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It starts with a vision.

Ozone?
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Presentation Notes
Look at that picture.  Peaceful, right?

But scientists see something else.   Look at that brown haze on the horizon. 

Scientists see a possible indication of smog and particulates.   And they start speculating about what they can’t see.

Ozone.

Ozone is invisible.  Ozone can damage your lungs.  Ozone is a greenhouse gas.

We can’t see it, 

But we need to measure it.

--------- 


About this picture: This is a photo looking from Long Island NY towards NYC taken by John Sullivan and used with his permission



Scientists Assemble!!!   
(Data Collection begins)
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TOLNet is born
Tropospheric Ozone Lidar Network


I am not in this picture.  I am not a scientist.  I’m a developer.  My part comes later.



But it’s not enough to collect the data.  
It must be stored in a standard format too.
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TOLNet is a network of groups.  Collecting data in different locations with different instruments.  This could quickly become a mess.

It’s not enough to collect the data. 

It must be stored in a consistent format that others can read.  And there are a lot of competing formats out there.

The group decided to use the GEOMS lidar standard. 

GEOMS stands for Generic Earth Observation Metadata Standard

Advantages:

a good example of domain-relevant metadata standard
widely accepted by the community 
makes data usable and more interoperable 
GEOMS is endorsed by the European Space Agency (ESA/EVDC ) 
well maintained with adequate user (instrument scientists) support 

Limitations:

It is not CF compliant. https://cfconventions.org/ (Climate and Forecast metadata convention).  The team found that CF convention is very generic, to a point it cannot support data use without additional requirements

-----

Images sourced from our TOLNet website: https://tolnet.larc.nasa.gov/



None of what came before matters if the data never 
ends up in the hands of the people who need it. 

And even then, you aren’t done.
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Now is when they need a web developer because… 




The last mile 
matters!

If the price of admission is too high, 
users will give up before getting to 
the good stuff.
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We don’t want to make users climb a cliff to get to our data.

We don’t want assume they are already an expert at our data and our data format.

---------------
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The solution? 
An 

Application Programming Interface
(API)
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Instead of a cliff, we give them a conveyor belt. 

In this case, an API

What is an API?
It’s just a program that sits between the users and the data.

Imagine the front conveyor delivering data to the users.  But notice that belt in the background?  The back one is flowing the other way, ingesting data from the science teams. 

Let’s talk about that for a minute because that’s an important piece of the puzzle. 
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Data 
Validation: 
enforcing 
the GEOMS 
standard
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Data Validation (enforcing the GEOMS standard) – Data Integrity

We mentioned before that the team decided to use the GEOMS standard.  

But making the decision isn’t enough.  It’s got to be enforced.  

Data is complicated.  It’s too easy to make a small change that breaks the file in a way that makes it useless for the user later.

The API checks every file uploaded against the standard.  If a file doesn’t comply with the standard, the API produces an error and an easy-to-read report of the problem.

And then the API DOES NOT let the file into the system.  Only “good” files are allowed in. 


But the API does more than that.  It allows for all of this to happen quickly!

Machine-to-machine (M2M) communication

Science teams can upload hundreds of files in minutes, and know that if the file is accepted, it’s good.
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Findable Accessible Interoperable Reusable

FAIR Principles
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So, we’ve got good data, in a good format.  And a conveyor belt to deliver it to the user.

We have now laid down a strong foundation on our road to FAIR

https://www.go-fair.org/fair-principles/



FAIR Principles
Users Advanced Users Computers

Findable

Accessible

Interoperable

Reusable
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Let’s focus on Findable first.

How do we make the data and the metadata easy to find for both users and computers?

To be “FAIR” doesn’t mean to be the be the same thing to all people.

And not users are the same.

And even advanced users start out as users because they might not be coming in with all the knowledge about our data products.
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Once you’ve got an API to do all the heavy lifting, it’s actually pretty easy to create a thin web client to help people interact with the API… and most of them will never even know there is an API behind the curtain.  

This is our new website which launched on May 1st of this year (2023).

It is written in Vue.js

From here our average and advanced users can 
Visit the home page to learn more about the project and the science teams
Visit the list of publications
Visit this download page, where they can filter on the left by date range, product type, file type, and processing type
And they can download the files right here

All of this aids in findability, but this still doesn’t turn that cliff in to a conveyor belt.   What else can we do to help our users find data of interest? 
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Graphing!

From here, they can see at a glance what kind of daily coverage the different instrument groups have for their different product types.

Let’s look at July 12, 2023
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July 12, 2023

Now there is a lot going on here.

First, let’s talk about the big thing:
Users can see graphs of the data before learning about the data format. 
Look at that grey blob there.  That is a LOT of ozone!  Like, pick up the phone and ask someone to put out a public health alert.
We can see that this particular day was interesting before deciding to click that download data link.

But there's other stuff going on here as well:
The ability to adjust the dimensions of the graph.
The ability to adjust the color bar.  There is a monochrome option there for all of our colorblind friends in the house.
The Lat and Lon are listed right there, no need to crack open the file first to see where this data was collected.



