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A method to assess public weather forecasts objectively is presented. The
forecasts may be of variable format and content. Results are presented to show
that the verification procedure provides a simple means for measuring the
accuracy and relative skill and usefulness of such forecasts. It provides an easy
method for forecasters to gain rapid and reliable feedback of forecast perfor-
mance. The results also indicate areas where research to improve forecasts

would be most fruitful.

Introduction

The problem of measuring the accuracy, skill and
usefulness of forecasts has attracted considerable
attention. A variety of techniques is available for
assessing both probabilistic and categorical
forecasts of a particular meteorological variable
(Dobryshman 1972; Julian and Murphy 1972;
Woodcock 1976: 1. B. Mason 1979). However
only a few attempts have been made to objectively
assess the usefulness, accuracy or skill of the pub-
lic weather forecasts as disseminated by the media
to the community (B. J. Mason 1980; Malberg
1977). Their variable format and content and the
ill-defined nature of many of the terms used pre-
sent problems in assessing this type of forecast.
The purpose of this paper is to present an objec-
tive procedure for assessing public weather
forecasts. The approach is similar to, but more
comprehensive than, the method Malberg used to
assess forecasts of the German weather service.

Objectives

There are three main objectives of the verification
procedure. The first is to measure the accuracy,
usefulness and skill of public weather forecasts.
Most people become aware of the weather
forecast through media outlets. It is through these
forecasts that the public largely judges the useful-

ness of its meteorological services and the
accuracy and skill of the forecasts.

Assessment of the forecasts in the form they
reach the public is necessary to give an indication
of the usefulness of the service.

The scoring method described below only par-
tially attains this objective. It provides a relative
measure of skill and value, essentially a weighted
average of the accuracies of the several compo-
nents of the public weather forecast. It appears to
give a good indication of changes in skill with time
and could be used to assess differences between
techniques, or individuals.

The second objective is to provide the basic
information necessary to identify weaknesses in
the forecast system. Objective verification pro-
grams are the only way to reliably identify
shortcomings in forecasts. This knowledge can be
used to highlight those areas where research
should be directed to gain the greatest improve-
ment in accuracy or usefulness.

The third objective is to focus the attention of
forecasters on forecast deficiencies. Forecasting is
not an entirely objective process. Many subjective
decisions have to be made. An integral part of
developing the art of forecasting.is learning from
past experience in the subjective decision-making
process. This learning is enhanced if rapid feed-
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back of previous successes and failures is available
to the forecaster.

The forecast verification procedure described in
this note is intended to be a practical method of
approaching the objectives set out above. The
general principles used in scoring forecasts are de-
scribed in the first section. This is followed by a
presentation of tables and rules for the allocation
of points for each component of a forecast, and
the method of calculating the forecast score is de-
scribed. In the final section, results of one year’s
operation are presented and briefly discussed.

General principles
Forecast components

Weather forecasts can in general be written in
terms of some or all of five components. These
are precipitation, phenomena, wind, temperature
and cloud. Separate verification of these five com-
ponents is the framework of the verification pro-
gram.

Mandatory components in forecast

Although the format and content of forecasts
vary, some elements are considered to be of such
importance that their omission leads to a penalty
in the score. For example, precipitation or lack of
it must always be mentioned. Mention of wind
and temperature is also considered mandatory.
Failure to forecast very cloudy to overcast condi-
tions in non-precipitation situations is penalised,
but otherwise cloud is not considered to be impor-
tant enough for the score to be reduced if it is not
mentioned. ‘Phenomena’ are only assessed if they
are forecast or occur. In the case of relatively rare
events it is clearly inappropriate to score every
forecast in which they are not mentioned as a cor-
rect forecast of non-occurrence. The rules for
each component are considered in detail below.

