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Agenda

1. Motivation
• Cloud computing with AWS

2. Getting started
• Logging in to EC2 instance (AWS virtual machine)
• Jupyter notebooks

3. GNSS RO data in the AWS Open Data Registry
• Open Data Registry and Github support 
• AWS command line interface

4. Data assimilation with JEDI-FV3

5. AWS Universe applied to GNSS RO data 
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Motivation

• Cloud computing with Amazon Web Services

• Cloud computing with Amazon Web Services using GNSS RO data

• Cloud computing with Amazon Web Services using GNSS RO data with 
Jupyter notebook and brief lectures

• Cloud computing with Amazon Web Services using GNSS RO data with 
Jupyter notebook and brief lectures without cost
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Getting started with your virtual machine/EC2 instance
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MacOS and Linux
1. Download the irowg_2022.pem file; chmod 700 irowg_2022.pem
2. % ssh -i irowg_2022.pem -L 2222:localhost:22 -L 8888:localhost:8888 ec2-user@<...>amazonaws.com
3. [ec2-user] % jupyter notebook --no-browser --port=8888
4. Copy last URL into your favorite browser

Windows
1. Download the irowg_2022.ppk file
2. Install and launch an X server (e.g., Xming) and PuTTY
3. In PuTTY…

• Set hostname = ec2-user@<...>amazonaws.com, port = 22, connection type = SSH
• Connection >> SSH >> X11, check “Enable X11 Forwarding”
• Connection >> SSH >> Auth, select “Private key file for authentication” and browse for irowg_2022.ppk file
• Connection >> SSH >> Tunnels: Source port = 8888, Destination = localhost:8888
• Open the connection

4. [ec2-user] % jupyter notebook --no-browser
5. Copy last URL into your favorite browser

Sent in your personalized email! 



Jupyter notebooks

• Open the jupyter_intro.ipynb notebook and try a few python commands

• Open workshop.ipynb jupyter notebook

• Feel free to download any material directly to your laptop using “File >> 
Download”. We will post the workshop.ipynb on the website after this 
workshop. 
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What is Amazon Web Services (AWS)?

• Cloud potential: Limitless 
compute and storage

• Cloud caveat #1: Set your 
own limits, or it will cost 
you! 

• Cloud caveat #2: Develop a 
test plan, increase scale 
methodically.

• Services: Packaged 
resources with a specific 
purpose (over 200) 
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AWS basic services you are using

• EC2 – Elastic Cloud Compute
• Physically, it is a set of compute nodes on a rack in a data center in a region. 
• Groups of machines are broken out into “families” each providing a characteristic ratio of CPU 

cores to RAM
• CPU and RAM Examples

• S3 – Simple Storage Service (Unlimited Storage)
• Can only store objects, so no symbolic links and no folders. Each object has a specific prefix. 
• Pricing tiers exist for cost savings potential 

• Identity and Access Management (IAM)
• IAM Roles allow users and services permission via IAM Policies to allow or deny actions or 

have condition-based permissions.
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Type Family vCPU GB RAM On-Demand $/hr

c5.xlarge C5 4 8 $0.17

r5.24xlarge R5 96 768 $6.048

t3.medium T3 2 4 $0.0416



AWS command line interface

Local machine requirements: Python 3.8+ with awscli
“conda install -c anaconda awscli”, or “pip install awscli”

aws --no-sign-request s3 ls s3://gnss-ro-data/contributed/v1.1/ucar/

aws --no-sign-request s3 ls \
s3://gnss-ro-data/contributed/v1.1/ucar/metop/atmosphericRetrieval/2009/06/01/ 

aws --no-sign-request s3 cp --recursive \
s3://gnss-ro-data/contributed/v1.1/romsaf/metop/atmosphericRetrieval/2009/06/01/ ./

See aws_commands.txt provided in email or aws_commands in EC2 
instance. 
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How to access the AWS Open Data Registry in Python

• S3FS: Linux commands for AWS in Python
• This allows you to link an s3 bucket as a file system. 
• Enables easy use of ls and cp commands to the files stored on s3.

• Boto3
• Allows you to create, search, and modify any AWS resource and its metadata within they 

python language.
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NASA ACCESS 2019

• GNSS RO data in the AWS Open Data Registry
• https://registry.opendata.aws/gnss-ro-opendata/
• s3://gnss-ro-data, region: “us-east-1”, unsigned authentication
• RO data in “contributed/”
• Database data in “dynamo/”

• Support material in GitHub
• https://github.com/gnss-ro/aws-opendata/
• Documentation of RO data in repository, including detailed PDFs
• Utilities to aid in manipulating the data, especially creating a private DynamoDB database for 

RO data
• Tutorial demonstrations: Database queries, inter-center comparison, tropopause analysis
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DynamoDB Service

• A serverless database, key-value NoSQL

• Must have a unique Partition Key and Sort Key combo

• Pay for what you use and Easy to query

September 13, 2022 AWS Workshop: GNSS RO in the Cloud 12



Create your own copy of the DynamoDB database

http://github.com/gnss-ro/aws-opendata/tree/master/utilities
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Simple but slow…

% python3 import_gnss-ro_dynamoDB.py --dynamodb_table_name my_ro_database \
--mission champ --date_str "2003”

Fast…

Follow instructions in DynamoDB_full_import_instructions.txt



Data Analysis with Python: DynamoDB structure
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Partition key Sort key Information
leo-ttt yyyy-mm-dd-hh-mm
metopa-G01 2020-01-01-00-47 Satellite information: transmitter, receiver, mission

Geolocation information: longitude, latitude, time, local_time, setting

Paths: ucar_calibratedPhase, ucar_refractivityRetrieval, ucar_atmosphericRetrieval, 
romsaf_refractivityRetrieval, romsaf_atmosphericRetrieval

2020-01-01-01-51
2020-01-01-02-41
…

metopa-G02 2020-01-01-01-10
2020-01-01-02-02
2020-01-01-03-14
…

metopb-G01 2020-01-01-00-17
2020-01-01-01-21
2020-01-01-02-11
…

metopc-G32 2020-01-01-00-19
…
2020-01-01-21-31
2020-01-01-22-24
2020-01-01-23-06

• Querying requires one specific value for a partition key (receiver-transmitter). 
• Querying requires sort key specification, but it can be loose (“between” two values). 
• Querying can optionally filter results of query by RO “information” (metadata); compound filters 

allowed. 



Some things to explore…

To discover what methods are available to you, …
>> dir( s3 )

>> dir( Key )

>> dir( Attr )

>> from Resources import valid_missions

Change the processing center…

>> processing_center = “romsaf”

Try rising occultations…

>> filters = filters & Attr(“rising”).eq( “False” )
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Running NWP on AWS instance – an example of JEDI 

• The goal is to conduct NWP experiments on AWS using the RO open 
data. 

• It is not difficult!
• We use JEDI for an example: Joint Effort for Data assimilation Integration 

(JEDI), developed by JCSDA with partners. https://github.com/JCSDA-internal/

• Config and launch AWS instance 
• Select appropriate instance: cost vs. requirement
• Use existing Amazon Machine Image(AMI)
• etc.

• Conduct NWP experiment
• Activate the modules from AMI
• Compile/build you system
• Fetch data from s3 and prepare data for your NWP system.

• Converter/reader from RO open data to JEDI IODA format
• Conduct NWP experiments as you usually do on your HPC clusters!

• Make your work sharable – Create your own AMI
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EC2 instance
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EC2 instance
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Config instance
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Connect to instance
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Start your work
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python awsro2ioda.py -i ref* -o output.nc4 -d 
2021080502

source ./activate.sh



Create your own AMI
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