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I. INTRODUCTION

Since 1 December 1980 the following additional global fields of near-surface
weather parameters are available within ECMWF as direct model output from ECMWF

operational forecasts:

(1) Temperature at 2m
th 1
(ii) Dewpoint at 2m above e mode
surface
(1iii) u and v component of the wind at 10m

Together with cloud amount and precipiatioh they form a basis to extract local
weather element forecasts from operational model runs which can be made available
in e.g. the form of meteograms (éxamples for Copenhagen and Stockholm, Rome and
Paris are given in Figures 1 and 2) and\which éan be verified against single

station observations.

The assessment of near-surface weather parameters will exhibit deficiencies in
forecasting boundary layer conditions, and is primarily meant to complement the
evaluation of the model performance by standardized methods such as correlation
coefficients, RMS scores and bias score. ILocal weather element forecast guidance
could, in principle, be made available directly to the field forecaster. He should
use the ihformation not independently, but in conﬁection with ahd in addition to
standard forecast fields like geopotential height, temperature and wind. In this
sense meteograms can be regarded as a useful tool to compress the enormous amount

of data being produced by each operational forecast.

In chapter V. paras. 1 to 4 we assess ECMWF model forecasts of temperature,
precipitation, cloud amount and wind speed for 17 specific sites in Europe for
December 1980 and January 1981. The spot forecasts were linearly interpolated
from the nearest surrounding four gridpoints (the grid interval being 1.875 degrees
latitude and longitude) to the location of the following 17 Synop stations which

were used for verification, the WMO code number is given in brackets (see also

Figure 3):
\
Jokioinen (02963) Essen (10410) Rome (16242)
Stockholm (02464) Uccle (06447) Ankara (17128)
Copenhagen (06180) Wien (11035) Madrid (08221)
Crawley (03776) Payerne (06610) Lisbon (08536)
De Bilt (02260) Paris (07147) Athens (16716)
Valentia (03953) Belgrade (13272)

These stations report regularly at least at each main synoptic hour. They were
selected partly because they are situated in a region of reasonably homogeneous

terrain, thus avoiding a priori systematic errors through orographic effects.
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The derivation of near-surface weather parameters is briefly outlined in para.III

and for the following assessment some important facts should be remembered:

(i) The daily cycle is not yet included in the ECMWF model.

(ii) The sea surface temperature is held constant at the

climatological monthly mean value.

(1ii) The model orography is smooth and thus in some essential
features does not reflect the -real geographical elevation

-of the ground or the coastlines.

Various systematic errors will result from (i) to (iii), which are most pronounced
in the-temperature and wind forecasts. In para. V.5 we show one example of how
direct'model local temperature forecasts can be improved by eliminating part of the

bias through simple statistical correction.

The skill scores are explained in chapter III. We calculated the Heidke scores
against chance and persistence. A discussion of the methods and the choice of

persistence as a standard of comparison is contained in chapter IV.

We are aware of the defiéiéncies when verifying spot forecasts in time and space
against single station observations. A gridpoint forecast is valid;for the

complete forecast area of 1.875%1.875 degrees which at middle latitudes is about
200*200 km; For verification purposes oné should average the observed data over

the available verification box. This was not done for this preliminary exercise.

II. COMPUTATION OF LOCAL WEATHER PARAMETERS

The parameters assessed in this verification exercise are "raw model output", i.e.
they are a product of the operational forecast model. The two parameters, wind

at 10m and'témperature at 2m above the surface, are the result of an interpolation
between the lowest model sigma level and the surface values. Precipitation and
cloud amount are calculated from parameters used in the ECMWF model's interactive
physical parameterization scheme. Details of the téchniques used for the
derivation of the cloud amount can be found in the Technical Newsletter No.2,
February 1980, in an article by J.F. Geleyn. The computation of the precipitation

is documented in ECMWF forecast Model Documentation Manual, Vol 1.

Wind and temperature near the surface are interpolated using the models drag
coefficient for any physical parameter ¥

_ . 815
Cpy = i, 50



Where Ri denotes the Richardson number, Z,5 the height of the lowest model level
and z the roughness length. The furiction £ is highly complicated so that no
inversion of the profiles can be obtained easily, however this drag coefficient
can formally be obtained from another relationship where ® is the Karman constant
: 2
CD\{I = .—_.‘a{;_
! 7, _+22
\E 21570
\ z!
o
and zé is a modified roughness length varying with the stability conditions. From
this relation zé can be determined and a lcgarithmic profile of the parameter ¥
between the surface and the lowest model level can be derived ‘thus allowing the
calculation of the temperature and humidity at 2m above the surfaéeyand the wind

at 10m above the surface to compare them with synoptic observations.

i

z+z!
o}

1n
Zl

Y(z) = ¥Ysurf + (Y15 - ¥Ysurf) o

III. VERIFICATION SCORES

Classical scores like RMS error, correlation coefficient etc. are widely used when
forecast elements are expressed on a continuous scale. For verification of
temperature and windspeed, we chose the anomaly correlation, the standard deviation
and the mean error as a standard set of verification parameters. Temperature and
wind forecast and observed anomalies. are computed in relation to the observed mean
of the month. The standard deviation was chosen in preference to the RMS error as

one can expect to correct for large parts of the mean forecast error in future.

