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Goals of NGD-Atmospheric Physics

Develop an improved suite of atmospheric physics suitable for various science

applications using low-resolution E3SM (12km — 100km) B = Rl

b) LRM - OBS: 0.8 (10)

« Continue to reduce outstanding biases in E3SMv1 for a more

accurate physical model &
— Biases in cloud and precipitation A\ !
— Too strong aerosol indirect forcing \
— Poor scale-awareness '—ag\':e?f TC\'/f\;;dS Lack of coastal Sc
- Enhance the model’s capability for coupling across the Earth Zhang, Xie et al. (2019)
system (chemistry, aerosols, dust, greenhouse gases ...) Annual Precipitation Bias Warm and

=~ dry central
us

— Lack of interactive atmospheric chemistry

— Missing a few important aerosol species (SOA, stratospheric aerosols,
nitrate, dust) that are critical to BGC

The development will address the combined problems of scientific
Double ITCZ Dry Amazon

accuracy, scale-awareness, and computational efficiency Excessive precip over .
Tropical 10 & warm pool Rasch, Xie et al. (2019)
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Atmospheric Physics in E3SM v1

DEEP CONVECTION Y

AEROSOL
SHALLOW
CONVECTION,
M  TURBULENCE
B MIACROPHYSICS

ATMOSPHERIC
CHEMISTRY

RADIATION Fd  MICROPHYSICS
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NGD-Atmospheric Physics for E3SM v3

Improving cloud and convection to reduce model biases

Guang Zhang ,

Enhancementsin | e i Vince Larson
(UCsD) Deep Convection: N . A Scale-Aware Unified ; (UWM)
trigger, stochasticity, —’ 4— . Convection Scheme: |
. mesoscale effect, scale- ! ) ZM ' . CLUBB-SILHS or EDMF | lloatIelxelra
Y Richt ' ! DN :
a?ﬁc,&) . — ANATENESS . Y 1 (JPL/IUCLA)
MAM4
. A Simplified E
< Higher-Order ' _ _
' Closure (SHOC) |  Chris Terai
----------------------- (LLNL)
CLUBB A single code base for future E3SM
Prescribed
' Predicted Particle :
. Properties (P3) Jiwen Fan
(PNNL)
RRTMG MG2 | I Improve ice clouds and aerosol-cloud
interaction
E——
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NGD-Atmospheric Physics for E3SM v3

Improving model capability for coupling across the Earth system

' A Scale-Aware Unified
»]Xe(e]"\Y/Jej (o] Nl | Convection Scheme:

i Enhancements in
i Deep Convection

_______________________________

i CLUBB-SILHS or EDMF
QTang ¢ Y& &
(LLNL) AEROSOL
ecTio A simplified |
________ ' | ITl
Ul Chemistry | SN AN g  Higher-Order
| ' Closure (SHOC) !

D2species), | g MACROPHYSICS IRt
Hebitbabiodnst il ATVIOSPHERIC

I ;.  CHEMISTRY

______________________________

UCl Solar-J and Predicted Particle |

' Radiative Treatment Properties (P3)
. of clouds and aerosols : RADIATION MICROPHYSICS

Philip Cameron-smith l_’
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New Aerosol / Dust Physics

Nitrate
Aerosol
Hailong Wang
(PNNL) MOSAIC for Nitrate
aerosol and other
aerosols

Project future GHGs
(CH4I NZOI 03)

32 transported species

Manish
Shrivastava

Explicit treatment of SOA formation and
(PNNL)  coupling with atmos. Chem. and
land/energy use

E3SM Energy Exascale
Earth System Model

Stratospheric

UCI Chemistry Mechanism with

Hailong Wang
(PNNL)

E ol )A
“ \\él /,

Xiaohong Liu,
(TAMU)

Sulfate

Simulating volcanic
eruption and resulting
stratospheric sulfate

aerosols -

Yan Feng
(ANL)

Implement new emission and dry
deposition schemes; couple to BGC
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Contributions to E3SM v2