Weighting of components

So that the score is related to the usefulness of the
forecast to the community, each component of
the forecast is weighted. The weights vary across
components and also according to severity within
each component. No objective measure of the
relative importance of the components is availa-
ble, so the weighting is a matter of professional
judgment arrived at by discussion among local

meteorologists. Although market research may
eventually indicate more appropriate weights, the
values chosen (Table 1, which are maximums for
each component) are believed to be reasonable.
The relative magnitude reflects local perception of
their importance.

Table 1. Maximum weights assigned to compo-
nents

Forecast component Weights
Precipitation (thunderstorm) 60
Phenomena 40 each
Wind speed (storm) 50
Wind direction 10
Temperature (very hot, very cold) 30
Cloud (overcast) 20

Variable weighting within components

Within each component there is a range of
severity which is weighted accordingly. For exam-
ple, a gale is given more weight than light winds
and a thunderstorm more than drizzle. The com-
plete set of weights for all components is given
below.

Probabilistic terms

Public weather forecasts often contain pro-
babilistic terms such as ‘chance of”. Such forecasts
are weighted so that the expected value of the
score is maximised if ‘chance of” is used when the
probability of occurrence of the forecast event lies
between 0.4 and 0.7. This is discussed further in
Appendix 1. The range is biased towards higher
probability because it is believed that mention of
an event through ‘chance of heightens public
expectation of the event. The width of the range
recognises that probabilistic terms are essential
for probabilities in the vicinity of 0.5 and the
limits reflect the desirability of minimising over-
use of probabilistic terms in public weather
forecasts. This is further discussed in a paper by
Daw and Mason (1980).

Terminology

To assess public weather forecasts the terms used
in the forecast need to be clearly defined. There is

" wide variability among forecasters and the public

in their perception of the meaning of terms such
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as cloudy, mild etc. Also many people are not
aware of the quantitative criteria for such terms as
hot, squalls, showers, strong winds etc. The
verification procedure endeavours to assess
forecasts in the form they are issued to the public.
It is believed that the whole range of common
English should be available to forecasters and
they must not be restricted in their choice of
words ‘just for convenience of scoring. Accor-
dingly, it is not feasible to provide an inflexible list
of available terms. However a set of agreed
definitions for the more common terms was
adopted by the forecasters in the Australian
Capital Territory Regional Office after extensive
discussion. These definitions are based .on the
Glossary of Meteorology (1970), Merteorological
Glossary (1972) and the Concise Oxford Dictionary
(1968). Some of the more commonly used terms
are defined in Appendix 2.

Allocation of points

The general rule is that the forecast of an event
that does not occur is penalised by the same
amount as the non forecast of an event which
does occur. The practical result of this is that the
score depends on both the actual weather and the
forecast.

For a given forecast/observed combination in
each component one finds two numbers. One is
the maximum possible score, and the other is the
actual score. The maximum possible number of
points for the forecast as a whole is the sum of the
maximum scores for each component, and
similarly the actual number of points is the sum of
these for each component. The final score is the
ratio actual/possible.

Application in the Australian
Capital Territory Regional
Office

The following tables and notes show the pro-
cedure as it is applied in the Australian Capital
Territory. They could be adapted to other regions
without undue difficulty.

Precipitation: (maximum points 50)

Notes

(i) If ‘about the ranges’ or similar terms are
used or occur, use the mountain rainfall sta-

Table 2. Allocation of points for precipitation/
thunderstorm (TS)

FORECAST
OBSERVED
Fine Chance of Showers/TS Rain Drizzle

Fine 50 25 0 0 0
Showers/

TS 0 40 50 40 40
Rain 0 40 40 50 40
Drizzle 0 40 40 40 50

tions to provide the required data. Verify the
forecasts in two parts, one for the ranges and
one for the urban area. The two parts are
weighted 0.2 for ranges and 0.8 for urban
area and combined to give a component
score for precipitation.

(ii) If the precipitation is associated with a thun-
derstorm, add 10 to the maximum possible.

(iii) If the forecast is in two time sections e.g.
‘some showers this afternoon, fine tomor-
row’, the forecast is verified in two parts.
Each part is given the weight 0.5.

