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Numerical modelling of blocking, with

reference to June 1982

P. F. Noar, Head Office, Bureau of Meteorology, Melbourne
(Manuscript received October 1982; revised November 1982)

Forecasting of the onset and duration of blocking remains a major problem for
Australian forecasters. The consequences of blocking may manifest themselves as
drought, as for example experienced during the winter of 1982 over much of Australia.
On other occasions cut-off flow associated with blocking episodes can cause extensive
heavy rain. Subjective methods of predicting blocking have met with only limited
success and numerical models now form the basis for broadscale prediction.

A number of experimental simulations of blocking will be briefly described.
Generally the simulations have reproduced, but not adequately explained, the
phenomenon. Reference is then made to operational numerical prognoses undertaken at
the National Meteorological Analysis Centre (NMAC) during June. Two ECMWF
ten-day forecasts run from analyses at the start of the blocking periods are presented as
examples of the level of skill achievable in the southern hemisphere with an advanced
high resolution model. Although the general three wave pattern was correctly forecast,
details such as the latitude of the eastern Australian blocking high were not well
handled. These are very much associated with smaller scale synoptic systems which
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provide the catalyst for the ‘displacement/replacement’ process.

Introduction

This general review will consider first a number of
definitions of blocking and describe briefly the
methods used operationally to monitor broadscale
features of the southern hemisphere circulation.
Pronounced blocking was experienced during the
winter of 1982 over eastern Australia, as well as the
west Indian Ocean and southwest Atlantic. The
month of June was chosen as being representative of
the winter circulation and trough/ridge diagrams,
mean and anomaly maps as well as blocking indices
and anomaly diagrams are presented.

The number of studies of numerical prediction or
general circulation model results directed
specifically towards blocking is quite small. They
fall into two categories, one associated with
attempting to simulate and explain blocking in an
idealised sense, the other using a variety of model
resolutions and parameterisations on real synoptic
situations to examine experimentally those factors
which contribute to successful forecasts. There is
still a considerable amount of research to be done,
particularly in looking further at the importance of
subgrid-scale parameterisation and the role of
atmosphere-ocean feedback.

Results of National Meteorological Analysis
Centre (NMAC) operational numerical predictions
for June are briefly presented, and indicate that the
‘displacement/replacement’ mechanism is generally
not well handled. Two ECMWF ten-day forecasts
were assessed with respect to the prediction of the
long wave pattern, as well as the development and
movement of individual highs and lows. Useful skill
in the prediction of long waves was evident out to
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seven days. It would be valuable for a future study to
examine in detail the model diagnostics.

Definition and specification of blocking
Forecasting of the onset, duration and breakdown of
blocking is a very important practical problem, and
this paper will discuss the performance of
operational numerical models in this regard, as well
as reviewing briefly a number of numerical
simulations of the phenomenon. It is necessary first
of all to set down a definition of blocking applicable
to the southern hemisphere. Wright (1974) studied
blocking in the Australian region for the period
1966-71 and found that it was not necessary for an
individual anticyclone to remain quasi-stationary to
provide a barrier to the upstream progression of
upstream troughs, the phenomenon being more one
of replacement and displacement. He therefore
proposed a definition modified from the earlier
work of Rex (1950) and van Loon (1956), which will
be used in the present discussion.

(a) The basic westerly current splits into two
branches.

(b) The five-day mean 500 mb ridge at 45°S
(defining the longitude of the block) has a rate
of progression of less than 20 degrees of
longitude per week and progresses no more
than 30 degrees of longitude during the entire
blocking occurrence.

The ridge of high pressure at the longitude of
blocking is at least 7 degrees south of the
normal position of the subtropical high
pressure belt and is maintained with
reasonable continuity.

©
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(d) The occurrence lasts for at least 6 days.

Blocking is monitored by the Extended Period
Forecasting Sub-section (EPFS) at the NMAC,
Melbourne, using MSL and 500 mb analyses to
derive Hovmoller trough/ridge diagrams, blocking
index diagrams and 5 and 30-day mean charts. The
Blocking Index (BI) developed by the EPFS
(NMAC) is defined as

Bl = (.627.5"' l]5745)— (642.5"' I]47.5)

where y is the zonal component (m s!) of the 500 mb
wind.

