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Problem
● Artificially intelligent 

machine learning has 
proven to be capable at 
recognizing complex 
patterns
○ Minimal user input
○ More accurate than 

humans

● Sea surface temperature 
(SST) datasets are 
massive and show 
complex patterns

● Current standard 
oceanographic measures 
(e.g. power spectrum) 
fail to describe the full 
complexity

Possible Solution
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THE DATA COLLECTION
MODIS VIIRS

Sampling Period 2003-2019
Global Coverage Day/Night

2012-2020
Global Coverage Day/Night

Spatial Resolution 1 km at nadir 750 m at nadir
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Extract 128x128 km 
SST regions, known as 
cutouts. Approx. one 
million pre-processed 
cutouts per year.

 

1. PRE-PROCESSING
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https://github.com/AI-for-Ocean-Science/ulmo


MODIS VIIRS

Sample Size

128 x 128 km
128 x 128 pixel

192 x 192 km
192 x 192 pixel

Cloud Free 
Percentage

95% clear for training
99% clear for analysis

99% clear for analysis

Final Avg. 
Region

64 x 64 pixel 64 x 64 pixel
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THE DATAMODIS VIIRS

Sample Size

128 x 128 km
128 x 128 pixel

192 x 192 km
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Cloud Free 
Percentage

95% clear for training
99% clear for analysis

99% clear for analysis
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Trained on ~150,000 
random pre-processed 
cutouts from 2010.

2.  TRAINING

Extract 128x128 km 
SST regions, known as 
cutouts. Approx. one 
million pre-processed 
cutouts per year.

 

1. PRE-PROCESSING

Apply the trained model 
to all pre-processed 
cutouts.

3.  APPLY
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https://github.com/AI-for-Ocean-Science/ulmo


THE OUTPUT
Each cutout is  
assigned a single 
number that 
represents the 
frequency of images 
similar to it within the 
full distribution.

Machine 
Learning Metric: 

LL



EXAMPLES OF CUTOUTS WITH  HIGH  and LOW 
LL VALUES

HIGH  
LL Value: 1060.52

LOW
LL Value: -21033.65

SSTa
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INITIAL GOALS

VERIFY ULMO
Use the MODIS 

trained ULMO on 
VIIRS data
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Of Outliers



Cutouts with Log Likelihood Values <-1000 for MODIS and VIIRS
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VERIFY ULMO

HIGHLIGHTS
● The MODIS trained ULMO was able to 

recognize similar, but not identical, 
patterns in the VIIRS dataset

● Moving forward with understanding the 
pattern recognition within VIIRS
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EXPLORE
Explore the patterns 

ULMO has 
recognized
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INITIAL GOALS

VERIFY ULMO
Use the MODIS 

trained ULMO on 
VIIRS data
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INVESTIGATION OF THE LL VALUES

LL Values 
● We have started to 

see that the outliers 
(LL< -1000) show 
more structure with 
some dependence on 
temperature range.

● Now I will explore the 
larger portion of the 
distribution
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Cutouts with Temperature Range 1<𝛥T<1.5 VIIRS
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Cutouts with Temperature Range 1<𝛥T<1.5 VIIRS
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Cutouts with 1<𝛥T<1.5 and Specified LL Value Range
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CONCLUSION NEXT STEPS 
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CONCLUSIONS

HIGHLIGHTS FUTURE
● Use this to now explore the 

LL space
○ What patterns exist in 

the LL distribution
○ How LL values relate to 

the basic geophysical 
properties

● ULMO highlighted 
differences in SST 
datasets

● LL is a good 
discriminator over 
the entire range of 
the LL rather than 
just the tail
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TAKE HOME MESSAGE

The ULMO algorithm is successful at 
identifying complex patterns within 

extremely large sea surface temperature 
datasets, even upwards of 100 TB. 

Its machine learning metric (LL) highlights 
geophysical processes in distinct locations.
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CREDITS: This presentation template was created by Slidesgo, including 
icons by Flaticon, and infographics & images by Freepik. 
Please keep this slide for attribution.

AND THANKS TO 
YOU! 

Any Questions?
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http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr

