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"Behind	
  every	
  Cloud”:	
  
Massive	
  data	
  use	
  in	
  the	
  Earth	
  Sciences	
  

 
Tony Haymet and Steve Diggs 

2013 July 4 
Thanks to Matt Shen and Andrew Barna (SIO) 

Scripps Institution of 
Oceanography 

How	
  We	
  used	
  to	
  Explore	
  the	
  Ocean	
  

Direct	
  In-­‐Situ	
  
ObservaCon	
  

Photos:  Henry Kaiser, Octavio Aburto, David Kline 

”Earth” 
is 70% 
Ocean 
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Argo	
  and	
  the	
  	
  
RoboCc	
  RevoluCon	
  

Photo: Alicia Navidad, CSIRO 

www.argo.ucsd.edu	
  

Argo	
  float	
  (submersible)	
  

Today’s Underwater Gliders Spray Glider: How It Works 

SCCOOS: Enhancing  
Preparedness in California 

Photos:	
  Marc	
  Tule	
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The Southern California Glider Network 
•  On CalCOFI lines. 

•  Began in 2005 on 
line 93.3, partly to 
work on engineering. 

•  Since 2006, lines 80 
and 90 have been 
continuously 
occupied. 

•  Line 66.7 was started 
in 2007. 

•  A case history in the 
establishment of 
sustained 
observations. 

Next-Gen Robots 

Photos: Scripps Oceanography, Liquid Robotics, Alan Decker 

Autonomous Underwater Explorers 

SOLO-TREC:  Novel 
Ocean-Powered 

Underwater Vehicle 

Autonomous underwater 
vehicle deployed off the 
coast of Hawaii in ocean 
endurance test, November 
30, 2009. Kyle Grindley the 
Scripps IDG engineer who 
did much of the design. 
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Technological	
  Evolu?on	
   In	
  the	
  near	
  Future:	
  	
  US	
  Ocean	
  Observatory	
  
Ini?a?ve	
  (OOI)	
  ~$400	
  million	
  

Australia’s IMOS: What Is It? 
•  The Integrated Marine Observing System (IMOS) is a 

–  National  
–  Collaborative 
–  Research Infrastructure program 

•  It brings together the Australian Universities and 
Publicly-Funded Research Agencies working in marine 
and climate science 

•  It funds them to deploy ocean observing equipment 
•  And (most importantly) it makes all of the data freely 

available to the whole community 
–  The data streams are the ‘research infrastructure’ we 

are creating and developing 

From Tim Moltman 

Observa?on	
  Networks	
  for	
  
the	
  solid	
  Earth	
  and	
  
	
  the	
  Atmosphere	
  

The IRIS/IDA Global Seismographic Network 
41	
  sta?ons	
  of	
  the	
  IRIS/IDA	
  Global	
  Seismographic	
  Network	
  operated	
  by	
  UCSD.	
  	
  	
  26	
  
countries.	
  Data	
  to	
  research	
  scien?sts	
  USGS	
  (for	
  earthquakes),	
  NOAA	
  (for	
  tsunamis),	
  
and	
  the	
  United	
  Na?ons	
  (for	
  nuclear	
  tes?ng).	
  	
  
	
  

USArray Seismic Monitoring 

deploying	
  a	
  series	
  of	
  hundreds	
  of	
  portable	
  broadband	
  seismic	
  sta?ons	
  across	
  
the	
  con?nental	
  United	
  States	
  over	
  the	
  years	
  2004	
  –	
  2013	
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The	
  CO2	
  Record	
  

27	
  

The	
  CO2	
  Record	
  

28	
  

The	
  CO2	
  Record	
  

29	
  

70%	
  from	
  Urban	
  Emissions	
  

	
  

“Top down” 
measurement of  
GHG emissions 
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GHG	
  Tower	
  Network	
  

GHG01	
  

SNDGS	
  

Carbon	
  Weather	
  :	
  EducaCng	
  ourselves	
  
CO2	
  Above	
  Global	
  Mean	
  

32	
  

Typical	
  Tower:	
  Lewisburg,	
  Pennsylvania	
  	
  

33 

Sampling	
  System	
  
Front	
  View	
   Side	
  View	
   “CalibraCon	
  Box”	
  

34 

35	
  

Urban	
  Methane	
  Emissions	
   Ongoing	
  Carbon	
  Project	
  Efforts	
  
•  Indianapolis	
  Flux	
  Experiment	
  (INFLUX)	
  
•  LA	
  Megaci?es	
  Carbon	
  Project	
  
•  Carbon	
  Monitoring	
  System	
  

36	
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New generation Weather 
& Climate  company (for 
pro!t).   One product 
TempRisk predicts heat 
waves & cold snaps 
 
 
•  EXAMPLE:  Midwest East 

US Region Extreme heat 
event of summer 2012 

•  Prolonged heat 
occurred during late 
June and early July 2012 

EarthRisk’s business model 
•  TempRisk is the !rst commercial application with a 

Comprehensive Empirical Forecast Model used to 
analyze risks for extreme cold and heat events up to 
40 days before they occur. 

•  TempRisk users make better weather-in"uenced 
trades with greater risk visibility – both when high 
impact weather is more likely and less likely than 
today’s standard models 

“Driving better demand based trades with 
visibility  of the risk distribution” 

Summer	
  Skill	
  for	
  Extreme	
  Temperature	
  Forecasts	
  
TempRisk	
  vs	
  ECMWF*	
  

1-­‐Week	
  Ahead	
   2-­‐Weeks	
  Ahead	
   3-­‐Weeks	
  Ahead	
   4-­‐Weeks	
  Ahead	
   5-­‐Weeks	
  Ahead	
  

ECMWF*	
  =	
  Most	
  Skillful	
  Long	
  Range	
  Weather	
  Model	
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Primary	
  U.S.	
  Energy	
  Consump?on	
  Region:	
  	
  Midwest/East	
  U.S.	
  for	
  June-­‐July-­‐August	
  
TempRisk	
  Score	
  Greater	
  than	
  50	
  

ECMWF	
  Forecast	
  Anomaly	
  Greater	
  than	
  0.2	
  Standard	
  Devia?on	
  
*ECMWF	
  Climate	
  Forecast	
  System	
  

Winter	
  Skill	
  for	
  Extreme	
  Temperature	
  Forecasts	
  
TempRisk	
  vs	
  ECMWF*	
  

1-­‐Week	
  Ahead	
   2-­‐Weeks	
  Ahead	
   3-­‐Weeks	
  Ahead	
   4-­‐Weeks	
  Ahead	
   5-­‐Weeks	
  Ahead	
  

ECMWF*	
  =	
  Most	
  Skillful	
  Long	
  Range	
  Weather	
  Model	
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Primary	
  U.S.	
  Energy	
  Consump?on	
  Region:	
  	
  Midwest/East	
  U.S.	
  for	
  December-­‐January-­‐February	
  
TempRisk	
  Score	
  Greater	
  than	
  50	
  

ECMWF	
  Forecast	
  Anomaly	
  Greater	
  than	
  0.2	
  Standard	
  Devia?on	
  
*ECMWF	
  Climate	
  Forecast	
  System	
  


