NASA/TP-20230016524

NASA Ames Mars GCM Reference Simulation
Description

Melinda A. Kahre, R. John Wilson
NASA Ames Research Center, Moffett Field, CA

November 2023



NASA STI Program Report Series

Since its founding, NASA has been dedicated to the
advancement of aeronautics and space science. The
NASA scientific and technical information (STT)
program plays a key part in helping NASA maintain
this important role.

The NASA STI program operates under the auspices
of the Agency Chief Information Officer. It collects,
organizes, provides for archiving, and disseminates

NASA’s STI. The NASA STI program provides access

to the NTRS Registered and its public interface, the
NASA Technical Reports Server, thus providing one
of the largest collections of aeronautical and space
science STI in the world. Results are published in both
non-NASA channels and by NASA in the NASA STI
Report Series, which includes the following report

types:

e TECHNICAL PUBLICATION. Reports of

completed research or a major significant phase of

research that present the results of NASA
Programs and include extensive data or theoretical
analysis. Includes compilations of significant
scientific and technical data and information
deemed to be of continuing reference value.
NASA counterpart of peer-reviewed formal
professional papers but has less stringent
limitations on manuscript length and extent of
graphic presentations.

e TECHNICAL MEMORANDUM.
Scientific and technical findings that are
preliminary or of specialized interest,
e.g., quick release reports, working
papers, and bibliographies that contain minimal
annotation. Does not contain extensive analysis.

e CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

e CONFERENCE PUBLICATION.
Collected papers from scientific and technical
conferences, symposia, seminars, or other
meetings sponsored or
co-sponsored by NASA.

e SPECIAL PUBLICATION. Scientific,
technical, or historical information from NASA
programs, projects, and missions, often
concerned with subjects having substantial
public interest.

e TECHNICAL TRANSLATION.
English-language translations of foreign
scientific and technical material pertinent to
NASA’s mission.

Specialized services also include organizing
and publishing research results, distributing
specialized research announcements and feeds,
providing information desk and personal search
support, and enabling data exchange services.

For more information about the NASA STI program,
see the following:

e Access the NASA STI program home page at
http://www.sti.nasa.gov




NASA/TP-20230016524

NASA Ames Mars GCM Reference Simulation
Description

Melinda A. Kahre, R. John Wilson
NASA Ames Research Center, Moffett Field, CA

National Aeronautics and
Space Administration

NASA Ames Research Center
Moffett Field, CA

November 2023



The use of trademarks or names of manufacturers in this report is for accurate reporting and does not
constitute an official endorsement, either expressed or implied, of such products or manufacturers by the
National Aeronautics and Space Administration.

Available from:

NASA STI Program / Mail Stop 050
NASA Langley Research Center
Hampton, VA 23681-2199




COMMUNITY ANALYSIS PIPELINE

\ VI E«

MARS CLIMATE MARS GLOBAL CLIMATE MODEL
MODELING CENTER NOVEMBER 13-15,

NASA Ames Mars GCM

~ Global Climate Modeling = = = = = = = = = = = = = = = = = - = = = == — = )
Develop GCM Run GCM Process Output Do Science
3

= |5

5
SN
R]

The NASA Ames Mars GCM is based on the NOAA/GFDL Finite Volume Cubed-Sphere Dynamical
Core, with Mars-appropriate physics developed at Ames.

Reference Simulation Description
Goal of the Reference Simulation

* Provide a beta model output dataset for students, scientists and engineers that captures
the representative diurnal and seasonal variation of Mars' climate.

- Reproducible with the publicly available version of the MGCM (Version 3.0).

Overview

* Horizontal Grid: c48 (interpolated to a 2x2 lat/lon grid)

Vertical Grid: 56 vertical layers
- Lowest layer midpoint is at ~5 m above the surface
- Layer thickness is ~4 km at ~0.05 Pa (~80 km)

- Recommended model science domain extends to 0.05 Pa (~80 km), with a sponge
layer above that extends to ~0.0001 Pa

No Water Cycle, No Rayleigh Drag, No Parameterized Gravity Wave Drag

6 Year Simulation, 6™ Year is available on the NAS Data Portal (With Year 6 RESTART files):
- https://data.nas.nasa.gov/mcmcref/fv3betaoutl/data.php
- Starts on Sol 3340 (5*668)


https://data.nas.nasa.gov/mcmcref/fv3betaout1/data.php

Prescribed Dust

Horizontal: Background dust scenario, zonally averaged dust map constructed from mul-
tiyear spacecraft record (MY29-34) of dust observations (Montabone et al.
identifying the spatially and seasonally varying minimum value to filter out the influence

of episodic regional dust storms.

* Vertical: Modified Conrath-v, from Forget et al. (1999)

Globally uniform dust optical properties (no size sorting due to sedimentation, etc.)

