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New approaches to consistent subgrid
parameterizations

Tuesday, 8 June 2021 07:13 (5 minutes)

Geometric (variational/Lagrangian and bracket) structures that describe irreversible (entropy-generating)
processes for geophysical fluid dynamics are now well understood and developed; and such struc-
tures can be used to design consistent energy-conserving and entropy-generating subgrid scale
parameterizations. However, at current model resolutions the subgrid scale processes are mostly
reversible (entropy-conserving) dynamics, and it is not clear that treating them by analogy with
physical small-scale irreversible processes properly encodes their behavior. This rapid talk will
present some tentative ideas about new approaches to consistently treating subgrid scale processes
that takes into account their reversible nature.

Primary author: Dr ELDRED, Christopher (Sandia National Laboratories)
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Identifying, understanding, and addressing process
coupling issues in the E3SM atmosphere model

Tuesday, 8 June 2021 06:28 (5 minutes)

Various studies in recent years have provided the clue that time integration methods used in the
atmosphere component of the Energy Exascale Earth System Model (E3SM) can benefit from sig-
nificant accuracy improvements. In our attempts to systematically quantify and attribute the time
integration error, multiple issues related to process coupling have been identified. This lightning
talk will give a brief overview of the methods we are using for the investigation, the causes and
impacts of various process coupling issues, and our plans for the next steps.

Primary author: Dr WAN, Hui (PNNL)

Co-authors: ZHANG, Shixuan (Pacific Northwest National Laboratory); RASCH, Philip J. (Pacific
Northwest National Laboratory); LARSON, Vincent E. (University of Wisconsin - Milwaukee); ZENG,
Xubin (University of Arizona); ZHANG, Kai (Pacific Northwest National Laboratory)
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The role of subgrid winds on precipitation biases in
E3SMv1

Tuesday, 8 June 2021 06:37 (5 minutes)

Precipitation is an important climate quantity that is critically relevant to society. In spite of in-
tense efforts, significant precipitation biases remain in most climate models. Using the DOE-E3SM
model version 1, the inclusion of a missing process, convective gustiness, is shown to reduce a per-
vasive and persistent bias found in many general circulation models that occurs in the Tropical
West Pacific. Convective gustiness increases surface evaporation, which acts as an energy source
to invigorate the large-scale circulation. A normalized gross moist stability framework is used to
diagnose the impact surface evaporation has on the precipitation response to gustiness. Including
the impact of another subgrid-scale process, the large eddy wind variance taken from the Cloud
Layers Unified by Binormals subgrid turbulence and shallow convection scheme, shows reduc-
tions in the Amazon dry bias. These results highlight the importance of interactions between the
resolved and subgrid-scale processes, particularly in regions where the resolved surface winds are
weak and convection is favorable.

Primary authors: HARROP, Bryce (Pacific Northwest National Laboratory); MA, Po-Lun (Pacific
Northwest National Laboratory); RASCH, Philip J. (Pacific Northwest National Laboratory); NEALE,
Richard (National Center for Atmospheric Research); HANNAY, Cecile (National Center for Atmo-
spheric Research)

Presenter: HARROP, Bryce (Pacific Northwest National Laboratory)

Session Classification: Main

Track Classification: Main

May 23, 2023 Page 3



PDC Discussion … / Report of Contributions Common Community Physics Pac …

Contribution ID: 4 Type: Rapid Talk

Common Community Physics Package (CCPP)
Update

Tuesday, 8 June 2021 07:04 (5 minutes)

The Common Community Physics Package (CCPP) consists of a repository of physics schemes
that adhere to a well-defined set of rules governing their data interface and a software framework
for autogenerating “caps” that function as drivers for user-selectable collections (or suites) of com-
pliant physics schemes. The intent and design of this package is to allow physics schemes to be
“dycore-agnostic” such that physics may easily be shared across atmospheric modeling systems
from many institutions. NOAA’s UFS has adopted this package for many of its applications for
current and future development and it is slated for operational use in the near future. Other part-
ners include NCAR and NRL, whose flagship institutional models such as CESM, MPAS, WRF and
NEPTUNE, respectively, have adopted or are currently adopting the CCPP framework or contribut-
ing to CCPP physics in some way. Development of the CCPP thus far has endeavored to maintain
as much flexibility for experimenting with physics-dynamics coupling as possible. Through partic-
ipation in the PDC Workshops, CCPP developers hope to continue to learn of novel methods in the
atmospheric modeling community so that their use may not be precluded by the CCPP software
design. The rapid talk will provide a brief update of the status of the CCPP project and provide an
opportunity for discussion of its use and future development direction.

