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Outline 

• Complexity in Predictability of Earth Sciences 

• Big Data and Technology 
• CONNECT/PRP (Pilot Project) – How we are using the PRP 

• Earth Science Knowledge Discovery 

• “Integrated Understanding” in Earth Sciences? 



*NASA Apollo 17 
crew traveling 
toward the Moon 



Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Hyper-dimensional data from 

model reanalysis and satellite 

based sources for June 1, 2012 

over the continental United 

States. Each image represents 

a specific atmospheric variable 

or feature.  



NASA MERRA2 IVT (kg m-1 s-1 ) 
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What causes extreme  
floods and droughts  
on the West coast? 

? 

*Each are well known climate phenomena 

Higgins et al. 2001 
Larson et al. 2000 

Gaun et al. 2013 
Madden and Julian 1993 

Enfield et al. 2001 
Gray et al. 2001 

Zhang et al. 1997 

Barlow et al. 1997 
Cane et al, 2004 

*NASA 

Why can’t we forecast seasonal climate?  



1. How can we untangle the fundamental causes in the 
variability of water vaport/precipitation? 

2. Imagine what we could do with reliable long term forecasts? 

3. Step away from traditional research methodologies 

4. Propose a “Machine Assisted Learning” framework 
• Organizing big data differently (object-oriented) 
• Harnessing this new data structure  
• Apply Machine Learning for prediction and discovery 

5. CONNected objECT (CONNECT) Algorithm – Segmentation and 
characterization approach  

• Unique computational demands 
• Unique data storage demands 
• Unique analysis approaches 

 
 

 

What should we do? 

Atmospheric Moisture 



Multi-Institutional Big Data Transformed Into Insight 
• For Computational Earth Sciences (Sellars et al. 2013, 2015) 

• CONNected objECT (CONNECT) Algorithm, developed at UCI-CHRS 
• Team:  Wei Chu, Scott Sellars, Phu Nguyen, Xiaogang Gao, Kuo-lin Hsu, and Soroosh Sorooshian 

• Most algorithms do not track the events over it’s life cycle 
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1. Each voxel must have 1mm/hr 
2. Each object must exist for 24 hours 
3. 6 voxel connections 

Set Object Criteria: 

CONNECT: Object Segmentation Object Storage 
(PostgreSQL) 

1. Object ID Number 
2. Latitude (of each voxel in objects)  
3. Longitude (of each voxel in objects)  
4. Time (hour) 

Database Indexes: 

5mm/hr 
Rainfall 

1. 60N-60S, 0-360 lat and long 
2. Hourly time step 
3. March 1st, 2000 to January 1st, 2011 

Data 



4-D Precipitation object example 



4-D Precipitation object example 



4-D Precipitation Object Precipitation 
Accumulation Map 





Object characteristics 

 

       

Gather characteristics from each object: 
 

N = # of objects 
d = # of dimensions (72 in this case) 

 

*Sellars et al. 2015 JHM 







Western U.S. “Objects” – How does ENSO impact them? 

El Nino/La Nina phases of ENSO have objects that are 
larger, faster, longer lasting, and begin slightly further east 
in the Pacific Ocean.  

 

 
*Sellars et al. 2015 JHM 

*Bold letters indicate statistical significance at the 95% level. 



IVT Objects > 750kg m-1 s-1 

*Sellars et al., 2017 (in prep) 



NASA CW3E 

Download Data organization 
Variable format 

CHRS 

CONNECT  
Segmentation 

C3WE 

CONNECT  
Characteristic Calc. 

CW3E 

Data mining and  
Discovery,  
Machine Learning 

CHRS 

Data Visualization 
And Search 

2.4T 
Time:  
7d 10h 49min 
 

2.4T to 100GB 
Time:  
10d 5h 05min 
 

100GB to 50GB 
Time:  
~1d 14h 00m 
 

50GB to 100MB 
Time:  
~1d 5h 00m 
 
 

Total time: ~20d 11h 0m 

PAST: Big Data Analysis Pipeline: One Variable 

• Not including data visualization 
• Not including data mining/machine learning jobs 
• Assumes we know what we are doing 



Then I Talked to PRP and Research IT Engineers! 

CENIC and Calit2’s PRP 
FIONA – Flash I/O Network Appliance: 

Linux PCs Optimized for Big Data on DMZs 
Tools 

*image courtesy of Larry Smarr 

*SC 2015 

Working with: 
John Graham and Joseph Keefe 



Results, in Megabytes, to Date 

•Before PRP (7/16) NASA ----> local connection ----> SIO 
• 10MB/s download critical NASA data (2.4TB took over 7 days) 

 

• Initial PRP test (8/16) NASA ----> PRP connection ----> SIO FIONA 
• 40MB/s (4x increase simply using the PRP and a FIONA DTN) 

 

•PRP/CONNECT (4/17) SIO FIONA ----> via THREDDS ----> UCI FIONA 
• 559MB/s (56x increase) 

• Could be as much as 1896MB/s between FIONAs using  

   Globus (almost 200x better) based on local testing 



Calit2’s FIONA 

SDSC’s COMET 

Calit2’s FIONA 

Pacific Research Platform (10-100 Gb/s) 

FUTURE: 

GPUs GPUs 
Complete workflow time: 20 Minutes! 



Conclusions 
• Big Data Approaches: CONNECT/PRP (Pilot Project) - Multi-

investigator, multi-institutional, and need more rapid access to ultra-
large heterogeneous distributed datasets 

• Using PRP network via FIONA 
• Download speed from NASA increased 4x (40MB/s which is 4x faster than 

the 10MB/s standard connection previously being used by researchers at SIO).  

• Removing data transfer as a limiting constraint changes everything!  

• Researchers and scientists need to rethink how we are approaching data 
transfer and analysis 

• PRP/CW3E/SIO “Big Data and the Earth Sciences: Grand Challenges 
Workshop” 

• May 31st to June 2nd, Four keynote lectures 

• 75+ registered participants 



Thank you! 
scottsellars@ucsd.edu 
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