Brief review of experimental
simulations of blocking
It is rather surprising to find that despite the
fundamental importance of the blocking process to
weather forecasting and synoptic climatology there
are very few documented studies of numerical
simulations and that theoretical studies based on
idealised mathematical model are generally fairly
recent. This review will summarise in passing
illustrative theoretical investigations but will
concentrate on the practical problem of forecasting
the onset, maintenance and decay of blocking.
Typical of the theoretical investigations is the
work of Charney and Devore (1979) who used a
barotropic model to investigate a hypothesis that
‘multi-equilibrium’ states which emerge from the
model integration may be the analogue of blocking
and throw some light on the mechanism of its
formation and maintenance. An earlier study which
demonstrated that blocking can be simulated in a
relatively simple general circulation model with only

basic physics was undertaken by Kikuchi (1969). He
found that wave number 2 played a very prominent
role in the poleward transport of heat, relative
angular momentum and transformation from zonal
kinetic energy to eddy kinetic energy during that
period of the general circulation integration which
corresponded to blocking.

Of more interest in the present context are
investigations of blocking simulations undertaken
by Bengtsson (1981) and Miyakoda et al. (1982).
Bengtsson used several numerical models of
differing resolution and complexity to investigate
the predictability of blocking for a situation which
occurred during the first special observing period of
FGGE in January 1979. Bengtsson’s series of
integrations were designed to investigate the
predictability of the blocking event as a function of
resolution, domain of integration, parameterisation
and initial data. Prediction of the North Atlantic
blocking high showed successive deterioration as the
vertical and horizontal resolution of the model was
reduced, although the prediction of the blocking
phenomenon was qualitatively correct in each case.
A comparison was also made between global and
northern hemisphere integrations; this showed that
an equatorial boundary significantly affected the
long waves even after two days, although the effect
on the Atlantic block was relatively small. There
was a marked improvement in the quality of the
forecasts when a realistic physical parameterisation
scheme was employed. Table 1 shows the two
schemes used. EC(a) is basically the scheme
developed for climate simulations. EC(b) was
developed for ECMWF operational use. It may be
seen that the EC(b) scheme, as well as making an
allowance for the evaporation of rain, incorporates

Table. 1 Parameterisation schemes used by Bengtsson (1981).
EC(a) — scheme developed for climate simulation;
EC(b) — scheme developed for ECMWF operational use.

Process
(Large-scale
condensation)

EC(a)
80%)

Convection
Dry convection Dry convective adjustment
Moist convection
Turbulent motion
Horizontal diffusion
Vertical surface

Moist adiabatic adjustment

Non-linear, fourth order in space
F o =C V) X,—X g)
g=const.

Vertical fluxes above
surface layer

Radiation Absorber: Zonal means oszo, CcO

0, clouds (specified from climato

at'three levels)
Surface values

(Condensation if relative humidity exceeds

Vertical diffusion assuming K = K(z)

5 Ocean Prescribed
Land Diagnosed (energy balance equation)
Soil moisture Predicted
Snow Predicted

EC(b)
(Condensation if relative humidity exceeds
U = 0.8 + 0.2¢77%1-9) Evaporation of rain)

Mixing by vertical diffusion of sensible heat,
moisture and momentum
Deep convection by Kuo convection scheme

Non-linear, fourth order in space

F =C(V)(X —X 2;)

Cq=Cy (Ryh/

(R;=Richardson number)

Vertical diffusion assuming K = K(R})
and/ = iz)

Feedback between moisture (clouds) and
radiation

As in EC(a)
Predicted

Asin EC(a)
Asin EC(a)
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Table 2. Physical parameterisation schemes used by Miyakoda et al. (1982).

Physics difference

processes A2

vertical mixing length method, and

diffusion dry convective adjustment
surface bulk aerodynamic method:
layer transfer coefficient, C |,
flux = 0.0043 land

= 0.0011 sea
land
subsurface none
process

E4

turbulent closure method
of hierarchy level 2.5
of Meller-Yamada

Monin-Obukhov similarity
method, roughness, Z,

16.82 cm land 0.032 u*?/g sea
(u* is friction velocity)

soil heat conduction

vertical mixing by diffusion of sensible heat,
moisture and momentum and replaces moist
convective adjustment with the Kuo convective
scheme. The high resolution global forecast with
subgrid-scale parameterisation predicted the
blocking event in detail even beyond one week.

Miyakoda et al. (1982) undertook a detailed
investigation of one-month integrations with several
general circulation models. They, like Bengtsson,
found that an important factor in successfully
simulating a blocking event was the inclusion of
improved subgrid-scale parameterisation. Table 2
summarises the two physical parameterisation
schemes used by Miyakoda et al. and it is seen that
the E4 scheme incorporates improved vertical
diffusion processes and boundary layer physics. A
large number of 30-day simulations was carried out
from three initial analyses with systematic and
random differences. The GFDL simulations
reproduced blocking without the inclusion of sea
surface temperature anomalies.

