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1. INTRODUCTION

This memorandum describes an experimental scheme to estimate, a priori, the
reliability of the ECMWF forecast. It is due to run in the operational suite
from December 1 1987. Results will be accumulated on a computer file,
accessible to all member states, and a small subset of these results will be
displayed each day in the operations room at ECMWF. Below is given a brief
description of background information used to define the particular scheme
described in this memorandum, and describe how the scheme itself works. 'In
section 4, practical details on how to access the output file are given. It
should be emphasised that this séheme is experimental; it will only run during
the 90 day period 1 December to 28 February. Evaluation of the scheme both
during and after the experimental period (see section 5) will determine the

extent and direction of further development and implementation.



2. PREDICTORS AND PREDICTANDS

The basis of the forecast skill prediction scheme is a set of statistical
predictors whose properties were derived from data in the ECMWF forecast
archives for winters 1981/82 to 1986/87 (training data). For simplicity, only
500mb height data was extracted from the archives. These predictors are
defined and discussed in detail in Palmer and Tibaldi (1987). Each
statistical predictor is conceptually at least, distinct from the others; in
practice, however, they do overlap in the degree of variance of explained

forecast skill. They are outlined in roughly order of importance below.

a. Consistency between forecasts

The first of the five predictors describes the consistency between forecasts
initialised from consecutive 24 hour analyses. So, for example, in order to
forecast the day 5 RMS error of 500mb height over Europe, the RMS difference
in 500mb height over EBurope, between the current day 5 forecast, and the

preceding day 6 forecast would be taken.

b. Circulation pattern

The second class of predictor is an objectively defined measure of the \
hemispheric-scale forecast flow pattern. This type of approach had already

been explored on a subjective basis, for a limited sample of data, by Gronaas
(1982). The approach is made objective by first projecting the training data

onto a set of empirical orthogonal functions (EOFs), and secondly performing a
linear regression analysis between skill scores and EOF coefficients of the
forecast flow. The regression weights define the 500mb height forecast

anomaly most strongly correlated with forecast skill. The amplitude of the
projection of a given independent forecast height field onto this circulation

pattern gives the measure of skill provided by the second predictor class.

c. Skill of short range forecast

The third predictor is the skill of the short range forecast. In the present
scheme the day 1 RMS error (in the region of interest) of the forecast

preceding the current one is used.



da. Forecast persistence

The fourth predictor is a measure of how persistent the current forecast is,
defined in terms of the RMS difference between the forecast 500mb height and
the 500mb height of the initial conditions.

e. Magnitude of the forecast anomaly

Finally, the RMS difference between the forecast and climatological 500mb
height is also calculated. It is well known that for the first few days of
the forecast period, anomaly correlation coefficient is correlated with the

magnitude of the forecast anomaly.

2.1 Predictands

Both RMS error and anomaly correlation coefficient are used as the'predictand
skill scores. These are calculated on a 3.75%3.75 degree latitude/longitude
grid within each limited area. Note that there is a slight arbitrariness. in
the definition of the latter measure corresponding to the climate chosen to
define anomalies. In the present study, a seven year wintertime average from
ECMWF analyses is used. This contrasts with the NCAR climate used for

operational verifications.

2.2 Today's and yesterday's forecast

During the investigation of the properties of these predictor sets, it was
realised that it was often easier to predict the skill of the preceding
('yesterday's') forecast, than the skill of the current forecast ('today's').
For example, the RMS spread indicator correlates more strongly with the skill
of the earlier forecast than with the skill of the later forecast. Similarly,
the day 1 forecast error available today, gives a more reliable estimate of
yesterday's day n forecast, because, of course, the two belong to the same
forecast. It is a matter of user preference whether a reduction in the mean
skill of the forecast can be tolerated if the a priori estimate of skill is
more reliable. It was therefore decided to provide estimates of skill both of

the current forecast, and also of the preceding forecast.



3. CATEGORIES

In the work of Palmer and Tibaldi (op. cit.), the skill of each of these
predictors was individually assessed. In the proposed experimental scheme,
the output from each predictor is combined using a probabilistic categorical
approach. One advantage of this approach is that it gives a measure of
confidence of the skill prediction. In addition, it was felt that the
explicit treatment of skill prediction in terms of probabilities is

intrinsically appropriate to studies of predictability.

