
Solar data for space 
weather forecasts from 

GONG 

Frank Hill, National Solar Observatory 

 

SWPC Space Weather Workshop 

Boulder, CO April 14-17 2015 
 



What is GONG? 

• Global Oscillation Network Group 

• Set of six identical solar observing stations 

• Geographically distributed 

• Nearly continuous solar observations 24/7 since 
deployment in 1995 

• Operated by the National Solar Observatory 

• Originally intended for helioseismology 

• Role expanded to provide space weather operational data 

• Cost-effective, maintainable, upgradable, and robust 





Median value: 0.91 





Basic data products 

• Full-disk solar observations 

• 1k X 1k images of Doppler velocity and line-of-sight 
magnetic field 
• Ni I line 676.8 nm 

• 60-sec cadence 

• 2k X 2k images in Hα spectral line center 
• 60-sec cadence at one site, 20-sec cadence around 

network 

 



Derived magnetic field data 
products 
• 10-min averaged magnetograms 

• Processed at sites, returned in near-real time 

• Zero-point corrected 

• Combined into hourly synoptic maps based on 
~9000 images 

• Extrapolated coronal fields, PFSS with source 
surface at 2.5 R

 

• Noise estimate from temporal variance 

• Used as inputs for SWPC WSA+Enlil model, AFRL 
ADAPT system 

 





H-α Data Processing 

• Images from all sites are: 
• Circularized to a common radius 
• Registered to a common center 
• Rotated so that solar North is up to within about ¼ degree 

• For web display: 
• Gain and bias set to show both on- and off-disk features 
• Contrast and brightness normalized across all images to 

eliminate flickering 

• Actual data values also provided 
• Processing completed and data available in one minute 

after acquisition at the sites 
• Data is currently pushed to AFWA and pulled by SWPC 





Maps of the far-side magnetic 
field 

• Uses helioseismology to sense the presence of magnetic 
fields on the side of the Sun facing away from the Earth 

• Presence of magnetic field alters local reflection properties of 
the photosphere and creates a phase shift of p-mode waves 
hitting that position 

• Magnitude of the phase shift is a function of magnetic field 
strength and (probably) filling factor 

• Can be detected for strong fields, large active regions 

• Useful for: 
• Long-term solar activity forecasts 
• Studies of active region emergence and evolution 
• Improvement of space weather forecasts 
• Backup for STEREO 



Analysis steps: 
 
1) Select pupil position/area 

and apply filters to isolate 
waves that converge on a 
specific far-side point 

2) Measure phase of these 
waves 

3) Move pupil to select 
another point on far side 

4) Create map of far-side 
spatial variation of phase 
shifts 

5) Can select different wave 
ray paths for better 
sensitivity across far side 



GONG Far-side Maps (October 7 – 21, 2014) 
Front-side AR 2192 is clearly visible in these maps.  



Synoptic maps and space weather 
forecasts are improved by far-side 
measurements 
 

• Inclusion of far-side in synoptic maps greatly 
reduces discontinuity at edges 

• All space-weather forecasts based on synoptic 
maps are thus improved: 
• Solar wind forecasts from WSA  

• SWPC geomagnetic storm predictions  

• F10.7 flux 

• FUV flux 

• ADAPT output 



Arge,  Henney et al. 
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Far side improves F10.7 forecast  

Arge,  
Henney et 
al. 



Far side improves Lyman-α forecasts 

Fontenla et al. 



Future directions 
• Magnetograms:  

• Modify modulator position for further improvement to zero-
point correction 

• Improve software for zero-point correction 

• H-α:  
• New filter to provide line wing measurements for Doppler 

shift 
• Merge images from different sites 
• Other spectral lines? 

• Far side:  
• Quantify noise characteristics 
• Improve analysis methods 

• Helioseismology: 
• Further development of sub-surface vorticity flare forecast 


