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Services and their contribution:

Global Cloud Composite Cloud Products: Why and How?

The services used within AWS accomplish different aspects of the product creation:

EC2 / AWS Batch:  EC2 allows using hosts to serve the products, allow access to EFS and the AWS 
environment and to operate the batch processing system.  AWS batch is used over clustering solutions 
because of the nature of the processing.  Information processing is done in discrete batches (the nominal 
observation time) which leads to large slack periods that would otherwise need to be paid for with a cluster 
system.  Batch allows massive scale up and tear down to provide compute resources when they are needed.

Lambda:  Serverless computing allows for reliable and timely response to events. 

SNS/SQS:  SNS, with its fanout capability when used with SQS and HTTPS allows for distributed and 
parallelized processing.  SQS allows for multiple service clients to service requests which allows 
distributed systems to be used at scale.  Further, the decoupling of processing allows for CI/CD 
deployments where hosts can be removed for service/patching without bringing the system down.

MQ:  MQ is used to provide real-time logging and is used with older systems.

EFS:  Because EFS storage size is only limited by the ability to pay for the storage, this storage solution is 
well suited for production operation.  A major source of downtime in prior systems the SatCORPS group 
has had is disk full conditions.

S3:  While unlimited in storage size as well, S3 allows for holding information at much lower cost than 
EFS.

CloudFormation:  This service is used to document and implement the design of the system.  All resources 
are created from cloud formation templates which allows us to implement infrastructure as code.

GroundStation:  AWS Groundstation is used when the an ultra-fast generation of data is needed.  
Information is captured from the satellites via direct broadcast (LEO) and can be injected into the 
production system allowing for disaster response information to be generated.

GitLab:  Key to CI/CD is the git system which versions the entire production system as well as the 
infrastructure.  Git allows the multiple developers on the team to work in a coordinated way.

Satellite Orbit Region
GOES-18 Geostationary (GEO) West Americas 

GOES-16 Geostationary (GEO) East Americas

METEOSAT Geostationary (GEO) Africa

METEOSAT Geostationary (GEO) India
MTSAT Geostationary (GEO) Eastern Pacific

NOAA-20 Polar Orbiting (LEO) Globel

SNPP Polar Orbiting (LEO) Global

TERRA Polar Orbiting (LEO) Global

AQUA Polar Orbiting (LEO) Global

Future Directions:
Going forward, we’ve identified a number of areas of 
research that would improve the system tremendously:

Archival capability:  Over time, our science algorithms have 
improved in the quality of the products created.  Since the 
system is operated in real time, products created by an earlier 
version of the programming is not made current.  An archival 
capability for processing would allow the entire dataset to be 
uniform in terms of product quality, ensuring that 
improvements are in all products.

Machine Learning Algorithms:  We are currently deploying a 
machine learning enhanced version of our software that 
improves results within the terminator region.

Multiple Region Deployment:  AWS itself has gone offline a 
few times and by operating the system in multiple regions, 
we can mitigate this issue.  Having the system as 
cloudformation templates is key to multi-region deployment.

Name Description
BT_10.8um Brightness Temperature in 10.8um  (K)
BT_6.75um Brightness Temperature in 6.75um  (K)
cloud_bottom_height Cloud Bottom Height (km)
cloud_bottom_pressure Cloud Bottom Pressure (hPa)
cloud_bottom_temperature Cloud Bottom Temperature (K)
cloud_eff_height Cloud Effective Height (km)
cloud_eff_particle_size Cloud Effective Particle Radius (um)
cloud_eff_pressure Cloud Effective Pressure (hPa)
cloud_eff_temperature Cloud Effective Temperature (K) 
cloud_emittance Cloud Infrared Emittance (unitless)
cloud_lwp_iwp Liquid or Ice Water Path  (g/m2)
cloud_optical_depth Cloud Optical Depth (unitless)
cloud_phase Cloud Phase (unitless)
cloud_top_height Cloud Top Height (km)
cloud_top_pressure Cloud Top Pressure (hPa)
cloud_top_temperature Cloud Top Temperature (K)
lat Latitude (Degrees North)
lon Longitude (Degrees East)
LW_broadband_flux Longwave Broadband Flux (W/m2)
ref_0.63um Reflectance in 0.63um 
relative_azimuth Relative Azimuth Angle  (Degrees)
relative_time Time Relative to Nominal  (Seconds to ref.)
satellite_ID Satellite ID 
slw_icing_index SLW Aircraft Icing Index 
solar_zenith Solar Zenith Angle  (Degrees)
SW_broadband_albedo Shortwave Broadband Albedo  (unitless)
vi_iwp Vertically Informed Ice Water Path (g/m2)
vi_lwp Vertically Informed Liquid Water Path (g/m2)
view_zenith Viewing Zenith Angle (Degrees)

