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Verification = a measure of
Forecast Quality

• Accuracy (a BAD measure)
• Skill (accuracy relative to some reference such as:
• climatology (averaged over 30 years)
• persistence (same as previous weather)
• random (Monte-Carlo, bootstrapping, etc.)

wikipedia commons
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Verification Topics

• Continuous Variables [T, U, V, P, bounded (RH, Precip)...]

• Categorical (Binary, yes/no) Events

• Probabilistic & Ensemble Forecasts

• Terrain Issues
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Continuous Variables

• Define variables

• Anomaly = Difference from climatology
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Continuous Variables

• Tendency = change with time

• Error = difference from observations or from verifying analysis

• Average (defined) for any variable X.   (k = time or grid index)
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Continuous Variables

• Mean Error (ME) = bias = systematic error

• Mean Absolute Error (MAE)

• Mean Squared Error (MSE) and Root Mean Sq. Error (RMSE)

–∞ to ∞.  0 = best

0 to ∞.  0 = best

0 to ∞.  0 = best

0 to ∞.  0 = best
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• Mean Squared Error Skill Score (MSESS)

• Root Mean Squared Error Skill Score (RMSESS)

• Mean Absolute Error Skill Score (MAESS)

Continuous Variable
Skill Scores

–∞ to 1.   1 = best
(0=no better than ref.)

–∞ to 1.  1 = best
(0=no better than ref.)

RMSESS = 1− RMSE
RMSEref

where persistence or climate is often used as the reference

MSESS = 1− MSE
MSEref

MAESS = 1− MAE
MAEref

–∞ to 1.  1 = best
(0=no better than ref.)

SkillScore = score− ref .
perfect − ref .
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• Bias Ratio (BR) = systematic error

• Degree of Mass Balance (DMB)

• ..

Continuous Bounded Variable: 
Precipitation

0 to ∞.  1 = best

0 to ∞.  1 = bestDMB = F
V

BR = F
V

⎛
⎝⎜

⎞
⎠⎟

8



Examples

papers by McCollor & Stull

9

• Pearson product-moment Correlation Coefficient (r):

• Anomaly Correlation (AC):

Continuous Variables

–1 to 1.   1 = best
(0=no better than clim.)

–1 to 1.   1 = best
(–1 = F varies opposite to V)

AC =
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Example

Stull
NCEP
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Example
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Verification Topics

• Continuous Variables [T, U, V, P, bounded (RH, Precip)...]

• Categorical (Binary, yes/no) Events

• Probabilistic & Ensemble Forecasts

• Terrain Issues
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Categorical (yes/no)

• True binary:
• Snow / no-snow
• Rain / no-rain
• Sun / shade

• Threshold exceedence
• T < Tthreshold 
• Precip > Precip.threshold 
• Wind > Wind.threshold

• etc.
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Contingency Table
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Binary 
Scores
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Binary 
Scores
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Binary 
Scores
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Binary 
Scores
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Binary 
Scores
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Verification Topics

• Continuous Variables [T, U, V, P, bounded (RH, Precip)...]

• Categorical (Binary, yes/no) Events

• Probabilistic & Ensemble Forecasts

• Terrain Issues
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Probability Fcst
Verification
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Probability Fcst
Verification
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Ensemble Fcst 
Verification

Reliability 
Diagram
example

forecast probability

ob
se

rv
ed

 fr
eq

ue
nc

y

25

Probability Fcst
Verification Reliability Diagram
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Probability Fcst
Verification
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Probability Fcst 
Verification
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Probability Fcst 
Verification

29

Probability Fcst 
Verification Continuous Ranked Probability Skill Score
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Probability 
Fcst 
Verification
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Probability Fcst 
Verification

•Linear Error in Probability 
Space (LEPS)
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Probability Fcst
Verification ROC  diagram
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Probability Fcst
Verification ROC  diagram
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Probability Fcst
Verification ROC  diagram
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Probability Fcst
Verification ROC  diagram
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Probability Fcst
Verification ROC  diagram
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Probability Fcst
Verification ROC  diagram
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Probability Fcst
Verification ROC  diagram
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Probability Fcst
Verification

Let A = area under roc curve (shaded in fig. below)

Define a ROC skill score:

SSROC = 1 for perfect 
discrimination, 

SSROC =0 for zero 
discrimination.