(iv) It is not assumed that hail and squalls are
implied by a forecast of thunderstorms. They
should be mentioned separately if appropri-
ate (see phenomena).

(v) If fine is forecast and precipitation is
observed (e.g. distant showers or slight
drizzle) but is not sufficient to be recorded,
40 points out of 50 are allocated. It is con-
sidered that such precipitation does not
substantially negate ‘fine’. Conversely when
precipitation is forecast and observed but is
insufficient to record, 40 points out of 50 are
allocated.

(vi) If either lack of precipitation or precipitation
is not explicitly mentioned (e.g. forecast may
read ‘Overcast cool. Fresh winds’), allocate
0 points out of 50.

Phenomena: (maximum points 40 each)

Notes
(i) Phenomena, for the purpose, of verification,
are defined as hail, fog, dust, snow, squalls,
frost.
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Table 3. Allocation of points for phenomena

FORECAST
OBSERVED to occur  chance of  not mentioned
occurs 40 30 0
not occur 0 20 0*

* It is inappropriate to allocate points for the successful forecast
of no phenomena.

(ii) If a phenomenon is forecast but does not
occur, or is not mentioned but occurs, add
40 to the maximum component total. Where
a phenomenon is not mentioned and does
not occur, the component total is 0.

(iii) Shallow fog and fog patches are to be treated

as correct for a fog forecast. Non forecast of

shallow fog/fog patches is allocated 30 out of

40 points.

(iv) Frost is considered to be forecast if the

forecast minimum temperature is equal to or
less than +2°C.

Table 4. Allocation of points for wind speed

Wind direction: (maximum 10 points)

Notes

(i) If the observed wind is within +45° of the
predicted direction allocate 10 points, if
within 90° allocate S points, otherwise 0.

(ii) If a significant wind change occurs, the wind
is assessed in two sections, each given a
weighting of 0.5 and the results added.

Wind speed: (maximum points 50)

The points allocated for wind speed depend on
both the actual weather and the forecast. This
requires the following method of using Table 4.
Choose the column which allocates the most
points to either the forecast or the observation.
Then using that column only, find the number of
points allocated for the forecast. For example if
fresh winds were forecast and gales occurred, the
column headed gale is appropriate as the max-
imum allocation for gale is 40 compared with 15
for fresh. Using the gale column 10 points are
allocated to the forecast out of a maximum possi-
ble of 40. If gales had been forecast and fresh
winds occurred exactly the same procedure would
apply.

FORECAST
OBSERVED Calm/light/moderate Fresh Strong Gale Storm
C/L/M 10 5 0 0 0
Fresh N 15 15 10 0
Strong 0 5 25 25 25
Gale 0 0 15 40 40
Storm 0 0 0 25 50
Temperature: (maximum 30 points)
Table 5. Allocation of points for temperature

FORECAST

OBSERVED Very cold Cold Cool Mild Warm Hort Very hot
Very cold 30 10 0 0 0 0 0
Cold 20 20 5 0 0 0 0
Cool 10 10 10 S 0 0 0
Mild 0 0 S 10 S 0 0
Warm 0 0 0 S 10 10 10
Hot 0 0 0 0 5 20 20
Very hot 0 0 0 0 0 10 30
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The same method is used for Tables 5 and 6.

Notes

(i) Qualitative terms refer to wind chill tem-
peratures. These are taken from Falconer
(1968) and are defined in Fig. B1. Since peo-
ple are seeking an indication of how warm or
cold they will feel it is more appropriate to
use wind chill for the basis of these terms.

(it) If qualitative temperature terms are not
explicitly stated in the. forecast 'the wind
speed and the quantitative temperature
forecast are used to obtain a wind chill tem-
perature.

(iii) Where maximum and/or minimum tem-
perature is included in the forecast and the
wind chill range is correct, the points allo-
cated are halved if the temperature forecast
is in error by more than 2°C. No points are
allocated if the error is greater than 5°C.

