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E3SM Land Model v1
Ø Introduction of a prognostic 

phosphorus cycle and C-N-P 
interactions

Ø Representation of dynamic 
storage pools for C, N and P

Ø Global P maps for model 
initialization

Ø Representation of edaphic 
factors on mortality rate

Ø Representation of the 
competition between plants and 
microbial process for available 
soil N and P 
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Implementation of P generally improves model 
performance 



Implementation of P improves simulated spatial 
distribution of biomass
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Implementation of P improves simulated functional 
relationships, particularly in tropical regions

South America Tropical Africa
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Implementation of P improves simulated historical 
land carbon accumulation
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Benchmark: Le Quere et al., 2016
Global Carbon Project

Benchmark: Forrest Hoffman et al., 2014



ELMv1 and other land models in CMIP6
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• LS3MIP archive in CMIP6 
• Offline global simulations
• 0.5 degree resolution
• Same input data



Benchmarking beyond ILAMB

A global FACE 
model experiment

+200ppm

Picture credit:  NASA

FACE synthesis 

Picture credit: Oak Ridge FACE, 
Aspen FACE, Duke FACE, and 
EucFACE
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ELMv1 simulated effect size of CO2 enrichment
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CLM4

CLM4.5

CLM5 ELMv1

Simulated effect size of 
CO2 enrichment on GPP

Wieder et al., 2019
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Representation of nutrient limitation: from 
limitation on source activity to sink  limitation 
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Figure 1 
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• Plant growth is usually constrained by the 
availability of nutrients, water, or 
temperature, rather than photosynthetic 
carbon (C) fixation

• In plants limited by nitrogen (N) or 
phosphorus (P), photosynthates are 
converted into sugars and secondary 
metabolites. 

• Many interactions among above- and 
below- ground ecosystem components can 
be parsimoniously explained by the produc-
tion, distribution, and release of surplus C 
under conditions that limit plant growth 



Similar GPP responses to eCO2, but very different 
LAI responses

ELMv1-CTC

Wieder et al., 2019

Observations are from Anisworth and Long 2005
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• A data-driven global quantification of 
the eCO2 effect on biomass based on
138 eCO2 experiments

• The derived eCO2 effects is 
geographically consistent changes in 
greenness

• Lower than the previous model 
estimates

A data-driven global quantification of the 
eCO2 effect 
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ELMv1

Terrer et al., 2020

ELMv1 simulated biomass responses to eCO2 is 
consistent with the new data-derived estimate 
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ELMv1

ELMv1

Terrer et al., 2020
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ELMv1 simulated biomass responses to eCO2 is 
consistent with the new data-derived estimate 
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Benchmarking beyond carbon
Evaluation of nutrient pools and fluxes on the global scale
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(Bloom et al., 2016)

Carbon cycle Nitrogen cycle Phosphorus cycle 

Sorption Weathering 
simplified 

from 
Cardamom

Pools
CN ratios

Pools
CP 

ratios

Assumptions
- Mass conservation
- Steady state equilibrium

Input data
- External N and P inputs : BNF, deposition, 

weathering
- Biome-specific CN and CP of C pools

GOLUM-CNP
An observational based global datasets
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Comparison with GOLUM-CNP: nutrient uptake
N uptake P uptake

GOLUM
-CNP

ELMv1

Unit: g N m-2 yr-1 Unit: g P m-2 yr-1
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NUE PUE

GOLUM
-CNP

ELMv1

Comparison with GOLUM-CNP: Nutrient use 
efficiency
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Other Literature values might be useful too! 
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Other Literature values might be useful too! 



Summary and discussion points

• ILAMB is a great tool for systematic evaluation of land models, which can 
help identify improvement or degradation with the implementation of new 
processes

• Similar ILAMB scores between models that have very different process 
representations suggest process level evaluation is needed

• Comparison with a meta-analysis of FACE suggests ELMv1 assumptions of 
nutrient limitation is reasonable

• Benchmarks for nutrient cycle dynamics are needed as more land models 
are including N and even P limitation

• Other independently derived data product will be valuable addition to 
ILAMB 
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