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Employment !

•  2014/Aug - Present: Associate Professor, SDSU 
•  2014/Aug - Present: Visiting Associate Research Scientist, ESSIC, 

University of Maryland, College Park (UMCP) 
•  2012 - 2014: Associate Research Scientist, UMCP and NASA/GSFC 
•  2006 - 2012: Assistant Research Scientist, UMCP  and NASA/GSFC 
•  1999 - 2006: Senior Software Engineer (Research Scientist), Science 

Application International Corporation (SAIC) and NASA/GSFC 
•  1998 - 1999: Research Scientist, North Carolina State University (NCSU)  
•  1995 - 1998: Research Assistant (part time), NCSU  
•  1994 - 1995: Research Assistant, National Central University (NCU), 

Taiwan  
•  1992 - 1994: Meteorological Officer (Unix System Application Developer 

and Administrator, military service), Weather Center of Weather Wing, 
Taiwan  

•  1990-1992: Teaching and Research Assistant (part time), NCU, Taiwan 
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Outline !

1.  Introduction     

2. Research Projects, Funds and Area of Interests 

3. Supercomputing, Visualization, and Global Modeling 

4. Predictability and Chaos (Butterfly effect)   

5. Summary and Future Tasks     
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Research Projects and Funds!

Selected Projects and Funds 
•  SDSU Startup Funds: $134,000, 09/2014-08/2016.  
•  NASA AIST CAMVis-MAP Project (PI: Shen), AIST11: 

 $1,107K, 05/2012–08/2015, 
 Integration of the NASA CAMVis and Multiscale Analysis Package 
(CAMVis-MAP) for Tropical Cyclone Climate Study. 
 AIST: Advanced Information System Technology;  
 HEC: High-Ending Computing 

Pending Proposal 
•  NASA AIST Project (PI: Shen), AIST14 (submitted on July 10): 

 $957.8K, 05/2015-04/2017 
 Integration of Concurrent Ensemble Hierarchical Modeling and 
Fusion-Based Multivariate Data Visualization into the NASA CAMVis 
for Improving Climate Simulations  
 (A joint proposal with 9 researchers) 
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Area of Interests and Research Highlights!

1. High-Resolution Global Climate/Weather Modeling 

2. High-end Computing and Large-scale Scientific computing 

3. Numerical methods for linear and nonlinear data analysis 

4. Nonlinear Dynamics (e.g., Chaos and Mountain Meteorology)  

A central question to 
be addressed: “Is new 
science being 
produced or just 
really cool 
pictures?”, which was 
raised by Mahlman and 
others who have 
reservations 

Science, August 2006  SAIC 2006 annual report  
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Publications and Professional Achievements  
(since 2010)!

Journal Articles: 
1.  Shen, B.-W.,  2014a: Nonlinear Feedback in a Five-dimensional Lorenz Model.  J. of  Atmos. Sci. 71, 1701–1723. doi: http://

dx.doi.org/10.1175/JAS-D-13-0223.1 
2.  Shen, B.-W., M. DeMaria, J.-L. F. Li and S. Cheung, 2013c: Genesis of Hurricane Sandy (2012) simulated with a global mesoscale 

model, Geophys. Res. Lett., 40, 4944–4950, doi:10.1002/grl.50934.   
3.  Shen, B.-W., B. Nelson, S. Cheung, W.-K. Tao, 2013b: Improving NASA’s Multiscale Modeling Framework for Tropical Cyclone 

Climate Study. IEEE Computing in Science and Engineering, vol. 15, no 5, pp 56-67. Sep/Oct 2013.  
4.  Shen, B.-W., B. Nelson, W.-K. Tao, and Y.-L. Lin,  2013a: Advanced Visualizations of Scale Interactions of Tropical Cyclone 

Formation and Tropical Waves. IEEE Computing in Science and Engineering, vol. 15, no. 2, pp. 47-59, March-April 2013, doi:
10.1109/MCSE.2012.64.  