Forecast elements like cloud amount and precipitation amount which we expressed
categorically cannot be verified in a meaningful way by correlation coefficients.
For these elements contingency tables seem to be a useful tool to present the
forecast results and evaluate them, and the same method can be applied to

temperature and wind speed when they are expressed in categories.

Different verification scores can be cobtained from these contingency tables. We
applied those suggested e.g. by Brier and Allen (19%1) and Klein (1978). To explain

the verification scores we consider the following two-category contingency table:



Observed category
1 2 Total
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Schematic contingency table -

Percent correct is given by (A+D)/I*100.. -

The bias; BS, of category 1 is

le=

6Y |t

The Heidke skill score, HS, can be computed from the table directly, when chance
is chosen as a standard of comparison.

_- (A+D)-(chance)
chance I- (chance)

Chance is the number of forecasts expected to be correct at random and it is based
on the margins of the contingency table:

(E*G) + (F*H)

han =
chance T

If persistence is chosen as a standard of ‘comparison, persistence forecasts are
being made by predicting a continuation of the weather at the time of the analysis
and a contingency table for the persistence forecast can be derived in the same
way as for the actual forecast. The skill score is then computed by V
a8 _ (84D) - (a+d) e
persistence I-(a+d)
with small letters a and d denoting the resulting numbers along the diagonal in

the persistemce contingency table.

The Heidke score only uses the values along the diagonal to evaluate the success

of the forecast and otherwise ignores the remaining distribution of the values in
the contingency table. So one does not get penalised for extreme errors as they

would appear at both ends of the contingéncy table orthogonal to the correct

diagonal.

Fig. 4 shows a nomographic display of the Heidke score. Along the ordinate one
can use any standard of comparison such as chance, persistence or climatology and
the graph then shows what portion of correct forecasts with the computed skill

score is explained by chance or persistence.
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Fig. 4: Nomograph showing Heidke skill score as a function
of the numbers of correct forecasts and the number
of correct forecasts by chance as a standard of
comparison.

Iv. TWO DIFFERENT STANDARDS OF COMPARISON: PERSISTENCE VERSUS CHANCE

Skill scores can only be used to compare two different forecasts with each other,
whereby one of them is considered as the standard of comparison. This standard
has to be chosen carefully in order to give meaningful results. Obvious candidates
are climatology, chance or random distribution, and persistence. Climatology was
not readily available for all the 17 stations and would not have been suitable for
precipitation verification. Chance tables derived from forecast contingency
tables are widely used and recommended in the literature (Brier and Allen, 1951,
and Klein, 1978)’and Heidke skill scores can be computed. The examples given in
table 1, which is for the 72 hour precipitation forecast, exhibits clearly a
serious shortcbming in the choice of chance. The systematic error of the forecast
in the chance table is reproduced and even exaggerated, while persistence is a
model-independent standard of comparison, easily available and unbiased. Skill
scores for persistence are usually lower (see tables 5 and 10) than those for chance,
but since we consider them to be more meaningful we preferred to use them in this
study. In the example given in table 1 the chance forecast fails to maintain the
high number of correct éases in the dry category, reducing it from 148 to 109,

while pérsistence gives 182 correct forecasts in this category. This behaviour in

-9 -



the dry category, in reducing the percent correct in the chance forecast, partly

accounts for the higher skill score when choosing chance as a standard of comparison.

The importance of the skill score should not be over-estimated because it only
reflects the result of the comparison of the numbers of correct forecasts along
the diagonal and does-not reveal extreme forecast errors and the sfructure of
systematic model errors. = One should always assess the overall etructure of a

contingency table and only use the skill score in addition to other means of

evaluation.

' LOCAL VERIFICATION OF NEAR-SURFACE WEATHER PARAMETERS
V.1 Temperature at 2m above the model surface

Method

During the verifieation period (December 1980 and January 1981) a diurnal cycle

was not included in the radiation scheme of the physics package of the ECMWF
forecasting system. ' For the purpose of this verification experiment, therefore,
the daily temperature cycle was filtered out by averaging the synoptic temperature
observations in six-hour intervals centred close to the verification time, e.g. for
a forecast valid at 00z on day D the observations at 12z and 18z on day D-1 and
00z and 06z on day D were averaged. In cases where one or more data out of these

4 were missing, the verification foi this time—stepkwas abandoned to avoid any
bias. Fortunately, this happened on average only once or twice per station and

month so that the total number of cases was hardly affected.

