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Funny Meme about:
How AI is moving fast but people are 
becoming AI experts even faster



Who We Are  
▷ We are the NASA Goddard  Earth Sciences Data and Information

Services Center (GES-DISC)  https://disc.gsfc.nasa.gov/
▷ Located at the Goddard Space Flight Center (GSFC)

in Greenbelt, Maryland, USA
▷ One of 12 NASA Science Mission Directorate Data Centers that 

provide Earth science data, information, and services
▷ Our area of focus is Atmospheric Composition, Water & Energy Cycles  

and Climate Variability
▷ Our number one goal is to serve your Earth science data and 

information needs
▷ Currently we host more than 1500 datasets
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Where the knowledge exist
1. Dataset metadata
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Where the knowledge exist
1. Dataset metadata
2. Data documentations
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Where the knowledge exist
1. Dataset metadata
2. Data documentations
3. How tos and FAQs
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How to Read IMERG Data Using Python



Where the knowledge exist
1. Dataset metadata
2. Data documentations
3. How tos and FAQs
4. Publications
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Another funny Meme about:
LLM this, LLM that, LLM …



Traditional Search and Discovery
▷ Traditional search and data discovery primarily relies on 

curated metadata
▷ All of these sources are siloed 
▷ We need to combine all of these into a knowledge base
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Knowledge Base
● Dataset metadata
● Data documentations
● How tos and FAQs
● Publications
● Etc.

Large Language Model
(LLM)



● Dataset metadata
● Data documentations
● How tos and FAQs
● Publications
● Etc.
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Knowledge Base
(vector database)

Query:
What is the difference 
between OMI and 
TROPOMI data products?

E
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bedding Language 
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enerator Language M
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What is the difference 
between OMI and 
TROPOMI data 
products?

Given the following 
extracted parts of a 
papers and a question, 
create a final answer 
with references

Generated Response

Retrieval Augmented Generation 
(RAG)



Retrieval Augmented Generation 
(RAG)
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The OMI (Ozone Monitoring Instrument) and TROPOMI (Tropospheric Monitoring Instrument) data 
products differ in several aspects, including their spatial resolution, spectral coverage, and the 
instruments' capabilities. Based on the provided context, here are some key differences:

1. Spatial Resolution: TROPOMI provides data with a typical pixel size of 5.5x3.5 km² for most spectral 
bands, which is a significant improvement over OMI's spatial resolution. This higher resolution allows 
for more detailed observations and better detection of local sources of pollutants.

2. Spectral Coverage: TROPOMI covers eight spectral windows from the ultraviolet (UV) to the 
shortwave infrared (SWIR) regions, which allows for the detection and measurement of a wide range of 
atmospheric constituents. The provided context does not specify OMI's spectral coverage, but it is 
generally known that TROPOMI has an enhanced spectral resolution compared to OMI.

3. Instrument Configuration: TROPOMI operates in a push-broom configuration with a swath width of 
about 2600 km, which enables it to capture a wide area in a single pass. This is an advancement over the 
OMI instrument, which has a different configuration and swath width.

4. Data Availability and Processing: TROPOMI data products are generated by the Copernicus Sentinel 
project and distributed by ESA through NASA GES DISC. The context does not provide specific details 
on OMI data distribution, but it is known that OMI data are also available through NASA's data centers.

5. Algorithm and Product Development: The TROPOMI aerosol inversion procedure (TROPOMAER) is 
a direct application of the OMI near UV aerosol algorithm (OMAERUV), indicating that the 
methodologies for aerosol data retrieval have been adapted and improved from OMI to TROPOMI.

6. Data Format: TROPOMI data files are provided in the NetCDF4.0 format, which is a self-describing 
format with metadata included. The context does not specify OMI's data format, but traditionally, OMI 
data have been provided in HDF-EOS format.

7. Cloud Masking: TROPOMI initially used an ESA-produced cloud mask based on NOAA VIIRS 
measurements, which was later replaced with the NOAA Enterprise Cloud Mask (ECM) product. OMI's 
cloud information handling is not detailed in the provided context, but it is known that cloud treatment 
is a critical aspect of satellite data retrieval.

8. Validation and Comparison: TROPOMI data products are compared with AERONET observations for 
validation purposes, and the context mentions reasonable agreement between TROPOMI SSA 
retrievals and AERONET results. OMI data products also undergo validation, but the specific methods 
and results are not detailed in the provided context.

In summary, TROPOMI represents an advancement over OMI in terms of spatial resolution, spectral 
coverage, and data processing capabilities, which leads to improved atmospheric measurements and 
data products.

A way of leveraging LLMs and your own data



Knowledge Graph + (L)LM
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Knowledge Base 

Large Language Model
(LLM)



High-level Schema
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GES-DISC Knowledge Graph
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● Dataset: 1571
● Publication: 2045
● Science Keyword: 431
● Variables: 951
● Edges: 208K



Graph Analytics and Graph ML
Centrality measures (I.E. 
pagerank)

○ Rank influence of nodes in 
your network

○ Identify influential 
publications within out 
citation network

○ This publication has high PR 
score not just many 
publications cite it, but the 
citing publications have also 
been cited frequently
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Graph Analytics and Graph ML
▷ Graph node embeddings (I.E. FastRP)

○ Used for dataset recommendation
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Get similar
Datasets

