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Overview

• Frontiers of land model development for ESMs: Experience from 
DOE’s Energy Exascale Earth System Model (E3SM)

• New predictive capability for Arctic tundra systems: NGEE 
Arctic

• New predictive capability for coastal systems: COMPASS
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Land model development for E3SM

• Representing processes and sub-grid heterogeneity

• Pushing the limits of grid resolution: challenges for computing 
and data

• Pushing the limits of process representation
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Process Representation in 
E3SM Land Model (ELM)

• Prognostic:
– Energy
– Water
– Carbon
– Nitrogen
– Phosphorus
– Vegetation structure
– Soil biogeochemistry
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Subgrid representation in E3SM

• Use subgrid
architecture of the 
E3SM Land Model 
(ELM) to capture 
ecosystem 
heterogeneity

• Use multi-scale 
modeling to define 
and parameterize 
the ELM subgrid
configuration
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Primary feedback comparisons

CN
CNP

Gamma_landBeta_land
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Betaland assessed at 2015

Betaland assessed at 2100

CNP
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Gammaland assessed at 2015

Gammaland assessed at 2100

CNP
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Bridging scales: High resolution (1 km) simulation

Annual 
Average Tmax

(2019)

Annual Total 
Prcp (2019)
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We expect to use 
the sub-grid 
topographic units 
available in ELM V2 
to represent 
variation in snow 
fractions.

ELM V2 
predicted 

snow depth

11
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ELM V2 predicted 
snow water equivalent

12
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ELM V2 predicted 
snow depth

13
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Terrain

Dynamic 
Terrain
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Patterned after V. Leshyk illustration, Schuur and Mack, 2018
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NGEE-Arctic Integrated Modeling Objectives: targeting 
E3SM/ELM

• Prioritize modeling 
requirements

• Develop framework 
for pan-Arctic 
modeling

• Evaluate new 
modeling capabilities

• Apply to science 
questions
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Question-based observation and experimentation…
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Jan et al. 2018. Water Resources 
Research 54: 6153-6167.

Jan et al. 2018. Computational 
Geosciences 22: 163-177.

Jan et al. 2020. Geosci. Model Dev. 13: 
2259-2276

… integrated with multiscale modeling
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Improved Inundation 
Dynamics

(drier)

(w etter)

Ahmad Jan, 
ORNL

https://eu-interact.org/field-sites/research-station-samoylov-island/
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Improved Inundation 
Dynamics

Chuck Abolt, LANL

Elchin Jafarov, LANL

Dylan Harp, 
LANL
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Improved Hillslope Hydrological Processes

• Influence of soil 
and bedrock on 
thermal hydrology

• Influence of taliks
on hillslope and 
watershed 
hydrology

• Use ELM subgrid
representations

Example: HUC12 containing Teller watershed: 139.8 km2
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Improved Snow-Vegetation-Terrain Interaction
• Interactions of snow, 

wind, terrain, and 
vegetation

• Use ELM topounits to 
capture variance in 
snow

• Evaluated with NGEE 
snow surveys, 
vegetation surveys, 
remote sensing



24 Next-Generation Ecosystem Experiments – Arctic 

Improved Snow-Vegetation-Terrain Interaction

Snow survey lead: 
Cathy Wilson, LANL

Kougarok
site

Teller site



25 Next-Generation Ecosystem Experiments – Arctic 

Improved Representation of Tundra Vegetation

• Multiple new 
Arctic tundra 
PFTs, including 
alder

• Large-scale 
mapping with 
remote sensing 
data

Verity Salmon, Colleen Iversen, 
ORNL
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Sulman et al. 2021 (JAMES), and associated data sets

Site-level simulations testing new vegetation trait parameters 
for present-day and future climates (Model parameterization)
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Characterize N-fixation rates and traits to inform new alder 
plant functional type in ELM (Observations)

Salmon et al. 2019 (Frontiers in Plant Science) 
and associated data sets
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Langford et al. 2019 (Remote Sensing) and associated data sets

28

Maps of plant communities across the landscape 
(Scaling, ABoVE collaboration) 
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Integration of 
remote sensing 
observations, boots 
on the ground, 
experimentation in 
the field and in the 
lab, and multi-scale 
modeling allows us 
to tackle the most 
challenging Earth 
science problems.

https://blogs.nasa.gov/earthexpeditions/2021/10/06/too-
remote-too-wild-and-too-cold-helping-satellites-see-arctic-
greening-with-boots-on-the-ground/
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Representing coastal systems in an ESM: first steps with 
the COMPASS project 

• Quantifying heterogeneity in the coastal zone

• Coastal land-water interfaces across salinity gradients

• Humans as a fundamental system component

• Next steps
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Vision:

Fully coupled 
Earth system 
prediction for 
air-land-water 
interfaces, 
including 
human 
systems

Joyner 2006
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Land

River

Ocean

Current ESM

Upland River
Wetland

Estuary

Coastal Ocean

Open Ocean

Coastal-TAI ESM



Rhode River

Global Change Research Wetland (SERC)
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Choptank Wetlands Preserve

Choptank
River
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Great 
Lakes 
Region

Michael Weintraub

35



3636 Open slide master to edit

Thank you
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