As measures for the quality of a temperature forecast the mean error, standard
deviation and anomaly correlation ccefficient were used together with Heidke Skill-
ecores derived from contingency tables. The classes are defined in terms of
deviation from the observed monthly mean for each station, using seven categories
ranging from "very cold' (less thah'—7o), "cold"™ (-6.9 to -4.5), vrather coldw
(-4.4 to ~-1.5), “norﬁel" (-1.4 to +1.5), "rather warm" (1.6 to 4.5), "warmn

(4.6 to 7.0) to "very warm'" (over +7.1)

Results

Time graphs for correlation ccefficients, standard deviation and mean error for the
.15 timesteps (Analysis to day 7 in 12 hr intervals) for individual stations are

shown in Figs. 5 to 10 for December and January. Persistence is used as a standard

" of comparison. The main trends in error growth with time are similar for December

and January, with noticeably large mean errors for some stations. These mean
“errors could be related to differences in true topographic versus model elevation

of the surface, coastal effects or systematic errors of the model (both in the

- 10 -



Observed

0-0.2 § 0.3-2.0(2.1-5.0{5.1-10.0| 10.1-
0-0.2 148 14 1 0 0
0.3-3.0 78 30 15 8 4.
Model Forecast 2.1-5.0 23 15 19 6 1
5.1-10.0 21 7 6 1 1
10.0~ 2 1 1 3 2
) Observed
O—O.? | 0.3-2.0 2.1-5.0} 5.1-10.0§ 10.1-
0-0.2 182 39 20 12 ‘5
0.3-2.0 43 7 10 3 0
Persistence Forecast 2.1-5.0 23 13 5 1 0
5.1-10.0 8 1 5 0 1
10.0- 2 1 1 1 1
Observed
0-0.2 10.3-2.0 2.1-5.0| 5.1-10.9 10.1-
0-0.2 109 27 17 7 3
0.3-2.0 | 90 22 14 6 3
Chance Forecast 2.1-5.0 43 11 7 3 1
5.1-10.0 24 6 4 2 1
10.0- 6 2 1 0 0

Table 1:

Contingency table for precipitation forecast (top),
persistence (centre), and chance (bottom) for ensemble
of 17 European statiomns, 72 hours forecast time,
December 1980,

- 93 -




physics and dynamics) in the cases of mean errors with a dominant time evolution.
Almost without exception, the anomaly correlations shows a definitive improvement
over persistence, which usually reaches the 0% correlation between days 2% and 4.
The limit of .6 which is considered to determine thé usefulness of a forecast, is
generally reached by the forecasts around days 3 to 5 and around days 1 to 2 by
persistence. Correlation reduces more slowly after this and an asymptotic value

between 0.3 and 0.4 is maintained at most locations until the end of the forecast.

The trends in standard deviation seem to reflect very much the local climates, with
a low, nearly time~constant value for maritime locations (see for example Valentia)
and rather rapid increases for some Scandinavian stations (example Jokioinen) .
Persistence is hardly ever reached before dav 7, which is rising sharply at the
beginning and levelling off usually around day 5 to approach the forecast value from

above.

A more detailed insight into the characteristics of the temperature forecasts can

be gained by looking at the contingency tables which summarize the results for
all 17 stations, tables 2 and 3. These tables again show the tendency to large

mean errors in the forecast, specially in the categories around the climatological
average, where the forecasts exhibit a clear positive bias. For the "cold" category,
a more balanced picture is found, whereas in the warm observed cases a trend to

underforecast the temperature can be observed.

The total number of temperature forecasts in the "warm" and "very warm" categories,

1

however, is higher than the number of observed, but most of these "warm' forecasts

occur when "normal" or "rather warm" are observed.

For the 24-hr forecas£ the percentage of correct forecasts (40%) is very similar

to the 38.8% correct for the persistence forecast. Allowing a much wider margin
including the two diagonals in the table adjacenﬁ‘to the correct one,(+/—4.5°C)

88% of the forecasts and 84% for the persistence are included. The main improvement
over the persistence can be found in the correct forecasts for the four extreme
categories (warm, very warm, cold, very cold), where the forecasts score 27 cases

against 17 for the persistence).
The resulting skill scores seem to be very low, but one has to take into account the
mean errors of the forecast and the contribution of stations with a small daily

variation in temperature, where persistence scores high for 24 hours.

