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ABSTRACT
The entire seven year ECMWF operational analysis and forecast archive data is
used to assess the skill of the Centre's model in short and medium range
forecasting of atmospheric blocking. The assessment covers seven 100-day
periods, from December 1 to March 10 of all winters from 1980-81 to 1986-87
inclusive. A slightly modified version of the Lejenas and Okland (1983)
objective zonal index is used to quantify both observed and model forecast
occurrence of blocking. The study is performed on 500mb geopotential height
and on Euro-Atlantic and Pacific blocking separately. It is found that the
model is, on average, more skilful if the initial conditions are blocked, but
blocking onset is poorly represented if it occurs more than a few days into
the forecast. This inability in entering the blocking regime has a.

substantial impact on the systematic error of the mecdel.
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1. INTRODUCTION

Atmospheric blocking has long been recognized as a physical process of
profound dynamical interest and of great practical relevance to operational
forecasting. The crucial role that the onset, development and decay of
block-like structures have on atmospheric low-frequency variability, and
therefore on short, medium and long range forecasting, has mdde blocking one
of the most studied atmospheric processes. For a review of recent
observational, theoretical and numerical work on blocking, the reader is

referred to Hollingsworth et al. (1987) and to Benzi et al. (1986a and 1986b).

Regarding the ability of numerical models to represent blocking, a few studies
have been performed on long model integrations in order to assess the
incidence of blocking in comparison with observed frequencies, duration and
preferred locations, e.g. Mansfield (1984), Lau (1983). In order to perform
such comparisohs, the observational studies of Rex (1950), Dole and Gordon
(1983), Lejenas and Okland (1983) and others have been used. Actual
deterministic forecasting of blocking from observed initial conditions (as it
is done in a routine numerical weather forecasting environment) has so far
been even less documented, essentially because of the lack of a large
homogeneous database of operational forecasts. Despite this lack of objective
assessments of forecasting models' skill in representing blocking, there seems
to be some sort of consensus among both modellers and synopticians on the fact
that models perform slightly better during, and in the areas of, blocking than
in situations of prevailing zonal flow (e.g. Persson, personal communication);
but then persistence does the same, alas. Such feelings have also been
quantified by synoptic evaluation of model performance during some individual

blocking cases (see Bengtsson, 1981, Grgnaas, 1982).

The European Centre for Medium-Range Weather Forecasts has now been producing
and archiving operational analyses and medium-range forecasts for more than
seven years; these archives make it now possible to try to quantify in a more
objective way the ability of a state-of-the-art global forecasting model in
representing blocking onset and maintenance. This is the purpose of this
work. Section 2 describes, first of all, the database used for this study and
the objective index that is used to determine whether or not a given analysis
(or forecast) is considered to be blocked at a given longitude. Section 3

gives an overview of the overall model performance in representing blocking as
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a function of longitude and in different years. Section 4 deals with the
separate diagnosis of Euro-Atlantic¢ and Pacific blocking, while Section 5
concentrates on blocking onset and blocking maintenance. Section 6 is devoted
to the diagnosis of the model systematic error during different flow regimes

and Section 7 .gives a summary and attempts to draw some conclusions.
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2. THE DATABASE AND THE DEFINITION OF AN OBJECTIVE BLOCKING INDEX

The database for this study is composed of all day 1 to 10 forecasts (and
verifying analyses) of 500 mb geopotential height valid from December 1 to
March 10 from 1980-81 to 1986-87 inclusive. Although each of the seven 100
day periods does not correspond exactly to the astronomical winter, we will
refer to them as seven "winter" periods. All day 1 to 10 forecasts verify on
the date of the corresponding analysis and are, therefore, initiated from
different initial conditions (progressively lagging in time), in a way
paralleling exactly the dataset used by Lorenz in his 1982 study (Lorenz,
1982). The complete dataset is therefore composed of 7700 fields (11 forecast
times, including analysis time, 100 days per winter, 7 winter periods)
projected on spherical harmonic coefficients truncated at triangular
truncation 40 (T40). Although the original fields are global, we will
restrict our analysis to the middle latitudes of the Northern Hemisphere, for
which independent observational studies of blocking frequency on much larger
datasets are available for the sake of comparison. One of the main
limitations of this work (but by no means the only one) is due to the fact
that the analysis was only carried out for a single season and at a single
vertical level (500 mb). This is due to a variety of practical reasons,
almost all having invariably to do with the amount of data to unload from the
operational archives and to process further. There are plans to extend such
analysis firstly to other periods of the year and then to other levels (and
perhaps to the other hemisphere as well, if time and resources will permit).
Another important limitation of our work is connected to the fact that the
operational ECMWF General Circulation Model (GCM) has undergone several
changes during the period here considered, many of which of major importance,
be they of numerical nature (grid—-point versus spectral technique or
horizontal and vertical resolution) or of physical nature (parametrization of
moist convection, vertical and horizontal diffusion and orographic effects).
This limitation cannot be practically avoided if we want to have at our
disposal a dataset of considerable size. Had we limited ourselves to a single
period during which.the model has remained fairly stable in its
characteristics, the statistical significance of our results (already very