Primary authors: FIRL, Grant (National Center for Atmospheric Research); Dr HEINZELLER, Do-
minikus (CU CIRES and NOAA Global Systems Laboratory); Dr BERNARDET, Ligia (NOAA Global
Systems Laboratory); Dr CARSON, Laurie (National Center for Atmospheric Research); Dr ZHANG,
Man (CU CIRES and NOAA Global Systems Laboratory); SCHRAMM, Julie (National Center for At-
mospheric Research); SUN, Xia (CU CIRES and NOAA Global Systems Laboratory); PAN, Linlin (CU
CIRES and NOAA Global Systems Laboratory); Dr EK, Michael (National Center for Atmospheric Re-
search)
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The Inline Microphysics in GFDL SHiELD
Tuesday, 8 June 2021 06:46 (5 minutes)

In the GFDL global weather-to-seasonal prediction system SHiELD, the cloud microphysics param-
eterization is entirely built in the FV3 dynamical core. This inline microphysics takes advantage of
the rapid evolution of temperature and hydrometeors by dynamical advection. In return, extreme
heating and cloud formation from the cloud microphysics can be rapidly propagated to a broader
region. An additional benefit of embedding the microphysics into the dynamical core is to make
the physical parameterization thermodynamically consistent with the dynamical core. This talk
will cover the design of the inline microphysics and its performance in GFDL SHiELD.

Primary author: ZHOU, Linjiong
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What does it look like to design a climate model
from scratch?

Tuesday, 8 June 2021 06:10 (5 minutes)

What would you do if you had the opportunity to build a climate model from the ground up?
Many of the leading global climate models (GCMs) represent generations of improvements built
on a baseline software architecture that is decades old. The Simplified Cloud Resolving E3SM
Model (SCREAM) project has provided an opportunity to redesign the software architecture for
the US-DOE Energy Exascale Earth System Model (E3SM) atmosphere model. A complete rewrite
of the model exposes fundamental questions in a multi-physics code, including how to design a
code that can enable best practices in physics/dynamics coupling research and application? The
approach adopted by SCREAM is to a) minimize the number of variables passed between processes
and b) treat each individual process as a core, model-agnostic component. Inter-process coupling
is handled by SCREAM-specific interface layers which massages input variables into the appro-
priate form needed for every individual process. Model-agnostic processes makes running single
processes in standalone test mode easy and porting to/from other models simpler. But what other
best practices should we consider?
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Liv-
ermore National Laboratory under Contract DE-AC52-07NA27344

Primary authors: Dr DONAHUE, Aaron (Lawrence Livermore National Laboratory); Dr BERTAGNA,
Luca (Sandia National Laboratory); Dr CALDWELL, Peter (Lawrence Livermore National Laboratory)
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Physics and Dynamics Requirements for
Global-Cloud Resolving Modeling

Tuesday, 8 June 2021 06:19 (5 minutes)

Global cloud-resolving models promise to simplify and improve current global models by removing
the need for convective and gravity-wave drag parameterizations. We explore this notion through
the development of the X-SHiELD GCRM. I found that although convective plumes and moun-
tain waves are very well-represented in X-SHiELD, the shallow-convective parameterizations and
gravity-wave drag parameterizations still improve clouds and large-scale circulations. These re-
sults are discussed in the context of explicit-convection and explicit-gravity wave simulation of
which GCRMs are a part of.