Global Cloud Products In The Data Set

Creating Global Satellite Derived Cloud 
Products at NASA Langley
Real time satellite observations and real time derived cloud products are
becoming an important tool for both science as well as business ventures. The
SatCORPS group leverages public and private cloud-based sources of satellite
observations to create its Global Cloud Composite product in near real-time.
This dataset allows others access to cloud information that can be accessed
directly from the cloud.

In this work, we describe the software algorithms and software infrastructure
that we have created to create and distribute this product through our hybrid
cloud and on-premises system that leverages the strengths and weaknesses of
each platform.

We will also describe the GCC product itself in terms of the scientific
parameters available, resolution and temporal availability.
Finally, we will also describe our web-based tools including our Geographic
Information System that can be used for visualization and analysis.
The products from the processing can be geospatially-service enabled as
ArcGIS Image Services and Open Geospatial Consortium (OGC) Web
Mapping/Coverage Services for visualization and analysis via a web mapping
application and common geospatial software.

The SatCORPS Global Composite Cloud product provides sophisticated
global cloud products with very low latency which we see that as filling a
rapidly growing need in the research, modelling and business community.
We present a detailed description of the SatCORPS GCC product in terms of
the capabilities and research benefits as well as the delivery architecture in
AWS. We take the discussion further and describe the web tools that the
SatCORPS group has developed that allow users to access and use the GIS
data that it creates.

Cloud Products and Data Site:
https://satcorps.larc.nasa.gov/GCC-SNWG

Satellites Used to Create the Dataset

GCC Architecture / Data Flow

NOAA S3 
Archive

McIDAS /
SSEC

GSaaS or
Direct Broadcast

Sources of 
Input Data

Sounding Data
(NOAA, McIDAS/SSEC)

Container “scanner” looks for 
new available input files.  
Creates AWS Batch job to 
process via aws cli

Processing Input Observations

Langley Science Directorate

SQS/SNS
used for
fanout

Python process queries for messages and 
processes regional/global files.  Data is 
received from S3

GIS Server at Langley ASDC 

Apache server transfers regional file to 
NAS disk and signals follow on 
processing. Composition begins for the 
received regional file.  This includes 
regional image generation

Regional processing is handled 
via cron to docker container run

Global compositing handled via Mosaic.  
Imagery is created via Mosaic as well

Messaging via notifications is used to decouple netcdf production from 
follow on processing.  Any number of applications may attach to the 
SNS/SQS message queues to receive notification that a regional 
composite is ready.

* The processing on at LaRC is implemented in 
parallel using AWS on the web server docker stack

AWS EFS Disk Holds 
regional products 
including sector
netcdf.

AWS EFS Disk Mosaic

Operational

“Sector” Containers 
create products, up to 
18 AWS batch jobs are 
created

EFS

Mosaic

“Main” Container downloads files, 
currently from mcidas as area 
files.  Starts sector processing 
then handles post processing and 
completion messages when 
sectors are composited.

AWS Batch – Regional GCC 

EFS is used to communicate inputs and results

EFS

Host: Bastion.satcorps.smce.nasa.gov
Ancillary input acquisition: soundings, snow and ice maps, 
ephemeris data, etc

Container “satcorps-input” 
continuously downloads GEOS 
soundings and snow/ice maps 
as they are created

HTTPS 
Notification

Satellite ID plots show which satellite contributed data to the pixels in the dataset

The team considered a number of factors when designing a product meant for real-time distribution.  One key element is that the 
products must be reliably delivered to be used in national weather models.  After working with AWS, the system has proven itself to 
be a cost effective and reliable system.  We leverage the various AWS services while also making sure similar functionality is 
available in other cloud platforms so that the system is not vendor locked.  The services used are described in detail below and are:  
EC2, Batch, Lambda, SNS/SQS, S3 and EFS.

GitLab provides code versioning 
and allows for multi-developer 
coding.  It also forms the basis 
for our CI/CD deployment.

Code commits trigger the 
automated build process which 
builds and deploys the 
production environments.

Supporting Architecture
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