In the words of the authors: ‘the models sustained
blocking throught the action of transient cyclonic
disturbances via the irreversible deposition of warm,
moist air with low potential vorticity in the region
west of the blocking high’. It was also postulated
that anticyclonic vorticity was transmitted from
upper to lower levels of the model atmosphere. The
main value of this simulation apart from
reproducing a number of significant features of the
cold spell over the eastern United States is thought
to have been its identification of the importance to
the forecast of an equivalent displace-
ment/replacement process.

Soderman (1980) examined the treatment by the
European Centre for Medium Range Forecasts
(ECMWF) operational model of 31 blocking
situations, 47 cut-off depressions, and zonal flow
between January and September 1980 over Europe
and the east Atlantic. Table 3 summarises the
results obtained by Soderman. It may be seen that
development and breakdown of blocking was
captured on less than 50 per cent of occasions.

Table 3. Treatment by ECMWF forecasts of 31
blocking situations, 47 cut-off depressions
and of zonal flows during the period
January to September 1980, over Europe
and the east Atlantic (Soderman 1980).

Blocking situations (31)

Development captured 48 per cent
Breakdown captured 16 per cent
Cut-offs (47)

Development correctly treated 51 per cent
Development completely missed 38 per cent
Development misplaced 10 per cent
Phase speed in zonal flow
Satisfactory 42 per cent
Tooslow 48 per cent
Too fast 10 per cent

Stationary states generally well captured.
Creation of main ridges well captured, creation of main
troughs noticeably less so.

However the treatment by the ECMWF model of
blocking in the southern hemisphere has not
previously been examined.

In the Australian context, twenty 96-hour
integrations were undertaken over a three-month
period between June and October 1972 and January
and April 1973 with a 9-level, N30 southern
hemisphere prediction model (Gauntlett and
Hincksman 1971). Blocking occurred on
approximately 50 per cent of the forecast situations,
and the model successfully maintained blocking at
day 4 on about half these occasions. A similar
success rate was noted for the development of
blocking during the forecast period. A general
circulation experiment was conducted by Simpson
and Downey (1975) to test the hypothesis that the
presence of a warm sea surface temperature
anomaly is associated with the development of
above average blocking action in the region east of
Australia. Systematic differences were noted
between the integrations with and without the warm
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anomaly. Although it is difficult to draw
unequivocal conclusions from such experiments, the
results suggest that the existence of a warm sea
surface temperature anomaly did contribute to
increased blocking in the Tasman Sea.

Broadscale pattern — June 1982
Blocking index and anomalies

June and July 1982 were characterised by long
periods of intense blocking in the Australia-New
Zealand area. An abrupt transition from a mobile to
a blocking pattern occurred at the beginning of
June, reflected in Fig. 1 by blocking index and
blocking index anomaly patterns. Particularly in the
anomaly patterns, sharp transition from large
negative anomalies of 20 to 40 m s to positive
values occurred over the entire eastern hemisphere
and west Pacific in 2 to 3 days. Largest positive
anomalies (greater than 40 m s*'), indicated intense
blocking, occurred near 150°W. The largest
negative anomalies (greater than 20 m s'),
indicating strong zonal flow, was located near 90°E.
Variations from these patterns occurred over a
period of several days during the middle of the
month.

500 mb, 30-day mean patterns and anomalies
The pattern for May 1982 is shown in Fig. 2 and
indicates that a basic 3-wave pattern occurred, with
large negative anomalies near 60°S, 120°E and
60°S, 110°W with a smaller negative anomaly near
45°S, 10°W. The broad, zonally-oriented trough
south of Australia reflected the showery, cold,
windy weather which affected southern states.
However, a small positive anomaly existed over the
remainder of the Australian continent. Attention is
drawn to the strong high latitude positive anomaly
greater than 10 gpdm in the south Atlantic and
linked to a positive anomaly of similar magnitude
over Antarctica just west of the Ross Sea.
Fig. 1 Blocking index and blocking index anomaly pat-
terns for the longitude band 30°E to 150°W for
May/June 1982, Units are in m s*'.
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Fig. 2 Southern hemisphere 500 mb 30-day mean and
anomaly pattern May 1982. Units are geopotential
decametres.

Fig. 3 Southern hemisphere 500 mb 30-day mean and
anomaly pattern June 1982. Units are geopotential
decametres.

