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Customer Subscriptions 
Skyrocket…  (through February 2017)   

What are we seeing: 
•  All major airlines 

•  Drilling and oil exploration 

•  Most satellite companies 

•  Transportation sector 

•  Emergency Responders 

50,056 

Small solar cycle, but the largest geomagnetic storms on record 
occurred during smaller than average cycles (e.g. 1859, 1921) 



Space Weather Prediction Center 
Established 1946 as part of Central Radio Propagation Laboratory 

Operations –  
Space Weather Forecast Office 

 Daily forecast since 1965. 

Specifications; Current conditions 
Forecast;  Conditions tomorrow 
Watches;  Conditions are favorable for storm 
Warnings; Storm is imminent with high 
probability 
Alerts; observed conditions meeting or 
exceeding storm thresholds 

R & D –  
Space Weather Prediction Testbed 
Transitioning models into operations 

Research-to-Operations 
•  Applied Research 
•  Model Development 
•  Model Test/Evaluation 
•  Model Transition 
•  Operations Support 

Operations-to-Research 
•  Customer Requirements 
•  Observation Requirements 
•  Research Requirements 

R2O 

O2R 



A Metrics Definition 

From: Performance Measurement And Management - Modern Techniques 
    by Capt Harry Krukenberg - Air Force Institute of Technology 



Metrics Definition 
(with Possible Example) 

“ A METRIC (Geopace model skill predicting dB/dt)  
IS A MEASUREMENT, TAKEN OVER TIME, THAT 

COMMUNICATES VITAL INFORMATION (poor 
comparison of model dB/dt thresholds with 

nightside observations)  ABOUT A PROCESS OR 
ACTIVITY (substorm activity),  DRIVES 

APPROPRIATE LEADERSHIP OR MANAGEMENT 
ACTION (support model development that includes 

ionospheric outflow),  AND IS LINKED TO THE 
STRATEGIC PLANNING PROCESS (e.g. National 

Space Weather Strategy; Ops Center investment) .” 



Prior Community Work on Metrics 
ESTABLISHING  METRICS  FOR  THE  NATIONAL  SPACE  WEATHER 
PROGRAM: A Strategy, Implementation Plan, and Metrics Guidelines 

(1998) 
Identifies both scientific and operational metrics 



Prior 
Community 

Work on 
Metrics 

H. Spence et al. / Journal of 
Atmospheric and Solar-
Terrestrial Physics 66 
(2004) 1499–1507 

Center for Integrated 
Space Weather 

Modeling Metrics 
Plan and 

Initial Model Validation 
Results 



Geospace Models:  
Transition to Operations 

•  Goal: Evaluate Geospace models (MHD and empirical) to 
determine which model(s) are ready for transition to operations 

•  Focus: Regional K and dB/dt (important to electric utilities)  
•  Partnership: Evaluation at NASA/Goddard CCMC working with 

SWPC, modelers and science community   

Select	  Models	  and	  
Events	   Establish	  Metrics	   	   Model-‐Data	  

Comparisons	  
CCMC	  Reports	  to	  

SWPC	   	  

o  Strategic	  Importance	  

o  Opera>onal	  Significance	  
o  Implementa>on	  Readiness	  

o  Cost	  to	  Operate,	  Maintain,	  and	  Improve	  

SWPC Selection FY 14: U. Of Michigan (MHD), VT (Weimer Empirical)  
 based on CCMC reports, internal and external advice, and following considerations: 

Solar Influences on Geospace Predicted with 
Geospace Models using Solar Wind Input U. Of Michigan Geospace Model Operational Oct 16  



Geospace Model Selection Threshold Metric 
dB/dt Model Data Comparisons at High Latitudes 

Pulkkinen et al.: Geospace 
Model Validation/Transition, 
Space Weather Journal, 2013. 

Dec 14, 2006 12 UT  
Dec 16, 2006 00 UT 

Black – Model 
Blue - Observation 

Contingency tables can be 
created from model/
observation values crossing 
thresholds at different dB/dt 
levels. 



Geospace Model Selection 
 Model Data Comparisons 

POD and POFD for different dB/dt Thresholds 
 integrated over high and mid-latitude stations	  

Pulkkinen et al.: 
Geospace Model 
Validation/Transition, 
Space Weather 
Journal, 2013. 

Blue – POD 

Black – POFD 



Geospace Model Selection 
 Distribution Metric 

Distribution of model K for Observed K=4, 5, and 6 
 at mid-latitude stations 

Glocer et al.: Geospace Model Validation/Transition, SWJ, 2016. 

•  Illustrates 
biases 

•  Insight into 
skill scores in 
contingency 
tables 

•  Identifies 
systematic 
and random 
errors 



Kp Distribution of 
Predicted Kp 
Values for 
Observed Kp 
Values (1-6) 

Enhances 
understanding of 
model 
performance 

Enables 
establishment of 
confidence levels 
and error bars 

Validation and Metrics Applied 
 to Operational Michigan Geospace Model  



SWPC Metrics and Validation 
•  www.swpc.gov (under 

Products and Data, Reports, 
Forecast Verification) 

•  Topics include:  
• Geomagnetic Activity 

Forecasts 
• Solar Activity Forecasts 
• Flare Receiver Operating 

Characteristics (ROC) 
Curves 

• Bibliography, Tutorials, 
Verification Glossary 



Receiver Operation Characteristic Curves 
Applied to Flares and SPE 

See SWPC http://www.swpc.noaa.gov/content/
roc-receiver-operating-characteristic-curves 

False Alarm Rate 
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Metrics: Selected Lessons Learned 
 and Conclusions 

•  Metrics for model performance are different from 
metrics for operational forecasts (forecasters 
provide forecasts; models provide guidance) 

•  The same product (model prediction) may need 
different metrics applied for different users 
• E.g. power grid (Kp 5) vs pigeon racer (Kp 4) 

•  Operational metrics can be different than 
scientific metrics 
• dB/dt on ground vs cross-polar cap potential 

•  Sometimes operations can benefit by using 
scientific rather than operational metrics 
• Bz accuracy is a scientific metric, but clear 

that many operational products can benefit 
from Bz accuracy 



Metrics: Selected Lessons Learned 
 and Conclusions 

•  Operational metrics can be established by 
customers and forecasters, but iteration between 
customers and model developers leads to 
appropriate choices 

•  One model may not always be “best” at all 
metrics 

•  Metrics are important for understanding model 
limitations and credibility 

•  Evaluations for operations (rather than science) 
provides valuable feedback to science (O2R) 

•  Models depend on data for input, assimilation, 
and validation  


