WNANYJOWIW 1VDIINHDAL

l am
4

11

Monthly report on ECMWF's
operational model's
performance

J.-F. Geleyn, C. Girard
and J.A. Woods

Research Department

November 1979

This paper has not been published and should be regarded as an Internal Report from ECMWF.
Permission to quote from it should be obtained from the ECMWEF.

European Centre for Medium-Range Weather Forecasts
Europaisches Zentrum fur mittelfristige Wettervorhersage
Centre européen pour les prévisions météorologiques a moyen




This is the third report on model performance. The previous

reports have been published as Technical Memoranda No. 9 and
No. 10, 1979. ' ’

For this month, the discussion will be broadened to include
a synoptic review, discussion of some forecast cases and
verifications over Europe in addition to nearly-hemispheric
(20O - 90° N) verifications, model-atmosphere comparative
energetics and large-scale systematic errors. The report

" will be divided into four sections.

1. Syndptic evaluation

2. Verification statistics

3. ~Hemispherié energetics and systemafic errors
4, - Special topics |

The last two sections will remain very similar in both

content and format to the previous reports.

For the months of September and October, we have seen
similarities in our diagnostics of the behaviour of the
operational model. We have also been able to note differences.
The results for November again show similarities in behaviour
with those of the previous months but major new differences
are also apparent. This should make us aware that any
generalization at this stage is presumptuous. We shall
nevertheless try to do just that in certain cases with the
general assumption that such generalizations may serve as

useful working hypotheses for model improvement.

The month of November includes 21 forecast cases. For the
description of the content of the Figures in Section 3 and

4, we refer the reader to previous reports.



1. SYNOPTIC EVALUATION

1.1 Circulatidn pattern bver_Atlantic'and Europe in November

At the beginning of November 1979 a ridge extended from the
Iberian peninsula over western Europe ihto Scandinavia, with
upper troughs over the North Atlantic and over central and
S.E. Europe. During the first week of the month this
situation changed considerably. There was an overall
pressure rise south of 50 °N and a weakening of the two
troughs, leaving two cut-off lows, one over the Mediterranean,
the other over the Atlantic. A frontal zone between
Newfoundland and western Europe became established and in
the westerly flow short wave cyclogenesis penetrated into
northern and central Europe, where a large wave trough was
situated. This circulatioh pattern showed little change
until the middle of the month. After this,the At1antic
high strengthened and the European trough extended
meridionally, and then disrupted leaving once again a .
cut-off low in the Mediterranean, with north westerly flow
over western Europe (see Section 1.2 for 18 November).

The long waves now changed position. A trough over
Newfoundland developed into the Atlantic and there was
intense warm air advection over western and northern
Europe, with a ridge of high pressure developing over
these areas within just three days. The Atlantic trough.
became stationary and for the rest of the month high
pressure over south-western Europe was the dominant ;
feature with a very mild westerly flow over Britain and

the North Sea into central Europe.




1.2 Review of some ECMWF forecasts in November

The following examples of ECMWF 10-day forecasts 111ustrate
the behaviour of the model during two periods of the month:
(i) the stable westerly flow across the Atlantic at the
beginning of the month; (ii) a week in the second half

of November which includes two major changes in the

~circulation over Europe.

(i) Forecasts verlfylng on 8 November 1979

Fig. 1 shows the 1-day forecast from 7 November, 2-day
forecast from* 6.Novembef}up to the 10-day forecast from
29 October, i.e. all verifying on 8 November. As described
above this date falls into the period characterised by a
pronounced zonal flow extending from North America over
the Atlantic into central Europe. Embedded into the flow
are short wave features which are travelling eastwards
without gaining much amplitude. Up to the 7-day forecast,
a good indication of the large-scale circulation pattern
is given although from D + 4 the detail of the positions
of the short wave troughs and ridges is not correct.

This is a feature which is observed for forecasts during
this sort of circulation regime. This is in accord with
current thinking and ideas that reliable information about
rapidly moving short waves in a stable westerly flow
cannot be expected further than three or four days into

the forecasts.

On the 8-day forecast from 31 October and 10-day forecast
from 29 October the strength of the frontal zone over

the Atlantic is overestimated and it extends too far south
into Europe. Guidance taken from these forecasts Would'

have been misleading.

*At_present, forecasts are only made 5 times a week (Sunday
to. Thursday). Thus, the 5-day forecasts from Saturday,
November 3 and the 6-day forecast from Friday, November 2

are not available.



(ii) Forecasts verifying on 18 November 1979 and

Figs. 2 and 3 are examples of how the model'coped with
major changes‘ih the circulation pattern. By 18 November
the previous zonal flow across the Atlanfic had been
replaced by a more meridional type Of circulation with
pronouncéd troughs over‘Newfoundland and Burope. This
was indicated clearly in the 5-day forecast from 13 November
1979 (Fig. 2).  The cut-off low over the Mediterrean is
correctly represented at 500 mb and at the surface (not
shown). In ECMWF experience the predicted surface
pressure distribution becomes less reliable around two
days before the predicted uppef air pattern finally
deteriorates. This is the case for the 6-day and 7-day
forecasts from 12 and 11 of November respectively;

the 500 mb charts at least indicate the major change

in the circulation type but fail to describe the phase of.
the important broad scale features or their strength.

The corresponding surface charts gave somewhat misleading

information.

Three days later on 21 November the situation had changed
again (Fig. 3). Between Ireland and Scotland the frontal
zone had become very pronounced extending far into
Northern Europe;} a belt of high pressure extended from
the Azores into the USSR.

Although the forecast from 13 November was successful in
predicting the cut-off over the Mediterranean (Fig. 2),
the model could not cope With the second major change in
the circulation pattern during the later stage of this
forecast. Little useful information could be obtained
from the 8-day forecast (Fig. 3) verifying on 21 November.
The penetration of the westerly flow across much of Europe
in the 7-day fbfecast from November 14, and even the 6-day
forecast fromvNovember 13 breaks down the ridge over the

North Sea too quickly.



2. VERIFICATION STATISTICS

9.1 Hemispheric scores

Figs. 4,5,6 and Table 1 give the standard objective

scores. When comparing the scores of September, October

and November, we note a relative improvement from month

to month, but November scores are particularly better.
Judging from the anomaly correlation coefficients (ACC)

an increase in predictability (the predictability limit
being defined as the 1ntersect10n of ACC's with the

0.6 level) of about one day for both heights and temperatures
is observed from October to November. For the standard
deviations (labelled RMS), the ratio to the persistance

(a better indicator apparently than the ratio to the norm)
also indicates a big improvement. Because the'scores at day
'6 in November are comparable to the ones at day 5 in

previous months, we felt obllgated to extend Table 1 to

»fz 144 hours .

The study of the wave decomposition of the objective scores
indicates that the improvement is coming from all wave ’
numbers but especially from the long waves (1-3) and to

5 lesser extent from the medium waves (4-9) while the

zonal part is if”anything worse than in the other months.
The really high predictability of waves 1-3 in the month

of November is best illustrated by Table 2 which reproduces
the results of Table 1 but for these wave numbers only.
Here weé have equally good scores for heights and temperatures
and for example correlations of 0.60 for the 500 mb

heights and 0.62 for the 850 mb temperatures after 6 days.