limited with a total dataset composed of 700 days) would have been negligible.

In any objective study of atmospheric blocking, one of the main difficulties

is to devise an objective method to determine whether a given flow pattern is
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blocked or not at a certain point (or over a certain area) at a given moment
in time (or over a certain period of time). This is related to the Ffact that
no such thing as a typical block exists»and the Earth's atmosphere uses very
many of its almost infinite degrees of freedom to realize a variety of
"similar"™ but in fact quite diverse situations, all of them in some sense
blocked. So, it is extremely difficult to define a method that will satisfy
the personal criteria of any number (however small but greater than one) of
experienced synopticians. This work is no exception to this rule but, in
addition to the usual disclaimers, we would like to point out that our main
goai is not to diagnose the statistics of observed blocking in its spatial and
temporal'details, but to compare anaiysed and forecast fields, after having
projected them on a suitable indicator. We hope that many of the shortcomings
and limitations of our choice of objective definition of blocking will be of
little relevance when the indicator is used in this "comparison mode”. We
will try to point out those results that might be most affected by the

particular nature of the indicator.

We will, first of all, give here a local and instantaneous definition of
blocking and later, in Section 4, generalise this to take into account
longitudinal extension and time duration. This definition is essentially
derived from the work of Lejenas and Okland (1983) to which the reader is
referred for a more extensive justification of the criteria, not dissimilar to
those used by Rex (1950). The procedure we have applied is as follows: the
500hPa field is firstly evaluated on a 4° by 4° regular latitude-longitude
grid cbvering the Northern Hemisphere. Then the geopotential height gradients

GHGS and GHGN are computed for each longitude point of the grid:

GHGS = (z(¢o)-z(¢s))/(¢o-¢s)
= - / -
GHGN = (Z(¢ )=2(¢ 1)/ (¢ =¢)
where:
$_ = BO°N + A
¢, = 60°N + A
¢, = 40°N + A
and A = -4°I 0° or 4°
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A given longitude is then defined as "blocked" at a specific instant in time

if the following conditions are satisfied for at least one value of A:

(n GHGS > 0 and

(2) GHGN < =10 m/deg lat

We decidéd to restrict Lejenas and Okland's criterion (that is essentially
equivalent to condition (1) alone) because we found that the addition of
conditionv(Z) was successfully eliminatin§ from the "blocking  catalogue"
situations of large southward displacement éfvthe midlatitude westerly jet‘
that marginally satisfy condition (1) ﬁutlnot condition (2) and that,

synoptically, would not be generally recognized as blocked.
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3. THE OVERALL MODEL PERFORMANCE IN REPRESENTING BLOCKING

We will start by showing the behaviour of the objective (local and
instantaneous) index as a function of longitude. Fig. 1 shows the percentage
freguency of blocking (objectively defined as above) as a function of
longitude and computed on all ECMWF daily objective analyses of our database.
Remembering that we have restricted our analysis to the Winter period, this
figure can be compared with Fig. 3 of Lejenas and Okland (1983), showing that
our modified version of their index behaves in a very similar way as far as
the dependency on longitude is concerned. The two well known maxima of
frequency in the Euro-Atlantic and Pacific regions are well reproduced and a
further secondary maximum around 50°E is also noticeable, associated with the
relatively (and synoptically well known) fregquent occurrence of Euro-Asian
blocks. The two shaded regions also appearing in the figure will be used

later in Section 4 to define objectively the concept of "blocked sector"

Figure 2 shows again the same diagram of Figure 1, but superimposed onto the
corresponding diagram computed on the forecast fields, for bay 1,3,6 and 10
(panels a to d respectively). This comparison allows us to document the
progressive degradation of the performance of the operational forecasts for
increasing forecast time. This degradation appears as a progressive loss of
the amplitude of the two main blocking frequency maxima until, by Day 10, the
forecast maxima show approximately one half of the observed amplitude and also
fairly appreciable phase shifts;'more specifically, the Euro-Atlantic maximum
has been shifted eastward by approximately 20°, while the Pacific maximum has

been shifted westward by an even greater quantity, approximately 40° to 50°.

