ELM-FATES progress updates: Impacts of modeling global
vegetation demography and dynamic plant competition
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Objective and Background Global simulations using ELM-FATES

Objective = global application of plant demography and trait-based dynamic Since reporting at the 2019 E3SM All Hands * Current version of ELM-FATES has 12 PFTs
vegetation (via FATES) within an Earth System Model (E3SM). Meeting: * Narrowed down to 8 PFTs for testing purposes, but
« Large refractor to hydraulics code. still represent life forms in all biomes

Vegetation demography within Earth System Models (ESMs) will better . Nutrient cycling coupled between ELM and  * 5 trees, 2 shrubs, 1 grass
represent plant ecology, and vegetation processes that govern sensitive fluxes FATES * Compared current default FATES against version
of carbon (C source or sinks), energy, water (ET, drought stress). » Size and age dependent mortality with parameterization updates

. » Phenology fixes to deciduous trees** * Largest challenge — global PFT distribution, while
Model design = (d) Cohort Model: Time Since Disturbance maintaining mechanistic level of trait-filtering.

ELM| _
/ $

PRI

ST

E T I
FAT S i ecé?)anselzgi’n gr:r?gg? uré Longv\{ave @ I @ I @ ﬂdb I | ? Tropical Evergreen Biomass
| A \ Radiation 1 Required high mortality to get better \ ‘ -\. ‘ | ‘
Slow processes | AT HO™7% Disturbance Forest Young Mature Old-growth global PFT distribution. .
P | [\ Tair=20° \ / ' regeneration forest forest forest | ~ ‘
Stem grOWth Very low tropical evergreen. - — 0
Maybe because NET taking over, even in .
Turnover tropical places e 2
| e | oL
Carbon storage . . . Hd \\77 Sy N
Allometry Motivation = over-productive vegetation, W mri £
Cohort splitting higher C sink, more water vapor 2
Recruitment
Net Primary Production (NPP) (new params) N — i
MODIS: | PFT le iomass (gC/m2) >
Fast processes mean 525 . m
PhOtOSyntheSIs (gC /m2/yr) Tropical Evergreen Biomass (new params)
Respiration ?Fz%tht;neﬁ ] = [ [ &l
NPP ELM-FATES: N o g s e e Y -
. . Decrease in non-tropical needleleaf evergreen HE3 G & ’
Hyd raulics in mean 829 trees, but maybe too much. [ ' | % Individuals mh2 . T .
roots, stems, New ELM- More testing here. total FFT level blomass (@C./m2) D SN | . STt T ‘¢
AISO dlfferent Scales' 0.0 20.0.0 40‘0.0 60;).0 800.0 1000.0 Y -1— 1 [ ' |
leaves FATES: l Yo | | ﬁ
. | & :
Nutrient 3 mean 791 T[T L
competition > LtcntHeat [ New version. ‘ HE |
Very different scales, and realistic values here. ! | L ‘ ‘
Central Amazon: ~16 kgC/m2
ELM-FATES: 10 kgc/mz 400 280,0 0total PFT !evel blomaszo(:C/mZ) = 000’0

ELM-FATES & PFT Trait Parameterization

Cold-Deciduous Biomass

FATES Model (Functionally Assembled Terrestrial Ecosystem Simulator)

* Carbon pools, fluxes, allocation; litter fluxes; phenology; regeneration, growth,
mortality, photosynthesis, respiration, plant hydraulics represented by FATES.

* Varying age and size structure resulting from disturbances and plant competition —
more realistic canopy radiation and light competition through canopy. R

* Removal of bioclimatic envelopes! Igm;ngth"d R
e Canopy physics, soil BGC, land surface hydrology, energy balancing, by ELM.

Regional distribution remained similar, but
increased and more realistic biomass.

Global PFT Distribution Experiments: 1) Default FATES runs; 2) updates to PFT

parameterization more realistic to competing vegetation. Next steps to investigate for model improvement:
* Continental-scale arctic tundra simulations investigating shrubification (new postdoc hire)

Site Level Drought Phenology Status

Parameter Changes: Red = drought e Testing soil and vegetation BGC nutrient cycling (in progress).
» Leaf production vs. storage allocation stress area, but * Testing site level and global plant hydraulics _
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