November 1979 (21 cases)

FORECAST 12 124 36| 48 [ 60 |72 [ 84 |96 | 108 120 132 144
LENGTH (HRS)
1000-200 |21 |28 37 | 46 | 54 [63 |72 |81 | 89 |96 o3 |11l
Gl | '
o 500 19 | 26| 35| 45 | 54 |63 | 73 | 82 89 | 96 [103 111
0 % 1000 19 | 26| 35§ 41 | 46 |52 | 58 |63 67 | 71 | 76 81
o |
par 1000-200 198 | 97| 95| 92 | 90 |86 | 81 | 77 72 | 66 | 61 | 55
g 500 99 | 971 951 93 | 90 86 | 82 | 77 72 1 67 {62 | 56
< 1000 96 | 94| 90| 87 | 83 |79 | 74 | g9 64 | 60 | 54 | 49
Qf 850-200 |12 | 16] 19| 23| 26 | 30 | 33 | 36 38 { 41 | 43 | 45
e 500 |10 | 14} 17| 21| 25 {29 ] 32 | 36 38 | 41 | 43 | 45
g g 850 14 ) 19 23] 27| 31 |32 | 37 | a1 44 | 46 | 48 | 50
=y m
& ‘
& 850-200 |96 | 93| 90 87| 83 | 78 | 74 | 69 64 | 58 | 53 | 48
2] ae
E o 500 97 | 95| 93| 89| 85 |80 | 75 | 70 64 | 58 | 53 | 47
2 850 96 | 93| 90| 8 { 83 | 79 | 75 | 70 65 [ 61 |57 | 52
Table 1 RMSE and ACC for heights and temperatures.




November 1979 (21 Qases),

1-3 wavenumbers

FORECAST 12 | 24| 36| 48 |60 |72 | Ba |96 | 108 |120 j132 [144
LENGTH (HRS)
1000-200 |14 | 18| 25 | 3t |37 [43 |48 |54 50 |64 {68 |74

m 500 13 | 17| 24 | 31 |37 |43 |48 |54 58 |63 (67 |73
“ % 1000 14 | 17 25| 28 | 33 |36 |41 |43 46 |48 |52 |56
sl 1000-200 |98 | 97| 95} 93 | 91 |87 |84 |80 76 |71 |65 |59
S A

g 500 99 | 98| 96| 93 |91 |88 |85 |81 77 | 72 |67 |60

< 1000 96 | 95| 90| 88 | 85 |8l |75 69 63 |58 |50 |42

O

o | 850-200 | 7 9| 11| 13} 16 |18 | 19 |22 23 |25 {26 |28
. ~ 500 6 al 10| 12| 15 |17 |19 21 23 | 25 |26 |27
= % 850 5| 10! 14| 16 | 18 {20 |22 |25 | 26 |28 |29 |30
é | | 850-200 |97 | 95} 93 90 | 87 |84 | 81 |77 73 {68 |63 |58
|| ®
[ Mt N ’ ) :

o 500 58 | 96| 94| 92 | 88 |84 | 81 |78 73 68 |63 |58

(] X - . . : .

& 850 96 | 95| 92| 90| 87 |84 | 81 |78 74 |70 |67 | 62

Table 2. RMSE and ACC for heights and temperatures.




2.2 Objective verification for the European Area

The numerical forecasts of the ECMWF grid poiht model are
operationally verified in a limited ares covering Europe

and the eastern part of Atlantic, defined by latitudes

35 °N - 75 °N and longitudes 20 °W - 50 °E with the
latitude/longitude resolution of 5 degrees. The objective
verification scores used are conventional: the correlations
coefficient between forecast and analyzed changes from

the initial state (tendency correlation coefficient) and

the standard deviations for the forecast error and for

the persistence forecast error.

The verified parameters aré the geopotential height and
temperature at six standard levels, 1000, 850, 700, 500,
300, and 200 mb. The ECMWF analyses are taken as verifying
analyses. The standard deviation of forecast error is also

compared to the climatological'normal values.

Fig. 7 shows the individual scores of the 3-day and 6-day
forecasts of 500 mb height including correlation coefficient
and standard deviation of forecast error. The first fore-
cast ﬁeriod from 7 to 8 November was reasonable, but during
‘the next period from 11 to 15 the forecast initiated from
14 November had failed by day 6. The development of a
ridge over the‘western part of the verification area between
days 4 and 6 of this forecast from 14 November was not
correctly predicted; The third period from 18 to 22 was
extremely good, while the period from 25 to 29 had again

a larger variability in the prediction skill.

Figs. 8 and 9 show the monthly mean values for the tendency
correlation coefficients at different levels. The
correlations decrease most sharply between about days 2

and 6. The objective verification scores for November



indicate that the November forecasts were significantly
better than the-October forecasts at all levels to around
forecast day 5. - The standard deviations of height

(Figs. 12 to 14) show the forecast error increasing

quite linearly up to day 6 or 7. and more slowly'thereafter
at the lowest levels. At the lower levels the forecast
error nearly reaches the persistence error (shown dashed)
at day 6. The forecast error reaches the normal curve
also at ‘day 6 at 850 mb, but not until after day_S.at
higher levels. The quasi-stationary nature of‘the
circulation in the area during much of the month, notéq
in the synoptic review of Section 1, .is reflecteduinh_iiw

the relatively slow growth.of;the,persistence_sqoresn > ,

Figs. 10 and 11 show the standard deviations of ~. -
temperature. The forecast error remains below the :*°
normal curve until after day 8 at all levels except. . @

200 mb, i.e. near the tropopause. R T LS L I SR SRR S
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3. HEMISPHERIC ENERGETICS AND SYSTEMATIC ERRORS

3.1 Zonally averaged energetics

Figs. 15 to 26 (Figs. 4 to 15 in previous reports) give
comparisons, for the’fofecast period 7 - 10 days, of the
main energetic terms between model and reality (NOV wvs OBS).
The tendency for the model to produce excessive KE in the
zonal component ' and to be deficient in eddy KE in

upper atmospheric levels is maintained. As in October, the
relative discrepancy increases with wave number. In
September the biggest discrepancy was in the wave number
band 1-3. COncerning the excess zonal KE, it is worthwhile
mentioning that the overall integrated value of zonal KE

is but only very slightly overestimated, while the difference
between maximum values are relatively large: a fact which
can only be explained by excessive confinement of the mean
jet. Another problem;mentioned in previous reports
concerned the shift to the nerth of the mean jet by a

few degrees of 1ati£udes in September, aimost unnoticeably
in October. In November, however, as will be shown also
in other graphs, later on (Fig. 30 and Sect. 4.2) the
northward shift is by nearly 15 degrees and has become one
of the most noticeable features. The problem shows up

very clearly, in the conversion term CK where the observed
low latitude (25 °N) main negative centre has been
deemphasized in the forecast model in favour of the more
northern (40 ON) centre where only a weak positive centre
exists in reality. Underestimation of zonal (below 500 mb)
and eddy (entire atmosphere) AE also appears as a persistent
model defect, while representations of CA, UV and TV is

acceptable.
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3.2 Tropospheric spectra