The general picture for the 48hr forecasts appears very similar to the one for 24

hrs for the forecasts, but the persistence starts to become less valuable at this

- 11 -
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Model Forecast

A

Observed
7.4 to, -4.4t0~1.4 to , 1.6 to [4.6 to -7.4 to, -4.4t0-1 4Otlgse1r;7etd 4
< -4.5 -1.9 1.5 4.5 7.5] > 7.6 - £ -7.5 -4.5 -1.5 ) 1.5 ) 4?5 -6 1’;—?5 > 7.6
4 2 0 0 0 0 €=7.5] 4 5 3 0 0' 0 0
-7.4 to
8 8 2 8 8 8 -2.5{ 5 5 8 5 0 0 0
~4.4 to
7 31 25 9 0 1 is 1 7 28 24 6 2 0
-1.4 to
4 55 |92 27 3 0 ((a) 1.5 0 4 52 89 25 5 1 a)
1.6 to
3 10 76 50 15 0 4.5 1 3 19 |79 55 13 1
4.6 to
0 3 11 14 i3 2 25| O 0 3 13 12 13 2
0 0 3 8 2 2 27.61 0O 0 0 1 5 3 2
Persistence Forecast
, Observed »
4 t0, ~4.4t0~1.4 to | 1.6 to |4.6 to 74 o) 4.4 1014 B TEIE 46
-4.5 -1.9 1.5 4.5 2.5] 2 7.6 € -7.5 -4.5 =1 1.5 4.5 7.5 > 7.6
4 3 0 0 0 0 <-7.5 1 2 5 0 1 1 0
-7.4 to
6 12 3 2 0 0 -4.5 ! 3 7 7 2 2 0
‘ ~4.4 to
14 31 20 - 3 ! e 6 8 31 40 19 3 0
-1.4 to
2 | 45 | 109 3| 5 0 | 1.5 2 8 37 | 9 |39 6 3|
0 11 43 36 13 2 I'ng 0 2 22 42 | 30 14 1
4.6 to
0 1 4 17 8 i 7.5] 0 0 5 13 6 4 2
0 1 1 0 0 1 #7-6l 0 0 0 2 1 1 0

Table 2: Contingency table for 2m temperature anomaly forecast (a)
and for persistence (b) for ensemble of 17 European stations,
January 1981, left; 24 hour forecast time, right; 48 hour
forecast time. i
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Model Forecast

Observed Observed
-7.4 to, -4.4t0-1.4 to ;1.6 to |]4.6 to - -7.4 to, -4.4to-1.4 to 1.6 to |4.6 to

-4.5 -1.9 1.5 4.5 7.5 > 17, € ~-7.5 -4.5 -1 1.5 4.5 7.5] 217,

3 3| o o | 1t | o <750 0 1 2 | 1 1 1 0

6| 10| 5 2 | o | o i - s| 91 6 3| 1] o

7 | 22 | 28 8 1 1 -4 w0l 3 2| 15 20 | 13 4 1
-1. 5 16 5 0

1| a4 |69 |27 | 4 0 | il ! 51 4218

2 | 25 {100 |56 |11 | 3 el o 5 | 26 [t02 | 47 | 10 2
4.6 to

3 [ A IR 1 750 0 5 9 |30 |26 | 10 a

0 o| 3 5 4 1 27.6/ 0 0 2 | 3 1 0 0

Persistence Forecast

Observed Observed
_ _ _ -7.4 to, -4.4to-1.4 to ;1.6 to |4.6 to
< 7.54f§ 4.f;o 1.41t§ e 2 c-7.50 -a.5 o 4.5 7.5) > 7.6
: «ss O] O 2 3 6 1 0
0 5 2 2 2 0
~7.4 to
. ) , o 3 0 ‘el o o 2 | 15 5 4 0
-4.4 to .
6 | 29 | a6 | 18 3| 2 Lal v 5 |30 40|20 8 4
~1.4 to
a |40 |91 | 40 9 2 ) " el 1] 5 |37 |94 | a5 | 11 2
10 | 23 | a5 | 29 6 2 %l s | to | 19 | s0 | 19 4 | o
4.6 to
o | 5 |12 | 7] 5] o0 26 IR I I A RN B
5 . ) ) 5 0 s8] 0] O 0 1 0 1 1

Table 3: same as Table 2 for 72 hour forecast time (left)
and 120 hour forecast time (right)
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stage. We s;ill find 38.9. of the forecasts in the correct diagonal as compared
to 32.7% for persistence,and inonly 11 cases (January) the forecast is out by more
than two categories, none being wrong by more than 4. This result is similar for
the December cases. The cases of misleading forecasts (more than two cateogries
out) may, to a large extent, be attributed to stations with large mean errors,

which can be shown in chapter V.5.

