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Theory, Motivation, and Review 



• Put the forecast and observations on the same grid 

• Define an event (e.g. precip. exceedance) 

• Perform a point-by-point comparison of the observations 
and the forecasts for each of the N grid points 

•  Sort the points by the degree of event overlap 

•  Typically organized into a 2 x 2 contingency table 

Traditional Deterministic            
Point-by-point Verification 



• Define an event (e.g. precip. exceedance) 

• At each grid point, count how many members forecast 
the event then divide by the total number of ensemble 
members 

• Creates a field of probabilities from the direct model 
output 

• Often use reliability diagrams, ROC curves to assess 
aspects of ensemble performance 

Traditional Ensemble Guidance 



•  It would be ideal if objective statistics agreed with 
subjective impressions 

•  But…often, objective verification metrics do not 
corroborate the perceived value of a forecast 

• This issue of quality versus value is magnified when 
examining high-resolution model output 

• Finer grids are more heavily penalized for 
displacement errors 

Forecast Quality and Value 



• High-resolution models are not accurate at the grid scale 

• To account for spatial displacement errors, specify a 
Radius of Influence (r) about each grid point 

• Define an event (e.g. precip. exceedance) 

• Count number of events within r, then divide by total 
number of points within the neighborhood to determine 
the probability the event will occur at each grid point 

• Creates a probabilistic forecast from a deterministic 
forecast—a “Neighborhood Probability” (NP) 

It’s a beautiful day in 
the “neighborhood” 



•  r = 2.5 times the 
grid spacing 

•  The event has 
occurred in the 
shaded boxes 

•  Circular geometry: 
21 total boxes in 
neighborhood 

•  Event occurs in 8 
boxes 

Schematic Example 

P = 8/21 = 38% 

Hypothetical model output 
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Example Applied to Model and Obs 

P = 8/21 = 38% P = 8/21 = 38% 

• A perfect forecast using this neighborhood approach 

Model and obs on same grid 



Example—Event: Precip. ≥ 5.0 mm/hr 
WRF4 

≥ 5 mm/hr 

< 5 mm/hr Binary Field 

Fractions, r = 75 km Fractions, r = 25 km 

Direct model output 

1-hr precip. Obs 

Apply Neighborhood to Obs as well 
WRF4 



Compare fractions with fractions 
• Fractions skill score (FSS) 

where 

Model fractional field  Observational fractional field  

No overlap of non-zero 
fractions 



• Apply the neighborhood approach to each of 
the 10 ensemble members separately 

• Average all probabilistic fields 

Neighborhood approach applied to 
an ensemble 

cn n1 n2 p1 p2 

ph1 ph2 ph3 ph4 ph5 

Neighborhood  
Ensemble 
Probability 

(NEP) 
AVERAGE 

10 probabilistic fields 
generated via neighborhood 
approach 

• Alternatively, average the traditional (point-based) 
ensemble probability over the neighborhood 



Traditional prob. 

NEP; r = 25 km NEP; r = 75 km 

NEP; r = 125 km 

What do these fields look like? 

1.0 mm/hr 
threshold 



Examples 



• Annual experiments since 2000 

• Participants and contributions from external organizations  

• Fosters communication between researchers and 
forecasters while examining new technology 

• Usually a focus on severe weather 

• Since 2004, focus on evaluating                                         
high-resolution NWP models 

The NOAA HWT Spring Experiment 
(formerly the NSSL/SPC Spring Experiment) 



• Ran by CAPS 

• WRF-ARW core 

• 10 member 4 km ensemble     
(2007,2008) 

• 18 member 4 km ensemble              
(2009) 

• 30-33 hour forecasts 

• Convection resolved explicitly 

• SE2007: 2100 UTC initialization 

• SE2008, 2009: 0000 UTC initialization 

• Radar assimilation in 2008, 2009 

Ensemble Configurations 

Computational Domain 
(SE2007) 

Computational Domain 
(SE2008) 



• Examined each model forecast hour, averaged over 
all days in the 2007 (2008) Spring Experiment 