Such model behaviour is quite consistent with the well known deficiencies of
general circulation models in general (and of the ECMWF GCM in particular).
It has in fact been well documented (e.g. Hollingsworth et al., 1980;
Bengtsson and Simmons, 1982; Wallace et al., 1983; Bettge, 1983; Arpe and
Klinker, 1986; Palmer et al., 1986; Tibaldi et al., 1987) that GCMs tend to
move, with increasing integration time, towards a climate "of their own" with
1ncreased mid latitude westerlies and decreased amplltude of planetary scale
qua51—statlonary waves. A variety of hypotheses have been put forward as to
the possible causes for such behaviour (representation of mountains,

horizontal and vertical diffusion, parametrization of convection etc., see
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many of the works quoted above), but the fact remains that such a
model-produced climate is consistent with the apparent inability of the ECMWF
GCM to reproduce the observed blocking frequency maxima at the proper
longitudes. We will comment further in Section 6 on this fact when we will
analyze the relationships between representation of blocking and model

Systematic Errors.

We now want to investigate, within the limitations imposed by the dataset at
our disposal, whether the main model changes that have taken place during the
period considered here have had an impact on the ability of the operational
forecasting system to represent blocking. Of course, this man-produced
variability of the model performance overlaps and interacts with the natural
year—-to~year variability of blocking frequency and of circulation types. We
will show diagrams similar to those of Fig. 2 for three separate two-winter
periods: 1981-82 and 82-83; 83—-84 and 84-85; 85-86 and 86-87. 1In the first
period the operational model was an N48 grid-point model (48 grid-points
between poles and equator) with a grid-box-mean orography. In the second
period the model was a T63 spectral model (triangular truncation at wavenumber
63) with a V2 sigma envelope orographyr(Wallace et al., 1983), and in the
third period a T106 spectral model with a 1 sigma envélope orography. We
decided to exclude the first winter (1980-81) from this particular
stratification of the analysis, because the model was at a preliminary stage
of development and the model orography was excessively smooth, in addition,
this orography was used in a one winter period only, while all the other three
periods cover two winters. Figures 3 to 6 show graphs similar to those of
Fig. 2 but for the three two-winter periods separately (panels a to c¢) and for

forecast days 1,3,6 and 10 (Fig. 3,4,5 and 6 respectively).

The first consideration we should make is that a large interannual variability
is evident, with the second two-winter period showing an anomalously high
frequency of those Euro—-Asian blocked situations mentioned above. Their
almost complete absence from the other two periods makes it obvious that the
secondary maximum of frequency apparent in Fig. 1 around 50°E is almost
completely due to episodes taking place during the winters of 1983-4 and/or
1984-85. Secondly, it is evident that the model's inability to represent

blocking at an advanced stage during the forecast is not confined to any
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particular winter and has improved little with time and model development.
The only notable exception to this is medium-range (day 6) Euro-Atlantic
blocking during the third two-year period (Fig. 5¢), apparently much better
represented than in other periods for the same forecast time. Unfortunately,
our sample is insufficient to substantiate this'statiétically,.and in fa&t a
similar behaviour can be seen in Fig. 5a for Pacific blockiné. Since this
pahel refers to an old version of the model (that hopefully has been improved
upon since then), we must conclude that both these episodesqu variability in
model performance might be due to poor sampling, rather than to systematic

differences in model ability.
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4. EURO-ATLANTIC AND PACIFIC BLOCKING

