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If a Picture's Worth a Thousand Words, Visualizing Aspects 
of Performance Might Be Worth a Chapter





Unit cube of evaluation

POFD

POD

Base Rate

0,0,0 1,0,0

0,1,0 1,1,0

0,0,1 1,0,1

0,1,1 1,1,1



The 2x2 table

 Base Rate = a+c
 Prob of detection (POD)=a/(a+c)
 Prob of false detection 

(POFD)=b/(b+d)
 False alarm ratio (FAR)=b/(a+b)
 Success ratio (SR)=a/(a+b)
 Bias (B) = (a+b)/(a+c)=SR/POD

 Critical success index (CSI)=a/(a+b+c)
 CSI=HM[POD,SR]/(2-HM[POD,SR])

 𝜙 =
𝑎𝑑−𝑏𝑐

(𝑎+𝑏)(𝑐+𝑑)(𝑎+𝑐)(𝑏+𝑑)

 𝐹𝛽 = 1 + 𝛽2
(𝑆𝑅)(𝑃𝑂𝐷)

𝛽2𝑆𝑅+𝑃𝑂𝐷

 𝛽is weight of importance of POD to SR
 Equivalent toTversky index, related to GM



Simple Decision Rule

Event

Y N

Forecast Y A B

N C D

𝑝 >
(𝐵 − 𝐷)

𝐵 − 𝐷 + (𝐶 − 𝐴)
=

𝐶𝑜𝑠𝑡(𝐹𝐴)

𝐶𝑜𝑠𝑡 𝐹𝐴 + 𝐶𝑜𝑠𝑡(𝑀𝐸)
Misclassification Cost Ratio (a). Act if

𝐶𝑜𝑠𝑡(𝐹𝐴)

𝐶𝑜𝑠𝑡(𝑀𝐸)
=

∆𝑃𝑂𝐷

∆𝑃𝑂𝐹𝐷

ҧ𝑥

1 − ҧ𝑥



Forecast More OftenForecast Less Often



Our problem of interest

 Forecasting for severe thunderstorms, tornadoes ~0.5-6 h

 Proxies for truth

 Can have deterministic, probabilistic systems

 Objects from Multi-Radar Multi-Sensor (MRMS)



Model description

 HRRR (3 km)
 Covers contiguous US (1799x1059 grid points)

 Runs out to 48 hours at 0000 and 1200 UTC

 Hourly data assimilation

 WOFS (3 km)
 Regional, moves around (300x300 grid points)

 Uses HRRR 1200 UTC forecasts as initialization

 Assimilates radar and satellite data not in HRRR every 15 minutes

 0-6 hr, available every 5 minutes, starting at 1700 UTC





WoFS-HRRR





Comparing 1 and 3 km WOFS

 1 km has smaller domain

 Compare only if both 1 and 3 have objects

 30 minutes-3 hours, every 30 minutes



Skill scores based on ROC, performance diagram elements

 Doolittle (1885), Kraemer (1988)

𝑃𝑂𝐷𝑠𝑘𝑖𝑙𝑙 =
𝑃𝑂𝐷 − 𝑃𝑂𝐷𝑐ℎ𝑎𝑛𝑐𝑒

𝑃𝑂𝐷𝑝𝑒𝑟𝑓𝑒𝑐𝑡 − 𝑃𝑂𝐷𝑐ℎ𝑎𝑛𝑐𝑒
=

𝑎𝑑 − 𝑏𝑐

(𝑎 + 𝑐)(𝑐 + 𝑑)

𝑆𝑅𝑠𝑘𝑖𝑙𝑙 =
𝑆𝑅−𝑆𝑅𝑐ℎ𝑎𝑛𝑐𝑒

𝑆𝑅𝑝𝑒𝑟𝑓𝑒𝑐𝑡−𝑆𝑅𝑐ℎ𝑎𝑛𝑐𝑒
=

𝑎𝑑−𝑏𝑐

(𝑎+𝑏)(𝑏+𝑑)

𝑃𝑂𝐹𝐷𝑠𝑘𝑖𝑙𝑙 =
𝑃𝑂𝐹𝐷 − 𝑃𝑂𝐹𝐷𝑐ℎ𝑎𝑛𝑐𝑒

𝑃𝑂𝐹𝐷𝑝𝑒𝑟𝑓𝑒𝑐𝑡 − 𝑃𝑂𝐹𝐷𝑐ℎ𝑎𝑛𝑐𝑒
=

𝑎𝑑 − 𝑏𝑐

𝑎 + 𝑏 𝑏 + 𝑑
= 𝑆𝑅𝑠𝑘𝑖𝑙𝑙



Solid-1 km, Dashed-3 km, X is perfect

X X X

Lines are same forecast threshold at different lead times (old-away from perfect)





Using same forecast threshold as observed





All forecast thresholds at one time



Only 1 km forecasts, every 30 minutes



Value propositions

 CSI assumes errors are of same importance
 Note shape of HM and GM has scores far from B=1 look different

 F and Tversky explicitly weight errors

 Implicit vs explicit value of errors







Climatology of models

 Do models look like observations?

 Radar reflectivity from operational models





Wrapping Up

 Variety of graphics show variety of quality/value aspects

 Acknowledge choices

 Climatology of models