• Emphasis on hourly precipitation 

• Chose accumulation thresholds to define events 

• Used NCEP Stage II data as observational “truth” 

Model Climatology 

• All objective 
statistics computed 
over this domain 



FSS as a function of r (SE2007) 
• Data aggregated from f21-f33 (1800-0600Z) 



FSS as a function of r  (SE2008) 
• Data aggregated from f18-f30 (1800-0600Z) 



ROC Area 

• ROC area > 0.70 
indicates useful 
forecasting 
system 



NEP, r = 50 km for threshold of 
2.0 mm/hr 

NEP, r = 50 km for threshold of 
5.0 mm/hr 

Stage II Precip. 

http://hwt.nssl.noaa.gov/Spring_2009/probgrids_precip.php?date=20090515&hour=24 



NEP Conclusions 
• The neighborhood ensemble probabilities yielded 
better forecasts in terms of quality than the traditional 
ensemble probability, on average over the Experiment 

• NEP focuses on scales where the model can be 
expected to be accurate 

• Can apply this approach to other discontinuous fields 
(updraft helicity, simulated reflectivity) 



Questions 
• Do you think applying a neighborhood approach is 
appropriate for “coarse” grids?  What is the coarsest 
grid that necessitates the use of a neighborhood 
method? 

• Is the neighborhood ensemble probability approach 
useful for a large ensemble?  

• How should a neighborhood approach be applied to 
continuous fields? 





1)  Can be used as an end-product  

•  Probabilistic guidance tool 

2)  Can be used as an intermediate step in objective model 
verification 

Dual uses of Fractional Fields 

Fractions, r = 25 km 



NEP, r = 50 km for threshold of 
5.0 mm/hr 

Stage II Precip. 

http://hwt.nssl.noaa.gov/Spring_2009/probgrids_precip.php?date=20090513&hour=24 



NEP, r = 50 km for threshold of 
2.0 mm/hr 

Stage II Precip. 

http://hwt.nssl.noaa.gov/Spring_2009/probgrids_precip.php?date=20090603&hour=24 



1-hr Precipitation: 2100 UTC 29 May 



• Ran daily by CAPS 

• WRF-ARW core 

• 10 member 4 km ensemble 

• Single 2 km deterministic                                                        
forecast 

• 33 hour forecasts 

• Convection resolved explicitly 

• 2100 UTC initialization 

• “Cold start”—no regional data 
assimilation 

SE2007 WRF Model Configurations 

“WORF” from Star Trek 

Computational Domain 
(SE2007) 



ROC Curves 
• Data aggregated from f21-f33 (1800-0600Z) 



FSS as a function of time (SE2007) 



Variations in IC/LBC  
and model physics (SE2007) 



WRF4 Obs 

r = 25 km 

r = 75 km 

Apply Neighborhood to Obs as well 
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Contingency Table for Dichotomous 
Events 

Observed 

Yes No 
Forecast Yes a b a+b 

No c d c+d 
a+c b+d N 

• But…this is a point-by-point verification technique… 

• Bias = (a+b)/(a+c) 

• Threat Score = a/(a+b+c) 

• Equitable Threat Score = 
(a-e)/(a+b+c-e) 

where e = (a+b)*(a+c) 
Standard 2 x 2 contingency table 



Overall Conclusions 
• High-resolution models have the potential to 
significantly improve weather forecasting 

• Immediately increasing resolution beyond ~ 4 km when 
additional computer power becomes available might 
not be the best use of the new resources 

• Post-processing techniques can be explored 

• Note of caution: As computer power continues to 
increase, the conclusion about grid spacing may 
change 

• Radar assimilation seems to be useful for short-range 
forecasts 







• When possible, statistics were computed on native grids 

• For some metrics, it was necessary that the models and 
observations be on the same grid 

•  In these instances, the model output was 
interpolated to the Stage II grid (~ 4.7 km grid length) 

• Statistical significance tested with a bootstrapping 
method 

• Focus on afternoon (1800-0600 UTC; f21-f33) period to 
evaluate the utility of the models as next-day guidance 

Verification Approach 




