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Motivation: Earth system models likely underestimate
peatland feedbacks due to missing processes
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SPRUCE modeling efforts using ELM
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ELM-SPRUCE carbon budget for TO simulation (slope)

Tree GPP | Moss GPPl Shrub GPP
¢ 955 (-10) 378 (-33) 352 (+3.7)

Heterotrophic

GPP 1684 (-42) CO, Efflux*
373 (+14)

Tree ANPP | Moss NPP 1 Shrub ANPP
¢ 92 (-3.4) 112 (-10) 61 (+2.5)

NPP 394 (-13)

Tree BNPP
75 (-2.6)T

Shrub BNPP
T 23 (+1)
TOC Efflux

.

Net C sink** =19 (-28) g C m2 y1

*In this version of ELM, Heterotrophic C losses include CH, emissions.
**Net C Flux = NPP — Heterotrophic CO, Efflux — CH, Efflux — TOC Efflux
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ELM carbon budget for T0eCO, simulation

Tree GPP | Moss GPP 1 Shrub GPP
1321 (+38%)¥ 493 (+30%) ¥ 490 (+40%)

Heterotrophic

GPP 2302 (+37%) CO, Efflux*
384 (+2.9%)

Tree ANPP | Moss NPP Shrub ANPP
119 (+29%)§ 99 (-12%) 60 (-2%)

NPP 456 (+16%)

Tree BNPP
95 (+27%)T

Shrub BNPP
T 23 (+0%)

TOC Efflux

Net C sink** =70 g C m2 y1

*In this version of ELM, Heterotrophic C losses include CH, emissions.
**Net C Flux = NPP — Heterotrophic CO, Efflux — CH, Efflux — TOC Efflux



ELM-SPRUCE is developing into ELM-Peatlands:
Extending SPRUCE results regionally
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Automated workflow for ModEx
uncertain input - ANC uNcertainty quantification (UQ)

Parameter priors

Neural network Surrogate model
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Applying surrogate models: Sensitivity analysis
Which inputs are important?
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Applying surrogate models: Joint calibration
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 Markov Chain Monte Carlo (MCMC) technique to determine posterior parameter and
output distributions

« Requires large number of serial simulations (> 10°), but ELM takes 4-6 hours
« Enabled by surrogate model (103 fimes faster)

 Model-data mismatch reveals structural or data errors, informing model development
OAK RIDGE

National Laboratory




Remaining challenges

- Moss cover is currently forced, ELM is unable to represent level
of mortality in warm plots

- Observed shrub growth increases larger than model predictions
- Representing changes in peat elevation

- Understanding the flows of carbon in the eCO, simulatons

- Bringing together different data sources for model calibration

- Understanding biases when applying ELM-SPRUCE at other sites

- Determining appropriate level of complexity for regional
scaling
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