Looking at the spectra of total troposoheric kinetic

energy and height at 500 mb, (Figs 27 - 29), we note

again the model tendency to be deficlent at most wavenumbers
but particularly at high wave numbers. On the other hand
the forecast spectra at low (<5) wave numbers are in reason-
ably good agreement and provide a better fit to the
observations than for the previous months. An interesting
aspect of these speCtra is perhaps.the monthly evolution

of the observed spectra themselves. From September to
Nonemher the observed KE spectra, for example, show a
marked 1ncrease in KE in wave numbers 4-6 compared to

oaly a slight increase in wave numbers 1- 3, a decrease in
wave numbers 8 - 9, and unchanged values for wave numbers

7 and 10-20. In September, the KE field is dominated by
the larger scales 1-3 with relative maxima at wave numbers

5 and 8. In November the KE field has become dominated

by scales 426 and is much smoother than in previous months.
Vertical dlstributlon of kinetic energy is dlscussed in
Sect 4 4 ' ' V

3.3 Zonally averaged, zonal wind and temperature
“rdeviations (Fig. 30).

The:large mid-latitude error in zonal wind for November
which;:unlike for September and October, extends to the
earth's surface is perhaps the most surprising aspect of
the November results, in view of the fact that the
temperature error has remalned relatively unchanged or
_has even d1m1n1shed in the tropics and mid-latitudes.
Hence the error must have a large barotropic component
and be related largely to a dynamic rather than thermo-
dynamic deficiency. The most straightforward explanation
for'the mid-latitude near surface wind error is insufficient
effective surface drag coefficients. This explanation is
supported by other diagnostics and appears confirmed by

experiments in the Research Department. The high-latitude
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wind error is related to errors in the thermal field and
could be attributed to excessive high surface temperature
near the polé, It is also interesting to note the
important change (diminution) of the temperature error

in the stratosphere.

3.4 Geographical distribution of the errors (Figs. 31 - 36)

A comparison of the observed and forecast (day 10) mean
500 mb height fields for November show general trends
similar to the ones described for September and October:

a tendency for the predicted flow to become increasingly
zonal and more confined in the mid-latitude. Also the

-~ Pacific jet stream extends too far east. The Atlantic jet
stream is displaced eastward and fails to curve northward
in the middle of the Atlantic. Ridging‘over western
North America is particularly weakened. Some troughs

show large eastward displacement during the 10-day
forecast period as well as loss of amplitude (see also
Sect. 4.3). While the amplitude of the errors at 500 mb
has not greatly increased between September and November,
their scale has gradually changed: predominantly large
(wave number 1-3) in September, more zonal and medium
(wave number 4-9) in November, with for October an inter-
mediate situation. The lack of amplitude of the mean flow
at intermediate scales is further substantiated in Sect.
4.6).

The comparison of the obserVed and forecast (day 10) mean
1000 mb height fields confirms the tendency of the model

to produce depressions near the Aleutians and Iceland, which
are not onlybtoo deep but also éxtend too far to the east.
Consequently, the main negative error centres are situated
over the western portion of both North America and Europe.
At 1000 mb, the efrors have increased considerably from
September to November. They also present a large zonal

component in November.
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The 850 mb temperature error pattern has remained fairly
consistent from month to month over the continental masses:
with the exception of the Polar anthudSon Bay regiohs Vf‘
which are too warm, continental masses are éénerally tbo':
cold, particularly south of 30 N and dver the western
portion of North America and Europe. The Himalayan region

is also too cold (extrapolated values).

4. SPECIAL TOPICS

4.1 Vertical structure of the forecast error

Figs. 37 and 38 are time-height diagrams of the ahomaly
correlation coefficients for heights and temperature
respectively. The comparison of both pictures confirms

the fact that, globally, the temperature predictability

is about one day less than for heights. But an interesting
feature is that (for the troposphere) the quality of the
height forecast decreases when going down, the reverse
being true for temperature. As a result heights and
temperatures have similar skill scores in the lower part

of the atmosphere. ' The waves most responsible for this

differentiation process are the long waves.

4.2 North-south profiles. Shift ofvthevsubtropical jef

Figs: 39 to 41 show the ‘time evolution of several north-
south profiles. From the 300 mb wind profile, we can
immediately notice a dramatic northward shift of the sub=- -
tropical jet (by- about 15° between day 7 and 10) and its
intensification. The wind field error is then the one
discussed in Sect. 3.3. Perhaps of some interest is the
fact that the model wind profile at day 7-10 resembles
those seen in September and October. And in October the
jet position was about right although the jet itself was
too intense. In September both position and intensity
were about right. This and the discussion of systematic
errors (Sect. 3.4) suggest that the model may have a

preferred mean jet position and a tendency to intensify
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and confine it at least up to day 10. Depending on the
real situatidn, this gives acceptable or totally wrong
results. A rapid deviation from reality in certain cases
towérd a preférred position might be possible if, as
suggested in Sect. 3.3, the effective level of surface

drag is too low.

The 850 mb temperature profile clearly shows a general

mean cooling of the lower troposphere below 70 °N.

4.3 Eastward drift of 500 mb troughs

Fig. 42 shows the time evolution of the mean 500 mb height
field in comparison with reality (Fig. 31; Fig. 42 for day
2 can be used for comparison purposes) as a complement to '
our discussion on systematic errors (Fig. 3.4). A feature
of interest is the trough situated over central U.S. at

day 2 which drifts gradually in the forecast to reach the
East Coast by day 10.

4.4 Energy spectra at different pressure levels

The spectra of KE at different pressure levels for three
forecast periods is shown in Figs. 43 to 48. In Sect. 3.2
we saw that the mean tropospheric energy spectrum was of
good quality in both medium and long waves up to day 10.
Here we show that, in spite of the improvements over
September and October, in this diagnostic, the systematic
differences at different pressure levels noted for October
remain. Note the different scales in the graph for upper

and lower levels.
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4.5 Time evolution of the energetics

Fig. 49 show that total KE slowly decreases with time in
spite of an increase in the zonal part. Medium scales

(4-9) loses KE most rapidly after 3 days.

Total AE (Fig. 51) loss‘occurs very early in the forecast.
Zonal AE increases after 3 days but eddy AE decreases more
rapidly also after 3 days. CA (Fig. 52) is initially ‘
(0-6 days)>larger than observed and smaller thereafter.

CK (Fig. 50) is (negatively) larger than observed. In
more detail (Fig. 52, 54 and 17,18) this seems related to
the over development of a mean centre of activity to the
north of the original or observed one and further down in
the atmosphere. The new centre progressively takes over
wrongly the main energetic role. '

4.6 Mean flow spectra

As mentioned in Sect. 3.4, Fig. 55 Showsrthe increased
importance of medium scale deficiencies in standing
energy 1in relationvto the larger scales from September
to November. It also supports the fact that eddy KE
deficiencies are mostly in the '"stationary' part of the
flow.

