experimental data supports.

aE A 3, \ENVIRONMENT - _,
We acknowledge support for this work provided by TRIF/WEES AIR Resilience Grants
h la” . 4 ; : . el

A
SONG BIO-ESM

LAB

—

N




Better understand and predict the hydroclimate
resilience of Arizona grassland

Fewer, larger precipitation events
& longer dry intervals between
rainfall
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Research Questions

* How does Arizona grassland acclimate to change in
temporal variability of Precipitation?

Frequency (days)

* How does climate acclimation of Arizona grassland affect its
ecosystem function ?
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* How does the climate resilience of Arizona grassland vary over
the time ?
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Rainman Precipitation Manipulation
Experiment: Assessing the hydroclimate
response of Arizona grassland
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Plant moisture feedback
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( Rubisco efficiency and mesophyll feedbach

Stomatal conductance feedback
Leaf and root conductivity feedback
Phenology feedback

CLM5.0 included feedback mechanisms
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Diverse drought tolerance capacity )
* Root dynamics
e Carbon and nutrient allocation feedback
Not included in CLM5.0
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Model experiment design

Control (CLM,)

( General C3 and C4 \

grasses

*  Rubisco efficiency and
mesophyll feedback

* Stomatal conductance
feedback

* Leaf and root
conductivity feedback

* Phenology feedback

phenology (CLM

Drought-tolerant

Perennial C3 and C4 grass
Rubisco efficiency and
mesophyll feedback
Stomatal conductance
feedback

Leaf and root conductivity
feedback

Phenology feedback

phenology)

( Annual C3 and C4 grass,\

CLM Dynamic root

(CLMdynroot)
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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
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Song Dynamic carbon
allocation and root growth

(CLMdynaIIo)
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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 Dynamic root growth and carbon allocation

moisture feedback mechanism of Arizona better captures root profile of Arizona grassland
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Drought-tolerant phenology better capture

* Earlier onset of grassland T zo| | =z ] zEe ] e
* Maintained growth of perennial grasses and GPP B W s B s B s

during dry season
* Slower growth rates of grassland
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Dynamic carbon allocation and root growth is a useful scheme of Arizona
grassland in response to less frequent and more intense rainfall

2020

o Observed

GPP (umol CO,m %57
&

o @
Af,o,) QL o, Yoy Uy Uy o,
Co/){. oo/o \Dy/),- ~ ’76/ 0,7 @/, \Oyor ~ ,) ”
0 g i e %, r "oc lroy °9y °o; "0
0 20 40 60 80
GPP(2020) GPP(2020) 1 -0.44 -0.11  0.10
CLM_phenology(2020) 0.6 05
0.4 >
™ 0.0
0.2
0 10 20 30 40 50 60 1o 0 10 20 30 40 's0 60 70 ET(2021) ET(2021) -05

CLM_dynroot(2020) CLM_dynalloc(2020)

—_— Sl
— 52
S3

5] — s4

0 10 20 30 40 50 60 /O 0 10 2030 40 50 60 70 o

The increase in productivity and delayed peak is better
Captured in dynamic root and allocation experiment.

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.

HowIMm



Take home message

* Drought-tolerant phenology is important moisture feedback scheme of Arizona
grassland. Incorporation this scheme into the CLM better captures bi-model phenology
feature, productivity and evapotranspiration of Arizona grassland.

* Dynamic carbon allocation and root growth is also a useful scheme of Arizona grassland
in response to less frequent and more intense rainfall. Implementation of this scheme
into the CLM better captures the delayed GPP peak.

* Current model-data integration have not calibrated the effect of N availability on GPP and
ET fluxes. Coupled aboveground-belowground model-data integration will be
implemented when the corresponding data is observed in the following step of our
RainMan experiment.
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