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http://www.youtube.com/watch?v=7Xca0CgsR78
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Enhancing Scientific Efficiency through AI



Scientific process is fundamentally 
changing due to AI
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Emergence of AI for Science
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AI in General AI for Science

Deploy and iterate

Benchmark & SOTA

Recognize patterns

Automate human tasks

Improvement in efficiency

Less specialized data

Scientific community evaluation

Robustness and accuracy; Mistakes may be costly

Find shortcomings and understand why

Model PDEs, ODEs

Augment repetitive tasks

High-consequence decision making

Complex and heterogeneous data

Internal evaluation
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Advancing science: AI integration and necessary advances

Scientists are creative & patient

How can we effectively use AI tools in science?

What advancements in AI are needed to meet our science goals?
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Science is a 
process
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How can we best utilize AI tools in science?
Hypothesis space is too large

Humans can consider a few hypotheses at a time 

AI can generate and test more complex hypotheses

Select which hypotheses are worthy of testing
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How can we best utilize AI tools in science?
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How can we best utilize AI tools in science?
Design of candidates

Less expensive experimentations

Which science papers to choose?

Robotics
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How can we best utilize AI tools in science?

Credit: Sujit Roy NASA/IMPACT Using AI to optimize experiments
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How can we best utilize AI tools in science?
Too much data for human cognition

Massive data generated by each experiment

Different researchers publish experiments with different results

Discovering data is searching needle in a haystack

Science phenomena are rare

AI for scaling, speedup
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How can we best utilize AI tools in science?
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How can we best utilize AI tools in science?
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How can we best utilize AI tools in science?

Synthesizing research

Publication

AI writing agents
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How can we best utilize AI tools in science?

AI has the potential to change every step of the 
science research lifecycle

AI can speed up scientific discovery process - no 
repetitive tasks

Completely new AI generated hypothesis?



Our Mission
NASA Science
Vision: using the vantage point of space to achieve with the science 
community and our partners a deep scientific understanding of our 
planet, other planets and solar system bodies, the interplanetary 
environment, the Sun and its effects on the solar system, and the 
universe beyond….
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Value of NASA’s Science Data
NASA’s Strategic Goal 1.1 
“Understand the Sun, Earth, Solar System, and 
Universe.”

Carina Nebula – a rare peek of stars in 
their earliest, rapid stages of formation.

Dying Star’s Final ‘Performance’ – dying star expelling gas and dust
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Now

Name

Bio

Something everyone else should think about

Future

Archive growth in PB

~100PB Archive

4B+ Files

NASA Earth science data growth
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Enduring Legacy of NASA Science Data
“NASA has become a knowledge agency. Long after the Mars Surveyor has gone silent, Hubble has met the same fate as 
Mir, and the Moderate Resolution Imaging Spectroradiometer has produced its final set of images, what will endure are the 
volumes of valuable data that these instruments and many others have collected over their lifetimes….” 

– National Research Council, 2002

Artist concept of the Mars Global Surveyor
NASA/JPL-Caltech/Corby Waste

… the challenge of managing 
overwhelming data and distilling it 
into meaningful knowledge
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Artificial intelligence successes - NASA science

Images correction for degradation using AI

Rover onboard AI systems for guidance



AI Publication Trend for General Science

Publication year
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AI Publication Trend for General Science vs. NASA Science
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Supervised learning

Curate Labeled 
Data Deploy ModelTrain Model
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Supervised learning over the years…

Marine debris segmentation

Atmospheric phenomena 
identification

COVID 19 indicators

Labeling tools
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Cross-divisional AI
Petabyte scale search on multi-spectral unlabeled data to rapidly curate annotated datasets + Search By 
Image for NASA Science - Earth science + Astrophysics

Cross divisional AI project: Self supervised learning approach developed for GIBS archives applied to Hubble telescope data
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Cross-divisional AI
Morpheus-Ice: Pixel-Level Classification of Imaging Data from Astrophysics to Earth Science
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9.9 billion 
trees assessed

326,000 
satellite images

89,000 
hand-labeled tree crowns

107 million
sq. km. mapped

AI for science at scale

60,000,000 
core HPC hours (NASA + NSF)

38 
collaborators across academia and government Tucker and Brandt et al.
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An Unexpectedly Large Count of Trees in West African Sahara and Sahel
Semi-arid trees have a crucial role in carbon storage & 
biodiversity and are not well-documented.

Researchers mapped trees >3 m2 crown area in West Africa, 
from the Sahara, Sahel, and sub-humid zone using 50 cm 
satellite imagery, deep learning, and HPC.

