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OCEAN TEMPS PREDICT U.S. HEAT WAVES 50 DAYS OUT,
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Enhancing National Preparedness to Space-Weather Events

OCTOBER 29, 2015 AT 2:00 PM ET BY TAMARA DICKINSON AND BILL MURTAGH

v)(f) (=

Summary: Today, OSTP hosted an event and announced new materials and commitments to enhance national

space-weather preparedness.

Enhancing Preparedness for Space-Weather Events

Our Nation's security, economic vitality, and daily functioning depend on the reliable operations of
satellites and aircraft, communications networks, navigation systems, and the electric power grid.
As these and other, similar technologies and infrastructures become increasingly ubiquitous and
interdependent, the United States - and indeed, the world - faces greater risks from the threats
posed by space weather events.

Space weather refers to variations in the space environment between the sun and Earth (and
throughout the solar system). In particular, space weather describes the phenomena - solar
flares, solar energetic particles, and coronal mass ejections - that impact systems in orbit and on
Earth. In recent years, the Obama Administration has played an active role in maintaining and
advancing the Nation's ability to forecast and mitigate the various impacts of space weather. This
work has included taking steps to replace aging satellite assets essential to monitoring and
forecasting space weather, proposing space-weather standards for both the national and
international air space, developing regulations to ensure the continued operation of the electric
grid during an extreme space weather event, proposing a new option for replacing crucial Extra
High Voltage (EHV) transformers damaged by space weather, and developing domestic
production sources for EHV transformers.

Yet gaps remain in our capacity to understand, model, predict, respond to, and recover from

- ! i L L hnalaoy Policy
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extreme heat in




Usual Procedure

Read in the data.
* Different sensors.
 Same data, different sources.

Register the data in time and space.
» Different coordinate systems.
e Different time systems.

Map data into a common coordinate system.
 Different interpolation/projection methods.

Plotting
* Everything is just screwed up by then.




Can We Do Better?

Reuse code more effectively and reduce OTR
e Save Time!
e Save Money!

Need to be able to use multiple sensors.

Must be able to incorporate new sensors as data becomes
available.

Plotting in multiple spatial dimensions.




GeoData

e API for using sensor data
e Reading
e Registration in time and space
* Interpolation
* Plotting

* Matplotlib for 1 and 2D
* Mayavi for 3D

e Standard format for data
* Also have methods to save out data

* New sensors/data can be used once data is in format [ 6 J




GeoData

* GeoData class abstracts a data set into an object.

* The data, location, times, coordinate systems are all attributes of
this object.

eoData

———— e
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_.Sensor ___ |




Mahali

* Funded research project to test the utility of a dense network
of GPS receivers.

* Use GPS Total Electron Content (TEC) measurements

* Fuse different different data sets together.
* GPS
e Optical, Allsky 'y
* ISR

100 km Allsky camera

=
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References and Software

Software
* GitHub: jswoboda

* https://github.com/jswoboda
* GeoData

e Contributors
* John Swoboda
* Michael Hirsch
* Greg Starr
* Anna Stuhlmacher

Reference

e H. Dahlgren, G. W. Perry, and J. L. Semeter, “Space-time variability of
polar cap patches: Direct evidence for internal plasma structuring,” J.
Geophys. Res. Space Physics, 2012. [ 12 J



https://github.com/jswoboda

Using Python with compiled
code (Fortran/C/C++)

F2Py (part of Numpy) allows importing Fortran easily
e Use Fortran compiler & flags of your choice

* Auto-generates 1mport of Fortran subroutines & functions
 NO modifications necessary to Fortran code typically

 If old Fortran w/o Intents, use f2py intent(inout)
* Typically easier than Matlab MEX

Real ,Intent(In) :: SCC,ALT,CLAT,GLONG,STL,F1078,F107 4P (7)
Integer, Intent{IN): :I¥D NASE

* | write new Fortran code: speed up iterative loops
* Linear algebra: tough to beat Numpy/Scipy

(2]

* Tradeoffs in ease of use / less original code modification / runtime

speed
Michael Hirsch mhirsch@bu.edu https://github.com/scienceopen 20 JUN 2016




Worthwhile to go compiled?

* Researcher time-to-implement
e Value of Matlab & Simulink
* |terative loops->separate function & compile
* Intel MKL now free-of-charge

e Continuum of choices
* Numba (LLVM compile of plain Python with
decorator)
 Cython (Python-like code) L "
* Nuitka (compile standalone executables) E N u ltka
e SWIG/ Weave

* For embarrassingly parallel problems, run on T
multiple CPU cores and/or multiple PCs via GNU
Parallel or Fabric , .

* Simulating basis set of monoenergetic GNUpa rallel

electron beams https://www.gnu.org/software/parallel/
Michael Hirsch mhirsch@bu.edu https://github.com/scienceopen 20 JUN 2016

[14)




Blog Status Help

Verificati()n jswoboda / GeoDataPython &

My Repositories 4+ Current Branches Build History ~ Pull Requests Mo
L
-
Code without test case = broken
cienceopen/gridauror. 127 ~ master Merge branch 'master’ of github- -0- #39 passed
scienceopen:jswoboda/GeoDataPython

Duration: 3 min 17 sec & Elapsed time 4 min 16 sec
Finished: 3 days ago Commit 4d89dc7 Total time 4 min 47 sec

Compare 48a5e3a..4d89dc7

* Innocent changes -> surprising ... .

ienceopen authored and committed
Duration: 1 min 40 sec

impacts on program output
« compiler/OS/CPU quirk <o
* Python + Github + Travis Cl= == v w2
free, simple, automated test
case runs
* Mac OS, Linux, (Window) € JSWOBODA / GEODATAPYTHON
* Clang, GCC4-6, Cmake, etc. Il o oww

* Pull requests and Pushes

v 39.1 ( no language set osv=MacOSX

LATEST BUILDS
o Cove ra“s - ShOWS pe rcenta ge Of BULD  BRANCH COVERAGE  COMMIT COMMITTER TYPE  TIME

. m master ,:'m Merge branch 'master’ of github-scien ~ scienceopen push 13
COde actua I Iy executed I n tests LR ceopen:jswoboda/GeoDataPython Jun
2016

m master  |EEREY  correctsyntax @8 scienceopen  push 13

Jun

 Examples
. . #37 master Change to geodata interpolation “ jswoboda ush 06
https://bit.ly/geotravis (=] rrr S

2016

Michael Hirsch mhirsch@bu.edu https://github.com/scienceopen 20 JUN 2016

Michael Hirsch

19%

VIA
travis-

cl

travis-
ci

travis-
ci