(iv) Qualitative temperature terms are taken to
refer to the afternoon (maximum) tem-
peratures, unless explicitly stated otherwise.

Cloud: (maximum 20 points)

Table 6. Allocation of points for cloud

FORECAST

Partly cloudy

OBSERVED Clear etc. Cloudy Overcast
Clear 10 5 0 0
Partly cloudy 5 10 5 5
Cloudy 0 5 15 15
Overcast 0 0 5 20
Notes

(i) If precipitation or fog is mentioned in the
forecast, and cloud is not mentioned, cloud
is not included in the assessment.

Table 7. Assessment of a typical forecast

Forecast Fine. Some morning frost and areas of fog.

winds. Min 0. Max 13.

(ii) If cloud is not mentioned in the forecast,
cloud is not assessed unless cloudy or over-
cast conditions occur.

Assessment of forecasts

From the points allocated to each component of
the forecast, using the rules of the previous sec:
tion, a score ranging from 0 to 1 is determined.
Table 7 illustrates the assessment of a typical
forecast.

The points allocated to each component of the
forecast are summed to give a total. Points are
allocated to observed weather as if it was a correct
forecast. These points are summed to give the
maximum possible total. The ratio of the total to
the maximum possible total is the score. It should
be noted that the first principle given in section 4
implies that the maximum total depends on the
forecast as well as the observed weather. This is
illustrated in Table 7 in which 0 out of 40 points
are allocated for an incorrect forecast of fog and 40
out of 40 points are allocated for a correct forecast
of frost.

Results

The forecast verification procedure was tested
over a period of 12 months from 1 September
1978 to 31 August 1979. It is now used routinely
in the Australian Capital Territory Regional
Office. The results presented in this section are
not an exhaustive analysis of the forecast perfor-
mance during this period. They are presented only
to indicate the extent to which the three objec-
tives outlined in the Introduction are fulfilled.
The forecasts assessed were those at 5.30 am
valid for ‘today and tonight’ and 5.30 pm valid for
‘tonight and tomorrow’. For comparison purposes
persistence forecasts valid for the same periods

A cool day with mostly light south to southeast

Precipitation ~ Phenomena Wind Temperature Cloud Total Max Score
Observed Fine (50) Frost (40) Light (10)  Max17 (10)
(40) NW (100  Min =3 (10) 170
Forecast Frost (40) Light (10) Max 13 (5)
Fine (5) Fog (0) S to SE (0) Min 0 (5) 110 0.65
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were also assessed using the same rules. Persis-
tence was chosen since it is believed that it more
clearly reflects the impact on the public of weather
changes and forecast changes than does
climatology. The persistence forecast was taken as
the actual weather that occurred during the pre-
vious period.

In the results that follow daily scores are
measured to the nearest decimal place. The sec-
ond decimal place is only significant for average
monthly and yearly scores.

Accuracy, skill and usefulness

It has been noted above that the forecast score is
not strictly a measure of accuracy. Those compo-
nents of the forecast which are considered most
‘important’ are given the greatest weights. The
score is a relative measure of usefulness (subjec-
tively perceived).

The forecast scores can be used to indicate the
skill of manually produced public weather
forecasts over persistence forecasts, climatological
forecasts or any other type of forecast written in
the appropriate format.

Table 8 compares the monthly mean scores of
persistence and the manually produced public
weather forecasts. While the forecasts scored bet-
ter than persistence for all months they were only
marginally better in February 1979 (5.30 am
forecast) and June 1979 (5.30 pm forecast).

A more detailed analysis of the skill of the pub-
lic weather forecasts can be obtained by consider-
ing the frequency distributions of the forecast
scores. Figure 1 shows the frequency distributions

for daily scores of the 5.30 am Regional Forecast
Centre forecasts and persistence. Both histograms
suggest a minimum in the frequency of scores of
0.5 and 0.6, although only the minimum sug-
gested by the persistence histogram is statistically
significant at the 95 per cent level. This can be
shown by assuming that the frequency of occur-
rences in each category of the histogram can be
represented by the result of a random experiment
consisting of independent Bernoulli trials.

