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Embracing 3D “realities”

Virtual Reality (VR) Augmented Reality (AR)Actuality

Video games
for science?
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Immersive applications

Outreach & education

Healthcare

Journalism

Immersion for
Earth Science?
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Perceptive change…
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…to support science
Ask a 

question

Perform 
background 

research

Construct 
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Analyze 
results
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Publish
results
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Establishing traction

User scenarios
Demonstrations

User engagement
Feedback
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Understanding clouds & 
their relationships to other 
geophysical parameters: a 

fundamental climate 
science challenge 

AIRS and clouds

Ø AIRS-suite and CrIMSS are IR+MW hyperspectral sounder suites.
ØBoth are in 1:30 PM ascending sun-synchronous orbits

ØThe orbits match well for several hours every 2.667 days
ØWe concentrate on data from 2014-02-01, within 1 hour of the coincidence near T06Z 

(AIRS granule 60).  Here the tracks match well and CrIMSS observations are about 15 
minutes earlier than AIRS-suite.

ØAIRS-suite launched on EOS Aqua in 2002 and is nearing the end of its operational life
ØThe first CrIMSS launched on Suomi NPP in 2011 and further launches are planned on 

JPSS platforms
ØWe wish to study the possibility of creating a continuous cloud product from these 

missions.

Ø Key instrument differences:
ØIR:

ØAIRS is a grating spectrometer, with separate detectors per frequency but the same 
detectors for all locations

ØCrIS is an interferometer.  It has separate detectors for 3 bands x 9 fields of view
ØMW:

ØAIRS-suite includes MW temperature and water vapor sounders.
ØFor the period in question the MW sounder has failed and the temperature sounder 

has suffered substantial losses
ØCrIMSS includes ATMS, a fully operational temperature and water vapor sounder

Ø Both are processed with similar “v6.22” algorithms from NASA GSFC SRT
ØBoth produce T, q, O3, surface, … cloud parameters
ØThere are subtle but important differences between the two algorithm versions.
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AIRS & CrIMSS Cloud Products

AIRS-Suite Clouds CrIMSS CloudsAbstract Locations of Sample Data

3D Visual Comparison of AIRS-suite and CrIMSS Clouds
Evan M. Manning1, Charles K. Thompson1, John Pham2, Brian H. Kahn1, Oleg Pariser1, 

Hartmut H. Aumann1

AGU Fall Meeting, San Francisco, December 2016

Clouds have a great deal of complexity in spatial and spectral/compositional dimensions. 
Modeled and retrieved clouds have to make simplifications, and the detailed implications of of 
these simplifications can be difficult to discern. We show how three-dimensional visualizations 
can aid in comparing clouds retrieved by AIRS-suite and CrIMSS Level 2.

1 Jet Propulsion Laboratory, California Institute of Technology
2 University of California, Riverside

AIRS-Suite and CrIMSS

Ø The GSFC SRT AIRS & CrIMSS products include several cloud parameters among their 
many retrieval products

Ø The cloud retrieval reports effective cloud fraction (EFC) and cloud top pressure (CTP) for up 
to 2 cloud layers in each 15+ km spot

References

Ø 3D visualizations of clouds make it easy to pick out patterns in differences.
ØThese differences must then be verified with statistics

Ø Significant additional work is needed before a continuous long-term record of clouds can 
be made from AIRS and CrIMSS products.

Miller, S. D., and Coauthors, 2014: Estimating three-dimensional cloud structure via 
statistically blended satellite observations. J. Appl. Meteor. Climatol., 53, 437–455, 
doi:10.1175/JAMC-D-13-070.1. 
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Visualization Approach
Ø Clouds are modelled as opaque solid cylinders, roughly 

filling the field-of-view of the instrument.
ØFields of view are adjusted to limit overlap

Ø The area of each cloud is adjusted to match the reported 
ECF
ØKeeping the horizontal shape constant, the radius is 

multiplied by sqrt(ECF)

Ø Depth is based on Miller et al. Cloudsat-derived 
climatology of cloud thickness by cloud type
ØFor Dc and Ns, we modify this to put the cloud bottom 

0.5 km above the surface
ØFor cloud type determination, we use IR CTP and IR 

ECF
ØThe upper cloud is reduced when the clouds overlap 

vertically
ØVertical coordinates are magnified 10-15x for display

Ø Clouds are colored based on cloud top height

Granule 61
Nighttime Caribbean

Granule 57
Daytime Arctic

Location of daytime granules 2014-02-01 Location of nighttime granules 2014-02-01

Ø There are regions where CrIMSS detects low clouds but AIRS-suite does not.

Ø There are regions where CrIMSS shows systematic differences in cloudiness among its 9 
FOVs.

Ø There are regions where the CrIMSS retrieval  detects thin high clouds but the AIRS-suite 
retrieval does not.

Ø There are regions where the AIRS retrieval sees a single cloud layer but the CrIMSS
retrieval system sees two distinct layers.

Sample clouds colored by cloud type

Differences Found

Granule 56
Daytime Siberia

Visualization Software
Ø Python is used to read HDF AIRS data and netCDF4 CrIMSS data, and to process it to 

determine display shapes and colors.

Ø Open-source game engine Blender is used to create objects and render images and 
animations
ØPython calls Blender via the bpy module.

Ø Objects are also exported from Blender to the Unity game engine for interactive use on 
interactive WebGL websites and VR goggles.

© 2016. All rights reserved.
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Science Team: B. Kahn, E. Fetzer
Technology Team: J. Pham, O. Pariser
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Ocean temperature and salinity

Examining ocean-
atmosphere coupling & 
precipitation effects on 

upper ocean horizontal & 
vertical salinity structures

Science Team: V. Tsontos
Technology Team: C. Alarcon, J. Roberts
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MISR and smoke plumes

Interactively extracting key 
features of multiple plumes 

from satellite data & 
models, moving 

immersively around the 
regions of interest

Science Team: K. Lee, M. Garay
Technology Team: R. Kim, N. LaHaye
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Greenland and OMG

Merging satellite imagery, 
ship track measurements, 

and model data to 
understand glacial 

interactions with warming 
sea water.

Science Team: I. Fenty, A. Khazendar
Technology Team: O. Pariser, F. Calef, J. Hall
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Real-time monitoring
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Mobile Augmented Reality
Vulcanology Link (MARVL)
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Challenges
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So, why immersive visualization
for Earth science applications?

• Intuitive resolution of spatially coherent 3D structures

• Integrated views of satellite, in-situ, and model datasets

• Efficient navigation through complex multidimensional data

• Exploitation of natural perception

• Shifts primary effort from data processing to data analysis
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