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The Data Flood:  
Ecological Science and the 4th Paradigm 

Small keys open big doors 
Turkish Proverb 

 



Emergence of a Fourth Paradigm 

Å Thousand years ago ð Experimental Science  

Å Description of natural phenomena 

Å Last few hundred years ð Theoretical Science  

Å Newtonõs Laws, Maxwellõs Equationsê 

Å Last few decades ð Computational Science 

Å Simulation of complex phenomena 

Å Today ð Data-Intensive Science  

Å Scientists overwhelmed with data sets 

 from many different sources  

Å Data captured by instruments 

Å Data generated by simulations 

Å Data generated by sensor networks 

Å eScience is the set of tools and technologies 

 to support data federation and collaboration  

Å For analysis and data mining 

Å For data visualization and exploration 

Å For scholarly communication and dissemination 
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http://es.rice.edu/ES/humsoc/Galileo/Images/Astro/Instruments/hevelius_telescope.gif


The Ecological Data Flood 

ÅWeõre living in a perfect storm of 
remote sensing, cheap ground-based 
sensors, internet data access, and 
commodity computing  

Å Yet deriving and extracting the variables 
needed for science remains problematic 
Å Specialized knowledge for algorithms, 

internal file formats, data cleaning, etc, etc 

Å Finding the right needle across the 
distributed heterogeneous and very rapidly 
growing haystacks 

 



Environmental Remote Sensing Data 

Å Time series raster data 
Å Over some period of time at some time 

frequency at some spatial granularity over 
some spatial area 

Å Conversion from L0 data to L2 and beyond 
as well as reprojections still require 
specialized skills 

Å Similar, but dirtier, than model output  

ÅCan be òcut outó to create virtual 
sensors 

Å Today: PBs (L0) to TBs (L2+) 



Tiling : Do Scientists Have to be Computer Scientists?  

Å Reprojection 

Å Converts one geo-spatial representation to another.  

Å Example is converting from latitude-longitude swaths to 
sinusoidal cells.  

Å Spatial resampling   

Å Converts one spatial resolution to another.  

Å Example is converting from 1 KM to 5 KB pixels. 

Å Temporal resampling  

Å Converts one temporal resolution to another.  

Å Example is converting from daily observation to 8 day 
averages.  

Å Gap filling  

Å Assigns values to pixels without data either due to inherent 
data issues such as clouds or missing pixels introduced by 
one of the above.  

Å Masking 

Å Eliminates uninteresting or unneeded pixels. 

Å Examples are eliminating pixels over the ocean when 
computing a land product or eliminating pixels outside a 
spatial feature such as a watershed. 

Source Data (Swath format)  

Reprojected  Data (Sinusoidal format)  



Environmental Sensor Data 

Å Time series data 
Å Over some period of time at some time 

frequency at some spatial location. 

Å May be actual measurement (L0)                                              
or derived quantities (L1+) 

Å (Re)calibrations, gaps and errors                        
are a way of life.  
Å Birds poop, batteries die, sensors fail.  

Å Various quality assessment and signal 
correction algorithms.  

Å Gap filling algorithms key as regular time series 
enable more analyzes 

Å Today: GBs to TBs 
òTime is not just another axisó 
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Dam Releases 



Sensor Databases and Web Services 

ÅEmerging trend is that groups use databases and 
web services to access, curate, and republish sensor 
data  

ÅMost use a mostly normalized schema with the data 
in the center, but moving to putting the series 
catalog in the center 

ÅExample is CUAHSI ODM 
Å Initially to address internet access of US agency data ð too 

hard to find, too hard to download all the data, too hard to 
get òjust the new dataó 

Å Included water quality bottle samples, a notion of data 
revisions 

Å 11 initial research sites growing over time 

http://www.cuahsi.org  http://bwc.berkeley.edu  


