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v3/v4 science questions
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- Water cycle: How will the moisture
sources and precipitation over land
change?

* Biogeochemistry: What are the
impacts of different energy and land
use on land biogeochemistry and
terrestrial-aquatic processes?

« Cryosphere: What are the
implications of sea level rise and
extreme storms for coastal
inundation?
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Land-Energy NGD overview
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Land-Energy NGD overview
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Progress - MOSART
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s MOSART-carbon, MOSART-lake,
MOSART-wm etc. progressing on
multiple fronts

¢ Papers on erosion, sediment transport,
links with heterotrophic respiration in
model

Hydrology and plant
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http://dx.doi.org/10.1111/gcb.14982

Development of a tree-level nydraulcs
hydrodynamic model for ELM e

(E3sm

Hydrology and plant

Increasing vegetation mortality due to drought and temperature

ELM-v1.0 excludes transport of water through vegetation structure and
excludes competition for water

Developed a tree-level hydrodynamic model that exploits PETSc’s
DMComposite to flexibly solve tightly coupled multi-physics problems
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Land-Energy NGD overview
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E3SM'GCAM COupling Water cycle

PETT -

« V2 (emissions) coupling
finishing now

* For v3 (water) will want
to step back and re-think
approach and tools

(E3SM

Energy Exascale
Earth System Model

Land/energy
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Human system Earth system
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Policy
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Land-Energy NGD overview
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Improving and simplifying
the ELM fire model
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Managed disturbances
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* ORNL coordinating with
ANL on the use of LUH2
classes at the landunit
level, including crop
classes

Decomposition and vegetation
regrowth

CO, flux to
atmosphere

component fluxes
net land use flux

CO, flux to
land
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Land-Energy NGD overview

P -

Vegetation dynamics
Biogeochemistry
=y Crop model
LULCC soil thickness N hydraulics
.. Firemodel . N
Land data \\ . . . N
structures reworked AN
N AN
A N4
v2
//./""
| /1 /( ’ . ' /
GCAM / P , g P
e Lake and wetland " GCAM ", 7
Soil erosion BGC, exchange water . i
Stream temperature . coupling Radiation transfer,
!Vlanaged leaf-scale acclimation,
disturbance photosynthesis
—— High-res NA GPU ——
—3 FATES >
Ei = I
@ SM Eesitim_ xtomalmode
interface

U.S. DEPARTMENT OF

ENERGY



First LULCC capabilities

in ELM-FATES

«  Working on getting harvest
into FATES; one benchmark

60 years
run completed and a global (Primary)
one in progress Only /

« Testing global Cori: CN- Prmer SUYCEE
g global run on Cori: patches <« [AA

Harvest works the same as can fuse
before (FATES not active, just together
ran for a couple of years)

* Currently regrowing forest for
testing FATES harvest

EssM Energy Exascale
Earth System Model

\ 1 year (Primary)

Vegetation dynamics
Biogeochemistry

5 years Secondary
Forest

1 year Secondary Forest

Only
secondary
patches can
fuse
together
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Canopy light and nitrogen scaling fix
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https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020MS002237
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Land-Energy NGD overview
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Target: 1 km? grid resolution over N. Ameri

160°E 170°E 180° 160°W  140°W 10°W  80°'W 60°'W 40°W 30°'W  20°'W 10w
Il i Il L L Ll A 4 4 4 4 i 4 41 1 L Il L L
X il
*  Massively parallel ELM runs on ) (
Summit '
*  Refactoring, GPU performance
z
optimization i
Daymet V3
. Average Daily
Summit Node Maximum Temperature
(2) IBM Power3 + (6) NVIDIA Volta V100 £ - 2016
256 GB ‘ [ 256 GB
(DDR4) (DDR4)
3 s . %7
3 0135(38/ CP:U 113568/ .au
[oea | [ 7esan | [[aesso | [zz@ssn | [2sa1ets) | [se0asan | ::
[ren | [ seesm | [ | [(mezss | [0z | [ | g [
[z@m | [ owsss | [ teeeen | SRl [(2#wess | [s102e12n | [secsztss) | °c (8
[auere) | [[1@ean | [1ew2ms) | [(2si0s107) | 3313235 | [[40(ie0-ie3) | £
[s@29 | [rewssn | [[mwem | [zrdossin | [(samseiss) | [4cewton | e
[[eeean | [[13e2s9) | [ 200y | [28a12418) | [ss140-149) | [[a2ies71) | e
z
7 1 N /7 1 | == .
p Projection: Lambert Conformal Conic
Central Meridian: 100 degrees W

s

GPUO |gusp| GPU 1 |gump| GPU2 GPU 3 |¢m)| GPU4
668 7668 668 668 668
(HBM2) (HBM2) (HBM2) 1 r (HBM2) (HBM2)

NVLink2 < (50 GB/s) 4 (900 GB/s) 3,0,\1(

U.S. DEPARTMENT OF

ENERGY




Summary

« Developments linked to v3/v4 science questions, targeting needed
capabilities
« Hydrology and plant hydraulics
« Land/energy
« Disturbances
* Vegetation dynamics

« Leveraging machine learning
« Data structure and interface changes enabling new capabilities
« Exploring high-resolution NA run using Summit GPUs
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