The June pattern, shown in Fig. 3, strongly
reflected a 3-wave blocking pattern with major
positive anomaly/split currents near 160°E, 45°W
and 50°E. The persistence of the intense ridge
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southeast of Argentina and the intense trough in the
central South Pacific from May to June indicates
that these may have acted as ‘anchor systems’. The
linkage across the pole between the southeast
Atlantic ridge with positive anomaly greater than 10
gpdm and the Tasman Sea blocking system with
positive anomaly greater than 16 gpdm was
noteworthy on several occasions during June. The
trough in the central South Pacific was also
noteworthy with a negative anomaly near 50°S,
120°W greater than 18 gpdm. In conjunction with
the strong mid-latitude blocking in the west Indian
Ocean, negative anomalies of 10 gpdm occurred at
high southern latitudes, resulting in strong zonal
flow between 50° and 55°S.

Hovmoller diagrams

These are shown in Fig. 4 for both May and June to
demonstrate the abrupt transition in the wavelength
and intensity of 5-day mean troughs at 45°S which
took place at the beginning of June. The full 360
degrees of longitude are represented and the
diagram represents the variation of 5-day mean
geopotential height at 45°S. Two episodes of
downstream development occurred. The first took
place between 28 May and 1 June and, although
weak, is considered to be important since it was
associated with the intensification of a ridge near
eastern Australia, setting the stage for the prolonged
blocking which followed. The second episode took
place between 3 and 15 June and is thought to have
had its source in either the Pacific trough or Atlantic
ridge.

Fig. 4 Hovmoller diagram indicating variation of S-day
mean 500 mb geopotential at latitude 45°S over
the full 360 degrees of longitude during May/June
1982.
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Zonal mean flow

Figure 5 shows the zonal mean flow for the regions
40-100°E and 100-160°E. For the sake of clarity,
data for seven days between | May and 30 June are
shown on the one diagram. The figure clearly shows
the development of a classical split cut in the
Australia-New Zealand region during June. A well
defined zonal maximum of about 25 m s'! persisted
south of 50°S whilst a low latitude maximum of
similar magnitude developed between 20 and 25°S.
Over the Indian Ocean, at 50-55°S, a single
maximum fluctuated in intensity between 25 and 30
m s

Fig. 5 Zonal mean flow (m s') for the regions 40-100°E
and 100-160°E for seven selected days during May
and June 1982.
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Sea surface temperature anomalies

Figure 6 shows the sea surface temperature
anomalies for May 1982. Although the accuracy of
the monthly SST normals is suspect in some areas,
the existence of a distinct 3-wave pattern suggests
that the anomaly pattern does contain useful
information. In most areas the anomalies are
indicated to be 1-2°C, but in the west Indian Ocean,
values were 2-3°C. Juxtaposition of low latitude
negative and high latitude positive anomalies is
evident in the New Zealand/west Pacific and
southwest Atlantic regions, as well as the west
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Indian Ocean. These coincided with the location of
intense blocking action during subsequent months.
Qualitatively this is suggestive of the effect of
thermal forcing in setting up blocking and the
probability of positive feedback between the ocean
and atmosphere in maintaining blocking over a
prolonged period. It is also worth noting that a very
strong anomaly gradient was analysed near O°E, on
the eastern flank of a particularly intense, long-lived
major trough.

Fig. 6 Southern hemisphere sea surface temperature
anomalies, (°C) May 1982.

". Q@ (,
GerNesy,
n AN

124

Synoptic processes associated with blocking
Although the low latitude cyclonic systems
associated with equatorward portions of the split
currents were evident, intense, slow-moving highs
were the main feature of the June circulation.
Several different ‘impulses’ helped to maintain the
prolonged blocking through the process defined by
Wright (1974) as replacement/displacement. In the
southwest Atlantic, this was manifested as
establishment, decay and re-establishment of intense
(greater than 1010 mb) ridge linkages between mid-
latitude and Antarctic highs, and sometimes
linkages across the pole to the Tasman Sea. In the
other two preferred locations there was well defined
replacement/displacement of highs of average
intensity 1032-1036 mb. In the Australia-New
Zealand area the main episodes were:

(1) 1200 GMT 1 June — 0000 GMT 2 June —
replacement/intensification of high greater
than 1030 mb near 42°S, 138°E.

(2) 0000 GMT 5 June — reforma-
tion/retrogression of high near 40°S, 138°E.

(3) 0000 GMT 9 June — southeast shift of high

to location near 45°S, 115°E.

(4) 0000 GMT 11 June — formation of 1010 mb
ridge linkage to 73°S, 165°E.

(5) 0000 GMT 14 June — re-establishment of
Antarctic ridge linkage near 165°E.

(6) 0000 GMT 22 June — establishment of
strong ridge to Antarctica between 120 and
130°E.