The skill of Regional Forecast Centre forecasts
over persistence is indicated by the higher propor-
tion of Regional Forecast Centre forecast scores
between 0.7 and 1.0 and the smaller proportion
between 0.1 and 0.4 — the differences are
statistically significant at the 95 per cent level.
However the proportions of scores of 0.5 and 0.6
are not significantly different. This suggests that
some success can be claimed in forecasting major
changes in the weather.

A comparison of the 5.30 pm forecast and per-
sistence histograms shown in Fig. 2 indicates, in a
similar way to the 5.30 am histograms, the skill of
the forecasts over persistence. A higher propor-
tion of forecast scores occurs for scores between
0.7 and 1.0 and a smaller proportion between 0.1
and 0.4 — the differences in the proportions are
significant at the 95 per cent level. The propor-
tions of scores of 0.5 and 0.6 are not significantly
different. The minimum which occurs in the per-
sistence scores at 0.5 is not statistically significant.
Forecasts issued at 5.30 pm do not have the same
content as 5.30 am forecasts. Minimum tem-
perature, fog and frost are not included in the

Table 8. Verification scores for forecasts and persistence during the period 1 September 1978 to 31

August 1979 and averaged monthly.

Year Month Forecast Persistence Forecast Persistence
5.30am 5.30am 5.30 pm 5.30 pm
1978 Sep 0.83 0.66 0.74 0.59
1978 Oct 0.84 0.61 0.80 0.68
1978 Nov 0.85 0.66 0.77 0.63
1978 Dec 0.88 0.74 0.81 0.70
1979 Jan 0.86 0.74 0.88 0.77
1979 Feb 0.74 0.72 0.79 0.72
1979 Mar 0.87 0.72 0.78 0.66
1979 Apr 0.83 0.66 0.83 0.74
1979 May 0.87 0.73 0.74 0.65
1979 Jun 0.89 0.74 0.80 0.78
1979 Jul 0.89 0.75 0.85 0.69
1979 Aug 0.90 0.71 0.85 0.71
Average 0.85 0.70 0.80 0.69
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Fig. 1 Frequency distributions for daily scores of the 5.30 am Regional Forecast Centre forecasts and persistence.
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morning forecasts and cloud is rarely mentioned. reduced and the number of scores of 0.8 and 1.0 is
If fog and frost are deleted from the 5.30 pm increased. This indicates that the difficulty of
forecast the histogram is changed considerably forecasting frost and fog is clearly reflected in the
(Fig. 3). The number of scores of 0.6 and 0.7 is verification result.
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Comparing the morning and afternoon persis-
tence histograms the frequency of scores of 1.0 is
significantly greater from the morning persistence
forecasts. The frequency of scores of 0.5, 0.6 and
0.7 are significantly greater for the afternoon per-
sistence forecasts. The proportion of scores of 0.8
does not differ significantly between the morning
and afternoon forecasts.

The difference is probably due to differences in

the forecast period. The 5.30 am forecast is for
today and tonight, approximately 6 am to mid-
night. The 5.30 pm forecast is for tonight and
tomorrow, approximately 6 pm to 6 pm the
following day. Thus the latter tends to be more

. influenced by overnight frost and fog; which did

not show much day-to-day persistence in the
period studied, resulting in a higher frequency of
low persistence scores.

Fig. 2 Frequency distributions for daily scores of the 5.30 pm Regional Forecast Centre forecasts and persistence.
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Fig. 3 5.30 pm Regional Forecast Centre forecasts with fog and frost deleted.
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Weaknesses in the forecasting system

The daily scores for forecasts and persistence for
May 1979 are shown in Fig. 4. Between 14 and 23
May the weather was influenced by a strong, very
slow moving anticyclone. This is reflected in the
high values of the persistence scores. It is also
clear that the cessation of the influence of the
anticyclone was not adequately forecast. On 23
May the persistence score of 0.9 indicates that
weather similar to the previous eight days occur-
red. The forecast issued to the public had a score
of 0.1. Clearly a considerable change was expected
in the weather but did not occur. The presentation
of the score in this form indicates inadequacies in
the ability of the forecasting system to predict a
change from one weather pattern to another.