Improved Diurnal Cycle of Improved Quasi-Bennial
* Improved convective trigger for better o R on (QBO0)
Diurnal Phase (color) and Amplitude T ‘ EI

diurnal cycle of precipitation (saturation) at CONUS

— dCAPE&ULL: Better coupling of convection TRMM =
. N . Diurnal phase (color, hours) and magnitude (saturation, mm/day) o
with its environment and capable to capture - )
mid-level convection e 20 a0 0 w0

— Improved diurnal cycle of precipitation '"‘q
* Re-tuned convective gravity wave (GW) LA
parameterization for better QBO

— CF: Conversion Factor of ZM heating rate
to convective cell heating rate (20 -> 12.5)

— Efficiency of convective GWs (0.4 -> 0.35)
* Improved dust emission
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The nocturnal peak is well Xie et al. (2019) JAMES 4
captured in central US QBO is more realistic
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Improving Deep Convection

« Representing stochasticity of
convection in E3SM for better
precipitation intensity distribution

— Implemented the Plant-Craig stochastic
convection parameterization and coupled

it with ZM

*  Representing mesoscale effect on
convection in E3SM for better
capturing tropical waves

— Implemented the Multiscale Coherent
Structures Parameterization (MCSP,
Moncreff 2019) for mesoscale effect on
convection

— Added mesoscale heating on top of ZM
heating

Energy Exascale
Earth System Model

Esm

|
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Esm

Towards A Unified Scheme

A unified scheme for turbulence, shallow, and
deep convection

« CLUBB-SILHS to unify all types of clouds. Use
the Subgrid Importance Latin Hypercube Sampler
(SILHS) to sample the subgrid PDFs predicted by
CLUBB and allows the microphysics to respond to
subgrid variability in clouds

— Parameterizing non-gradient terms e.g. turbulent
advection & buoyancy, to make convection go deep

— Computational expensive

d

A Multi-plume Eddy-Diffusivity/Mass-Flux
(EDMF)

ED for turbulent mixing and MF for convection
Computational inexpensive

ﬁ

Energy Exascale
Earth System Model

SILHS makes convection go deep
_DJF_Warm Pool 140E,2N

T 1
I-
|

200

IIII

<4CH)

.y

S\
CLUBB-SILHS

|

Guo, Larson et al.
(2020), submitted

600

-

-

CLUBB-SILHS: ZM is turned off

KOO

1 'l 'l 'l 1 2 2 2 1 I I 1 1 1 I 1
=<0 &GO

1OOO i1

Cloud Fraction

EDMF

\ free atmosphere

inversion /
/ o\
capping

nversio &
cloud layer [

9 Large-scale MF mixing

: Small-scale ED mixing
mixed

subcloud layer

e L)

Bimodal joint pdf of w and gt

U.S. DEPARTMENT OF

ENERGY



Coordinating with SCREAM

« Coupling SHOC with ZM

SHOC + ZM tandard

Cloud/Transport Scheme
Microphysics Scheme

ZM Deep Cu
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MBL top:f” '.“. DEEPI Cu Sifgle- | \\ /

moment S;l_l(:)(:

Courtesy of Peter Bogenschutz
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RMSE 0.59
CORR 0.96
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UCI Chemistry is in E3SM

» 32 transported species, critical for projecting future GHGs (CH4, N20O, O3)
* Ready to be coupled with aerosols and BGC.
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E3SM vs Aircraft

(historical missions)

Initial 15-year tests show
acceptable spatio-temporal
variability for key tracers.
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New Aerosol Physics are coupling with Atmospheric
Chemistry and BGC

Nitrate Stratospheric
Aerosol Sulfate
MOSAIC for Nitrate Simulating volcanic eruption
aerosol and other and resulting stratospheric
aerosols sulfate aerosols

Project future GHGs
(CH4I NZOI 03)

UCI Chemistry Mechanism with
32 transported species

Explicit treatment of SOA formation and coupling with Implement new emission and dry
atmos. Chem. and land/energy use deposition schemes; couple to BGC
@SM St R ENERGY