So far we have only very broadly examined the model's ability to represent
local and instantaneous blocking conditions as defined by our objective index,
as a function of longitude and forecast time. We want now to be able to
distinguish between Euro-Atlantic and Pacific blocking in such an analysis.
For this purpose, we need to develop further our objective definition of
blocking so that it will allow us to define a blocked "sector". We do so by
defining the two sectors (Euro-Atlantic and Pacific) as the two longitude
bands that appear shaded in Fig.1 (Euro-Atlantic from 28°W to 32°E and Pacific
from 152°E to 224°E) and then by assuming that a sector is "blocked" if‘three
adjacent grid points are blocked. This criterion requires, for a sector to be
considered blocked, that we have a region of zero or negative geostrophic
westerlies extending for at least 12° longitude. With this criterion, on a
total number of 700 Winter days, we have 278 unblocked ("zonal") days, 422
blocked days (in either one or in both sectors), 273 Euro-Atlantic blocked
days and 285 Pacific blocked déys. (273+285)=422=136 is the number of days
with both Eﬁro-Atlantic and Pacific sectors blocked. Before turning our
attention to the model performance, let us examine briefly some

characteristics of the "observed" blocking.

Figure 7 shows the distribution of the percentage of blocked days for the two
sectors separately and for blocking in general (either one of the two sectors
blocked) as a function of séasonal time (within the 100 day extended winter
period we have considered). This is useful to highlight a possible seasonal
trend, if there is one. 1Indeed the histograms show that the probability to
have blocking (in either sector) increases considerably with time. Figure 8,
conversely, shows how blocking days are distributed as a function of the
amplitude of the block itself, at least as this is represented by the
amplitude of the GHGS gradient defined in Section 2 (essentially proportional
to the strength of the geostrophic easterlies). Intense Pacific blocks appear
to be relatively more probable than their Euro-Atlantic counterparts; the

reverse is true for very weak blocks.

Turning now our attention to model performance, Figure 9 shows the total
number of blocked days in the forecast for the two separate sectors, as a
function of forecast time. Forecast day 0 indicates the analyzed ("observed")

values. The shaded portion of the histograms bars indicates the contribution
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b) PACIFIC BLOCKING
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FORECAST DAY

FORECAST DAY

The shaded portion of

Total number of blocked days in the forecast for the Furo-Atlantic
(a) and the Pacific (b) sectors as a function of forecast time.

Forecast day 0 indicates the analyzed values.

Fig. 9

blocked; the topmost blank part of the bars represents the days that

the bars indicates the number of days that are correctly forecast as
are blocked in the forecast but not in the verifying analysis.



to the total from those days that are correctly forecast as blocked, while the
topmost blank part of the bars indicates the contribution from those days that
are erroneously forecast as blocked, i.e. that are blocked in the forecast but
not in the verifying analysis. The main indication of the results shown in
Fig. 9 is that, by Day 10, the forecasts for the Euro~Atlantic sector are
blocked in a number of days that is only 50% of the observed total (see, for
example, also Fig. 2d). However, half of the forecast blocked days are not
verified by the corresponding analysis, leaving the total number of correct
(verified) 10 day forecasts of blocking at only 25% of the observed. The

situation for the Pacific sector is only marginally better, see Fig. 9b.

We are now interested in diagnosing whether the model, even in those cases for
which it is correctly forecasting a blocked sector, does so with systematic
amplitude and phase (longitude) errors. Our index allows such an egtimate if
we interpret the maximum value of the GHGS index (in units of geopotential
meters per degrees latitude) in the blocked sector as a measure of the
amplitude of the block and the longitude of this maximum as a measure of the
phase. Figure 10 shows mean errors in the index value and in longitude
(amplitude and phase errors) as a function of forecast time. Here we can
confirm quantitatively what could already be qualitatively seen from Fig. 2:
the model tends to shift Euro-Atlantic blocks progressively eastward, while it
shifts the Pacific blocks westward (Fig. 10b). The model also loses amplitude
in both sectors; but the amplitude loss seems to take place more rapidly in
the case of Pacific blocks. (The apparent recovery in the mean errors that
can be seen after day 7, especially in the case of Pacific blocking, is most
likely due to the fact that only very persistent blocks are still detectable
in the forecast after one week, so that the statistics displayed in Fig. 10
become representative only of the most predictable cases). Such differences
of modelling characteristics are consistent with the hypothesis that the (at
least partially) different physical mechanisms give the most relevant

contribution to the maintenance of blocks in the two sectors.

