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4Month1y Report on ECMWF's operational model's performances:
September'1979v

Th1s report 1s the flrst of its kind. In fact operational
forecasts at ECMWF started at the beginnlng of August 1979
but: the August system -was suffering from many weaknesses
and the retrieval of archived data proved too difficult.

Each month a s1m11ar report will be produced and will

be d1v1ded 1nto two parts :‘— a standard set of diagrams,
tables and maps which will 1nd1cate the major characteristics
of one month's behav1our of the model from a statistical

- and obJjective point of view, this set may be evoluting with
ktime in‘its form but not in its themes - some specific
ftopics chosen as either strikingly representative of the

past month as compared to other months or as recurrent
problems not yet descrihed in a prev1ous issue of these

reports.

This time we'willvconoentrate-essentially in the written
part'of'the’report, on the standard set in order to
familiarise the reader with it; thus the spec1al topic
‘part of the report will be quite small

I. Standard verifioations of the model‘s‘performance

a) Objective scores

Figs.1,2 and 3 show the average performance of the operational
model ( 18 cases for September 79 as will be for all
subseQuent cases ) with persistence and climatological (norm)
forecasts in terms of standard deviation of height

(200 - 1000 mb, 20°N - 82.5°N) correlation of anomalies

of height (same domain) and correlation of anomalies of
temperatures (200 - 850 mb, 20°N - 82.5°N).
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From the standard deviation point of view ( Fig.l) one
might define the predictability limit askthe time at

which the model's curve for height crossesthe norm;

a simplekcomparison with subjective vérification indicates
how misleading this might'bé (almost 7 days in this case).
One mightkalso use the correlation of anomalies (Fig.2)
but then the limit is more difficult to define. 0.6

and 0.5 are the most often suggestéd values. . In earlier
ECMWF:expérience 0.6 seemed to agree quite well With5

the standard deviation results; here it is not the case
and it looks like,fhe 0.5 limit‘isyléss inycontradidtion
with it, although giving a more realistic value of 5.7 days.
This means broadly that on the whole our‘average forecast
ceases to have useful skill after 5‘andra half days.

This does not prejudge any individual-forecast on any
special geographical array where things might be better
or worse depending on the case. From the temperature's
point of view usefulkpredictabilitywis one day less than
fqr heights. Regarding the spectralydistribution of
predictability the usual results of better forecasting
skills for longer waves and for zonal flow are apparent.
For quick reference and comparisons the RMS and'anomaly
correlatioh df heighf (vertical éVerage, 500, 1000 mb) and
temperature (Verticalyaverage,BOO, 850 mb)‘for every

12 hours to 5 days are given in Table 1.

Figs.4 to 15 give a comparisonlof height/latitude cross

section of zonally averaged main energetic terms both in

the model (ENS) and in reality (OBS) : kinetic energy

(KE) , conversion of zonal to eddy kinetic energy (CK),

available potential energy (AE), conversion of zonal to

‘eddy available potential energy (CA), northward momentum flux

and northward sensible heat flux. From all of these

it appears that the model's energetics and energy transfers
/3
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are underestimated especially in the long waves.On the
whole the.‘geographical position of their activity is well
captured but not their intensity. The worse situation is
for the kinetic energy and the best for the conversion of
available poténtial energy. The northward stratospheric
fluxes of momentum and sensible heat are far worse than

the tropospheric ones.

c) Energy spectra

Figs. 16 to 19 show the decrease with time of the quality

of the model's energetics. While the baroclinic waves

remain at an acceptable level of kinetic energy (even too high
for wavenumber 5 between days 4 and 7), long and short

waves are losing energy, leaving waves 4 to 6 alone and
outstanding in comparison with the truth. The picture is very
similar for the spectrum of 500 -mb height. This distortion
might explain the overdevelopment of big centres of

activity frequently reported in the synoptic evaluations

of the model's behaviour. This is certainly one of the

major deficiencies of the model and an investigation of

its causes will be necessary ( see below ).

d) Wind and temperature deviations

These deviations (from the truth) are zonally averaged

and presented in height/latitude diagrams (Fig.19).

One can notice that the main errors are in the stratosphere
where an increased thermal contrast between equator and pole
creates a northward shift and increased confinement of the
sub-tropical jet. The strong cooling in the lower tropical
troposphere probably explains the high wind error in the
atmosphere aloft. On the whole tropospheric errors are less

than previous experience might have shown.
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'Figs.20,22 and 24 show maps of the averaged observed and
forecast 500 mb height, 1000 mb height and 850 mb
temperature fields respectively,valid at day 10.