The verification procedure also provides other
useful information on the source of forecast
errors. Tables 9 and 10 show the points lost in
each component for the 5.30 pm and 5.30 am
forecasts respectively.

Most points are lost due to errors in precipita-
tion forecasts. Errors in 5.30 pm phenomena
forecasts make the next biggest contribution. A
large proportion of the forecasts of phenomena is
made up of frost and fog forecasts. At 5.30 am
these are normally part of the present weather at
the time of issue of a forecast or its assessment.
Temperature, wind and cloud make the smallest

contribution to the points lost. There is a con-
siderable difference between the number of points
allocated to cloud for the 5.30 pm forecasts and
the 5.30 am forecasts. The mention of cloud in a
forecast is only mandatory in the limited circums-
tances mentioned earlier. Because the 5.30 am
forecasts are for shorter periods than the 5.30 pm
forecasts, it appears that forecasters are able to
resolve that cloud is usually of little significance
and rarely mentioned in these early morning
forecasts.

The number of points gained for each forecast
component is proportional to the useiulness of
the forecast. The score is proportional to the skill
of the forecasters. Phenomena gained by far the
lowest score. With information about the major
weaknesses in forecasts, areas where research
may be most fruitful can be easily identified.

Feedback to forecasters

During the trial period of this verification scheme
the forecast scores were available to forecasters
the day following the forecast period. This was
possible because of the simplicity of the
verification scheme. The time required to verify a
forecast manually is about ten minutes. Because
of the limited period of this study it was not possi-
ble to test whether or not the feedback of results
to forecasters led to an increase in forecasting
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Table 9. Summary of component totals and maximum component totals for the period 1 September
1978 to 31 August 1979, 5.30 pm forecasts.

Precipitation Phenomena Temperature Wind Cloud
max. max. max. max. max.
points  possible  points  possible  points  possible  points  possible  points  possible
Sums 15782 19480 3290 4820 6545 7770 6125 7330 5680 6790
Errors 3698 1530 1225 1205 1110
Score 0.81 - 0.68 0.84 0.84 0.84

Table 10. Summary of component totals and maximum component totals for the period 1 September
1978 to 31 August 1979, 5.30 am forecasts.

Precipitation Phenomena Temperature Wind _ Cloud
max. max. max. max. max.
points  possible  points  possible  points  possible  points  possible  points  possible
Sums 16282 19240 40 40 4360 5085 6445 7280 150 150
Errors 2958 "0 TU728 835 0
Score 0.85 1.0 0.86 0.89 1.0

skill. However, evidence from psychological
literature suggests that rapid feedback lead to
enhanced learning from past experience and
hence should aid the development of increased
forecasting skill. .

Conclusion

The verification program provides a simple means
of verifying variable format public weather
forecasts issued to the media. The verification can
be carried out in real time giving rapid feedback to
the forecaster of his performance, facilitating the
learning process. The workload in carrying out the
daily verifications is relatively small. Once the
verifier is conversant with the procedures no

more than ten minutes per day is required for the -

verification. It also provides information useful
for both the identification of areas where research
would be most fruitful and for the administrative
purpose of having an objective measure of
forecast performance.

The verification results can also be made to
reflect as adequately as desired the usefulness of
forecasts to any particular area or group serviced.
This is achieved through varying the relative
weights of each component of the forecast so that
the sensitivity of the score to the predictability of

the various weather elements can be controlled. it
is to be hoped that future market research may
reveal the most appropriate weights for general
public weather verification, but the problem is
complex.
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