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Presentation Notes
Incorporating site level obs into the CLM to represent alpine tundra vegetation and quantifying plant trait uncertainty relative to climate forcing uncertainty under climate change
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Niwot Ridge LTER: long-term measurements
Alpine ecosystems are changing rapidly
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Presentation Notes
CO Front Range
Tvan flux tower since 2007

microsite variation across landscape due to topography, wind/snow redistribution

Rapid warming trend – faster than global avg



Diverse alpine growth strategies may not be captured by default PFTs

Will Wieder

Presenter Notes
Presentation Notes
So, we know that alpine systems are heterogenous and rapidly changing, and they also tend to have diverse vegetation and growth strategies that vary quite a bit in functional traits and resource acquisition

PFTs within CLM are likely unable to characterize diverse growth strategies. see cushion plant, veg tends to be smaller and slower growing compared to our typical grass and tree pft

In addition, veg responses to climate change are likely to include shifts in community-level traits as a result of processes including adaptation or community turnover 



Objectives 
1. Incorporate site-level plant traits to improve model 
performance for a heterogeneous alpine ecosystem

2. Quantify the magnitude of trait uncertainty relative to forcing 
uncertainty under climate change

Presenter Notes
Presentation Notes
First parameterize with site-specific values, evaluate

Then we wanted to see how the magnitude of uncertainty in plant community change compares to that of future climate scenarios in terms of shaping future tundra productivity outcomes
then tests modifying sets of parameters to represent more conservative or acquisitive communities under two different SSP scenarios



Moist Meadow

Wet Meadow

Dry Meadow

Will Wieder

Niwot Ridge Representative Hillslope
”The Saddle”

Conservative growth 
strategies

Resource-acquisitive 
plants

Presenter Notes
Presentation Notes
New hillslope hydrology config allows us to better represent topographic heterogeneity, using an idealized hillslope w/ multiple columns connected by downslope lateral flow


The area we want to represent has three distinct vegetation communities as a result of differences in exposure (wind, aspect) and snow accumulation 





Jay et al. 2023, JGR Biogeosciences
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2008-2021
Emphasize 3 different parameterizations of arctic C3 grass

Can’t go into detail about eval - see paper published for that



Model projection
Extended to 2100
      2 forcing pathways

Trait sensitivity
      More conservative
      More acquisitive
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Projection using a medium and a medium-high forcing pathway



Parameterization using site-specific foliar traits
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Presenter Notes
Presentation Notes
First going to show some of the site-specific modifications we made
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Parameterization using site-specific phenology

Phenology metrics vary between communities at Niwot
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Presenter Notes
Presentation Notes
Arctic c3 grass pheno wasn’t representing diffs, so timing of greenup incorrect

pull greenness from phenocam images and create curves like shown on right 
phenometrics 
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Parameterization using site-specific phenology

Phenology metrics vary between communities at Niwot
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Communities have different pheno, dm greenup earlier compared to snow covered communities



Evaluation: Simulations with NWT-specific traits show 
improved productivity estimates compared to those 

with default Arctic C3 grass
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Presentation Notes
Lots of tuning and modification to get there.. 

comparing parameterized w/ default and obs in black

Climatology in dm only



Evaluation: Simulations with NWT-specific traits show 
improved productivity estimates compared to those 

with default Arctic C3 grass
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Presentation Notes
Same pattern here, and note that dm is most productive in default

Site specific changes are really important for alpine veg



Trait experiments:
• Control: parameterized for site
• Acquisitive:    SLA,    leaf C:N,    kmax
• Conservative:    SLA,   leaf C:N,    kmax

2 forcing pathways to 2100:

Projection: Quantifying trait uncertainty and forcing 
uncertainty under climate change

SSP2-4.5 SSP3-7.0

CO2 (ppm) 602.8 867.2

Warming (˚C) 2.8 4.4

Presenter Notes
Presentation Notes
Shown the model is working, now show experiments to quantify trait and forcing uncertainty

