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Summary and Purpose of Document 

 

This document contains the explanation of forecast verification methods 

including deterministic MME (DMME) and probabilistic MME (PMME). 
  



  

※ Development of Automated Verification System  

 

1. Development of Automated Deterministic Forecast Verification System 

  1) Overview 

The APEC (Asia-Pacific Economic Cooperation) Climate Center (APCC) has been 

provided 2-tier 3-month lead MME (Multi-Model Ensemble) forecasts since 2005 and also 

has experimentally started 1-tier 6-month lead MME forecast from 2008. To define and 

implement of international standards for the verification of seasonal climate forecast as 

defined by the WMO, APCC has been developed the deterministic forecast verification 

system for APCC operational MME predictions. Currently, APCC implement to update the 

verification information regularly.  

 

2) Status of Verification System 

a. Parameters 

    i. Temperature at 850hPa(afterhere, just temperature) 

    ii. Precipitation 

    iii. Geopotential height at 500hPa 

    iv. Sea Surface Temperature(This is just for APCC 1-tier MME prediction) 

  b. Issues 

      3-month lead time 

    c. Hindcast period 

      i. Usually 1983 to 2003 

      ii. But, it depends on hindcast datasets of participating models for every season 

    d. Verification scores 

      i. ACC(Anomaly Correlation Coefficient) 

      ii. RMSE(Root Mean Square Error) 



      iii. Ensemble Spread 

      iv. Difference Map between models and observation 

    e. Regions (10 Area) 

      i. Globe 

      ii. Tropics (20oS to 20oN) 

      iii. Northern Extra-Tropics (20oS to 90oN) 

      iv. Southern Extra-Tropics (20oS to 90oS) 

      v. East Asia (90oE to 150oE, 20oN to 50oN) 

      vi. South Asia (60oE to 130oE, 10oS to 30oN) 

      vii. Northern Eurasia (25oE to 190oE, 40oN to 80oN) 

      viii. North America (190oE to 310oE, 10oN to 75oN) 

      ix. South America (270oE to 330oE, 60oS to 10oN) 

      x. Australia (110oE to 180oE, 50oS to Equator) 

   

3) Verification Scores 

  a. Anomaly Correlation Coefficient 

ACC is pattern correlation between predicted and analyzed anomalies defined as,  
 

, 
where over bar is time average. ACC indicates spatial similarity between forecast and 

observation map. The score always ranges from -1.0 to 1.0. If the forecast is perfect, the score 

of ACC equals to 1.0. The recent figures are below. 

 



 
Fig. 1 Anomaly Correlation Coefficients of Precipitation, Temperature, Geopotential Height at 500hPa 

for 2009 SON forecast 
 

    b. Root Mean Square Error 

RMSE indicates measure of accuracy of the forecast (f) compared with observation (o). 

Then RMSE is defined as, 

 
 
where w is latitude weight, W is summation of w, and subscript i is grid point. RMSE 

indicates total amount of difference between forecast and observation map. The score is 

always greater than or equal to 0.0. If the forecast is perfect, the score of RMSE equals to 0.0. 

Sample figures are below. 

 

 
Fig. 2 Root Mean Square Error of Precipitation, Temperature, Geopotential Height at 500hPa for 2009 

SON forecast 
 



    c. Spread of Ensemble Members 

If the verifying analysis is statistically indistinguishable from the ensemble members, then 

its mean distance from the mean of the ensemble members(ensemble mean error) must equal 

the mean distance of the individual members from their(ensemble standard deviation or 

spread). 

 

 

 
Fig. 3 Ensemble Spread of Precipitation, Temperature, Geopotential Height at 500hPa for 2009 SON 

forecast 
 



    d. Difference between model and observation 

The difference map is calculated from the forecast anomaly field of models minus the real-

time observation anomaly field. We are producing not only individual models but also SCM, 

SPM, MRG and SSE. 

 

 

 

Fig. 4 Difference Map between SCM and observation for Precipitation, Temperature, Geopotential 
Height at 500hPa for 2009 SON forecast 

 



2. Development of Automated Probabilistic Forecast Verification System 

1) Overview 

The APEC (Asia-Pacific Economic Cooperation) Climate Center (APCC) has developed 

automated verification system for probabilistic multi-model ensemble (MME) forecasts 

to monitor its quality for every month and provide verification information with outlook. All 

scores and techniques recommended by WMO (World Meteorological Organization) 

document (WMO SVS, 2002) are used that a Standardised Verification System (SVS) for 

Long-Range Forecasts (LRF) within the framework of a WMO exchange of verification 

scores.    