348



a) MEAN ERROR IN BLOCKING INDEX
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5. MODELLING BLOCKING ONSET AND MAINTENANCE

It is conceivable (and many theoreticians and synopticians have speculated
along this line of thought) that different physical mechanisms are to be held
responsible for blocking onset and for blocking maintenance. If blocking is
indeed a metastable "state" (global or local is of little consequence, at this
stage of the argument) which the atmosphere enters as a result of an
instability mechanism (e.g. Charney and DeVore, 197%9; Charney and Strauss,
1980; K&llén, 1981; Malguzzi and Speranza, 1981;'Speranza, 1986; Benzi et al.,
1986a; Benzi et al., 1986b) then it should be a priori expected that during
highly unstable situations (as immediately before and during ﬁhe onset)
numerical forecasting should be a daunting task; on the contrary in fairly
stable conditions (as when a block is well established) forecasting should be
a more tractable problem. It is, in fact, a widespread belief that numerical
models have, in_general, more difficulties in entering a blocked situation
than they have in maintaining a block once this is already present in the
initial conditions froﬁ which the integration is started. We want now to
address this problem by analysing separately blocking onset and blocking
maintenance and the model's ability at reproducing both. To do this we need
once more to restrict our definition of blocking in order to be able to define
"episodes" objectively; in a very simple and straightforward manner we decided
to define a "blocking episode" when a sector is blocked for at least four
consecutive days according to the observed date. With this definition, we
found 22 cases of Euro-Atlantic and 24 cases of Pacific blocking in our 700

days dataset. We shall now concentrate on blocking onset first.

Figure 11 attempts to show the model's ability to forecast blocking onset.
Each of the 22 Euro-Atlantic (panel a) and 24 Pacific (panel b) cases is
represented by one column. A black square at forecast day n indicates that
the forecast verifying on the first day of the blocked period (the blocking
"onset") and started n days before was also blocked according to our
criterion; a hollow square indicates a failure. Obviously, all squares are
black at forecast day 0 (the analysis) and most of them are black at forecast
day 1, indicating that very short-range forecast of blocking onset is fairly
successful (not completely, however; on a total of 22+24=46 cases, 8 failed,
although in 4 such failures some previous longer-range forecasts had given the
correct indication). The general picture is one of some almost complete

failures, some (less, however) outstanding successes and many ordinary cases
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in which the forecast gives good guidance up to three to four days in advance.
There seems to be, this time, no obvious and systematic difference of model
behaviour between the two sectors and also no obvious trend in model
performance from winter to winter (the cases belonging to different years are
grouped together and time increases from left to right). The overall results
are somewhat disappointing but we would like to remind the reader that it is
highly likely that a good synoptician can extract useful guidance from the
forecast maps even for some of those cases that have been penalized by the
objectivé indicator. In fact, if our criterion is only marginally satisfied
by the analysis, even a small difference in the circulation péttern can affect
the classification of the forecast. To test the sensitivity of our objective
definition of onset we have computed the same diagrams of Fig; 11, but for the
- gsecond day of each blocking episode (Figure 12). Indeed the performance of
the forecasting model appears to be better in this case, which is partially
due to the stronger blocking signature but also to the fact that the initial

conditions are one day closer to the actual onset for a given forecast time.

To summarize the results on the diagnostics of forecast of blocking onset we
present the histograms of Figure 13. Each panel gives the number of cases of
blocking onset correctly forecast as a function of forecast lead time. For
the first day of blocking, the model data appear to contain little useful
information on the onset beyond forecast day 3, with very little difference
between the two sectors. The impression received by cemparing qualitatively
Figs. 11 and 12 is here confirmed more gquantitatively: forecasting the second
day of blocking is measurably more successful than forecasting the first day:
at forecast day 3 we have 11 successful predictions of the first day‘in thé
Euro~Atlantic sector against 16 good forecasts of the second day {(on a total
of 22 cases). The respective figurés for the Pacific sector ‘are 12 against 21
over a total of 24. In most cases, the day nt+1 forecast df the second day of
blocking is better than the day n forecast of the first day (these two
forecasts come from the same model integration, started from the initial
conditions analyzed n days before the onset of the block). For example, we
have 13 and 15 good 4-day forecasts of the second day of the block against 11
and 12 3-day forecasts of the first day (Euro-Atlantic and Pacific sectors
respectively). This indicates that transitions to blocking occur more slowly

in the model than in the actual atmosphere.
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@) FORECAST OF BLOCKING ONSET — FIRST DAY OF EURO-ATLANTIC BL.