- Log-normal size distribution, with R _=1.5 and U§ﬁ=0.5

Background Dust Climatology
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Zonal mean column integrated visible dust opacity (top) and dust height (ZMAX; bottom)



https://www.sciencedirect.com/science/article/pii/S0019103515000044

Output Files and Structures

* The fields outputted to each to type of output file are chosen based on expected scien-
tific/engineering applications

* We anticipate modifying these choices in the future, and we welcome feedback

Types of History Files

1. Fixed File: 03340.fixed.nc

* Time-independent surface fields

2. Average file: 03340.atmos_average.nc

* 5-sol time average

3. Composite diurnal file: 03340.atmos_diurn.nc
* Hourly-resolved (and averaged) diurnal cycle

* Composited from 5-sol segments

4. Instantaneous file: 03340.atmos_daily.nc
e 24 outputs per sol (hourly output)

* No time averaging (instantaneous output)



Arrays in History Files

1. fixed

Variable Description

ak Pressure Component of the Hybrid Coordinate (Layer Boundaries)
bk Sigma Component of the Hybrid Coordinate (Layer Boundaries)
zsurf Surface Topography

thin Inputted Surface Thermal Inertia

alb Inputted Surface Albedo

emis Inputted Surface Emissivity

gice Inputted Subsurface Water Ice Distribution

Surface Topography [km]

Latitude
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2. atmos_average

Variable Description

ak Pressure Component of the Hybrid Coordinate (Layer Boundaries)
bk Sigma Component of the Hybrid Coordinate (Layer Boundaries)
pfull Reference Pressure Grid (Layer Boundaries)
areo Aerocentric Longitude (L,)

ps Surface Pressure

ucomp Zonal Wind

vcomp Meridional Wind

omega Vertical Velocity in Pressure Coordinates
temp Air Temperature

ucomp_bot Lowest Layer Zonal Wind

vcomp_bot Lowest Layer Meridional Wind

temp_bot Lowest Layer Air Temperature

stress Surface Wind Stress

Cosz Cosine of the Zenith Angle

ts Surface Temperature

temp50pa 50 Pa Air Temperature

taudust VIS Column Visible Dust Optical Depth
taudust IR Column Infrared Dust Optical Depth

dustref Visible Dust Optical Depth Per Layer

opac Visible Dust Optical Depth Per Pa

delP Layer Depth in Pa

delz Layer Depth in m

alb_sfc Surface Albedo

swdnflx_sfc  Downward Visible Flux at Surface
swupflx_sfc  Upward Visible Flux at Surface

irdnflx_sfc Downward Infrared Flux at Surface
irupflx_sfc Upward Infrared Flux at Surface

irupflx_top Upward Infrared Flux at Top of Atmosphere
swupflx_ top Upward Visible Flux at Top of Atmosphere
irdnflx_top Downward Infrared Flux at Top of Atmosphere
swdnflx_top Downward Visible Flux at Top of Atmosphere
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3. atmos_diurn

Variable Description

ak Pressure Component of the Hybrid Coordinate (Layer Boundaries)
bk Sigma Component of the Hybrid Coordinate (Layer Boundaries)
pfull Reference Pressure Grid (Layer Boundaries)

areo Aerocentric Longitude (L)

ps Surface Pressure

ts Surface Temperature

temp Air Temperature

ucomp Zonal Wind

vcomp Meridional Wind

omega Vertical Velocity in Pressure Coordinates

swdnflx_sfc Downward Visible Flux at Surface

swupflx_sfc Upward Visible Flux at Surface

irdnflx_sfc ~ Downward Infrared Flux at Surface

irupflx_sfc Upward Infrared Flux at Surface
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3 AM local time surface temperature (left panel) and (1 PM - 3 AM local time) surface
temperature difference (right panel). At L, 90.
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4. atmos_daily

Variable Description

ak Pressure Component of the Hybrid Coordinate (Layer Boundaries)
ak Pressure Component of the Hybrid Coordinate (Layer Boundaries)
bk Sigma Component of the Hybrid Coordinate (Layer Boundaries)
pfull Reference Pressure Grid (Layer Boundaries)

areo Aerocentric Longitude (L)

ps Surface Pressure

ts Surface Temperature

temp_bot Lowest Layer Air Temperature

ucomp_bot Lowest Layer Zonal Wind

vcomp _bot Lowest Layer Meridional Wind

Winds at 50 N (1.5-10 sol period)
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1.5-10 sol filtered meridional wind at 50 N from L, 209 to 234.




List of Restart Files: 03340.restart.tar

atmos_model.res
fv_core.res.nc
fv_core.res.tileX.nc
fv_srf wnd.res.tileX.nc
fv_tracer.res.tileX.nc
physics.res.tileX.nc
radiation.res.tileX.nc
soil_accum2.res.nc
soil_accum2.res.tileX.nc
soil_temp.res.nc
soil_temp.res.tileX.nc
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