 

2) Status of Probabilistic Verification System 

a. Parameters  

i. Temperature at 850hPa 

ii. Precipitation  

 

b. Issues 

i. 3-month rolling (i.e., monthly 3-month) seasons  

ii. 1-, 2-, and 3-month leadtimes 

 

c. Verification Scores 

i. Aggregated ROC (Relative Operating Characteristics) curve 

ii. Area under of the ROC curve (AROC) 

iii. Aggregated reliability diagram and frequency histogram  

iv. Brier Skill Score (BSS) 

 

d. Regions 

i. Globe 



ii. Tropics (20oS to 20oN) 

iii. Southern Extra-Tropics (20oS to 90oS)  

iv. Northern Extra-Tropics (20oN to 90oN) 

 

3) APCC Verification Scores  

Detailed explanation on available verification scores in APCC verification system are 

discussed in Appendix A – C. Followings are brief summary of these verification scores 

(http://www.bom.gov.au/bmrc/wefor/staff/eee/verif/verif_web_page.html#Methods%20for%

20probabilistic%20forecasts).  

a. Brier Score 

 Defition: 2
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 where, if  = forecast probability for the i th forecasts 
        io  = the i th outcome with 1=io  

        n  = total number of events  
 Answers the question: What is the magnitude of the probability forecast errors? 
 Range: 0 to 1  
 Perfect score: 0 
 Characteristics: Sensitive to climatological frequency of the event: the more rare 

an event, the easier it is to get a good BS without having any real 
skill. Negative orientation (smaller score better) - can "fix" by 
subtracting BS from 1. 

 

b. Brier Skill Score 

 Defition: 
refBS

BSBSS −= 1   

 where, refBS = climatological probability of the forecast variable 

 Answers the question: What is the relative skill of the probabilistic forecast over 
that of climatology, in terms of predicting whether or not an event  
occurred?  

 Range: minus infinity to 1 (0 = no skill when compared to the reference forecast) 
 Perfect score: 1 

http://www.bom.gov.au/bmrc/wefor/staff/eee/verif/verif_web_page.html#Methods%20for%20probabilistic%20forecasts�
http://www.bom.gov.au/bmrc/wefor/staff/eee/verif/verif_web_page.html#Methods%20for%20probabilistic%20forecasts�


 Characteristics: Measures the improvement of the probabilistic forecast relative to 
a reference forecast (usually the long-term or sample climatology), thus 
taking climatological frequency into account. Not strictly proper. Unstable 
when applied to small data sets; the rarer the event, the larger the number 
of samples needed. 

 

 
Fig. 5 Brier skill score for temperature at 850hPa of Sep-Oct-Nov during 1981 to 2003. 

c. Relative Operating Characteristics Curve/Score 

 Definition: Hit rate (HR) and false alarm rate (FAR), using a set of increasing 
probability thresholds (for example, 0.05, 0.15, 0.25, etc.) to make the 
yes/no decision. The area under the ROC curve is frequently used as a 
score. 



 Answers the question: What is the ability of the forecast to discriminate 
between events and non-events?  

 Range: ROC area – 0 to 1 (no skill = 0.5) 
 Perfect score: ROC score = 1 
 ROC curve = Curve travels from bottom left to top left of diagram, then across 

to top right of diagram. Diagonal line indicates no skill. 
 Characteristics: ROC measures the ability of the forecast to discriminate 

between two alternative outcomes, thus measuring resolution. It is not 

sensitive to bias in the forecast, so says nothing about reliability. A biased 

forecast may still have good resolution and produce a good ROC curve, 

which means that it may be possible to improve the forecast through 

calibration. The ROC can thus be considered as a measure of potential 

usefulness. The ROC is conditioned on the observations (i.e., given that Y 

occurred, what was the correponding forecast?)  It is therefore a good 

companion to the  reliability diagram, which is conditioned on the 

forecasts 

 

 

Fig. 6 Relative operating characteristics curve for temperature at 850hPa of Sep-Oct-Nov during 

1981 to 2003. 
 



 

 

 

Fig. 7 Relative operating characteristics score map for temperature at 850hPa of Sep-Oct-Nov 

during 1981 to 2003. 
 

d. Reliability Diagram and Frequency Histogram  

 Definition: The reliability diagram plots the observed frequency against the 
forecast probability, where the range of forecast probabilities is divided 
into K bins (for example, 0-5%, 5-15%, 15-25%, etc.). The sample size in 
each bin is often included as a histogram or values beside the data points.  



 Answers the question: How well do the predicted probabilities of an event 
correspond to their observed frequencies? 

 Perfect: diagonal 
 Characteristics: Reliability is indicated by the proximity of the plotted curve to 

the diagonal. The deviation from the diagonal gives the conditional bias. If 
the curve lies below the line, this indicates overforecasting (probabilities 
too high); points above the line indicate underforecasting (probabilities too 
low). The flatter the curve in the reliability diagram, the less resolution it 
has. A forecast of climatology does not discriminate at all between events 
and non-events, and thus has no resolution. Points between the "no skill" 
line and the diagonal contribute positively to the BSS. The frequency of 
forecasts in each probability bin (shown in the histogram) shows the 
sharpness of the forecast. The reliability diagram is conditioned on the 
forecasts (i.e., given that X was predicted, what was the outcome?), and 
can be expected to give information on the real meaning of the forecast. It 
it a good partner to the ROC, which is conditioned on the observations. 

 

 

Fig. 8 Reliability diagrams and frequency histograms for temperature at 850hPa of Sep-Oct-

Nov during 1981 to 2003. 
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