5.  Shen, B.-W., W.-K. Tao, and Y.-L. Lin, and A. Laing, 2012: Genesis of Twin Tropical Cyclones as Revealed by a Global Mesoscale 
Model: The Role of Mixed Rossby Gravity Waves. J. Geophys. Res. 117, D13114, doi:10.1029/2012JD017450.  28pp 

6.  Shen, B.-W., W.-K. Tao, and B. Green, 2011: Coupling Advanced Modeling and Visualization to Improve High-Impact Tropical 
Weather Prediction (CAMVis). IEEE Computing in Science and Engineering (CiSE), vol. 13, no. 5, pp. 56-67, Sep./Oct. 2011, doi:
10.1109/MCSE.2010.141.    

7.  Shen, B.-W., W.-K. Tao, and M.-L. Wu, 2010b: African Easterly Waves in 30-day High resolution Global Simulations: A Case Study 
during the 2006 NAMMA Period. Geophys. Res. Lett., 37, L18803, doi:10.1029/2010GL044355.  

8.  Shen, B.-W., W.-K. Tao, W. K. Lau, R. Atlas, 2010a: Predicting Tropical Cyclogenesis with a Global Mesoscale Model: Hierarchical 
Multiscale Interactions During the Formation of Tropical Cyclone Nargis (2008) . J. Geophys. Res.,115, D14102, doi:
10.1029/2009JD013140. 

Magazine Articles: 
9.  Shen, B.-W., S. Cheung, J.-L. F. Li, and Y.-L. Wu, 2013e:  Analyzing Tropical Waves using the Parallel Ensemble Empirical Model 

Decomposition (PEEMD) Method: Preliminary Results with Hurricane Sandy (2012),  NASA ESTO Showcase . IEEE Earthzine.  
10.  Shen, B.-W., 2013f: Simulations and Visualizations of Hurricane Sandy (2012) as Revealed by the NASA CAMVis. NASA ESTO 

Showcase. IEEE Earthzine. posted December 2, 2013.  
Papers under review/preparation: 
11.  Shen, B.-W., 2014b: On the Nonlinear Feedback Loop and Energy Cycle of the Non-dissipative Lorenz Model. (accepted, NPGD)  
12.  Shen, B.-W., 2014c: Nonlinear Feedback in a Six-dimensional Lorenz Model.  Impact of an Additional Heating Term. (to be 

submitted)  

1.  Ten (Five) awards from UMCP, SAIC and NASA/GSFC Since 2001 (2006).  
2.  Research results featured by Dr. Jack Kaye (Associate Director at NASA/HQs) at 

the Interdepartmental Hurricane Conferences in 2012, 2013, and 2014. 
3.  Research results featured in a recent President's Corner article of UCAR 

Magazine by Dr. Rick Anthes, published on May 6, 2011. This article entitled 
``Turning the Tables on Chaos: Is the atmosphere more predictable than we 
assume?’’ 

4.  Research results featured in NASA News Stories (07/2010 and 11/2010). 
 It was also translated in Chinese by Science and Technology Division, Taipei 
Economic and Cultural Representative Office in the United States (駐美國台北經
濟文化代表處科技組). 

5.  Research results appeared in news medias, such as MSNBC, PhysOrg.com, 
National Geographic--Indonesia, ScienceDaily, EurekAlert, Yahoo News, 
TechNews Daily, Scientific Computing, HPCwire, Asian News International etc. 
(2010) 

6.  Research projects selected as one of top 4 demonstrations at NASA Booth for 
Supercomputing Conferences (SC) in 2004, 2008, 2009, and 2010. 
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Progress of Hurricane Forecasts!

During the past twenty years, track forecasts have been steadily 
improving (left panel), but Intensity forecasts have lagged behind  until 
recently  (e.g., 2012) (right panel). 