  {
    "shortName": "ML2SO2",
    "score": 89.4015071320161
  },
  {
    "shortName": "OMDOAO3G",
    "score": 88.01177615741783
  },
  {
    "shortName": "OMDOAO3",
    "score": 86.7088372201918
  },
  {
    "shortName": "OMDOAO3Z",
    "score": 86.7088372201918
  },
  {
    "shortName": "M2TMNPMST",
    "score": 86.28716702201287
  },
  {
    "shortName": "ML2T",
    "score": 84.36957017711613
  }
  

  {"shortName": "OMSO2" }
 
  

Investigate the  Recommendation



Graph Analytics and Graph ML
Missing link prediction

○ Completing missing links between graph nodes (I.E. 
Datasets → Science Keywords
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Where the knowledge exist 
(Prediction)

1. Dataset metadata
2. Data documentations
3. How tos and FAQs
4. Publications
5. Actual satellite data

(pixels)
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Multi-modal AI Models
▷ Humans experience the world multi-modal
▷ Data and applications we have are multi-modal
▷ Multi-modal data is rich and high-bandwidth - compared to language 

which is a low-bandwidth serialization
▷ We are running out of text data
▷ Vision-Text models

○ Image Text (Retrieval)
○ Image → Text (Captioning)
○ Text → Image (Generation)

▷ I.E. CLIP, Align (Late fusion of vision and text)
○ Train vision model and language model separately
○ Fuse them late using contrastive learning

■ Perhaps NASA Geospatial AI Foundation + NASA LLM???
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THANK YOU
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Please feel free to contact me if you 
have any questions.

armin.mehrabian@nasa.gov



Backup Slides
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Search Query “LANDSLIDE”
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MATCH (d:Dataset)-[i:CITED_IN]->(p:Publication) WHERE p.abstract CONTAINS 
'landslide' RETURN d.shortName, p.title



Search Query “ALGAL BLOOM”
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MATCH (d:Dataset)-[i:CITED_IN*1..2]->(p:Publication) WHERE p.abstract 
CONTAINS 'algal bloom' RETURN d.shortName, p.title



Search Query “PRECIPITATION”
▷ We calculate the PageRank score for publications in our 

graph
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MATCH (d:Dataset)-[i:CITED_IN]->(p:Publication) WHERE p.abstract CONTAINS 'precipitation' RETURN d.shortName, p.pagerank, 
p.title ORDER by p.pagerank DESC



Language embeddings
We can  represent every word, 
sentence, phrase, … document 
with a meaningful vector

elephant = [0.31, 0.62, … , 0.87 ]
cheetah = [0.94, 0.54, …, 0.88]
Eiffel tower = [0.45, 0.67, …, 0.87]
France = [0.56, 0.83, …, 0.22]
farm = [0.32, 0.68, … , 0.76 ]
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Search query: 
“tropical rainfall”

Graph-enabled Vector Search
Graph-enables vector search tools 
such as Weaviate create a graph 
layer on top of the vector search.

For a given user query i.e.
“tropical rainfall”

1. The query is placed in the 
vector space

2. All objects including 
publications and datasets 
within a radius of the query 
are identified.

3. If identified object is of type 
“publication”, we can 
traverse graph to find the 
closest dataset (minimum 
hops)
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Vector search engines index 
data as dense vectors

Fast search using 
approximate nearest 

neighbor (ANN) algorithms 
such as HSNW (<100ms)

Variable

HAS_VAR

https://weaviate.io/


Future DAAC
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What is the difference between OMI and TROPOMI data products?

The Ozone Monitoring Instrument (OMI) and TROPOspheric Monitoring Instrument 
(TROPOMI) are both used to measure total column ozone (TCO3). OMI data products are 
used to estimate surface-level concentrations of NO2, SO2, and other trace gases, while 
TROPOMI data products are used to monitor atmospheric composition data and are included 
in the data assimilation system of the Copernicus Atmosphere Monitoring Service (CAMS). 
OMSO2 V2, a new anthropogenic SO2 vertical column density dataset, is generated with an 
algorithm based on principal component analysis of OMI radiances and features several 
updates, such as the use of expanded lookup tables and model a priori profiles to estimate 
SO2 Jacobians for individual OMI pixels. The OMI OMCLDO2 cloud product is used to derive 
the effective cloud fraction and effective cloud pressure using a DOAS fit of the O2–O2 
absorption feature around 477 nm. A new version of the OMI OMCLDO2 cloud product has 
been released that contains several improvements, such as the introduction of a temperature 
correction on the O2–O2 slant columns and the updated look-up tables. 

SOURCES:
● Monitoring and assimilation tests with TROPOMI data in the CAMS system: 

near-real-time total column ozone
● Ozone Monitoring Instrument (OMI) collection 4: establishing a 17-year-long series of 

detrended level-1b data
● A high-resolution and observationally constrained  OMI NO2 satellite retrieval
● Version 2 Ozone Monitoring Instrument SO2 product (OMSO2 V2): new anthropogenic 

SO2 vertical column density dataset
● Improvements to the OMI O2–O2 operational cloud algorithm and comparisons with 

ground-based radar–lidar observations

S5P_L2__O3_TOT 1 S5P_L2__O3_TCL 1 M2TMNXSLV 5.12.4 AIRS3STM 006

surface_air_pressure ozone averaging kernel surface albedo



Query: what is the correlation between 
human population and wildfire?

Returns the starting and ending position of text from the 
documents that contain the answers
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