


















































































































































Climate research

Climate modelling

A major objective of Meteorological
Office research on climate is the
development of a numerical model of the
complete climate system, including the
oceans, sea-ice and land surface, in
addition to the atmosphere. During the
year, a significant milestone was reached
when the existing atmosphere model
was coupled to a full ocean/sea-ice model
and the coupled system was run for a
simulated time of 18 months. Many
oceanic features were reproduced or
maintained correctly, but the main
purpose of the integration was to
highlight weaknesses, particularly of the
ocean representation, which require
further consideration. In this context, it
was noted that better resolution of the
near-surface layers of the ocean was
needed and that the ocean description at
the start of the integration was not
entirely realistic.

Pending the use of the full climate
model, investigations on the effect of
doubled carbon dioxide (CO»)
concentrations on climate have been
carried out using a model in which the
oceans are represented as static bodies
of water 50 m deep with uniform
temperature in the vertical. The effects
of ocean currents are allowed for, to
some degree, by heating or cooling the
oceans by amounts estimated, from
climatology, to be transported within
the oceans. Two integrations, with
normal and with doubled CO,
concentration but with the same
estimate of ocean heat transport, were
then compared. The results showed a
global mean warming at the surface
considerably greater than has been
obtained in previous Meteorological

Average (15-year mean) changes in surface
temperature (°C) for the period December—
February due to a doubling of atmospheric CO,
in a coupled slab ocean—atmosphere model.
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Office integrations, though in
conformity with recent results obtained
in the USA. There are, of course, a
number of major uncertainties and these
latest results, which try to incorporate
new physical processes, are not
necessarily more reliable than earlier
estimates from simpler models. Perhaps
the major uncertainty is associated with
the representation of cloud and cloud
variations, which are recognized to be
exceedingly difficult to simulate
realistically because of the enormous
disparity between cloud-scale processes
and the large-scale processes that the
models are designed to deal with. With
enhanced CO; concentrations, the model
results indicate reduced cloudiness,
particularly over land areas, and this
leads to a greater surface warming. It is,
however, open to question whether the
techniques, based on relative humidities
only, for deriving cloud amounts are
adequate. In reality, the amount of
cloud, and its physical properties such as
reflectivity and absorption, are the
result of complex processes involving
cloud microphysics and dynamics.
Attempts to improve the representation
of cloudiness are being given priority, as
they have important applications in
short-term weather forecasting as well
as in climate research. A method which
involves carrying the amount of liquid
water and ice in clouds was developed
during the year, and the first results
indicate that it is capable of giving more
realistic estimates of cloud amount for
the present climate.

For a model to be useful in studies of the
response of climate to perturbations of
the environment, as many as possible of
the processes and interactions present in
nature should be represented. The
climate model therefore now uses
model-determined cloud amounts and
physically based representations of
thermal and hydrological processes at
the land surface which permit
geographically varying soil and
vegetation characteristics. The
simulations must also be as realistic as
possible, so a parametrization of gravity-
wave drag and improved representations
of convective and near-surface turbulent
exchanges have been included. With
these changes the model’s simulation is

improved in several respects — weaker
westerlies over the northern continents
in winter as expected from previous
experiments with the gravity-wave drag,
a more realistic contrast between wet
and dry zones over the tropical oceans,
and a reduction in annual and diurnal
surface temperature ranges due to the
new soil temperature parametrization.
However, simulated cloud amounts were
excessive over land and degraded some
aspects of the simulation.

For the purpose of investigating El Nifio
events in the Pacific, the global ocean
model has been adapted to create a
model of the tropical Pacific with a much
higher resolution near the equator. A
comparison of the results of the original
and the higher-resolution model has
shown that, although large-scale
features are similar in both, important
smaller-scale circulations such as the
eastward-flowing equatorial
undercurrent are reasonably
represented only in the latter. The
process of coupling the tropical ocean
model and the global atmosphere model,
which is required to predict an El Nifio
event, is now well advanced. Research
has shown that, although the El Nifio
event is a Pacific phenomenon, related
changes also occur in the Atlantic.

A problem with experiments that

simulate the effects of increasing the
amount of CO; is the impossibility of
verifying them now. There is only one
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well-defined climate (the present) with
which to verify the models and that has
to some extent been used in developing
them. One solution is to use past
climates even though knowledge of
these is limited. One of the best
documented is that of about 9000 years
ago when the earth’s orbit differed from
the present giving more heating of the
northern hemisphere in summer;
palaeoclimatic data (mainly of lake
levels) imply a wetter climate over land
in the northern hemisphere subtropics.
An experiment was run with the
coupled slab ocean—atmosphere model
using the earth’s orbital parameters for
that time. The results show intensified
summer monsoon rains over Asia and
parts of north Africa, though over
Africa the modelled increased wetness is
not sufficiently extensive.

Other research activities this year
included investigations through two co-
operative studentships, one with the
University of Southampton on the effect
on the ocean circulation of variations in
the water balance (i.e. precipitation less
evaporation) at the ocean surface, and
the other with the University of
Liverpool on the impact on climate of
higher reflectivity in snowy conditions
resulting from a reduction in the extent
of coniferous forest at middle and high
latitudes.