4.7 Lower troposphere cold pools over Europe in
- October forecasts

Cold outbreaks over Europe in northerly situations in
Autumn forecasts have shown 850 mb temperatures which
appeared to be rather low. Fig. 56 is an example of a
cold outbreak observed near 350 °x 75 OE, with forecast
positions of this 850 mb minimum temperature also shown.
Note that the forecast temperatures were 5 to 6 K lower

than the observed.

Individual forecast cold pools cannot always be associated
with verifying analyses, but the distribution of cold
outbreaks can be tabulated. Table 3 shows the analysed
cold outbreaks on the Atlantic and European maps east of
10 °W and south of 60 °N for the month of October.
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Minimum ‘,"! ,

Temperature Latitudel Longitude Date
-10°C 57°N 3 78°E 79/10/06
-11°¢ - 58°N 62°E 79/10/09
-12°c 50°N | 75°E 79/10/13
~12°c 50°N | 32°E | 79/10/28
-16°C  54°N 62°E 79/10/28
~17°c | 54°N | 60°E 79/10/31

Table 3. Analysed minimum temperatures, positions and
dates of cold outbreaks over Europe in October.

Table 4 shows the number of forecast outbreaks for the same
area which had minimum temperature less than -12°C for
October 1-15, and less than -16°C for October 16-31. A
total of 11 forecasts were made in the period October 1-15
and 12 in the period October 16-31, so that 110 and 120
850 mb temperature fields were inspected for cold outbreaks
for the two periods, respectively. Thus, approximately

one 850 mb forecast chart in three had a cold outbreak

with minimum temperatures lower than the lowest temperatures

observed in the area at that time of year.

It appears that this cooling is a combined adiabatic and
radiative effect which is not balanced by a compensating

diabatic heating in the model.
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Min.
Temp. -

(°C)

FORECAST DAY

D+1 to D+3  D+4 to D+6 D+7 to D+10

TOTAL

13
-14
-15
-16
-17
-18
-19
-20

N W o D W
H o R DN W WD

H 2 ® N 0 & O o

TOTALS
October
1-15

_
o
(o))

12

W
(0]

-17
~18
-19
20
-21.
-22
-23
-24
=25
-26

H N H O N W 0Nk

.~ TOTALS
October
16-31

Table 4.

N
L

Forecast minimum temperatures for forecasts
~ made October 1-15 (upper table) and October
~16-31 (lower table) for cold outbreaks over

Europe.
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4.8 A seasonal summary (September to November)

We have noted a tendency for the model to underestimate
both total KE and AE. Considerable AE is lost in the
initial stages df the forécast (O-S‘days) in all parts
of the spectrum. Thereafter total AE remains stationary
with more zonal AE being produced than observed balanced
by continued loss of eddy AE. Related to this problem,
we have noted a general cooling of the lower troposphere
at low and middle latitudes, the cooling being more i
pronounced over continental masses, at all longitudes
south_of 30 °N and principally over the western portion
o0f both North America and Europe in the middle latitudes.

Tofal KE loss is gradual during the forecast. Some zonal

KE is lost early in the forecast but thefeafter it increases
at the expense of eddy KE. Loss of eddy KE starts at the
higher end of the spectrum and in the upper atmospheric
levels with apparent transfer from upper to lower levels
which tend to retain more eddy KE than observed throughout

fhe forecast at least in some part of the spectrum.

While in September, the KE deficit was more pronounced

in larger scales (1-3), October showed an equally strong
deficit in wave numbers 4-6 and November showed a more
pronounced deficit in medium scales (4-6). It is interesting
to note that the observed spectra themselves had more

energy in large scales (1-3) in September, near équi—
partition in October and peaked in medium scales (4—6)

in November.

A look at the KE spectrum of the mean flow leads us to
believe\that most of this deficit is due to the "stationary"
part of the flow. It should also be noted that the wave
number 3 component kept being underestimated by a large
percentage for all three months. These observations agree
reasonably well with the pattern of mean errors in the

500 mb height field between 80° and 60° N.
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We have noted the tendency for the model in the later
stages of the 10-day forecast to position the mean jet

near 45 °N and to exaggerate its intensity and confinement.
When compared to reality, the problem has become more
serious from September to November as the mean circulation
intensified and the observed mean jet became broader

and shifted its maximum towards the south. Accordingly the
zonal component in both the 1000 mb and 500 mb error

pattern was observed to amplify from September to November.

We would like to emphasize the tendency for the model to
produce an excessive mean circulation near the surface
as demonstrated by 1000 mb KE spectra and, mean height
maps. It is believed that insufficient effective drag

is responsible for this problem.

Lack of "stationary" KE energy at the lower end of the
spectrum, in particular wave number 3, combined with the
observed eastward drifting of "stationary" 500 mb troughs,
particularly obvious over North America in November and
insufficient ridging over the Rockies all point to
insufficient "stationary" forcing. A contribution to this

error is believed to be due to "incorrect topography'.



D+3 FRO  T0/11/06  f--°

;t; -
N ]
/
)
]
5 o,
4 N
v
) -
A

TR TN - S
FIRA\: %"1%%”;‘"/ AN

v

RN TINRG IS~
\“‘§\Q§§‘{ S

/7
D+l FROM  79/11/07 |.n~~ 2

¥

Ny

) ’%*g\‘mm}; X
"%\@t%g@‘

\\ W S, % \ ”\

< \«

S %

W - N ,w’ ' ‘::\ .
N S My

R (-

) ’ o SN
* (7 LA
. 45 J

7| oe6 FROM TO/11/02 ‘ 3 ‘» av

N ;
SRR

i
\
&
7

XSSO
’ F-.;»‘:‘*: )
posm_ m"’“il _ . 4“ i



\
\
\
~
Wl / . H
\ '«

L
ANRL VTY 79/11/18 L____.: ~_:L

- o E}

P PN
0+5 FRON  79/11/13 L

-

FCMF 500 MR ANALYSIS FOR 122 18711/70 AND FORECAST FIELDS VERIFYING AT THAT TIME -

Fig. 2 .
CONTOUR INTERVAL SDAM(THICK LINES), SK(DASHED LINES)



-

"1 D+10 FROM 78/11/11 ]

=

AR

Sy

R c38§;j£ynzhiJﬁC::L :
\ s Ho A
NG
AN o Aoy
AN v

Z" -
W

Z

"'Del FROM 78711720 ]

Tl D48 FROM  T8/11/15 |

¢
=7 :L
-~

-

A}
'S
b/

’

ANAL VT

AN
79/11/21 ]

\/
§\
.

