Linear probability score (LPS)

LPS is the average forecast probability assigned to the verifying categories. See enclosed ppt with additional explanation. Values of LPS above 0.333 are better than issuing always the climatological probabilities 0.333 for the 3 categories (above normal, normal e below normal).
In the excel file GHACOF_SOND_Excel_2003.xls the sheet named LPS contains a table with the forecast probabilities assigned for the category that was observed in each station (columns) of each year (lines). The LPS for each year is given by the average of the forecast probabilities (lines) and is shown in column M for each year. The LPS for each station is given by the average of the forecast probabilities (column) and is shown in line 15 for each station. The regional LPS (i.e. the average of all forecast probabilities displayed in sheet LPS) is giving in cell C16 and is equal to 36% (i.e. just about 3% better than climatology that has a LPS of 33.33%
Hit score

Hit score measures how often we did forecast the highest forecast probability on the category that was observed, how often we did forecast the second highest forecast probability on the category that was observed, and how often we did forecast the lowest forecast probability on the category that was observed. Hit score is useful to indicate quality of a single forecast map, or the collection of forecasts over the years.

To compute hit score on needs to compute the rank of the forecast probabilities for the 3 categories and generate a scoring rule for the highest, second highest and lowest hits.

Ranks can be defines as follows:

rank is -1 if climatological (1/3,1/3,1/3) forecast is issued

rank is 1 for highest forecast probability

rank is 1.5 if there are ties between highest and 2nd highest forecast probabilities

rank is 2 for 2nd highest forecast probability

rank is 2.5 if there are ties between lowest and 2nd lowest forecast probabilities

rank is 3 for lowest forecast probability
The scoring rule is as follows:

Highest: H=R1+0.5(R1.5)+0.33(R-1)/T

Second: S=R2+0.5(R1.5)+0.5(R2.5)+ 0.33(R-1)/T

Lowest: L= R3+0.5(R2.5)+0.33(R-1)/T
Where T is the total number of forecasts being verified

R1 is the number of times when the highest forecast probability was issued for the observed category (i.e. the counts of rank equal 1)
R2 is the number of times when the second highest forecast probability was issued for the observed category (i.e. the counts of rank equal 2)
R3 is the number of times when the lowest forecast probability was issued for the observed category (i.e. the counts of rank equal 3)
R1.5 is the number of times when the highest or second highest forecast probabilities were issued for the observed category (i.e. the counts of rank equal 1.5)

R2.5 is the number of times when the lowest or second lowest forecast probabilities were issued for the observed category (i.e. the counts of rank equal 2.5)

One would like to see a large number of rank 1 (highest forecast probability issued for the observed category) and a small number of rank 3 (lowest forecast probability issued for the observed category), so the percentage for H is high and the percentage for L is small.

In the excel file GHACOF_SOND_Excel_2003.xls the sheet named Hits_old contains 3 tables with procedure for applying the scoring rule described above. The first two tables have the procedure for finding the ordering of the ranks in descending (top table) and ascending (middle table) order. The third table used the first two tables to find the ranks -1, 1, 1.5, 2, 2.5 and 3 as described above.

The hit score for the highest, second and lowest for each year is given by the scoring rule described above and is shown in columns M, N and O to the right of the bottom table for each year. The hit score for the highest, second and lowest for each station is given by the scoring rule described above and is shown in lines 43, 44 and 45 to the bottom of the bottom table for each station. 

ROC

The ROC score is the area under the ROC curve, which is a curve of hit rates against false alarms for increasing probability thresholds from 0% to 100%. The ROC score is computed for each category (below, normal and above) separately. ROC scores above 50% indicate good ability to distinguish occurrence from non-occurrence of the event of interest (e.g. rainfall in the upper, central or tercile).
In the excel file GHACOF_SOND_Excel_2003.xls the sheet named Forecasts_masked contains 3 tables with the forecast probabilities assigned for the category that was observed in each station (columns) of each year (lines). The sheet is labeled as masked because in each of the 3 tables of the sheed Forecasts_masked for below, normal and above, only the forecast probabilities for the observed categories are displayed. In other words, the first table only shows forecast probabilities for below normal category when below normal category was observed. The second table only shows forecast probabilities for normal category when normal category was observed. And the third table only shows forecast probabilities for above normal category when above normal category was observed. This sheet named Forecasts_masked is needed for computing the ROC score, which is performed in sheet ROC of the excel file GHACOF_SOND_Excel_2003.xls. 

The ROC sheet contains 3 tables (one for below, one for normal, and one for above). In column B of this sheet it is first counted the frequency (how many times) each forecast probability was forecast from 0% to 100%, in intervals of 5%. In column C it is counted the number of hits (i.e. how many times the event (below, normal or above) was forecast and indeed it was observed). In column D is it computed the number of false alarms (i.e. how many times the event (below, normal or above) was forecast but in fact it was not observed) as the difference between columns B and C. In column E it is computed the hit rates as the number of hits (column C) divided by the total number of cases when the event of interest (below, normal or above) was observed. In column F it is computed the false alarm rates as the number of false alarms (column D) divided by the total number of cases when the event of interest (below, normal or above) was not observed. In column G it is applied the trapezoidal rule for computing the area under each part of the ROC curve. The area under the ROC curve for the below, normal and above normal categories and given by the sum of the trapezoidal areas of each part ot the ROC curve and are displayed in lines 26, 52 and 78, respectively.