1,837,565,501 trees were mapped over 1,300,000 km2

Deep learning and <1 m satellite imagery deliver heretofore 
unavailable semi-arid carbon storage and biodiversity insights

GEDI and ICESat-2 data  can be combined with these data to 
provide tree heights for larger trees or clusters of trees

Brandt, M., Tucker, C.J., Kariryaa, A. et al. An unexpectedly large count of trees in the West 
African Sahara and Sahel. Nature (2020). https://doi.org/10.1038/s41586-020-2824-5

a) All trees >3-m2 crown area were mapped in the red rectangle using deep learning and <1 
m satellite imagery. b) The density of trees per hectare derived from 1,837,565,501 trees at 
various scales, from local to regional scales.
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Last mile..



AI in literature



AI lifecycle - iterative
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http://www.youtube.com/watch?v=O7c-VtTgXNo
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Hurricane intensity estimation portal

https://impact.earthdata.nasa.gov/hurricane/
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There are challenges with Supervised Learning

Maskey et al. “Advancing AI for Earth Science: A Data Systems 
Perspective,” AGU Eos 2020

● Training data is the main component of 
supervised machine learning techniques 
and is increasingly becoming the main 
bottleneck to advance applications of 
machine learning techniques in Earth 
science.

● Geoscience models must generalize 
across space and time; however, for 
supervised learning one needs large 
training datasets to build generalizable 
models.



Recent Progress
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Self-supervised learning at scale
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AI foundation models
● Large-scale models pre-trained on vast amounts of data, 

serving as a starting point for fine-tuning on specific 
tasks

● Unlike traditional models FMs are pre-trained on general 
data and then adapted to specialized tasks

● Pre-training captures broad knowledge, allowing for 
versatility across multiple applications

● Substantially reduce the downstream effort for building 
AI applications, including the need for large labeled 
training datasets
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Geospatial foundation model with Harmonized Landsat Sentinel-2: Prithvi

● Build with collaboration with IBM Research
● Initial version released are 100M and 300M 

parameter models
● Masked Autoencoder where attention mechanism is 

extended  in space and time
● Being evaluated for adaptation for different 

categories of downstream tasks

Collaborators: IBM, UAH, Clark University, ORNL, Hugging Face

https://arxiv.org/pdf/2310.18660.pdf
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Geospatial foundation model : downstream applications

Model fine-tuned to segment the extent of floods on Sentinel-2 

Model fine-tuned to classify crops on HLS data

Ground truth Prediction

Burn scar mapping: Maui Fire 8.13.2023
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Challenges
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AI today is expensive
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$1K/day$2.5M

$5/label

$130K

AI today is expensive

Prithvi: geospatial FM (100M parameters)
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Understanding of foundational knowledge

AI foundational knowledge is 
critical to develop scientific 
applications using AI

Source: WIRED
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Ethical issues

Bias and Fairness

Transparency and Explainability

Safety and Security

Human-AI Collaboration
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Opportunities with Pre-trained 
Large Models

“value of small data”
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Kaplan et al.
arXiv:2001.08361

Foundation models scale with data

https://arxiv.org/abs/2001.08361
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GPT evolution
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GPT evolution
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GPT evolution

Data is the differentiator, model mostly constant
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Foundation model
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Foundation model

Open large collaboration

Individual researcher

Small dataset

Unlabeled dataset
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Demo - Live Notebook

Relevance of small datasets 
when used with large 
pre-trained models
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Changing paradigm

Curate Labeled 
Data Deploy ModelTrain Model

Supervised learning

Develop 
Prompts Deploy Model

Tuning on smaller data
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Data & Pretrained Large Models
Foundation models are more data-centric than model-centric

Data requirement for new custom model is much smaller using foundation model: Lower cost

Foundation model for Science: Open data, Science quality, Transparent, Reuseable

Effectiveness of foundation models is directly tied to the volume of data they are trained on. 

Foundation models can perpetuate and amplify biases present in the pretraining data > need for 
data governance policies (ethics)

The role of human input in data cleaning is critical for the quality of foundation models 

Foundation models require new data inputs to stay current and relevant
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What AI advances are needed to realize science goals?

AI = Algorithm + Data (lots of data): 
Algorithms that can learn from less data?

Novel data management

X-disciplinary tools

Optimization techniques

Ethical and XAI

Automated hypothesis generation

Affordable
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AI Integration in every step of the scientific discovery 
and understanding

Responsible AI outputs 

Efficient data utilization and model development 

Collaboration and Open Science 

Need for foundational knowledge

Infrastructure and ecosystem development

Transforming Science with AI



Unlimited potential

AI must be built responsibly and safely AND openly

How you use it makes a big difference - just like any other technology

Rigorous and careful evaluation

Must include diverse input

Making NASA’s science data mean more

AI+Science @ NASA
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