»:

\
X \\§}
2

7| D+5 FROM 7911718 w

Fig. 3

FORAE 500 0 ANALYSIS FOR 122 21/11/79 AnD FORECAST FIELDS VERIFYING AT THAT TIME

COATOUR THTERVAL SDAM(THICK LINES), SK(DASHED LINES)




o5NUEE8EB8  oSBUSUBABE  oZNEEEBIBE  oSNHEE838E

esuusdsdzE

o 1 . 3 3 4« s & 1 8 8. 1o DA

ﬁ — ‘ WAVENUMBER 1- 3 -;_7f_:

ez : m o

5 6

U: + 1: ,: 2# t 31 + 'i t t ,} + B: t 9’ + :
~ MEAN 1000~ 200 MB AND 20.0- 82,5 N e
CORRELATION OF HEIGHT Z 21 CASES .

Fig. 4



loa +

o

oEBBEEE S

TOTAL

PERSISTENCE
NGY

o 1 2 3 % s & 4 & 8 ' 10 oA

ZONAL PART

3858

T e
MEAN 1000~ 200 MB AND. 20.0- 82.5 N
RMS ERROR OF HEIGHT () 21 CASES

Fig. 5



cEREEERIBR
g g

coB8EUBERR
o

'6';"2'3 y 5 6 7 8 g 10 Day

LITILIES

oskecsBdse

c5yssasdse

0123‘!5618
 MEAN  850- 200 MB AND  20.0- 82.5 N
- CORRELATION OF TEMPERATURE Z 5 21 CASES

Fig. 6



[ I\
I
{30~ [\ .
! \
{607 | \
' \
1% ] _NORM : __ \
\ \
128 \ )\ I \
\ 7 \ \
\/ \ / \ ’ \
100 VoV [ -
\
8o -
6o
4 -
28 -
T ¥ T l T T L4 ' T T ' ¥ T T l T T ' L] T r L] L] ] A L L ' L4
4 8 1" '8 {8 22 25 29
\90 b \/\
J0 - /
/
//\‘
70 A : /
- ‘ ',
to N A | o
AN b ‘
S0 1 \ / 1
\y | " :
- v |
%o } ! v
N i
e S s Bt S St A I S LN R (R AL LB N (L RN LB T
< 8 1 s 18 22 25 23
Fig. 7 Daily 500 mb height RMS errors in méters (top) and tendency

correlation in % (bottom) for forecast days D+3 (solid lines)
and days D+6 (dashed lines) for the month of November 1979
over the European Area. :




90
go
7o

bo

So

lod

90
g0

7o

So

lop

90

3o

Co

Se

1 2 3 5 6 7 8

1 1 1 1 A i 1 L
/‘_--’\«,.‘_ -

~—

\ = 700 |

L [l 'l i ] b 1 i

% |ooe
~+ - { ! | } ! !
1 2 3 4 5 (4 7 8
Fig. 8 Average correlation of height changes versus forecast length (in days)

at 700, 850 and 1000 mb for the mo
European Area.

nth of November 1979 over the



jo0

90

g0

‘70

6o

So

lod

90
$0

r{

So

-
-
-

8

-

Fig. 9

b
—

Same as Fig. 8 at 200, 300 and 500 mb




N
W
N. N
-
[
N
)
©

-
-
-

NORM . ey |
/”’/ i
”~
7
/ -

// | | | T8so -

B

T 1000
LS 1 L A J LIS L ) L - L 4
| 2 3 4+ S [ 7 rd )
Fig.10 Average RMS errors of temperature (OC) versus forecast length (days)

at 700, 850, and 1000 mb for the month of November 1979 over the
European Area.



— — —— — —
——

/” :
7
7’
7/
/
//
/ .
/ Tson

Fig.11 Same as Fig. 10 at 200, 300 and 500 mb



160

1¢0

228

L oo

{80

{4p

{22

loo T

Z gso0

220 A

200

léo 1
{40 -

[201

Z looco

T L] Ty ¥ B L} L ¥

| 2 3 4 Ay 3 7 - 9

Fig. 12 Average RMS errors of height (m) versus forecast length (days) at
850 and 1000 mb. ’



2204

. o0

{901 ZSo00

160

1ap NOR M _’,«"'—

2
{oo
14
&
48

2o

e

220 4
200 7
170 1 Z 100
1o

{40 -

J1o01

loo

i0

v T bl g —

' 2 J 4 s 6 7 g 9

Fig.13 Same as Fig. 12 at 500 and 700 mb



2218
o0 T
(io'
160

lap 1

[FX)

<o o

20 A

h
N

-

NorRM

J

220 4

200 1

190

1éo 1

[ 40 1

1207

looH

T L Ll ¥

| rA 3 4

Fig.14 Same as Fig. 12 at 200 and 300 mb

T

5 6 7 g 9

-t
o
o



BEBB B BEB

—

ERE & 8EE a

. -

ao I I T I AN B N K
o 7 7 DAY 7.0 TO 10.0 |
 KE (10 KJ/M2/BAR)  OBS OBSERVED GEOSTR

- Fig. 15



25:4:3:0:::45:::5;]:::8:0:::7:0:::85: Wl
DAY 7.0 TO 10.0 -

KE ( 10 KJ/M2/BAR) NOV - GEOSTR

Fig. 16




.

Bag 8 sy s

‘§ B3 B 8838 &

WAVENUMBER

DHT 7.0 10 10-0
0BS UBSEHVED GEUSTR

CK ( 1/10 WATT/M2/BAR)

Fig. 17

-2~ 0 10 20 :




WAVENUMBER

1-20

laa
200
300

~10-2630 -30 -20
-10° & o,

.seof T

.........
e,
Y

a0
850
laga

140
200
300

B

500

300

!
8sa o 0 i - .
1000 . , w L won b
' R T80 B S e AR R A
'8 WAVENUMBER 1- 3 i
100 14} T /'
200 R + ¢
300 -3 ] + ’!‘
T
500 s i
: :
700 ‘&
860 /
1000 T U o
2 = w s e 70 80 Goeln 0oL

60 ' 80
DAY 7.0 TO 10.0

CK ( 1/10 WATT/M2/BAR) NOV

Fig. 18

GEOSTR



" ZONAL PART B

B HEE 3

R

il

104 ,

m o

500 c 7,
00+ r
250 <
wws

xxxxxx

W WAVENUMBER 1- 3 S|,
¢ 50 1 1

:: _Zifd—fﬂfJi:ii ;xi )

300 2 —  yg— ) N

500 . " s -

200 g:}i:jﬂ*_“—“‘:irw\% mqmi [

&0 1 130 mﬂﬁxﬁnwo 1 0 B
e mm$ .........

. 20 30 40 &1 RETE T

RE ( 10 KJ/M2/BAR) 0BS OBSERVED

Fig. 19



L ZONAL PART i

B

100 ®___ u ol
200 a1
300 ' ‘ I
=0 3
100 /rg—]\\ﬂ\\ % T
. #50 L T oaEnt
000

gt
20 30 L] 50 60 0 80 16 30 50 W S

j

&

g B g
/
l'/
I

: 100 150 200 200 1 S0 4
........................... le ::

PV TOOVUN WS NN S | d T n + N PR " n B imnsmafracmand: P brdedeolemmdanmt  Limsseerfseomenssafesasnsesfrontasmocframins ol

WAVENUMBER 1- 3

K

1_@1 SQ 1@-—__, __-Jl ?