After 72 and 120 hours into the forecast, a wider spread of cases away from the
correct diagonal can be found (Table 3), with the bias towards warmer forecasts
near the observed climatological mean becoming more and more pronounced. Only 33%

of the forecasts are now -found in the correct category.

For the "normal" and "rather cold" categories, the forecasts fall behind persistence
in January and are only equivalent in December. The improvement over persistence,
however, remains for the extreme categories. As one would expect, the corners of
the ‘table far away from the correct diagonal now contain a few cases -3 in December
and 5 in January are now 4 or more categories out for 72 hours of forecast time,
bﬁtkeven for 120 hour forecast time these numbers still stay below 2% of the total

number of cases.

V.2 Cloud amount
The direct model output parameter, cloud amount, is a global field giving the total
amount of clouds at each individual gridpoint at discrete forecast timesteps,
presently 00z and 12z. No information about cloud types or cloud amount at
different levels is available from the model at present. We therefore verify the
cloud forecast against the total cloud cover as it is reported in synoptic
observations. This is a verification of a spot forecast value in time and in

space against a spot observation and no averaging in time has been applied.

The results for all 17 stations are summarized in contingency tables from which
skill scores were derived, again using persistence as a standard of comparison.
When defining the classes we followeéd the widely used terminology of forecasters
and chose four classes: "cloud free or clear" ( 1/8), "fair" (1/8 to 3/8), "cloudy"

(4/8 to 7/8), and "overcast" ( 7/8).

Tables 5 and 6 show the results from the 24, 48 and 72 hour forecast for the 17
European stations summarized in contingency tables. In genera% as can be seen from
the skill scores. (given in table 7% the forecast was slightly more successful in
December .than it was in January, but the results are very similar for both months.

Persistence is very difficult to beat over Europe in winter as "overcast" sky is
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Forecast -
time ; Hours

Standard 12 24 -36 48 60 72
of comparison

Chance .27 .30 .22 .27 .20 .27 é S

persistence -.07 .10 -.03 .14 -.03 .14 ¢ %
o]

Chance .20 .22 .25 .16 .17 .17 B

persistence -.22 .03 .07 .00 .03 .07 £
. v

Table -7: Heidke skill score for cloud amount forecasts from 12 to .72
. hours for 17 stations in Europe using chance and per51stence
as standards of comparison.
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observed in more than 50% of the cases, and good results can be achieved by just
forecasting this state of the sky. Although the percent correct score is only
slightly above 50% for all three forecast steps in December and even below that
mark in January the model still shows some skill in forecasting the cloud amount.
Only 15% of the 24 hour forecasts in December and 16% in January are wrong by more
than one class and these figures only eome close to 20% for the 48 and 72 hour
forecasts while for persistence the number exceeds 20% for the 24 hour forecast
and soon reaches 30% thereafter; Less than 50% of the "clear" sky cases are
correctly predicted by the modelin 48 and~72 hour forecasts. In this category a
strong bias to overestimate the cloud amount at each of the three forecast steps
is observed. In the other three categories the forecast is more balanced. Spot
value cloud forecasts are, of course, very sensitive to minor errors in the
predicted flow pattern and sub-synoptic processes cannot be expected to be
represented locally in a realistic way by a global model. A field verification of
the predicted cloud amount against digitized satellite images would be preferable

to a point verification.

V.3 Wind speed at 10m above the model surface

The u and v component of the wind are directly forecast at 15 sigma levels in the
operational forecast model and the wind at 10m above the model surface is inter-
polated from the lowest sigma level using a logarithmic vertical profile as
‘descrlbed in para II. We verified the wind speed at 00z and at 12z against the
observed wind speed as it is reported in synoptic observations i.e. agalnst the

10 minute average wind speed. Although we tried to find stations which are located
in homogeneous terrain one cannot exclude the local effects completely and that is
reflected in the mean errors for the wind speed at most locations as they ‘exhibit
the same error pattern in December and January. In Fig. 11 to 14, from top to
bottom, the anomaly correlation coefficients, the standard deviation and the mean
error for the wind speed in December and January for a selection of stations is
given. The mean error for most stations is fairly high and positive, in the order

2 to 4 m/s.

Some systematic model errors become very obvious in the graphs of the mean error of
the 10m wind speed. As the daily cycle is not included in the model the mean
error exhibits a pronounced daily cycle between midnight and midday verification

" steps. The night time stabilisation in the boundary layer with its drop in the
wind speed is not 51mulated by the model at present. For exposed statlons like
Copenhagen and Wien (the station is situated on a hill) the mean error is low and
close to zero, but larger errors are observed for Valentia (Ireland) and Crawley
(England). Both stations are, of coufse, land stations and Crawley is not even

a coastal station, but in the ECMWF model they were both situated over sea as
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Britain and Ireland were treated as sea areas in the surface fields in operational

use in December 1980 and January 1981.