This categorical approach to forecast skill prediction is outlined as follows.
First of all, the range of each predictor (forecast spread, rotated EOF
coefficient etc) and each predictand (RMS error, anomaly correlation
coefficient) has been divided into five a priori equally likely categories
(much above average, above average, average, below average, and much below
average). In the present scheme, the boundaries between the categories will
be determined from data for only the last two years. This of course is in
recognition of the fact that a 'very good' forecast six years ago is,perhaps,
'not so good' by the standards of today's operational system. The last two

winters cover the period when the T106 model was in operational use.

Secondly, contingency tables have been constructed for each predictor showing
the probability that an occurrence in category i corresponded to forecast
error in category j. Using these contingency tables, one can determine the
weight that one predictor is given compared with another. The weight for each
of the five predictors is given by the trace of the appropriate contingency

matrix.

Hence, given an independent forecast, the category to which each of the five
predictors belongs is first calculated. Using the appropriate contingency
table, one estimates, for each predictor, the probability of occurrence for
each category of the predictand. For each category, the probabilities
computed from different predictors are then averaged according to the weights

previously calculated.



4. INTERFACE TO THE SKILL FORECASTING FILE

a. Accessing the data

Results from the forecast skill prediction scheme will be written to a FORTRAN
direct access file PROBFORSKIL8788 stored on CFS, and accessible by member

states with the following JCL:

ACQUIRE, DN=OPFILE,ID=0ZLIA,MF=CY,DF=TR.
OPFILE,ACQRCFS,DN=FT01,PDN=PROBFORSKIL8788, ID=NEF, ROOT=0PARCH,
NODE=0/FCACC/MASTER, PASS=PPARCH, DF=TR.

This file will be updated every day, and results from all earlier forecasts
will be kept on the file. Results for the current forecast should have
appeared on the file by about 5am on the day following the initialisation date

of the current forecast.

b. Record structure

Each record of the file contains 16 words. The firét record will contain two
integer words followed by 14 dummy words. The first word of the first record
gives the initialisation date of the latest forecast for which a prediction of
forecast skill has been completed. As the scheme will commence on December 1
1987, the value 871201 will be written to file in the early hours of

December 2 1987. The second word of the first record gives the initialisation
date of the latest prediction of forecast skill for which verification has
been completed. The verification programs will be run 'off-line' about once a
week, starting in mid-December. Clearly, this first record will be
overwritten each time a prediction of forecast skill is made, and each time
the verification program is run. The remaining records in the file all have
the same structure comprising 6 integer words, followed by 10 real words.

These are described individually as follows:

Word 1: The initialisation date of the forecast whose skill is predicted

(eg 880112).

Word 2: The forecast time in days. This will only have values 3, 5, 7, and 9.



Word 3:

Word 4:

Word 5:

Word 6:

This is an index for the verification region and lies between 1 and 7
inclusive. The regions correspond to operational limited areas, and

are defined as follows:

Verification areas: lat(n) lat(s) lon(w) lon(e)
1. northern hemisphere 78.75, 18.75, 0.00, 356.25
2. north America 60.00, 22.50, -120.00, =-71.25
3. Europe 71.25, 33.75, -11.25, 41.25
4. Northern Europe 71.25, 52.20, 3.75, 37.50

5. south west Europe 45,00, 33.75, -=11.25, 15.00
6. south east Europe 45.00, 33.75, 15.00, 37.50
7. central Europe 56.25, 45.00, -11.25, 15.00

This is an index for the skill score measure. 1 corresponds to (500mb
height) RMS error, 2 corresponds to (500mb height) anomaly correlation

coefficient.

This is another index which can take the value 0 or 1. A value of O
means that the prediction of skill is for the current ('today's')
forecast. A value of 1 means that the prediction is for the forecast
immediately preceding the current one (yesterday's forecast). As
discussed above, the scheme is expected to be more skilful in
predicting the forecast error of yesterday's forecast, and that the
penalty incurred by waiting a day need not be unacceptable. If it is
helpful, one could think of the value of this index as giving the time
lag (in days) between the current forecast and the forecast whose

skill is to be predicted.