Change trait values based on ordinations, 20% increase/decrease




Trait experiments:
• Control: parameterized for site
• Acquisitive:    SLA,    leaf C:N,    kmax
• Conservative:    SLA,   leaf C:N,    kmax

2 forcing pathways to 2100:

Projection: Quantifying trait uncertainty and forcing 
uncertainty under climate change

SSP2-4.5 SSP3-7.0

CO2 (ppm) 602.8 867.2

Warming (˚C) 2.8 4.4

Forcing pathway

Experiment SSP2-4.5 SSP3-7.0

Control x11 x12

Acquisitive x21 x22

Conservative x31 x32

Mean x.1 x.2

Variance s2
1 s2

2

Uncertainty partitioning:
Between group
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Presenter Notes
Presentation Notes
Used fixed‐effect analysis of variance to partition total uncertainty into climate forcing and trait experiment contributions 

Total uncertainty: Variance across ensemble means
Climate unc variance of forcing pathway multi-model means
Trait unc: mean of multi-model variance




Projection: Trait sensitivity and forcing uncertainty in GPP
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Presentation Notes
Diffs in gs and productivity consistent with phenocam and site obs



Projection: Trait sensitivity and forcing uncertainty in GPP
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Presentation Notes
Shading around the lines is the range from cons to acq, line is control

Climate forcing controls timing of greenup and pheno, while trait changes control peak gs values



Projection: Trait sensitivity and forcing uncertainty in GPP
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Presentation Notes
calculated uncertainty for each year to see how it changes over time

The amount of variability in gpp attributed to traits is really high



Projection: Trait sensitivity and forcing uncertainty in ANPP
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Presenter Notes
Presentation Notes
Large phenological shift, leafing out earlier

Likely allocating more belowground after leaf out?



• Incorporating variability in foliar and phenology traits constrains carbon fluxes 
and improves representation of alpine tundra vegetation

• Plant trait uncertainty generally had a larger impact on productivity than 
climate scenario uncertainty, but the proportion varied between communities 
and carbon cycle metrics

• Trait uncertainty is likely being underestimated 
• Next steps: Using FATES to allow communities and traits to change over time

Main takeaways

Thanks for listening!
katya.jay@colorado.edu

Presenter Notes
Presentation Notes
Phenology triggers, additional traits to incorporate





Model validation: Niwot Ridge LTER measurements

Jen MorseWill Wieder

Jay et al. 2023

Presenter Notes
Presentation Notes
Gradient in snow accumulation and soils as expected

DM soils are colder in winter
Snow buffering

Too warm and too wet in MM



Bonan et al. 2019, Global Biogeochemical Cycles



Parameter Description Units
Moist 

Meadow
Wet 

Meadow
Dry 

Meadow Default
slatop1 specific leaf area m2/gC 0.0215 0.029 0.015 0.0402
leafcn1 leaf C:N gC/gN 19.6 17.7 18.5 28.03

ndays_on2 # days to complete leaf onset days 21 28 25 10
crit_onset_gdd_sf2 scale factor modifying GDD unitless 1 1 1.7 1

kmax plant maximum conductance
mm H2O/mm 

H2O/sec 2.42E-09 2.42E-09 2.30E-10 2.42E-09

krmax root maximum conductance
mm H2O/mm 

H2O/sec 8.05E-11 8.05E-11 2.05E-11 8.05E-11

jmaxb0

baseline proportion of N for 
electron transport unitless 0.0225 0.0225 0.0225 0.0331

jmaxb1

response of electron transport rate 
to light availability unitless 0.1 0.1 0.1 0.1745

froot_leaf
new fine root C per new leaf C 

allocation gC/gC 1.5 1.5 2 2
d_max dry surface layer thickness mm 10 10 10 15

h_bedrock depth to bedrock m 1.3 1 1
wat_sat water saturation (porosity) m3/m3 wat_sat/2
organic3 organic matter density kg/ m3 80.7 107.6 80.7

sand3 percent sand % 49.3 44.4 49.3
clay3 percent clay % 12.7 14 12.7

Jay et al. 2023

Modifications to foliar, hydraulic, and photosynthetic 
parameters and soil properties 
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