When comparing analyzed wind speeds to observations, a standard deviation of about
2m/s is reached for most stations and this figure then only increaseé slowly with
forecast time. In many cases the standard deviatioﬁ is very close (but seldom
exceeds) the values achigved by persistence forecasts. The anomaly correlation
of the wind speed drops rapidly during the first three days and after that in most
cases lies below 0.5. This certaihly is an advantage against a persistence fore-

cast where in most cases zero correlation is reached within 24 or 36 hours.

The strong mean error in wind speed forecasts is also reflected in the contingency
tables (Tables 8 and 9) which summarize the result of the verification of the

wind speed for all 17 stations for December and January. All forecasts are highly
biased towards overestimation of the wind speed in éach class and only the December
forecast shows some skill against persistence when applying the Heidke score.
However, as it can clearly be seen from the contingency tables, the forecast
beats persistence in forecasting strong winds and hardly any error occurs in the
extreme corners of the contingency tables orthogonal to the diagonal of the

correct forecasts.

In para V.5 we give an example of how the strong bias can be reduced by simple

statistical methods, thus improving the forecast and raising the skill score.

v.4 -Frecipitation

The forecast accumuléteé precipitation at 12 hourly intervals has been verifieéd
against synopfic observations for Decémber 1980 and January 1981. Observations

of precipitation are available at 00z and 12z, in addition to the main observations
at 06z and 18z, for all the pertinent stations except Jokioinen and Ankara, which

have not been included in this study, as the verification data were not available.

A more comprehensive verification study has been performed for the months of
October and November 1980 for selected points and areas over Euope (Rkessonf1980).

The results from that study are consistent with the results of the present paper.

Results

Monthly values of mean error (bias) and standard deviation for the 15 stations
are shown in meteograms in Figs. 15 for December 1980 and for January 1981.

When comparing December‘and January it is obvious, at least for some Stations,
that they have certain characteristics especially in the mean error and its trend,

e.g. for Paris with a rising 12 hourly bias up to day 7, Payerne with almost no
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Figure 15. Monthly mean values of standard deviation and mean error for
Payerne, Belgrade, Madrid, Athens, Stockholm, Copenhagen,
Crawley and Paris. Top: December 1980, bottom: January 1981.
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Figure 16:

Monthly mean values of skill score, :correlation, standard
deviation and mean error averaged over 15 European stations.
Left: December 1980, right: January 1981. /
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bias throughout the 7 day period and Athens with high over-prediction culminating
around day 2-4 and with a slight falling tendency thereafter. Note also the
relatively high standard deviation of error for Athens related to high forecast
(and observed) amounts incontrast to Lisbon where only small amounts were forecast.
The standard deviation of error is thus a function of the location, the season,
but above all of the forecast amount. : ‘An indication of a daily cycle can also be
seen from low latitude_§tations, both ih standard deviation or error and mean
error. Fig. 16 shows the 15 station average verification statistics for both
months. - In these the local influence for-individual stations have been largely
removed and over-prediction of precipitation is shown to occur from +24 hours
onwards with a slow and steady increase with time. The correlation drops from
about 0.55 for the +12 hour forecast to near 0.0 for the +168 hour forecast/
whereas the skill score shows only g minor drop with time. The standard deviation
of the errors is also rather constant with time and with an error of around 2mm

for the 12 hour forecast rising to around 3mm for the 168 hour forecast.

It is in the nature of precipitation that stochastic processes are important and
time- or area-averaging will thus improve the verification gtatistics without
obscuring the information. This has been shown by 8kesson (1980) by averaging the
6 gridpoints with 1.875 degrees resolution. In particular when the observations
were averaged there was a significant reduction in standard error. A small
improvement can also be expected to result from extending the’time interval from

12 to 24 hours. Furthermore the bias could be reduced by statistical means.

Based on contingency tabies with five categories: 0—0;2, 0.21-2.0, 2;0—5.0, 5.01-
10.0 and more than 10 mm, Heidke skill scores based on chance and persistence
have been computed for the ensemble of the 15 stations. Contingency tables with

5 categories for the ensemble up to 72 hours are shown in Table 10a.