This contains a five digit integer. The first digit corresponds to
the category predicted by the first predictor. The second digit
corresponds to the category predicted by the second predictor, and so

on. The categories are ranked in decreasing order of skill; both for



rms error and anomaly correlation The predictors are ranked in the

order they were described in section 2, ie

Predictor 1 spread

Predictor

Predictor

Predictor

Words 7-10:

circulation index

day 1 forecast error

2
3

Predictor 4 forecast persistence
5

magnitude of forecast anomaly

These give the gquintiles of the predictand, i.e. the real-number
values (skill scores) at the boundary between two adjacent
categories. Each category is, a priori, equally likely. So, for

example, if the values were

0.799 0.715 0.547 0.271

(corresponding to anomaly correlation scores), the first (most
skilful) category corresponds to scores between 1 and 0.799; the
second category to scores between 0.799 and 0.715; and so on.
The least skilful category would have scores between 0.271 and
-1.00. (This example in fact corresponds to day 7 scores over

region 3, Europe).

Words 11-15: These give the output from the categorical calculations of

prediction of forecast skill. They are the probability of
occurrence of forecast skill, expressed as real numbers, in each

of the five categories. For example, if the values were

0.381 0.270 0.124 0.124 0.101

there would be a 38% chance that the forecast in question would

have a skill score in the first category ( ie, be exceptionally

skilful), a 27% chance that the skill lies in the second

quintile, and so on.

Word 16: This gives the actual skill score of the forecast, expressed as a

real number. Until the verification program is run, this record will

contain the number 9999..



This completes the description of the output records, computed and written by

the program PROFOSK. Sample output from PROFOSK is appended to this
memorandum. There are 7 regions, 4 verification times and 2 scores, both for
the current forecast (lag 0) and for the preceding forecast (lag 1). Hence,
each time PROFSOK is run, 112 new records are written, and the first record is

updated.

c. Extracting and manipulating the data
Reading the file PROBFORSKIL8788 requires the use of appropriate FORTRAN

statements for direct access files.

In order to select the appropriate record for a given forecast, verification

region, skill score etc., the function
IRECDAF(I1,12,1I3,I4,1I5)

can be used, where I1...I5 correspond to the values of the first give integer

words of the record. A list of IRECDAF is also appended to this memorandum.

An example of a very simple program that reads and prints the data
corresponding to an estimate of the skill a day-3 forecast over the western
hemisphere (area 1) in terms of rms error, the forecast being started on the
first of December 1987 and the estimate being issued on the same date, is the

following:

DIMENSION INDICES(6), QUINTS(4), PROBS(5)
OPEN(UNIT=1,FILE="FT01',STATUS="OLD',ACCESS='DIRECT"',RECL="8%16")
IREC=IRECDAF (871201, 3, 1, 1, 0)

READ(1,REC=IREC) INDICES, QUINTS, PROBS, SCORE

PRINT*, INDICES, QUINTS, PROBS, SCORE

STOP

END

Please note that the function IRECDAF will return a value of 2, and that the
first 5 words of the array INDICES will be equal to the five input parameters

of the function.



There is clearly a considerable amount of information in PROBFORSKIL8788, and
not all of it can be displayed in real time. Any member state wishing to make
use of the output of this experimental package should decide which, if any, of
the output data they wish to monitor and display. In the operations room at
ECMWF, histograms of day 3, 5, 7, and 9 RMS error for Europe and the
hemisphere will be displayed both for the current forecast and the preceding
forecast. Periodically, about once a week, a time series chart will be
displayed showing a plot of actual skill scores, together with the quintile
having highest probability. By the end of the winter the plot will show the
time series of predicted and actual scores over the whole experimental

period.



5. VERIFICATION AT ECMWF

In order to assess objectively the impact of this scheme, a program to
calculate what is known as the 'ranked probability score' (Epstein, 1969)

shall periodically be run. BAn outline of this score is given below.

The 'classical' objective test of a categorical scheme is the Brier score (see
e.g. Murphy and Katz, 1985). Suppose for a given forecast, the probabilities

of the five categories were
6.4 0.3 0.2 0.1 0.0

and the actual forecast skill occurred in category 2, ie the a posteriori

probabilities were
01000

The Brier score is the mean square of the difference between the a priori and

a posteriori probabilities, ie
(0.4%%2 +0.7%%2 +0.2%*2 +0.1%*2)/5 = 0.14

The larger the Brier score the worse the skill of the scheme. The score can

be compared with a 'chance' value of 0.16 (equal a priori probabilities of

0.2).