Track Errors (1989-2012) Intensity Errors (1990-2012) 

better 

Shen, Bo-Wen, Bron Nelson, W.-K. Tao, and Y.-L. Lin,  2013a: Advanced Visualizations of Scale Interactions of Tropical Cyclone Formation 
and Tropical Waves. Computing in Science and Engineering, vol. 15, no. 2, pp. 47-59, March-April 2013, doi:10.1109/MCSE.2012.64  
http://www.nhc.noaa.gov/verification/verify5.shtml 

``… the general problem of tropical cyclogenesis remains in large 
measure, one of the greatest mysteries of the tropical atmosphere.’’ – 
Kerry Emanuel of MIT, The Divine Wind (2005). 
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Objective of AIST11:!
Develop a scalable, multiscale analysis tool, based 
on the Coupled Advanced multiscale Modeling and 
Visualization system (CAMVis), to improve 
extended-range tropical cyclone (TC) prediction and 
consequently TC climate projection by enabling: 
•  Understanding of the TC genesis processes, 

accompanying multiscale processes (both 
downscaling by large-scale events and upscaling 
by small-scale events), and their subsequent non-
linear interactions 

•  Discovery of hidden predictive relationships 
between meteorological and climatological events. 

This project targets the ACE, PATH, SMAP and 3D-
Winds missions. 

TC01A 

Kesiny 

TC02B 

Errol 

Supercomputing, Visualization, and Modeling!
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NASA Supercomputing and Visualization Systems!

Pleiades Supercomputer (as June 2013) 
•  one of a few petascale supercomputers 
•  Rmax of 1,240 teraflops  (LINPACK); Rpeak 

of 2,880 teraflops  
•  162,496 cores in total; Intel Xeon 

processors,  Nehalem, Westmere,Sandy 
Bridge, Ivy Bridge, 

•  417 TB memory 
•   3.1 PB disk space 
•  Largest InfiniBand network. 

•  Large-scale visualization system 
–  8x16 LCD tiled panel display 
–  245 million pixels 

•  128 nodes 
–  1024 cores, 128 GPUs 

•  InfiniBand (IB) interconnect to Pleiades 
–  2D torus topology 
–  High-bandwidth 
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Grid Cells vs. Grid Spacing!

Resolution x y Grid cells 
1o (~110km) 288 181 52 K 

0.5o (~55km) 576 361 208 K 

0.25o (~28km) 1000 721 721 K 

0.125o (~14km) 2880 1441 4.15 M 

0.08o (~9km) 4500 2251 10.13 M 

MMF (2D CRM) 144x64 90 829 K 

The 1/12 degree model with 48 vertical levels has 480 M grid points. 
In comparison, the hyperwall-2 is able to display 245 M pixels.  
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Visualizations of Sandy!

Collaboration with Dr. David Ellsworth of NASA/ARC/NAS  

Shen, B.-W., B. Nelson, W.-K. Tao, and Y.-L. Lin,  2013a: Advanced Visualizations of Scale Interactions of 
Tropical Cyclone Formation and Tropical Waves. IEEE Computing in Science and Engineering, vol. 15, no. 
2, pp. 47-59, March-April 2013, doi:10.1109/MCSE.2012.64.  
 



14 Modeling with NASA Supercomputing Technology  San Diego State Univ. Oct 3, 2014 

Visualizations of Sandy!

Collaboration with Dr. David Ellsworth of NASA/ARC/NAS  

Shen, B.-W., B. Nelson, W.-K. Tao, and Y.-L. Lin,  2013a: Advanced Visualizations of Scale Interactions of 
Tropical Cyclone Formation and Tropical Waves. IEEE Computing in Science and Engineering, vol. 15, no. 
2, pp. 47-59, March-April 2013, doi:10.1109/MCSE.2012.64.  
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Chaos in the 3D and 5D Lorenz Models!

stable critical points strange attractors 

1.  Are the simulations of TC genesis consistent with Chaos theory?!
2.  Why can the high-resolution global model have skills?!

Negative Nonlinear Feedback  

The studies by Lorenz (1963, 1972) laid the foundation for chaos theory, 
which was viewed as the third scientific revolution of the 20th century after 
relativity and quantum mechanics (e.g. Gleick, 1987; Anthes 2011). 

Shen, B.-W., 2014a 

5DLM with r=25 
Lorenz (1963, 1972)  

3DLM with r=25 

Butterfly effect? 
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Reviewer’s Comments  
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Supercomputing 
& Visualization!