The process of replacement/displacement
occurred through the action of weak, short wave
disturbances which are very difficult to represent
accurately in numerical prediction models, either
because of inadequate resolution or because of loss
of structure during model initialisation. Figure 7
shows a sequence of surface synoptic charts for the
period between 0000 GMT 1 June and 0000 GMT 2
June. A northeastward moving cold front with
associated short wave ridge caused relocation of an
intense high from latitude 37°S to latitude 42°S.
This episode marked the beginning of prolonged
blocking in the Australia-New Zealand region and
was not well forecast by any of the operational
models.

Fig. 7 Sequence of analyses of MSL pressure between
1200 GMT 31 May and 1200 GMT 1 June 1982 il-
lustrating replacement/intensification of high in
the eastern part of the Great Australian Bight.
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NMAC operational numerical prognoses

Both Australian region and southern hemisphere
primitive equation prediction models are run
operationally at the NMAC, Melbourne. The
hemispheric model (Bourke 1974) uses spectral
algebra and is run with a resolution of 5 vertical
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Fig. 8 (a) Margin over persistence of SI skill scores of NMAC numerical prognoses during June 1982. (b) MSL regional P.E.

and persistence SI skill scores.
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levels and wave number 15. Topography and bulk

aerodynamic boundary layer drag are included, but

radiation and surface heat fluxes are not. Thirty-six

hour prognoses are issued, based on 0000 and 1200

GMT analyses. The 500 mb prognoses are used to

drive a simple Synoptic Advection Model (SAM)

(Reed 1963) which uses regional scale MSL pressure

analyses as its starting fields.

The Australian Region Primitive Equation model
(ARPE) (McGregor et al. 1978) was integrated to
24 hours during the period, based on 0000 and 1200
GMT analyses. Tendencies derived from the
spectral model are used to update the lateral
boundaries of the regional model. The operational
model does not employ a diurnal heat cycle or
surface heat fluxes.

SI skill scores (Teweles and Wobus 1954) are used
as a basic verification measure for both numerical
and manual prognoses, with a value of 30 being
regarded as near perfect for MSL pressure
forecasts. Equivalent values at 500 and 300 mb are
in the range 20-25. Figure 8 shows the margin over
persistence of NMAC operational prognoses
(excluding manual) for June 1982. The MSL
persistence and ARPE scores are also plotted. The
following synoptic regimes may be associated with
the variations in skill during the month.

(a) Initial blocking period 1-6 June. The
anticyclogenesis of 1-2 June was not correctly
forecast but both persistence and the models
showed steady improvement during the first
week of the month, culminating in a score of
28 for ARPE on 6 June.

Static anticyclone in south Tasman Sea.

Mobile trough near Western Australia 7-16

June. Patterns were reasonably well forecast

but systems lagged by about 10 degrees west

of 140°E.

(¢) Slow moving, intense high in the Great
Australian Bight 18-24 June. Patterns were
again well forecast, although the trough west
of Adelaide was weaker than predicted. The
margin over persistence was small, due to

(b

~

good persistence forecasts.

(d) Mobile troughs near Tasmania and Western
Australia 24-30 June. Good pattern forecasts
although model highs about 5 degrees latitude
too far north. Persistence forecasts were very
poor.

ECMWEF ten-day prognoses based on
1200 GMT 31 May and 1 June 1982

General

Two extended prognoses were chosen, one
commencing 1200 GMT 31 May, as the synoptic re-
organisation was occurring and the other at 1200
GMT | June immediately following the event.
Hemispheric ten-day forecasts were supplied by
ECMWF, and were chosen as representing the best
operational numerical prediction available. It is
noted that 96-hour ECMWF prognoses are now
received on the GTS and distributed to Australian
Regional Forecasting Centres.

Figure 9, taken from Bengtsson (1980) shows in
summary, the configuration of the ECMWF
operational model. The configuration is well-
known, but attention is drawn to the model’s
physical parameterisation which is seen to be
important in representing blocking. A stability-
dependent boundary layer scheme is employed,
utilising similarity theory. The model also contains
a full hydrological cycle, interaction between
radiation and clouds and the Kuo convection
scheme. For surface temperature no diurnal cycle is
included and sea surface temperatures are
represented by climatology. As indicated by a
number of studies, cited above, the lack of a realistic
surface temperature does not appear to be critical
for the forecast time-scales being considered.

Synoptic situation 1-10 June 1982

As previously mentioned, a major blocking event
commenced on | June with replace-
ment/displacement and intensification of a large

- high south of Mt Gambier through the action of a

northeastward moving cold front. The high