200 N

300

500 .

‘700 -

&80 ' 50 1do 15"/\1\501 )

6aa a:):::35:::“:0:;:5:0:::B:O:*::T:O:::SE=

: DAY 7.0 TO 10.0

AE ( 10 KJ/M2/BAR) NOV

Fig. 20



WAVENUMBER 1-20

&

.,
"'-«.,,.._
0y

3 =
N
1

..................

50 60 7h‘us:ssumn 100

i et

Uln

~2680-20-20 y-lu
M t T,
..L
J+ -
HJ'.,'?'
(/ﬂ——ﬁj} i \
20 4o sosudzadan 13010080 10080804 gl r
,,,,,,,,,,,,,,,,,,,,,,,,,, wel
zb"':sb"'u'a"'sh"'sb"'vb """ R
WAVENUMBER 4- 9 m‘
105+
_ _ -
. 0 kR SRS
7 q;:;;:ji ﬂxy% .,

1 rﬁx\mmamm 40 b0 ¢
lllllllllllllllllllllllllll ‘ﬂm 1, 1 1, 1 o
20 = 30 4 = s e M = 80 VR

WAVENUMBER 1- 3 mo
-0 -1

:::::::

nnnnnnnnnnnnnnnnnn

CA ( 1/10 WATT/M2/BAR)

T n

-----

DHT 7.0 TO 10-0

Fig. 21

A

xxxxxxx

a5

0BS OBSERVED GEOSTR



" WAVENUMBER 1-20 e
100 -29.__% -20 2

200
300 —

850 20 40 6080100 120 120 1008EM0 20 I I
1000 1 L L L 1 ] L L 1. L L L ] 1 i 1 I ll::h::i'j :-:

50

o

70

[=3

N
T T T—T t T

20 3 40 50 80 70 80 T VI B

"B WAVENUMBER 4- 9 e

100 1

200 § ETTR

S0z M@

500 : s .
Tt By )
&0 w0 L |

10 20 30 usE070 7060 50 40 fnzo 10
1000 3 ‘ ' 106

" Ll i
~F LENS RO {

20 30 4w  s. e 70 8 JH R ]

MB WAVENUMBER 1- 3

200
300
50

T
102030 4B 50 so B0 5@ 16 1t
lﬂun 4 il L L 4 i 'l Nl 1 } H ii;i}{) : -:

o

o

.......

20 30 &g s " 80 = 70 80 R R A
DAY 7.0 TO 10.0
CA ( 1/10 WATT/M2/BAR) NOV GEOSTR

Fig. 22



M NHVENUMBEB 1-20 w8
-1 -19, L S
A T T M % & VT

e WAVENUMBER 1- 3 il

100 -m -9, Wiy -
=T D))/ 5
500 | : '%"j

700

860

1044

DHY 7-0 TO 10.0 |
MOMENTUM-FLUX UV (M2/52) 0BS OBSERVED GEOSTR

Fig. 23



L WAVENUMBER 1-20 e

! 100

‘\\‘ i
700 705 E‘i
&a wol
SN =
20 30 40 50 60 70 80 ]
' DAY 7.0 TO 10.0
MOMENTUM-FLUX UV (M2/52) NOV GEOSTR

Fig. 24



" NHVENUMBER -20 6

100 20
200 28
300 )
500 56
700 0
8§50 550

..........................

"B WAVENUMBER 4- S i

100 . 1ﬂ$% -

200 0 2 ~

300 O ( -':FLE.?% \

500 smi

- C w0} \
&0 =} SN
woat 1000 3

60 70 80 i1 2 8 7 @

B WAVENUMBER 1~ 3

888
QQ

{

?é'ﬁméaa

H

8 8
D
Z)
A g
o o
..»«"‘A'\

-----------------------------------

lllllll'llllllllllllllllll B 2L S B St g

DHY 7.0 T0 10-0
SENSIBLE HEAT-FLUX TV (KxMABS OBSERVED GEOSTR

Fig. 25




100

AR

Egz 8 BYE s

-

Bgg B giEas

NHVENUMBEH 1-20

19 15 20 15 ms ;;1 }
*1
% \
20 15 10 &t \
a:ﬁ:::‘:::::::::::::;::::::8:0:LNJ 15} :‘.jJ
e
100 4
poxy Y
-sm-j %
ELRY o
700 .
B0 N
1000 v
Rearacae
WAVENUMBER 1- 3 #o
R y
300 d
! s
,//r—“‘7 700
1 LI g3
.......................... IOﬂa PR S UL S T T O 1
20 30 = s s¢ = e M0 80 i 3 6 7 &
DHY 7-0 T0 10-0
SENSIBLE HEART-FLUX TV (KxMASDV , GEOSTR

Fig. 26



100.0 1

10.0 1

107

«1 +

i' t t —4- % t + +
SPECTRUM OF HEIGHT 500 MB  (DKM)

+ lé} —t—t :135: + :‘:2b WAVENUMBER

KiM
10004

100 ¢

10 +

HAVENUMBER

l-- 1 3 S T -1
t g

{' t t t t t t— 1:0 et 415
SPECTRUM OF KINETIC ENERGY TROPOSPHERE  KJ/M2
DAY 0.0 TO 3.0 MEAN BETWEEN 40-.0 AND 60.0 GEOSTR

Fig. 27



100,04

10.0¢

1.0¢

1000 T

100 1

101

11

:7::26

WAYENUMBER

'1:0':'.1'5

i' g ¢ t !,_; t t +
SPECTRUM OF HEIGHT 500 MB (DKM

+-—IAAYENUMBER

1:. t t —t é + t +—t 1:0 —t—t !1:5
SPECTRUM OF KINETIC ENERGY TROPOSPHERE  KJ/M

2

DAY 4.0 TO 7.0 MEAN BETWEEN 40.0 AND 60.0 GEOSTR

Fig. 28



C 1000 T

10,04

1071

.‘ T

ke :{s::v::ziJ WAVENUMBER

+ ; ' ; ' ' T
S SPECTRUM'UF.HEIGHT 500 MB (DKM)
oo

AT

b :  10 1

1+

e 1 v t t t » I S T R B R WAVENUMBER
SPECTRUM OF KINETIC ENERGY TROPOSPHERE  KJ/M2
DAY 7.0 TO 10.0 MEAN BETWEEN 40.0 AND 60.0 GEOSTR

Fig. 29



E8E 3

g

1000

1a0
200
300

500

16ad

g B

.‘—P——.

e, Do

"""""""" 13 2 4+ £

| S, I

L ) :

J 1 1 i

N I i

—r SRl 4+

4 ]

-"-‘ I‘ E

i l] I ?UU 1 s

S T 3

- w4+ q

- / Tt “
: o~ LT et
T ﬁ L) T '-::}l :-’X T 1. T 11 v _;x v é‘

M
DAY 7.0 TO 10.0

ZONAL MEAN OF U DEVIATION AWD¥ OBSERVED GEOSTR

-l >
=4 T

24 X -

™ -

{

A

o+
S 4

700

#2734 (7% m}

woa0 ¥

i
"t

o 3

n
T

™A

U TR S — P R e SEARTITREIE 1 B0 TS e S
B I B0 B G

Sb:.-.,b.#web-
DAY 7.0 TO 10.0

ZONAL MEAN OF T DEVIATION R#DM OBSERVED

Fig. 30



120°H

80"

8o [

08s DAY10 (1978/11/11 1206MT) 500 MB INT=8 DKn

- B -

NOY DAY10 (1979/11/11 12GHMT) 500 MB INT=8 DKM

120°

~{ 120°E

1 a0

80°E




L20°N [-..