e4 UOO0OO0 OO0 OO0 OO Ooogoogo oo ogo
o4 OJO0OO0O COOO OOO OO OOoocgoo- o= 4do
o+ OO0 0OOCO OmMd OO OOwmOO 0o o0
x~ 00000 OO0 OOwm 00 ODoOoogo oo oo
ﬁw— NOOEEN (OmRO OO0 mO COoooo og og
g-ﬂ- dodmm 0OOO 0OO0OO OO OoOCOeOO OO OO
-t MO0B0 DODOW OOmM OO OOwMOO0O ®wO OO
E-1 HOREE [ONDO 0OOE 00O OOEOCOE HE ®BQO
~N ONMEEE OB CEE OO0 EENEE EEN O
~{HEECNE EHEEEN (FE [0 EEEEE EE EN
cf  HENEENE RNEE EHNENEESE ER EENEBE NEE BN
BLOCKING CASES
b) FORECAST OF BLOCKING ONSET — FIRST DAY OF PACIFIC BL.
=~ 000 OOUOm OO0 OOm OO0 OOOm OOO0OO0
- MO0 OCOOmM ONMO OO0 000 OO0Oo gogoog
= MOO OmMON OO0 OOO OmMO OQCOOO OOgoog
=z~ 000 OmOR 000 OO0 OmO OOEO QOOOO
Ew-lDD Om0OmR OO0 00O OmO OOOm OOOO
2-1 000 OOCE EOM OO OO0 OOWMR OOOO
Y~ M00 OO000O mMOO OO0 med OUONME ERNOER
S~ B00 OEOO EWMOO EERO mEE COOEE COEONR
1 O000 ONMON OON ENE WEE (OBE ENOR
-~ HEE EBEENEN (NN UEN BEEE ECEE ONON
o HHENE NEEN NNENE ENE NEENMN EEEE EEENR
BLOCKING CASES
Fig. 11 Diagram of successful (black sguares) and unsuccessful (hollow

squares) forecasts of the observed blocked regime in the first day of
each of 22 Euro-Atlantic (a) and 24 Pacific (b) blocking episodes, as

a function of the forecast time. Cases belonging to the same winter

are grouped together,
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Fig. 12 As in Fig. 11, but for the second day of each blocking episode.
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b) FIRST DAY OF PACIFIC BL.
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We now move to blocking maintenance (or, more precisely, duration). We will
now analyze all those forecasts that start from the first day of a blocking
episode; therefore, from an initial condition that already contains a block in
one of the two sectors under analysis. Figure 14 has the same general layout
of Fig. 12, but now the vertical bars indicate both analysed and forecast
duration (shaded and white bars, respectively). The cases are,.of course, the
same as for Fig. 12. So, if the topmost portion of the vertical bars is
white, the forecast duration is longer than the observed. If the topmos£ part
of the bars is shaded, the reverse is true. 1In case of a "perfect" forecast,
the bar is completely shaded. A duration (either observed or forecast) of 11

days signifies a duration longer than 10 days.

The overall performance of the model appears to be féirly satisfactory; even
if predicted blocks either shorter or longer than observed are quite common, a
few outstanding successes in forecasting blocks longer than 10 days are
apparent in both sectors. A closer look at the precise figures reveals that,
on average, the model is in fact underestimating blocking duration; this is
shown more clearly in Figure 15, where histograms of the number of cases as a
function of duration are displayed for the two sectors separately, as usual.
While no observed case shorter than four days is present (by definition of
episode), respectively 5 and 4 cases of shorter blocks occur in the twé
sectors in the forecast. Conversely, the number of analysed blocks longer
than 10 days is always higher than the corresponding forecast number (6
against 5 for the Euro-Atlantic and 10 against 4, a mich larger error, for the

Pacific sector).

The different skill of the model in forecasting the duration of long-lived
blocks over the Euro-Atlantic and the Pacific sector again suggests the
possibility of differences in the contribution of various physical processes
to the maintenance of blocking in the two sectors. For example, the relevance
of the transient eddy forcing mechanism proposed by Green (1977) has been
clearly documented in a number of papers for the Atlantic blocking (see for
example Illari and Marshall, 1983; shutts, 1986; Hoskins and Sardeshmukh,

1987), but comparable evidence has not yet been provided for Pacific cases.
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a) FORECAST OF BLOCKING DURATION — EURQ ATLANTIC BL.
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Fig.

