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NUMERICAL CLIMATE MODELS

Traditionally, earth scientists view and analyze the result of
calculated or measured observables with static 1-D, 2-D or 3-
D plots.

Difficult to identify, track and understand the evolution
of key features due to poor viewing angles and the
nature of flat computer screens.

Numerical models, such as the NASA Goddard Earth -
Observing System (GEOS) climate model, are almost
exclusively formulated and analyzed on Eulerian grids
. with points fixed in space and time.
~_ However, atmospheric phenomena such as

\\ convective clouds, hurricanes and wildfire smoke

" plumes move with the 3-D flow field, and it is

" often difficult and unnatural to understand these
- phenomena in an Eulerian reference frame as
 opposed to the Lagrangian reference frame in

which nature operates.







b Exploﬂ unlq iinfe valiza én(Human Factors Based Approach)
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GEOS model runs .
S ¥
® Working closely with two universities to infuse  * ..

Kz improved human factors paradigms into the
ESTO AIST 2021 Project visualizations and interactions in XR %
(Started Aug 1, 2022)
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* Intuitive ir
interaction with GEOS daf
@ paths through the use of XR

To provide the tools to conduct “what-if” investigations that
can result in actionable predictions
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ud generating) numerical

i ion o fast turn-around, ML-
O R An open _ ating and wsuahzmg large point clouds has applicability
for further research projects and cpphcahons even outside of NASA domains.



rangicm trajectories that will follow
- the center of mass of that plume as it
moves around the globe. See additional
diagnostics along the trajectory of the
smoke plumes to understand the physics
of their evolution.

® Trajectories colored by temperature to

identify rising and sinking motions of the
plume from radiative heating effects

Dry and wet deposition budget terms
interpolated to the trajectory locations
that describe the removal of smoke

Sub-grid scale processes interpolated to
the trajectory locations that describe the
effect of mixing and transport not
explicitly simulated on the model grid

https://ecimages.gsfc.nasa.gov/images/imagerecords/151000/151507 /atlanticsmoketransport_geos5_2023
~ | 177 _Irg.ipg T
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https:/ﬁe;imag_g§._gsfc.nasa.gov/imdges/imagerecords/8000/8542/lSSO1 6-E-27426_Irg.ipgs-.,

overshooting
nd trace the paths of
bver the course of the next

enerate air particle initial locations over

- storm locations in the lowermost

stratosphere, using radar and satellite
imagery as well as GEOS tropopause
data. Use these particle locations and
times to initialize the trajectory model.

Receive the trajectory model output back
into VALIXR for visualization and analysis.

Tag air particles by attributes such as
potential temperature, tropopause-relative
altitude, time spent in the stratosphere, efc.
Use these attributes to understand the air
particle dynamical and chemical histories
after injection.
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* Point Cloud De elop

®* XR Development T ————

* Neural Network Optimization Development
® Refinement (On-going)




WHAT IS GEOS

Chem ()

GWD
Moist
Ocean Bio Radiation
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®* GEOS is a highly modular Earth modeling system based upon the Earth System Modeling
Framework (ESTO funded)
®* Data assimilation

®* Weather forecasting
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® Chemistry transport, etc.

® Additional modules that model physical processes can be readily incorporated with a thin
component wrapper that conforms to GEOS conventions.
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lsentropically (alon

Diabatically (approximately along isentropic surfaces, while

using diabatic heating fields to move the particles vertically)

* GigaTraj has been wrapped as an Earth System Modeling
Framework (ESMF) component in GEOS



Presenter
Presentation Notes
1) Kinematic trajectories are calculated using the vertical wind fields of the analysis. Fortunately, the vertical wind is usually included (in some form or other) in most meteorological data sets, so computationally there is only the cost of interpolating the wind field to the particles' locations. Unfortunately, the vertical wind field is small in magnitude and highly uncertain. That of course makes the trajectories much noisier and less reliable.
2) Isentropic trajectories take advantage of the fact that over the course of a few days in the lower stratosphere air particles do not gain or lose much in heat energy. This has the consequence that the particles tend to travel along isentropic surfaces. (No heat energy change == no change in entropy == isentropic) And since potential temperature is a measure of entropy, we can use potential temperature as our vertical coordinate and dispense with the need for a vertical wind speed in that coordinate system. (That is, no change in entropy means no change in our potential temperature vertical coordinate, which means no vertical wind.) This makes the particle trajectories much more reliable (and less noisy), but it comes at a fairly high computational cost, since we have to do a lot more vertical interpolation to get the horizontal winds and everything on potential temperature surfaces.
3) Diabatic trajectories (aka quasi-isentropic trajectories) are a refinement of the isentropic trajectories, where non-isentropic heating effects are taken into account. This makes the isentropic trajectories a little more accurate and allows them to be run longer than the few days that one can safely ignore non-isentropic effects. But it still has the cost of interpolating things to potential temperature coordinates, plus the added cost of computing what is in effect the vertical wind in potential temperature coordinates.