90" F

DIFFERENCE TO 0BS
160°E

OAT10 SO0 HB % DKM

RMS-ERROR

NOV DIFFERENCE T0 ECH

30E

DAY10 500 MB & DKM

Fig. 32

120°E

%] 90

E80°E

i4120°E

5] eoE

80°E



120°W

120°H

DATI0 (1879/11/11 12GMT) 1000 MB  INT=Y4 DKM

180°E

120°E

‘L1200

SO°E
B0°E
/ * T e s
i i
30" . 0'E 30°E )
DAY10 (1979/11/11 12GMT) 1000 MB INT=4 DKM
150°N 180°E 150°E
120°E
90"E
80°E

Fig. 33



120°E

B0"E

80°E

0AT10 1000 MB 4 DKM

DIFFERENCE TO OBS

NOY

DAY10 1000 MB 4 DKM

RMS-ERROR  NOV DIFFERENCE TO ECA

30E

Ot

Fig. 34



0BS

150"

DArid (1978/11/11 12GMT)
150°E

650 MB

INT=2 C

150°E

UHILU U9I9/11711 126M1)
180°E

gou My

E
INI=2 U

150°E

Fig, 35




NOV DIFFERENCE TO 08S DAT10 850 HB 4% C
150°E

-1 120°E

120 |...
80 | So'E
1 s0E

RMS-ERROR  NOY DIFFEREMCE TO ECA DAYIO &50MB 2 C
150" 1680°E _150°E
= e—— "

W 120°E

] 90

"1 0

Fig. 36



M TOTAL

///// / [

g
=
&

MB NH?ENUMBEH 4—
100
-
500
700
asn
et
0
e HHVENUMBEH 1-

/ //////

0 b mav

MEHN BETNEEN 20:0 HND 82.5 N
CUHHELHTIUN OF HEIGHT Z 21NONSES

Fim, 37




TOTAL

533\\\\

g8 2

100
woef .
0, 1 | b oAy |
" | WAVENUMBER 4- 9
a0l 100 " ep 1 8 4 30 2 Ryp
30D .
- _ . N\
700 : ' ‘
20
BT 100 of g M e s W W -
1000 o . NN
o i 2 3 & 5 86 7 8 8 10 @Ar
- HHVENUMBEB 1- 3
zml 100 4o Y
K (11i]
500
180
ash 100
oo} » , ,
T 1 ,' 2 3 Rl

MEHN BETNEEN 20-0 HND 82.5 N !
CORRELATION OF TEMPERATURE % 2INOMSES

Fig. 38



160 +

60 4

W/5

uo +

0T

20 ¢

o1

0+

C

-104

-20+

-30

-up 4

c

20 4
10+
0+

1000 MB

---------------------------

||||||||

nnnnnnnnnnnnnnnnnnnnnnnnnn

DAY 0.0 TO 3.0

Fig. 39



180 1

80 +

W/8

30+

c

20+

10+
1

o+

=10+
=t 2

~30 4

...........................

DAY 4.0 TO 7.0

Fig. 40



160 1

B0 +

20 30 o 50
ZONAL MEAN OF HEIGHT (M)

WS
ug -+

30.\.

20+

107

0+

‘
--------------------------

20 30 uo 50 80
ZONAL MEAN OF ZONAL WIND ; 300 MB

C
-10 1

20+

~Z0 +

U0 +

20 30 ) 50
ZONAL MEAN OF TEMPERATURE 500 MB

c
20+ [

10+

20 30 40 =0
ZONAL MERAN OF TEMPERATURE 650 MB
DAY 7.0 TO 1G.0

Fig. 41



120" |-

URP 4 U711 4 TelHT)
180E

S0 MY

INT=@ UiM

150°E

NOY

DHTIO (1979711711 12GMT)

500 ue  INT=B DKM

13
DAY 2 (1879/11/°3 12GHT)

500 Mg INT=B OKM
150

NOY

DAY 7 (1979/11/ & 1206NT)

500 ME  INT«8 DKM

.,
-,

/

7

/

4,

',

0t

Fig. 42

0'E




1000 -‘

100 1

101

1+

1: t + t é + + +——t 110 -t :1255
SPECTRUM OF KINETIC ENERGY 300 MB KJ/ (M2xBAR)

H——AY B
= ENUMBER

1000
100 1
. o
10+ \ 3
: 0BS
' NOV
l.
bt L0
T ‘20 lI"VENLMBEB

{' - t t t é t + —t 1:0 -t :1:5'
SPECTRUM OF KINETIC ENERGY 500 MB KJ/ (M2«BAR)
DAY 0.0 TO 3.0 MEAN BETWEEN 40.0 AND 60.0 GEOSTR

Fig. 43



100 +

101

=t 1,5 g}s.ﬂVEMHBER

SPECTBUM OF KINETIC ENEHGT 850 MB KJ/[MZ!BHH] L

100 1
104 | | " - -
[ 4 ’ . .'.. .
, 4 R
I
l T ..'a I LHY L
2b_3.mVENLIBEB:

SPECTHUM oF KINETIC ENEHGT 1000 MB KJ/[MZ*BHH)
DAY 0.0 TO 3.0 MEAN BETWEEN 40.0 AND 60=0 GEUSTH



1000 +

100 1

1071

1 b bbbttt :
L) T ¥ T g A T v llo LA ¥ '15' L '$ mvmn M

4 '
'SPECTRUM OF KINETIC ENERGY 300 MB KJ/ (M2«BAR)

1000 4

100+

10+

14

: } —t T 254+mvanmmfn
SPECTHUM UF KINETIC ENEHGT 500 MB KJ/[MZ*BHB]

DAY 4.0 T0 7.0 MEAN BETHEEN 40.0 AND B0s0 GEOSTR

Fig. 45

e >



: ".@.igg"

100 1

10T

l'.. . . . N ,,,.....‘.."..
— BN

{' ¥ - t f s'i y lb.- £
- SPECTRUM OF KINETIC ENERGY 850 MB KJ/ (M2xBAR)

WAVENLMBER

104

L\

1: - t V t f 6 y y —t lb —t—t :1'51 y :’.'32;}3
SPECTRUM OF KINETIC ENERGY 1000 MB KJ/ (M2xBRR)
DAY 4.0 TO 7.0 MEAN BETWEEN 40.0 AND 60.0 GEOSTA

o

WAVENLMBER

Fig. 46



1000 1

100 +

10+

SNt

g WAYENUMBER

1 —— t $ +—t—t
. SPECTRUM OF KINETIC ENERGY 300 MB KJ/ (M2«BAR)