A
The

episodes as deduced from the analysis (shaded bars) and from the

forecast started on the first day of each episode (white bars).
duration of 11 days indicates any duration longer than 10 days.
white bar is fully covered by the shaded bar when the forecast

duration equals the observed one.
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6. MODEL SYSTEMATIC ERRORS AND BLOCKING

The problem of climate drift in General Circulation Models has long been
recognized as one of major concern and has received much attention in recent
years (for a few examples, see the works quoted at the beginning of Section
3). Our perception of model systematic error as a large (but seasonally
homogeneous) ensemble mean of forecast error fields would have to be taken
with caution if it could be shown with certainty that the distribution in
phase space of possible atmospheric states is not unimodal. Since convincing
evidence to this effect is accumulating (although not universally accepted as
such; Sutera, 1986; Hansen, 1986; Hansen and Sutera, 1986; Benzi et al.,
1986a) and since such atmospheric "modes" or "states" have been often
associated to the blocking phenomenon,'it is of particular interest to
diagnose model systematic errors using blocked and non-blocked ensembles
separately. To increase our sample as much as possible, we will return here
to our instantaﬁeous (i.e. based on daily maps) definition of blocked sectors,
but before analysing model performance we want to look at analysed ensemble

mean maps of our blocked "states".

Figure 16 shows five 500mb geopotential height maps. Panel (a) represents the
"climate", that is the complete 700-day ensemble mean, (b) is the ensemble of
the 278 non-blocked, or "zonal" days, (c) is the ensemble of the 422 blocked
days, (d) is the ensemble of the 273 Euro-Atlantic blocked days and (e) of the
285 Pacific blocked days. Although full fields are usually dominated by the
westerly main structure, it is already possible to recognize the essential
features of the Rockies ridge (e), characteristic of the Pacific blocking and
of the Eastern Atlantic diffluence region (d), characteristic of Euro Atlantic
block.‘ A better way to emphasize the structures we are most interest in is to
show the three maps (c=b), (d-b) and (e-b), that is the "anomalies" computed
not with respect to the full climate (a), but with respect to the zonal
climate (b). These are shown in Figure 17, panels (a) to (c), while panels
(d) to (f) show the eddy component of the same three maps, that is their
departure from zonal mean. Now the ‘blocking dipolar structures are quite
evident in the respective quadrants. What was perhaps less obvious to expect
is the signal appearing over the North American continent in both panels (e)
and (f), another dipole structure of the opposite sign of the blocking dipole
(negative to the north and positive to the south). Obviously, the definition

of eddy field itself requires a compensation of the blocking dipoles in order
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to obtain a zero-valued zonal mean. However, a priori there is no reason why
these compensating features should be concentrated in a single region. 1In
particular, one can note how a similar signal is completely absent from the

Asian region.

We can now turn to model performance. Figure 18 is the exact counterpart of
Fig. 17 but instead of being constructed using analysed fields, it was
produced using 10 day forecast fields. The almost complete absence of
significant structures is striking and even more so for the eddy-only part of
the fields (panels d to f). Essentially, the inability of the model in
representing the observed blocks is reflected by the absence, in the ensemble
mean maps, of those structures that are the essential signature of the actual

atmospheric process.

Figures 19 and 20 have the same essential layout as Fig 16, but instead of
showing analysed ensemble means, they display day 10 forecast minus verifying
analysis, that is the systematic error in the different atmospheric regimes.
Fig. 19 shows the ensemble mean errors as full fields, while Fig 20 shows
their departure from their own respective zonal means (the systematic error in
the eddy field). A direct comparison respectively between Figs. 17 (b) and
(c) and Figs. 19 (d) and (e) (full fields) and between Figs. 17 (e) and (f)
and Figs. 20 (d) and (e) (eddy component) confirms that the systematic error
signatures are almost equal and opposite in sign to those characteristic of
blocking. This is nothing but a quantitatively more accurate restatement of
the fact that the model, well into the medium range (day 10), is unable to
enter and/or to maintain blocking at the observed levels. A comparison of
Fig. 20 (b) with Figs. 20 (c¢), (d) and (e) reveals that, although the
systematic error signature during non-blocked ("zonal") days is qualitatively
not dissimilar to that characteristic of either Euro-Atlantic or Pacific
blocking (essentially a structure dominated by zonal wavenumber two), its
amplitude is gquite different, and in fact much smaller. Further to this,
Figure 21 shows the systematic error of the purely zonal part of the field
(expressed in m/s of geostrophic wind as a function of latitude) during the
different regimes. In this case, the systematic error during the blocked and
non-blocked regimes is quite different (and the first dominates over the
second in the total ensemble, see panel (a)). During zonal periods, the zonal