Figs. 21, 23, 25kshow the corrésponding difference fields

at both day 7 and day 10. Looking first at 500 mb, we

see that the systematic error has a distinctive

large scale component to it, characterised'by a lack of
amplitude in the wavenumbers 2 and 3 ( also seen in the

500 mb height spectrum, Fig. 18). We also notice a phase
error : indeed most troughs and ridges in the averaged
observed 500 mb height can be recognised in the forecast

and appear shifted by about 15% towards the east. The

error pattern also appears related to land and sea
distributions with the two main error dipoles centered at
the western edges of both North America and Europe with
positive differences between forecasts and observations

over the Pacific and Atlantic oceans. Similar error patterns
can be found at IOOO'mb, although it might also be

noted that the observed mean Aleutian low for September 1979
is much more intense than its climatic value. The 850 mb
temperature error pattern shows that the forecast temperatures
in the subtropics and over continental land,masses are too
low, while they are too high over oceans; especially in
middle latitudes.

II. Special topics

Figs. 26 and 27 show the spectra of kinetic energy
averaged from forecast day 7 to 10, both observed (OBS)
and forecast (ENS) at various levels in the atmosphere

( 300, 500, 850, 1000 mb). Note that forecast spectra are
smoother than the observed and show lower energy levels
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at both the high and low wavenumbers with a relative
maximum at wavenumber 5 comparable to the observed.
This is true throughout the atmosphere, but the differences

‘increase with height.

b) Average energetics

Figs. 28 and 29 show the 10-day time evolution of the
vertically integrated avail able potential energy (AE)

and zonal to eddy available energy transfer (CA) in the
model (ENS) and observed (OBS) for various wavenumber bands.
Note that model AE is always underestimated with differences
’slowly increasing with time. For fhe first 7 days of the
forecast period, however, the conversion (CA) from zonal

to wavenumbers 4~t6 9 of AE is overestimated, showing

that the model has been much’more efficient than the -

atmosphere in this wavenumber band.

c) Zonal averages

Zonal averages of temperature at 850 and 500 mb, zonal
wind at 300 mb and height at 1000 mb are presented in

Figs. 30 and 31 time-averaged between day 4 to 7 and day

7 to 10 respectively. At 850 mb the northern hemisphere

is shown to cool down gradually, the magnitude of the
cooling increasing equatorward. At 500 mb, no mean cooling
is noticeable but the mean north-south temperature gradient
in the middle latitudes is seen to increase in the final
forecast period ( 7 - 10 days ) in conjunction with a
stréngthening and northward shift of the mean zonal wind

at 300 mb and lowering of the 1000 mb heights north of 559N
and increasing of the 1000 mb heights in the 30° - 55 N
belt. Note the presence of mean easterlies south of 25°N

in the forecast but not in the analyses.
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One of the oustanding aspects of the performance of the
operational model during September 1979 has been its

failure to forecast the correct amplitude of the planetary
waves. This fact is emphasised by comparing the energetics
of the average (standing) flow. Both the spectra of

500 mb height and tropospherlc kinetic energy (Fig.32)

show largest discrepancies between observed and forecast
mean flow for wavenumbers 2 ,3,4. The consequences for the
conversion terms CK and CA (Flg 33), and fluxes UV and TV
(Fig.34) are very strlklng It is a well known fact that
large scale statlonary waves are malntalned by topographlcal
as well as thermodynamlcal for01ng The systematic

error patterns are well correlated w1th the dlstrlbutlon

of land masses and suggest lack of sen51b1e heatlng, in the
lower troposphere (850 mb ) over contlnents as a contributing

cause to these large planetary wave errors
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12 24 36 48 | 60 72 84 96 108 120
Height

Correlations
(%)
1000 - 200 97 94 91 87 82 77 71 65 60 55

1000 - 200 21 28 35 | 42 48 55 | 61 68 73 78

1000 19 24 31 34 39 43 47 51 54 56 .
500 18 | 26 |31 |39 |45 |53 [58 |65 |68 | 14
Temperature

Cq&relations

(%)

850 - 200 91 86 81 77 71 66 60 54 49 45
850 90 87 81 77 72 68 63 57 54 48
500 93 89 85 80 74 69 62 56 49 44
RMSE

(0.1°K)

850 - 200 14 17 20 22 25 27 29 32 34 35
850 15 18 22 24 27 29 32 34 36 38
500 11 14 17 19 22 24 27 29 32 33
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