In Table 10a contingency tables for +24, +48 and +72 hour forecasts for December
1980 and January 1981 respectively, are shown. It is clear that the dry events
(0-0.2 mm) dominate throughout this two month period. There is a certain bias in
the forecasts showing many more predicted than observed events of small amounts

of précipitation, especially on D+3 of the forecast. Also, at the upper end of the
categories there are more events of high amounts of observed precipitation compared
to forecast precipitation. . These events are common in precipitation episocdes of
convective character where the forecast model does not resolve the detailed structure
of the convective clouds and the consequent horizontal variation of precipitation
intensity. For this reason significantly higher skills are obtained by averaging
the forecast, and in particular the observed values, over an area e.g. over 4 or

6 gridpoints. The different biases for small and large amounts respectively
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| Hrs, 12 24 36 48 60 72 84 96 108 120. 132 144 156 168
CH. .30 .32 .26 .22 .22 .22 .15 .12 .19 .13 .11 .12 .11 .09

PER., -.02 .13 .01 |-.02 |-.11 {-.08 |-.07 }-.12 |-.07| -.12| -.13}-.13[ -.15] -.17

Table 10b. Heidke skill scores based on Chance (CH) and
‘ persistence (PER) for -January 1981.

FC. HOURS 12 24 36 48 60 72 84 96

PERCENT '
CORRECT 62 | 62| 57 | 5 | 55 | 55 | 51 | 49
FORECAST : : :

Table 10c. Percent correct forecasts up to +96 hours for January 1981,
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counter-balance each other to yield a reasonably low overall bias over a month,
as seen in Figure 16. There is, however, a gradual shift to more events of

forecast precipitation with time reflerted in Table 10a. S ~ {

Table 10b summarizes Heidke skill scores based on chance and persistence for
January 1981. Scores based on persistence are significantly lower and mostly
negative for all time steps in the forecast. Both scores drop as the forecast
proceeds but level out éomewhat around day D+4.

Table 10c shows the percent correct numbers for the first 4 days of the January
sample. These numbers are closely related ﬁo the skill scores. An alternative
score would be to consider percent totally wrong events. From Table 10a it is
clear that measuring success or failure in this manner by, for instance, counting
only the events in the 3 upper right classes and in the 3 lower left classes and
compéring these events to those so obtained from the persistence table, the
forecast is significantly better than persistence up to +72 hours. This shows

the limited usefulness of the skill score, particularly when used with persistence,
and that complementary information could be yielded by a “fai;ure(score". The
superiority of the forecast over persistence continues till around +108 hours into
the forecast, when events of failure are about the same in both forecast and

persistence.

V.5 A test of forecast improvement by means of simple statlstlcal correction

Mean temperature errors in the forecasts are‘similar for December and January,
compare Figures 5,6 and 7 with Figures 8,9 and 10 respectively. This indicates
that a large part of these mean errors are associated with differences between
real and model topography, or are due to local climatic effects. The same is true
for the mean wind errors, compare Figures 11 and 12 with Figures 13 and 14
respectively. Hence an experiment has been carried out in order to test the
degree of improvement which can be achieved by means of simple statistical
correction, taking into account the dominant role of the mean errors. Thus, the
error found for each time~step at individual stations for the December-data was

subtracted from the January-forecast values.

Given the short period of data available, a further differentiation into errors
specific to the different categories, although desirable in principle, was not
undertaken. The results of this first step are quite encouraging: The Heidke
Skill score for temperature increased from 0.02 to 0.20 for the 24 hour forecasts
(Table 12), the percentage of correct forecasts from 40% to 51% amd 94% of all
forecasts are now within 1 category of the correct one; only 3 cases out of 500

are now out by more than two categories, and none more than 4 categories (Table 1la).
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Observed

1.0 | 1.1-3.0 (3.127.0]7.1-10.0| 2 10.1
101 4y 18 7 0 0
1.1-3.0 37 44 30 1 1
3.1-7.0 31 64 141 31 3
7.1-10.0 1 4 35 33 5
>10.1 0 0 3 7 5
Observed
1.0 | 1.1-3.0 ;3.1-7.0)7.1-10.0) > 10.1
< 1.0 ) ‘
15 11 17 0 0
1.1-3.0 37 47 40 3 2
3.1-7.0 | 33 66 |132 | 35 4
7.1-10.0 1 7 27 26 5
>10.1 0 1 3 6 5

a): Contingency table for 10m wind speed forecast for ensemble
of 17 European stations, January 1981, corrected by the mean
error for December 1980, top: 24 hours forecast time,
bottom: 48 hours forecast time.

Observed

1.0 | 1.1-3.0 {3.127.0)7.1-10.0 2 10.1
€101 13 14 6 0 0
1.1-3.0 31 37 41 2 2
3.1-7.0 38 71 135 34 5
7.1-10.0 5 11 29 27 2
>10.1 1 2 2 6 3

b): same as a) 72 hour forecast time.

TABLE 13
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This rather heartening picture remains virtually unchanged for the 48hr forecasts,
(Table 1la), the only major drawback being found in the observed "rather warm”
category, where the modified forecasts show an increased tendency to predict the

lower, "normal" class.