One problem with the Brier score for the present purposes is that it takes no
account of the ranking of the categories. In other words, if the a priori

probabilities of the five categories were, instead of the above,
0.0 0.3 0.2 0.1 0.4

the Brier score would be identical. However the first example was only one
category out in its prediction of maximum probability, whereas the second
example was three categories out. A simple way to take this ranking into
account is to calculate an analogous score, not on the probabilities of the
categories, but on the cumulative probabilities that the predictand lies in a

category equal to or less than a given category.

10



In the first example, the cumulative a priori probabilities are
0.4 0.7 0.9 1.0 1.0,

and the cumulative a posteriori probabilities are
01111,

The ranked probability score is then equal to
(0.6**2 +0.3*%*2 +0.1**2 )/4 = 0.115

(The average is computed over the first four classes only, since the
cumulative probability of the last class is 1 in any case). For the second

example, the cumulative a priori probabilities are
0.0 0.3 0.5 0.6 1

and the ranked probability score is equal to
(0.7*%%2 +0.5%*%2 +0.4%*2)/4 = 0.225

It can be seen that the ranked probability score gives a better score for the
first example, where the prediction with highest probability was one category
out. For a complete description of this scheme, the reader should consult
either of the two references given at the beginning of this section. This
score will be used toc verify the predictions for this experimental scheme. 1In
order to make the score positively oriented (high skill corresponding to high

score) with zero as the level of no gkill, it will be normalised by a ranked
probability score for a chance forecast,ie the score used will be defined as

RPSS=(RPSC-RPS)/RPSC

where RPS is the ranked probability score of the forecast, and RPSC is the

ranked probability score of a chance or climate forecast.

11



6. CAVEAT EMPTOR

In Palmer and Tibaldi (1987), it was clearly recognised that the physical {
mechanisms giving rise to forecast skill variability were both complex and
interactive. It was shown that the growth of analysis or short range forecast
errors by instabilities of the flow was important. These instabilites were in
part baroclinic, though, towards the end of the forecast period, they were
also associated with barotropic instabilities of the zonally varying flow.
From a theoretical point of view, these barotropic instabilities are poorly
understood. In addition, it was found that a second important source of
forecast skill variabilty is the systematic mistreatment of physical processes
in the model. In some regions, instabilities of the flow appeared to be a
dominant source of forecast error growth, in other regions the influence of
systematic errors were dominant. However, over much of Europe, it was not
possible to isolate either as a dominant mechanism. This suggestion of
interactive mechanisms appeared tolbe confirmed when it was shown that from a
practical point of view, the European region proved one of the most difficult
in which to predict forecast skill. Nevertheless, it was shown that some
degree of skill was obtainable for all regions, particularly in the slowly
varying component of forecast skill. For example, for daily fields a typical
correlation of 0.3 between predicted and actual skill scores can be expected.
Lower frequency fluctuations in skill score (with timescales of a week) can be
forecast with higher skill. However, the potential user should treat the

output from the scheme with caution.

In future years, a move towards a more dynamical basis for predicting forecast
skill is planned. In particular, the use of ensembles of Monte Carlo
integrations of the operational model at perhaps T63 resolution would appear

to be worthy of further investigation.

12
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APPENDIX

A2 - A6: Sample output from program PROFOSK

p7: Listing of Fortran function IRECDAF used to access

the correct records in the file PROBFORSKIL8788

A1
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FUNCTION IRECDAF (11,12,13,14,15)

IDAY=MOD(I1,100)
IMON=MOD(I1/100,100)

1F (IMON.EG@.11) THEN
IDAY=IDAY-30

ELSE IF C(IMON.LE.2) THEN
IDAY=IDAY+31*IMON

ENDIF

IFOR=MAX(1,MINC4&,12/2))
IAREA=MAX(1,MIN(7,13))
IERR=MAX(1,MINC2,14))
ILAG=MAX(O0,MINC1,I5))
IDAY=MAX(1,MIN(91,IDAY+ILAG))

IRECDAF=(IDAY-1)*112+(IAREA-1)*16+(IFOR-1

RETURN
END

A7

Y*4+(IERR=-1)*2+ILAG+2Z