Moving Forward

- Integration of all new developments in E3SM v2 CLUBB-SILHS Scaling on GPU vs CPU
— Selection of a suitable convection scheme for V3 by oY= e
July 2021 s
« A comprehensive assessment of 4 candidate convection 5 3 cPU
schemes is under planning and will start early next year § E . SCM test
« Coupling aerosols, chemistry, and BGCs and make ° &
0 o 15
sure our developments meet BGC V3 science needs § e
c S
" 0 " : &
- Porting new atmospheric physics to the new e oo
atmospheric driver that the SCREAM team is developing '— " - " p” "
for a single V3 code base on CPU-based machines e of Subcolumns
# of
« Porting new atmospheric physics to GPUs subcolumns

— CLUBB-SILHS
As the # of subcolumn increases, the runtime is

significantly reduced on GPU
*SCREAM is working on porting SHOC, P3, ZM to GPUs
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Collaborations across DOE labs and Universities

DOE Labs

LLNL: Convection, Chemistry, model integration,

model evaluation and diagnosis

PNNL: Aerosols and cloud microphysics

ANL: Dust Emission

BNL: Climate integration, tuning, etc.

\
University Collaborators funded by ESMD
Vince Larson (UWM) —
Xiaohong Liu (UW) —
Michael Prather (UCI) — Chemistry & Radiation
Jadwiga (Yaga) Richter (NCAR) -

CLUBB-SILHS
Stratospheric Sulfate

MCSP

Joao Teixeira (JPL/UCLA) - EDMF
Guang Zhang (SCRIPPS/UCSD) - ZM

(EFSM

Energy Exascale
Earth System Model

\
Collaborations within E3SM

Water Cycle/Cryo: clouds, convection, precipitation
BGC: coupling across the Earth system

Infrastructure: new diagnostics (QBO, precip PDF and
diurnal cycle, etc.)

Performance: CPU/GPU performance
NGD-SCREAM: SHOC, P3, new atmospheric driver

NGD-Software/Algorithm: Chemistry solver
\

Collaborations with other DOE projects

LLNL CMDV-RRM, CAPT, ASR, ARM projects
PNNL SFA on MCS
Will reach out to EAGLES on aerosols for v4

U.S. DEPARTMENT OF

ENERGY
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Publications

« ~35 papers either published or submitted since 2018 with >20 papers led by NGD-atmosphere
team members

Proceedings of the
National Academy of Sciences Keyword, Author, o1
of the United States of America

*  FY2020 metric reports (Q1 — Q4) on MCSs

Articles Front Matter

NEW RESEARCH IN Physical Sciences v Social Sciences

4 E3SM all-hands webinar presentations

RESEARCH ARTICLE m

One Step Closer to a Milestone in Climate A round Earth for climate models

Modeling Michael J. Prather and © Juno C. Hsu

1 E3SM newsline story

PNAS September 24, 2019 116 (39) 19330-19335; first published September 9, 2019; https://doi.org/10.1073

A pair of revisions to the Energy Exascale Earth System Model improves /pnas.1908198116
its ability to capture late afternoon and nocturnal rainfall as well as the i i . . . . 3
timing and movement of convection. Edited by Dennis L. Hartmann, University of Washington, Seattle, WA, and approved August 8, 2019 (received for review

May 16, 2019)

SOURCE: Journal of Advances in Modeling Earth Systems (JAMES)
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Cumulus congestus clouds like these are usually a sign of incoming rain. Credit: lon Jacobs, CC BY-NC 2.0
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Summary

» The NGD-Atmospheric Physics Project created in E3SM to address model
biases and enhance model capability

« Target V3, 100 km — 12.5 km,
* Improve scale-awareness, unification, clouds, aerosol physics, and atmospheric chemistry

« Capability for chemical coupling across the system (Gas-phase chemistry, aerosols, GH gases)
— Capability for coupling of aerosols/dusts to chemistry, BGC, and Land/energy use

» Close collaboration with ESMD funded research on model developments
« Several new parameterizations are being implemented into E3SM

» Developments on track
* Reduced errors in clouds and precipitation in both mean states and variability

* New aerosols and interactive chemistry in E3SM
« Ready by 2022
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