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Tundra ecosystems are not well represented
in models

<mproved data & products
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FATES calibration cascade

Satellite Phenology

One cohort, observed LAI, for each PFT.
No Disturbance, growth, or mortality.

No Competition

All PFTs given a fixed area to grow.
Growth & disturbance but no competition.

Prescribed Biogeography

Growth, disturbance, and competition, but - Eﬂ W:H

only where each PFT actually grows. t t t

Increasing complexity

Full FATES
Growth, disturbance, and =TT~ | H TT

competition everywhere.




FATES calibration cascade

Satellite Phenology

One cohort, observed LAI, for each PFT.
No Disturbance, growth, or mortality.

Biophysical parameters



Sites: Toolik Field Station (TOOL) and Niwot
Ridge (NIWO

1i

TOOL: Tussock tundra
Sedges, tussock grass L
Birch and willow shrubs f(\ E,

L

e - —

NIWO: Alpine tundra
Grasses, forbs, and sedges
Willow shrubs




Incorporating new NEON data products to run CLM

Biophysical metrics including plant
area index (PAIl) from downward
facing imagery
-collected biweekly at NEON plots

Greenness index (GCC) derived
from automated digital images
-15-minute frequency at tower

Digital hemispheric photos of plot vegetation

DOWNLOAD DATA 4,

(pP110017.001)
) ) ‘ PRODUCT DETAILS (3) ‘
Upward and/or downward facing digital 180-degree images of vegetation in plots used to calculate leaf area index

Available Dates Data Themes

2016-02 through 2025-01 (-‘-. H
7

Key: (3 B Release Available Not Available View By: SITE | STATE | DOMAIN |
Provisional B Mixed
: 2019 : 2020 : 2021 : 2022 : 2023 : 2024 : 2025
ALL |HEDEND : DEONONONENED  DODEOENOEONEN  DEDDDEOENENED  NODEONOEOEER  ENONODERENEDAED  GOBEEENOGEEN B

Phenology images DOWNLOAD DATA 4,

(DP1.00033.001)

- ‘ PRODUCT DETAILS (7) ‘
RGE and IR images of the plant canopy taken from an automated camera on the tower top. Images are collected every 15 minutes and

closely follow protocols of the Phenocam Network.

Available Dates Data Themes

2016-01 through 2025-02 ~ G
s

Key: (3 B Release Available Not Available DOMAIN

Provisional B Mixed

View By: SITE | STATE

: 2019 : 2020 : 2021 : 2022 : 2023 : 2024 : 2025
ALL : : : : : : :



Digital hemispherical photos <> Plant Area Index
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In(PAI)

PAI
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Predicted values align well with data




In(PAI)

PAI

— Exponential Regression .
@& Data
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Predicted values align well with data
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CLM SP simulations with NEON LAl streams

NEON site : TOOL [2018-2021]
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Create a Latin hypercube ensemble of
FATES-SP runs

e Variable to calibrate to:
Annual GPP

* Check that observations fall
within the ensemble spread

100 150 200 250
Annual GPP (gC/m2)



Train and validate emulator

RMSE = 0.427 »
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Train and validate emulator

Emulated GPP (g C/m?)
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FATES GPP (g C/m?)
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fates_leaf stomatal_intercept-pft10
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1824

1814

180 A
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fates_nonhydro_smpso-pft10

Check parameter sensitivity
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GPP is most sensitive to leaf vcmax_25top



Use emulator to resample parameter space

—— Mean NEON GPP
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Emulated GPP (gC/m2)

Calculate implausibility metric to determine most
plausible parameter values

- Sensitive parameters with low implausibility



Use emulator to resample parameter space

—— Mean NEON GPP
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Calculate implausibility metric to determine most

plausible parameter values

—> Sensitive parameters with low implausibility

Fix sensitive parameter(s) and resample

7000

= Mean NEON GPP
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Annual GPP (gC m~2 yr 1)

Updated sample after fixing vcmax

168.8 169.0

After fixing vcmax, one more round of calibration
- re-run FATES-SP with updated parameter values!



Annual GPP looks better, but need to incorporate
timing of greenup into calibration

—— FATES Calibrated
5 - —— FATES Default
—— Observations

Annual GPP (g C

5 8 & 8
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Month



Next steps

* Incorporate phenology/seasonality £l |
of GPP in addition to total annual
GPP of
e Calibrate to latent heat and sensible e
heat fluxes

15
Average annual latent heat (W/m2)

* Expand to other herbaceous NEON
sites!







Additional NEON data products: leaf area index

NEON Digital Hemispherical Photos (DHP) Biweekly biophysical metrics from DHP, e.g. NEON PhenoCam time series (GCC)
plant area index (PAI)
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