systematic error (panel (b)) has the structure of a weak double band of

- 362



excessive westerlies, around 45°N and 80°N, with an even weaker easterly band
in between. At low latitudes, the error is easterly again. This error
structure implies a northward shift of both the subtropical and the polar
branches of the jet. During blocking (either Euro-Atlantic or Pacific), the
structure of the systematic error is the familiar one, so often and
exhaustively documented in the literature (see again the works mentioned
above, in Section 3), that is one of a strong northward displacement of the
subtropical jet and of strong redudtion of the westerlies at high latitudes.
In other words, the model tends to cancel the split of the jet that occurs in

the actual atmosphere.

We can conclude that the fact that bldcking is associated with an enhancement
of the amplitude of the gquasi-stationary planetary scale waves (e.g. Austin,
1980; Hansen and Chen, 1982; Ji and Tibaldi, 1983), the fact that the model is
unable to maintain the observed amplitude of the planetary waves beybnd 3 to 4
days into the foreqast and the fact that the model is also not capable of
entering blocking beyond 3 to 4 days into the forecast are connected facts,
although it is impossible at this stage to ascertain whether the third is a
cause or a consequence of the second (via the first). We have, however, shown
that the well known zonal and eddy signature of the model systematic error is
mostly produced during blocked situation; it therefore reflects the inability
of the model to exit the zonal state and to enter the blocked state. What is
the ultimate (or at least, the principal) cause of this inability is still an
open question; the answer strongly depends on the role that global and local

dynamics play in the process of blocking onset.
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16, but for ensemble means of 500 mb height errors of

10-day forecasts.

19 As in Fig.

Fig.
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7. SUMMARY AND CONCLUSIONS

We have used seven 100 day winter periods (1980-81 to 1986-87) of ECMWF
operational 500mb height analyses and forecaéts (day 1 to 10) to aéseés the
skill of the Centre's model in short and medium range forecast of blocking.
Firstly we have given an objective definition of blocking (following L
essentially Lejenas and Okiand, 1983) aﬁd we have diagnosed the behayiour of
the model as a function of latitude énd forécast day. We have also stratified
the diagnosis for different two-year periods during which.thevmodel _
characteristics remained fairly stéble. We then proceeded to distinguish
between Euro—Atlantic and Pacific blocking by specifying an objective 
definition of "blocked sectors". In order to be able to anélése séparately
blocking onset and blocking maintenanée, we further restricted our choice to
episodes longer than three days (we found in this way 22 cases of
Euro-Atlantic and 24 cases of Pacific blocking). We finally examined zonal
and eddy compoﬁents of model systematic errors during the so-defined

circulation regimes.

On the basis of this diagnostic analysis we reached the following

conclusions:

a) Serious systematic deficiencies were found in the model simulation of
blocking after forecast day 3 to 4: only about 50% of blocking days are
found at forecast day 10 compared to the analysis, and approximately

half of those do not correspond to actually observed blocked days.

b) Only slight improvements were found in the model ability of reproducing

blocking during the seven winters of operations analysed.

c) Differences between Euro-Atlantic and Pacific blocking forecasts were
found as far as improvement in forecast quality during the years (as
model resolution and physics improved), phase and amplitude errors, and
skill in predicting the duration of blocks are concerned. Such
differences point towards different dominating mechanisms for the
maintenance of long-lived blocking structures in the two different

sectors.

d) Blocking onset is almost consistently missed by the model beyond

forecast day ‘3 to 4; conversely, once blocking appears in the initial
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e)’

conditions, duration is reasonably well predicted into the medium range

(although with some underestimation).

Systematic model errors appear to be mainly produced by the inability of
the model to represent the transition between "zonal" and blocked
regimes. It would seem more appropriate to talk about a "systematic
model regime" (the zonal one) rather than of a systematic model error.

A promising avenue to follow in order to throw more light onto possible
causes of systematic errors appears therefore to be the investigation of

the physical mechanisms that cause the onset of blocking.
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