Global 
Multiscale 
Modeling!

AIST11 and AIST14 (pending)!

Satellite Data!

data  
transfer 

Scalable framework for global EMD, ensemble EMD 
and, multi-dimensional ensemble EMD  

Multiscale!
Analysis!

Scalable Multiscale Analysis Package 
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Published Articles since 2010!
Journal Articles: 
1.  Shen, B.-W.,  2014a: Nonlinear Feedback in a Five-dimensional Lorenz Model.  J. of  Atmos. Sci. 71, 1701–1723. doi: http://

dx.doi.org/10.1175/JAS-D-13-0223.1 
2.  Shen, B.-W., M. DeMaria, J.-L. F. Li and S. Cheung, 2013c: Genesis of Hurricane Sandy (2012) simulated with a global mesoscale 

model, Geophys. Res. Lett., 40, 4944–4950, doi:10.1002/grl.50934.   
3.  Shen, B.-W., B. Nelson, S. Cheung, W.-K. Tao, 2013b: Improving NASA’s Multiscale Modeling Framework for Tropical Cyclone 

Climate Study. IEEE Computing in Science and Engineering, vol. 15, no 5, pp 56-67. Sep/Oct 2013.  
4.  Shen, B.-W., B. Nelson, W.-K. Tao, and Y.-L. Lin,  2013a: Advanced Visualizations of Scale Interactions of Tropical Cyclone 

Formation and Tropical Waves. IEEE Computing in Science and Engineering, vol. 15, no. 2, pp. 47-59, March-April 2013, doi:
10.1109/MCSE.2012.64.  

5.  Shen, B.-W., W.-K. Tao, and Y.-L. Lin, and A. Laing, 2012: Genesis of Twin Tropical Cyclones as Revealed by a Global Mesoscale 
Model: The Role of Mixed Rossby Gravity Waves. J. Geophys. Res. 117, D13114, doi:10.1029/2012JD017450.  28pp 

6.  Shen, B.-W., W.-K. Tao, and B. Green, 2011: Coupling Advanced Modeling and Visualization to Improve High-Impact Tropical 
Weather Prediction (CAMVis). IEEE Computing in Science and Engineering (CiSE), vol. 13, no. 5, pp. 56-67, Sep./Oct. 2011, doi:
10.1109/MCSE.2010.141.    

7.  Shen, B.-W., W.-K. Tao, and M.-L. Wu, 2010b: African Easterly Waves in 30-day High resolution Global Simulations: A Case Study 
during the 2006 NAMMA Period. Geophys. Res. Lett., 37, L18803, doi:10.1029/2010GL044355.  

8.  Shen, B.-W., W.-K. Tao, W. K. Lau, R. Atlas, 2010a: Predicting Tropical Cyclogenesis with a Global Mesoscale Model: Hierarchical 
Multiscale Interactions During the Formation of Tropical Cyclone Nargis (2008) . J. Geophys. Res.,115, D14102, doi:
10.1029/2009JD013140. 

Magazine Articles: 
9.  Shen, B.-W., S. Cheung, J.-L. F. Li, and Y.-L. Wu, 2013e:  Analyzing Tropical Waves using the Parallel Ensemble Empirical Model 

Decomposition (PEEMD) Method: Preliminary Results with Hurricane Sandy (2012),  NASA ESTO Showcase . IEEE Earthzine.  
10.  Shen, B.-W., 2013f: Simulations and Visualizations of Hurricane Sandy (2012) as Revealed by the NASA CAMVis. NASA ESTO 

Showcase. IEEE Earthzine. posted December 2, 2013.  
Papers under review/preparation: 
11.  Shen, B.-W., 2014b: On the Nonlinear Feedback Loop and Energy Cycle of the Non-dissipative Lorenz Model. (accepted, NPGD)  
12.  Shen, B.-W., 2014c: Nonlinear Feedback in a Six-dimensional Lorenz Model.  Impact of an Additional Heating Term. (to be 

submitted)  