Primary author: HARRIS, Lucas (NOAA/GFDL)
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A stencil-oriented and performance-portable
framework in Python to explore the role of the

physics-dynamics coupling
Tuesday, 8 June 2021 07:22 (5 minutes)

We present the Python framework Tasmania which aims to facilitate the numerical investigation
of time-stepping-related issues in atmospheric models. The package offers a favorable platform
to write self-documented and plug-compatible dynamical cores and physical parameterizations
with a clean and common interface. Components can be composed via couplers to form flexible,
modular and maintainable models which pursue well-defined physics-dynamics coupling algo-
rithms. Within each component, stencil-based computations arising from Eulerian-type dynamics
and single-column physics can be encoded using a variety of tools, ranging from scientific comput-
ing packages like NumPy and CuPy, to just-in-time accelerators like Numba, to domain specific
libraries like GT4Py. Indeed, Tasmania allows to define, organize and manage multiple backends
in an organic fashion. Infrastructure code ensures that memory allocation, kernel compilation
and stencil launch are properly dispatched. This highly relieves the user code of boilerplate and
backend-specific instructions, favors a smooth transition from prototyping to production, and ul-
timately enables performance portability.
Tasmania has fueled the inter-comparison of four coupling algorithms on a hydrostatic model in
isentropic coordinates. The model is used for vertical slice simulations of a moist airflow past an
isolated mountain. Self-convergence tests are conducted which show that the coupling error of
moist variables (e.g. the precipitation rate) emerges gradually as the spatio-temporal resolution
increases. Eventually, each coupling scheme tends towards the formal order of accuracy, upon a
careful treatment of the grid cell condensation. Indeed, it is found that the well-established satu-
ration adjustment may cap the convergence rate to first order.

Primary author: UBBIALI, Stefano (ETH Zürich)

Co-authors: Dr BIANCO, Mauro (Swiss National Supercomputing Center); Dr GONZALEZ PARE-
DES, Enrique (Swiss National Supercomputing Center); Prof. SCHÄR, Christoph (ETH Zürich); Dr
SCHLEMMER, Linda (Deutscher Wetterdienst); Prof. SCHULTHESS, Thomas C. (Swiss National Super-
computing Center)
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Coupling with components of different resolutions
in LFRic

Tuesday, 8 June 2021 07:31 (5 minutes)

Can we save computational resources in NWP models by running different parts of the model at
different resolutions, but without degrading the quality of the solution?

That is the main question that we are attempting to answer in a project that we have recently
started in the new LFRic model at the Met Office. We will investigate how LFRic performs with
different components at different horizontal resolutions, e.g. running dynamics at a coarser reso-
lution than the physics and vice versa.

This talk will briefly outline the motivation and scope of this project.

Primary authors: Dr BENDALL, Thomas (Met Office); Mr BROWN, Alex (Met Office)
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Multi-fluid modelling of Convection
Tuesday, 8 June 2021 06:55 (5 minutes)

Much atmospheric convection is sub-grid-scale in climate models and so is represented by con-
vection parameterisations. These parameterisations lead to some of the largest and most persis-
tent errors in tropical precipitation. Convection parameterisations traditionally assume a quasi-
equilibrium and that there is no net mass transport between grid columns due to convection. There-
fore convection parameterisations lead to source terms in the temperature, moisture and momen-
tum equations but not the continuity equation. If convection schemes provided source terms to
the continuity equation, the model would become unstable due to explicit treatment of acoustic
and gravity waves.

This talk will describe multi-fluid equations to simulate sub-grid-scale convection in one fluid
and stable air in another. This equation set includes interactions between convection and the
continuity equation but requires changes to the whole dynamical core rather than just a stand
alone parameterisation. Exchanges between the fluids are equivalent to entrainment and a new
formulation for entrainment is presented. We will present solutions representing dry convection
at coarse resolution and compare with high resolution solutions.

Primary authors: WELLER, Hilary (University of Reading); Mr SHIPLEY, Dan (University of
Reading); Dr MCINTURE, William (University of Exeter)
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Welcome and introduction
Tuesday, 8 June 2021 06:00 (10 minutes)
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Open Discussion
Tuesday, 8 June 2021 08:05 (25 minutes)

Open discussion amongst delegates and speakers. May even extend beyond the official closing
time.
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