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Earth Observing System satellites return “massive” data volume.

Traditional approach to global data exploration: produce maps of one
degree averages and standard deviations for each parameter of interest.

* Good news: this is easy, practical, and everybody understands it.

>+ Bad news: the method throws away almost all of the distributional
information in the data including covariance and higher-order statistics.

Need to produce lower volume proxy data sets suitable for
exploratory data analysis; should be faithful to original data and
parsimonious.




9 view angles at Earth surface
4 Spectral bands (R,G,B,Nir) -

7 minutes to view each scene
from all 9 angles
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direction
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Old approach: bin data for a month into one degree grid cells, report
means and standard deviations of parameters for each cell.

* New approach: bin data for a month into one degree grid cells, produce
an estimate of the joint (empirical) probability distribution of parameters

of interest for each grid cell.

How?

¢ Use a clustering algorithm to partition data for each grid cell into groups,
represent each group by its centroid and (normalized) membership count.
Collection of clusters and counts is a non-parametric estimate of the data

distribution in that grid cell.

¢ Union of all 180 x 360 = 64,800 grid cell distribution estimates is a proxy for
the original data. Approximates multivariate (“joint”) statistical relationships
in original data. Preserves spatial (temporal) relationships among grid cells.

¢ Similar to data squashing (DuMouchel, 2001).




May 2003, three MISR cloud parameters observed simultaneously at 1.1 km
resolution: red band albedo, stereo height, stereo-derived cloud mask.

Observation Scale

54,600 populated, one degree grid

cells. //
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* Union of all clusters for all grid cells is a compressed version of the original
data. Global data set is about 40 MB.




© MISR Level 3 Quantization product:
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Compute as if using original data, but answers are estimates of quantities
computed from original data.
+ How good? Depends on both distortion and the

computation: ) NS :
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» Compare climate model output to observational data:

¢ Summarize large quantities of model output data;
¢ Compare (estimates of) arbitrary non-linear statistics;
¢ Compare whole distributions;

¢ Construct formal hypothesis tests for consistency of model output and data.

» Data mining/exploratory data analysis of observational and model data sets:

¢ Understand /explore how multivariate distributions evolve in time and space;
& Outlier /extreme event detection;

¢ Find all occurrences of a given multivariate signature;

¢ Characterize regions or time periods by probabilistic regime;

¢ Explore multi-resolution (spatial, temporal, quantization) relationships.




Displayed: MISR May 2003 one-degree grid cloud fraction,
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Grid cells with southwest corner latitudes 40 degrees, longitudes 149 to 157.

Can we model these relationships physically/statistically?




For each grid cell,
calculate the

maximum squared
difference between
cluster centroids and
qrid cell centroid.
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Accept coarser spatial/temporal resolution (one degree/monthly) to achieve replication and
estimate empirical distributions.

Calculations based on summaries approximate calculations based on original data. Mean
squared errors (distortions) are known, and can be propagated.

Meant for exploratory data analysis and comparisons of global data sets. Not a replacement
for original data.

Wanted: collaborators to “test” and suggest modifications to the MISR Level 3 products.
Pariticipate in climate model validation and climate research using MISR (and possibly other
EOS) data.

MISR web siie: https //www-misy.jpl.nasa.gov.