ROC  Skill Score
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ROC
example
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ROC
example

Change 
with 

forecast 
horizon 
(days).
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Ensemble Fcst Verification

• Rank Histogram
-or-

     Talagrand diagram

ens1 ens2 ens3 ens4

Count number of 
observations between 
ensemble members that 
have been sorted (ranked) 
from lowest value (of 
temperature, wind, etc.) to 
highest.
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Ensemble Fcst Verification

A Flatness Score for the rank histogram:

where a value closer to 1 is better.
si is the count of obs in histogram bar i.
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Ensemble Fcst Verification

Interpretation:

      shape   :  ensemble is

• U-shaped: underdispersive

• hill-shaped: overdispersive

• flat           :  perfect
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Ensemble 
Fcst 
Verification
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Ensemble Fcst 
Verification Sharpness
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Ensemble Fcst 
Verification Resolution
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Ensemble Fcst 
Verification Prob. Integral Transform (PIT)
Let ft(x) = forecast prob. density for the value 
x of any variable (e.g., Temperature) ft

x (°C)

Ft

x (°C)0

1

forecast prob. distr.

observed
value of x

pt

cum. prob. distr.
of fcst.

Good fcst if pt = p, where p = observed cum. freq at xt.
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Prob. Fcst Verif. Ignorance Score (IGN)

where ft(xt) = forecast prob. density for the observed 
value xt of any variable (e.g., Temperature)
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Example
of IGN

Top graph 
shows 

improvement 
in ignorance 
score.  larger 

is better.
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Verification Topics

• Continuous Variables [T, U, V, P, bounded (RH, Precip)...]

• Categorical (Binary, yes/no) Events

• Probabilistic & Ensemble Forecasts

• Terrain Issues
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Terrain Issues

Modeled terrain is smoothed relative to actual 
terrain.

Mountain tops are cut off, and valleys are filled in.  
More so for coarser grids.

Thus, the elevation of a verifying obs is often 
different from the elevation in the NWP model.

Thus, the model is not representative of the 
observation. 
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Canadian Terrain Elevation

• West-East terrain cross section through Whistler  (50.12°N)
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British Columbia Terrain Elevation

• West-East terrain cross section through Whistler  (50.12°N)
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Zooming in Near Whistler

• West-East terrain cross section through Whistler  (50.12°N)

Whistler
Village

Jervis Inlet
(fjord)

Squamish River
Lillooet
Lake

Callaghan
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Terrain Elevation  vs.  Grid Size.
Terrain must be smoothed to match grid resolution.

• West-East terrain cross section through Whistler  (50.12°N), where  0.1°lon ≈ 7 km.

Example:  If grid size is ∆x = 21 km
Then smoothed terrain is shown in green.
Whistler Village elevation

X actual

m
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ele
d

X
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How Fine is Fine Enough? 
Many valleys are narrower than 1 km
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An Obvious Trick: Use finer horizontal grid size

• West-East terrain cross section through Whistler  (50.12°N), where  0.1°lon ≈ 7 km.

Example:  If grid size is ∆x = 7 km

X
actual

Then the modeled terrain is closer to the actual terrain.  Good.

m
od

ele
d

X

And the modeled slopes become steeper (closer to real). Difficult.

66

Summary

• Continuous Variables [T, U, V, P, bounded (RH, Precip)...]

• Categorical (Binary, yes/no) Events

• Probabilistic & Ensemble Forecasts

• Terrain Issues

Roland Stull, UBC
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