Integration of

failed (UMBC) _

Unity Shader Language (HLS

compared to GLSL S

Two previous attempts to translate GLSLto
HLSL have failed (UMD and UCLA)

Third attempt on-going



https://github.com/SFraissTU/BA_PointCloud/commit/674a172c1f7ff88ba0ca19a330fbb4470e9fcdff
https://github.com/SFraissTU/BA_PointCloud/commit/674a172c1f7ff88ba0ca19a330fbb4470e9fcdff

Holes and Gaps Aliasing Artifacts |

NETWORK

TECHNIQUES .
Deferred rendering with 2Dr"| networks can enhance dnd real-time rendering of point clouds
\ Mitigate image artifacts in point-cloud rendering through neural network techniques

Leverage same concept for efficient, high-quality visualization of point clouds in VALIXR
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Hurricane (400K pts) 145 fps Storms (45M pts) 147 psL







~ VALIXR leverages MRET for XR
visualizations
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* Integration with

® Secure Collaboration

* VR/Desktop /AR (Hololens 2)

/Q Developed in Un'tY/C# :/ /github.com /nasa /Mixed-Reality-Exploration-Toolkit


https://github.com/nasa/Mixed-Reality-Exploration-Toolkit
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* (i.e., WMS, WFS, WCS, etc.),
Data Dissemination (NODD) Program,
nd Grid nqusis and Display System (GrADS) Data
Server (OPeNDAP protocol)

* Support is limited to the data needed right now, but will expand
in the future




ition during
sks or sub-tasks

tion, duration, and path
to be used in VALIXR human

factors evaluation to inform

- new/modified features and GUI

K Developed UX recommendations for
analytic workflow based on cognitive task
analysis and workflow diagrams



CAZE OVERLAY Config default.canfig Gaze Server Connected Stop Recording REC: 00:00:19.733 recording-1.csv Error Lag 0 Errors




 GEOS

th System model
true tool for scientists

SRl

* Leveraging t ‘a generalized open-source point

cloud system has huge ap oo

® Optional Neural Network Supéf-'eéTu on post-processing can provide a dramatic visual improvement at low memory and

frame rate cost
® By loosely coupling the VALIXR XR front-end to GEOS, VALIXR can be easily adapted to other models, Earth
Science Digital Twins, or even other domains such as the moon







What now?

poral scales

ful and integrated
alysis and visvalization

'Using Machine Learning, causality and
uncertainty quantification

Running at scale in order to improve ouy
science understanding of those systems,
their interactions and their applications
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Presentation Notes
Image is the iconic Blue Marble, credit NASA
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AAS
ACM
ADAPT
AGCM
AIAA
AIST
API
AR
CAD
CCRS
CIF
COTS
CTA
DCOTSS
DEM
ESMF
ESTO
ESTO
ExIS
GEOS
GeoTIFF
GIS
‘GMAO
GMAT
 GMSEC
GSFC
GUI
\HUD
1/O
|EEE
IRAD
IS&T

American Astronomical Society
Association for Computing Machinery

Advanced Data Analytics Platform

Atmospheric General Circulation Model

American Institute of Aeronautics and Astronautics
Advanced Information Systems Technology
Application Programming Interface

Augmented Reality

Computer-Aided Design

Capture, Containment and Retrieval System

Center Innovation Fund

Commercial Off-the-shelf

Cognitive Task Analysis

Dynamics and Chemistry Of The Summer Stratosphere
Digital Elevation Map

Earth System Modeling Framework

Earth Science Technology Office

Earth Science Technology Office

Exploration & In-space Services

Goddard Earth Observing System

Georeferenced Tag Image File Format
Geographic Information System

Global Modeling and Assimilation Office

General Mission Analysis Tool

Goddard Mission Services Evolution Center
Goddard Space Flight Center

Graphical User Interface

Heads Up Display

Input/Output

Institute of Electrical and Electronics Engineers
Internal Research & Development
Information Science and Technology

JPEG
JPL

LD
LIDAR
MRET
NASA
NCAR
NCCS
netCDF
NSPIRES

OSAM-1
PCD
PDL
PNG

PY
ROSES
SED
SOTY

~ TRL
UMBC
UMD
UMIACS
UNT
VALIXR

VR
XR

Joint Photographic Experts Group
Jet Propulsion Laboratory

Lagrangian Dynamics

Light Detection and Ranging

Mixed Reality Exploration Toolkit

National Aeronautics and Space Administration

National Center for Atmospheric Research

NASA Center for Climate Simulation

network Common Data Form

NASA Solicitation and Proposal Integrated Review and Evaluation

System

On-orbit Servicing, Assembly, and Manufacturing 1

Point Cloud Data

Product Development Lead
Portable Network Graphic

Program Year

Research Opportunities in Space and Earth Sciences
Software Engineering Division

Software of the Year

Technology Readiness Level

University of Maryland Baltimore County

University of Maryland (College Park)

University of Maryland Institute for Advanced Computer Studies
University of North Texas

Visualization And Lagrangian dynamics Immersive eXtended

Reality Tool (VALIXR)
Virtual Reality

Extended Reality (AR/VR/MR)
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