The improvement over persistence is now very clear, at 49.8% correct forecasts
compared to 32.7 for persistence. We also find still over 90% of all the forecasts
within one category from correct, and the number of failures (more than 2
categories out) hardly increased at all to 4 out of 500. Even at 72 hours, the
forecasts are to 46% correct, but more cases are now found in the two diagonals
adjacent to the’correct one (Table 11b). The number of real failures, however,

is still very low 52’6 out of 506. The improvement over persistence is now found
in all categories, especially in the "normal" category (141 compared to 91 cases),
where the unmodified fqrécast was already beaten by persistence. This positive
trend is now conserved up to at least 120 hours, where a skill score of 0.17
still indicates a clear advantage over persistence and a large improvement over

the unmodified foretasts, whose best score in January is reached at 0.09 at 48

hrs (0.15 for December).

The results of the corrected wind forecasts show a similar trend (Table 13), but
for the reasons mentioned in para. V.3, the forecasts remain strongly biased
towards an.overestimation of the wind in the: low wind speed classes. The skill
scores (not tabled) using persistence as a standard of comparison increased
against the uncorrected forecast from a level of no skill to .13 for the 24 hour
forecast and only drops to .10 for the 72 hour forecast, where the number of the
extreme wrong forecasts is now halved and only accounts for less than 2% of the

total number of forecasts.
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VI. SUMMARY . AND CONCLUSIONS

ECMWF direct model output of near-surface weather parameters - 2m temperature,
cloud amount, 10m wind speed and precipitation - are verified against synoptic
observations at 17 locations in Europe for December 1980 and January 1981 forecasts

out to 168 hours.

The results are summarised in graphs of anomaly correlation, standard deviation,
and mean error for individual stations (teﬁperature and wind only) and in

contingency tables for the ensemble of the 17 stations.

The results can be summarised as follows:

1. The temperature at 2m above model surface:
Given the absence of a diurnal cycle in the model it is
reasonable at this time to verify the forecast values for
every twelve hours against an average of four six-hourly:
temperature ebservations centred around the forecast time.
Furthermore, the parameterization scheme of a global model
does not reflect local climatic conditions. The mean
errors show, therefore, large variations from station to
station, and cause the bias exhibited in_ the contingency
table where the results are summarized for the ensemble of
the 17 stations. Despite this bias the forecast shows
considerable skill in predicting extreme events with a
noticeably small number of extreme errors even out to 120
hours of forecast time.  As the mean error pattern was found
to be similar in December and January, an experiment was carried
out to improve the January forecasts by subtracting at each
location the bias observed: in December. This correction improved
the gkill of the forecasts significantly, as can be seen by the

Heidke scores.

2. Cloud cover:
" When interpreting the results of the verification of forecast
cloud amount against local, spot observations, several points

should be borne in mind:
The lack of a diurnel cycle of radiation in the model.
limits the skill in predicting convective cloud.

Cloud cover in synoptic observation and in the forecast are

given as instantaneous values.
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Fog and low level clouds are not well represented in the modei.

However, the verification study shows that overcast skies, which are

frequently observed in winter, are well forecast, and there is some

skill in predicting clear skiés, but misleading forecasts account

for about 15 to 20% of the cases for forecast time out to 72 hours.

Windspeed at 10m above model surface:

Again, the lack of diurnal cycle inh the model accounts for a large

proportion of the forecast error, especially the failure to predict

calms in stable night time inversion layers.

This gives a strong positive bias at low wind speeds whereas high
windspeeds are adequately captured. Mean errors show a large
station to station variability, reflecting the influence of local
topogréphic and climatic conditions. A statistical correction
applied in the same way as for the 2m temperature extends the
predictability of the wind forecaét, although the quality of the

corrected temperature forecast is not reached.

The station verification of precipitation shows improvement over
persistence in cases of more than 0.2mm. observed. The dry
category, however, is better described by the persistence forecast
since the model tends to produce more and more spurious precipitation

with increasing forecast time.

The number of misleading forecasts (more than 2 categories wrong)
are lower than for persistence until about 108 hours into the

forecast.

The mean bias for all stations‘exhibits an increasingktendency
with forecast time to overpredict total monthly precipitation

with almost no bias during the first 24 hours. It should be noted,

however, that the high spatial variability of observed precipitation

is limiting the scope of direct model output of precipitation.

The result of this investigation indicated that the direct model
output of near-surface weather parameters are potentially useful
as predictors in local weather element forecasting. Temperature
and wind site forecasts promise to give good results after
application of some statistical bias correction, whereas for

cloud amount and precipitation the forecast field should be
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compared to area averaged observation. Within the given limitations of
a . global model for local forecasting this appears to be a realistic

approach.
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