‘_l.mﬂ-r S

et

ﬁv."i-r

E {  : — + 5 + -t 'rlb: + ::1‘!5:4.4.;2‘tJ WAVENUMBER
- SPECTRUM OF KINETIC ENERGY 500 MB KJ/ (M2x«BRR) |
DAY 7.0 TO 10.0 MEAN BETWEEN 40.0 AND 60.0 GEOSTR

Fig. 47



100

101

14
ot —f—po—— A VENUMBER

1 | ’ * T 16 %3
'SPECTRUM OF KINETIC ENERGY 850 MB KJ/ (M2%BAR)

100 1

104

l. . - 4 s 3 lllv-n'-."il |
bt HAVENUMBER

1 — : T 13
SPECTRUM OF KINETIC ENEBGT 1000 MB KJ/ (M2xBRAR) o
DAY 7.0 TO 10.0 MEAN BETWEEN 40.0 AND 60.0 GEOSTR

Fig. 48 e e




400 4 TOTAL

200 + HS ERVED

106 +

4 & ¢ T & 1 8 8 10 P

200} ZONAL PART

100 +

NOV
RS s OBSERVED

"% 35 ¢ '~ § & 1 8 8§ 10 0

Ll ' WAVENUMBER 10-20

50+
430 +
g0+

20 1+
5ol ggg’ERVED

S CE R LN S S S B T BN BN

ol WAVENUMBER 4- 9

.o \:— ~——OBSERVED
- _
yo 4 . : —_\
%0+ "o
201
104

4] + t + + } 4 $ t ¥ 4 } $ t + 4 + 4 + $ 4 +
0 1 2 3 Y 5 6 7 8 g 10 DAY

| WAVENUMBER 1- 3

501

ﬁ_
40 + — — T SBSEHVEU

30+
201
10+

N S TRAE W S S T SN S B
INTEGRAL 1000- 200 MB  AREA MEAN 20:0- 82.5 N
" KE (10 KJ/M2) 21 CRSES  GEOSTR

Fig. 49



-10

'WAVENUMBER 10-20

L
B

 WAVENUMBER 1- 3

EGERVED
[ ——— el

I S S R ST SN AR DR B L
INTEGRAL 1000~ 200 MB  AREA MEAN 20.0- 82.5 N
CK (1/10 WATT/M2) 21 CASES GEOSTR

Fig. 50



600 +
1aa +
300 +
200 +

100 +

440 1+
300 +
200 +

100 4

40 +

a0 +

el

80 +
0+

50 +
w
30 +
204
104

TOTAL

e ———— ~— (BIERVED

c 1« 2 3 & s & 71 8 8 1o bAr

ZONAL PART

o ~—~BBBERVED

O MWW E U |3 0m
PR T WY VU SO0 T U IO |
r—r—r—t—t—t—r

s 1 2 3 &« s s 1t 8 8 10 DOAY

WAVENUMBER 10-20

——~OBSERVED
s,

NOV
s 1+ 2 3 4« s 6 1 8 8§ 10 DAY

. WAVENUMBER 4- S

) NOY

- A B

o
M4
(]
=

WAVENUMBER 1- 3

| —e—— : OBSERVED
——_‘_‘——‘—“'\—;-_ .
NOv

N R N T D A I A 10 AT
INTEGRAL 850- 200 MB  AREA MERAN 20.0- 82.5 N
AE (10 KJ/M2) | 21 CASES

Fig. 51



odaT

al WAVENUMBER 10-20
|
6+
sl
4t |
3.- .
f —EEE e e VD
T S T L e e e
ga+ WAVENUMBER 4- 9
4a 1 ‘
s
e e \aassnvsn
0T NOV
R B T e e S e B MM MM
e WAVENUMBER 1- 3
4ot
30 4
204
0l — ———— BB¥erveD
T T W
INTEGRAL 850- 200 MB  ARER MEAN 20.0- 82.5 N
CA (1/10 WATT/M2) 21 CRSES GEOSTR

Fig. 52



WAVENUMBER

1-20

-

......

| " WAVENUMBER 1- 3 "

| . ;} -3 <i'“' ;ﬁi&
~_,gf’ -1 3
C?\ =

* |

...........

BEE B 88Es

CK ( 1710 WATT/M2/BAR)

lllllllllllllllll

-Ziii—li'.l g lu 223
DHT 0.0 T0 3-0
NOV GEGSTR

Fig. 53



EB2 8 885 a

B2z B BEEa

' 700 :
. Bsg
D T :

AaxYansas e

+
80 70 80 ~Re-h-d U 36 A

CK ( 1/10 WATT/M2/BRR)

60 70 80 S
DRY 4.0 TO 7.0
0BS OBSERVED GEOSTR

Fig. 54



DKM

100.0 1
10.0 4
ilO" "
i + . t + é t + ::16::::':- VENUMEER
- SPECTRUM OF HEIGHT 500 MB (DKM -
lmb‘-? L
wu
"‘-...2
10}
-3

11

{' t ¥ t $ + fep—t 16 =t
SPECTRUM OF KINETIC ENERGY  TROPOSPHERE
DAY 7.0 TO 10.0 MEAN BETWEEN 40.0 AND €0a

/"\ Fig. 55




4 & g e iy Py Y e 9 . a2y e e P N . -
A NS i i L V| = o7 S A N AR InNa
. -~ 0 -
Z o o
o © + .
. o0 a >
B N -
- D o 0o b o
H o o g 0 > -
130 140N 150°H 160°W 170°H180°E 170°E J60°E 1S0°E 1407 130E 120 g H¥ 88 Lo0
& , | J7 ] % N SEfEae T HE %3 i
X . ~ ~ Y
J P s S 45 N ) “ - P E A MO m O &
L oo X N ;o o9 -aP32Y888.0
] o . _
§ ! . , y H ’ ~HOO P oM AH O -
[ ., s K ! 20 O &AL+ H oo
1 ] N _ > / nPNHSDOA ~8 N O
' ‘ N ) M3-HO0d00 O©Ouwnoo
v [ 2 — ¢ ! wm o 1 HP o 0o~ & o =0
! N { by o i ! B g3 oB " w
! M + =N ’ ] 4 - d P P MO n
h 1 Y ¢ @ H @ 0RO
; ' S 5 259g gH®80 -k
i ’ < O w b= Ow o 3T
\ ‘ B e Ao+ gP £ g
' WEH OHA gm0 oY Mad
1 ©OH wHpondgHAO+ 0H
N = ~P H Q0+ a0 00 -
.2 @mmHH O00A g O RO
WOO0 W HUWH®?MOOVL HDI
"o 0000 RSO0~
AN 2P aH WP OP
. r E S $oal
’ ? 3 \WELNES h

S

o

¢
P e T g

o,

LSy b’
———

N - 82 = 14T o o

94 145\ IS0’ -l

-

118 1
1UR = 7 a3 \4ct