FAIR Principles
Users Advanced Users Computers

Findable ✓Website ✓Website
✓ API ✓ API

Accessible

Interoperable

Reusable
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So, we are doing pretty well in the findable department.



FAIR Principles
Users Advanced Users Computers

Findable ✓Website ✓Website
✓ API ✓ API

Accessible

Interoperable

Reusable
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Let’s move on to Accessible

The user has found which data they are interested in… now how do they access the data?
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Let’s go back to our graph. 

First part of being accessible is right there: Download Data

Users do need to have a login, but this site uses NASA’s Earthdata Login, which a lot of user our base already has accounts on.  And if you don’t already have an account, it’s free and easy to make one.  And the site walks you through how to do that. 

But the other big thing is:
Remember, this is just a thin web client.  The API did most of the work here. The API:
Cracked the file open
Delivered it to the website in a json format
And the website used D3.js to graph the json data.
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For the API to be considered Accessible, it needs to come with documentation.

We used the OpenAPI specification and Swagger turned it into this page for the humans in the room to learn how to make API calls.

The advanced users and computers can do the same thing our website does:  Interact directly with the API.

For example: python notebooks



FAIR Principles
Users Advanced Users Computers

Findable ✓Website ✓Website
✓ API ✓ API

Accessible ✓Website ✓Website
✓ API ✓ API

Interoperable

Reusable
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So, not bad in the Accessible department either.



FAIR Principles
Users Advanced Users Computers

Findable ✓Website ✓Website
✓ API ✓ API

Accessible ✓Website ✓Website
✓ API ✓ API

Interoperable

Reusable
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Now let’s talk about Interoperability 



Are the contents 
GEOMS 

compliant?
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Remember that conveyor belt in the background ingesting data?  Every file coming in must past inspection.

Are the contents GEOMS compliant?

Are the variable names the consistent?
Do the variables have descriptions?
Do the dimensions of the variables match what is expected?

The full list of checks is about a 3 pages long.
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FAIR Principles
Users Advanced Users Computers

Findable ✓Website ✓Website
✓ API ✓ API

Accessible ✓Website ✓Website
✓ API ✓ API

Interoperable ✓ GEOMS ✓ GEOMS
✓ JSON

✓ GEOMS
✓ JSON

Reusable
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Some interoperable checkmarks.



FAIR Principles
Users Advanced Users Computers

Findable ✓Website ✓Website
✓ API ✓ API

Accessible ✓Website ✓Website
✓ API ✓ API

Interoperable ✓ GEOMS ✓ GEOMS
✓ JSON

✓ GEOMS
✓ JSON

Reusable
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Reusable



Is the data usable?

Is the data reusable? 
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--------- 


About this picture: taken at the May 2018 TOLNet NDACC science team meeting




Metadata in the file:

GEOMS Standards
Documentation:
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Is the data described clearly enough that someone can use it?  Not just tomorrow, but years from now?

Here is an example one metadata attribute from the json formatted version of the file.

What is a DO?

It’s clearly spelled out in the GEOMS standards.

Knowing what it stands for suddenly gives you information about this data’s provenance.   That’s a big part of data reusability. 

And that’s true for every attribute in the file.  




Are the contents 
GEOMS 

compliant?
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And don’t forget, these fields are being enforced.  Validated on ingest.




FAIR Principles
Users Advanced Users Computers

Findable ✓Website ✓Website
✓ API ✓ API

Accessible ✓Website ✓Website
✓ API ✓ API

Interoperable ✓ GEOMS ✓ GEOMS
✓ JSON

✓ GEOMS
✓ JSON

Reusable
✓Website
✓ GEOMS

✓ API
✓ GEOMS
✓ JSON

✓ API
✓ GEOMS
✓ JSON
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That’s a lot of green checkmarks. 

Now, are we perfect? No.  We’ve are still on our FAIR journey.  There are some deeper elements of FAIR that we are still striving for.  

But this year is better than last year, which was better than the year before.  It’s all about the journey and having an end goal in sight.



Future steps

• Centrally Processed files 
• Using a new GLASS (Global Lidar Analysis Software 

Suite) system that can take the raw data from the 
various teams, process it, and then upload files directly 
to the API.

• Near Real Time
• The ability to provide up-to-date graphs of data while 

the data is still being collected.

• FAIR Journey
• How can we be more FAIR tomorrow than we are today?
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NRT: remember that ozone graph.
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Want to see more?

TOLNet website: 
https://tolnet.larc.nasa.gov

TOLNet DOI: 
10.5067/LIDAR/OZONE/TOLNET

GEOMS data format: 
https://evdc.esa.int/documenta

tion/geoms/

Authors: 
Crystal Gummo, John Sullivan, 

Michael Shook, Gao Chen

https://tolnet.larc.nasa.gov/
https://evdc.esa.int/documentation/geoms/
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