Sahel drought

For the 19th year in succession the so-
called wet season in the Sahel area of
Africa (the belt stretching from Senegal
to southern Sudan just south of the
Sahara Desert) has brought below-
average rainfall. An investigation
revealed relationships between world-
wide sea surface temperature (SST)
anomaly patterns and Sahel rainfall,
which normally falls between June and
September. The statistical results are
supported by general circulation model
simulations which confirm that the SST
patterns on a global scale are important,
although the local distribution in the
Atlantic Ocean has the greatest effect.
Of course, other mechanisms, such as
feedbacks involving land-surface albedo,
soil moisture and vegetation, may also
be instrumental in the persistence of the
Sahel drought.

The study of the links between Sahel
rainfall and mid-latitude atmospheric
circulation in the northern hemisphere
continued. In July and August during
the periods of Sahel drought, rain-
bearing Atlantic depressions tend to be
deflected to the north of the British
Isles, a characteristic feature that has
relevance for long-range forecasting in
middle latitudes.

Sea surface temperatures (SSTs)
Because SST anomalies are so closely
related to variations in the atmospheric
circulation, work continued on
corrections to the historical data set. A
significant improvement was possible
following the completion of work on
regionally and seasonally varying
corrections to observations made before
World War Il when the use of
uninsulated buckets, which were very
prone to evaporative cooling, allowed
the temperature of the water sample to
fall before the thermometer had been
read. These corrections have improved
the consistency of the long-term climatic
trends shown by each season especially
before 1900; the inferred SST-Sahel
rainfall relationship is also improved.

When simulations from different global
atmospheric circulation models are to be
compared it is important that the
experimental details are as consistent as
possible. In the past, even when the
same or similar SST anomalies were
used, inconsistencies were introduced by
adding them to different climatological
means. During the year a carefully
constructed SST climatology was
produced for each month of the year.
These climatologies are based entirely
on ship observations for 1951-80 and,
where ship observations are inadequate,
techniques have been used to blend in
published climatological data. It is hoped
that the new values will be used to
ensure greater uniformity.

Long-range forecasting

Ensembles of seven individual
integrations of a Meteorological Office
general circulation model, starting from
consecutive operational analyses

12 hours apart, are examined once a
season at the Meteorological Office’s

Mean-sea-level pressure difference (mb) in the
extra-tropical northern hemisphere in August,
for the period 1968-84 (dry years in the Sahel)
minus 195059 (wet years in the Sahel). Note
higher pressure over the United Kingdom with
increased westerlies to the north-west.

internal long-range forecasting
conferences. On average there is a small
degree of skill out to 20 days for 5-day
averaged fields. In the forecasts, SSTs
are taken from analyses averaged over
the 10 days before the first starting date.
Other studies of the importance of SST
anomalies for the skill of long-range
numerical forecasts showed that, if the
observed sequence of SSTs during the
intense El Nifo period in 198283 is
used instead of climatology, the
representation of the development of
the monthly mean wind field at 200 mb
in the tropics is improved substantially.
In the extra-tropics the improvements
are smaller and do not become evident
until after the first 30 days.

The long-range forecasts produced
experimentally twice a month are based
mainly on statistical methods. The
higher level of skill in forecasting
temperature and rainfall, attained after
the introduction of major changes of
method in 198082, has been
maintained, and improvements in
forecasting the surface pressure pattern
have been observed. A revised technique
for interpreting forecast patterns in
terms of rainfall has improved the
rainfall predictions. It involves matching
the forecast pressure pattern to patterns
observed in previous years and using the
corresponding temperature and rainfall
distributions as a guide. Account is also
now taken of the effect on temperatures
over the United Kingdom of SST
anomalies in the nearby oceans.

The overall skill of the 30-day forecasts
is low, but positive, and is correlated
significantly with the confidence
indicator that the forecasters attach to
the forecasts. This confidence indicator
depends on the consistency of the
indications from all the techniques, both
dynamical and statistical, that are used.

Other dynamical investigations
Investigations are proceeding into
relationships between potential vorticity
and the stream function associated with
persistent atmospheric systems. The
results may aid prediction as well as the
understanding of the behaviour of
monthly atmospheric anomalies.

A study is being undertaken of
oscillations on a time-scale of 30-60 days
in the atmospheric circulation. Such
oscillations are clearly evident at 200 mb
as an eastward-propagating disturbance
in the divergent wind field with a wave-
number-one structure. This feature has
been found in data from operational
analyses and also in multi-annual
integrations with the 11-layer general
circulation model.
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Sahel rainfall and worldwide sea temperatures.
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Department of Agriculture, Belfast. 19 February.
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Publications prepared by the Meteorological Office
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Stationery Office or are produced as departmental
publications and sold directly by the Meteorological
Office. A catalogue containing all current titles
(Leaflet No. 12) is available on request. More
extensive details of HMSO publications (only) are
contained in HMSO Sectional List 37.
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asterisk (*). The final numbers, within brackets, are
International Standard Book Numbers (ISBN),
which provide positive identification of items that
bear them.
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1985 (0 11400351 3)*
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(086180207 1)
Monthly and annual totals of rainfall for the United
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Monthly Weather Report, annual summary 1984
(011727554 9)
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Great Britain: East Anglia and Lincolnshire (rev)
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Offshare weather services and Metroute (rev)

(086180 208 X)

Profitable weather (0 86180 215 2)
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