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FOREWORD

The subject selected for the scientific lectures presented during the
fortieth session of the Executive Council was '"Mesoscale Tforecasting and its
applications”™. This topic 1is clearly one of those in the forefront of
research in the most advanced national Meteorologial Services today. New
observation techniques permit more detailed weather analyses, supercomputers
allow the running of fine-mesh weather-prediction models, and new
telecommunication technology permits the prompt transmission of detailed
ultra-short-range weather forecasts to the general public and to specialized
users. These are the reasons that make mesoscale forecasting a timely issue.

The topic was addressed by five distinguished scientists who presented
the following lectures:

e Mr K.A. Browning - The data base and physical basis
(United Kingdom) of mesoscale forecasting

e Ms M.A_.F. Silva Dias - Mesoscale weather systems - South
(Brazil) American phenomena

e Mr Zou Jingmeng - The monitoring and prediction of
(China) rainstorms and severe convective weather

systems in China

Mr N.F. Veltishchev Development of mesoscale models
(USSR) for prediction of meteorological elements
(in Russian)

Mr M. Jarraud - Mesoscale forecasting applications
(France) (in French)

All  five lectures were well received by the Executive Council and are
reproduced in this publication to enable all Members of WMO to benefit from
them.

I would 1like to take this opportunity to place on record my
appreciation to the lecturers for the time and effort they devoted to this
important topic.

(G.0.P. Obasi)
Secretary-General






THE DATA BASE AND PHYSICAL BASIS OF MESOSCALE FORECASTING

by
K.A. Browning

Meteorological Office, Bracknell, United Kingdom

INTRODUCTION

There has been good progress in weather forecasting iIn recent years:
for example, three-day forecasts are now as good as two-day ones were about
five years ago (Flood, 1985). However, one often hears it said that the
two-day forecasts seem better than those for the first 24 hours. This arises
from the extra level of detail expected during the first 24 hours and from our
current limited success in providing it. To provide more detailed forecasts
it is neccesary to observe and model phenomena on the mesoscale. These
ingredients are now becoming available. In this paper 1 shall Tfirst discuss
the available mesoscale data base before going on to consider various
approaches to mesoscale forecasting.

THE MESOSCALE DATA BASE

Satellite data

Satellites, together with radars, are the most important source of
mesoscale observations. Data are available from both polar-orbiting and
geostationary satellites. The high spatial resolution of the imagery from
polar-orbiters, together with the availability of special channels, enables
the polar-orbiters to be wused to identify and classify individual cloud
features. Their value for mesoscale forecasting is limited, however, because
of the long interval between successive views of the same scene. A notable
exception is over polar regions where successive orbits overlap. In contrast,
geostationary satellites are able to obtain soundings and cloud images in
quick succession over a given area. This ability to provide frequent,
uniformly calibrated data sets from a single sensor over a broad range of
meteorological scales from the synoptic scale down to the cloud scale gives
them a central role in mesoscale forecasting.

Cloud imagery

Satellite imagery enables the forecaster to identify (a) the extent of
cloud, (b) the height of cloud tops, (c) the movement of cloud, (d) the type
of cloud (e.g. convective versus stratiform), and (e) the existence of
characteristic patterns indicative of particular phenomena. The cloud
patterns observed in a satellite image and in animated sequences of images
represent the integrated effect of ongoing dynamic and thermodynamic processes
in the atmosphere. When that information 1is combined with radar and
conventional in_ situ observations and interpreted in the light of conceptual
models, many of the important processes in the mesoscale weather situation may
be better analysed and understood. This understanding 1is a prerequisite of
mesoscale forecasting.

The spatial resolution of satellite imagery is often very good - it
is, for instance, one kilometre at the subsatellite point for the visible
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imagery from GOES satellites - and permits the detection of small Cumulus
clouds within the boundary Jlayer. Such Cumulus often form along (or
predominantly to one side of) convergence lines. These are important as zones
of vertical air motion associated with the boundaries between masses of air
with contrasting temperature caused by the air having previously been in
contact with different underlying surfaces (land/water, dry/wet and, unshaded/
cloud-covered 1land). Similar cloud lines, referred to as arc clouds, also
occur in association with convergence lines at the boundary of some
thunderstorm outflows. Purdom (1982) has shown that convergence lines and arc
clouds are fTavoured sites for outbreaks of new storms, especially when two
such features intersect.

Another reason for wishing to detect small Cumulus is that they serve
as tracers of the detailed flow in the boundary layer (Fujita et al. , 1975;
Hasler et al., 1976). Given enough Cumulus and not too much high cloud
masking them, they are useful for determining local winds and depicting the
mesoscale areas of convergence where thunderstorms may develop (Peslen,
1980). Negri and Vonder Haar (1980) have extended this approach by combining
such fields with surface humidity information to give patterns of moisture
convergence. Coarse-resolution cloud-track winds are an established source of
data for synoptic-scale forecasting, especially in data-sparse tropical
areas. However, Tor forecasting mesoscale Tfields, high-resolution imagery at
five-minute intervals 1is required, and such data are not yet routinely
available.

Digitally enhanced infra-red imagery is useful for 1identifying cold
convective cloud tops. Scofield and Oliver (1977) have developed an
operational scheme for estimating convective rainfall amounts from the
location and temperature of Cumulonimbus tops, taking into account other
factors such as the rate of expansion of the Cumulonimbus anvils, the merging
of individual Cumulonimbus and cloud lines. The shape of the cloud tops can
also be informative.

Liljas (1982) has devised a scheme for combining two and sometimes
three channels to classify cloud type and to separate the cloud clearly from
the background. He employs a display system which uses colours to distinguish
between land and sea and low, medium and high cloud. Images formed by
combining infra-red and visible channels have also been shown by Lovejoy and
Austin (1979) to be superior to either alone for mapping the areal extent to
surface precipitation. This is because, although precipitation clouds are
often identifiable iIn the infra-red from their cold high tops, the visible
channel shows where the clouds are also thick, thereby enabling regions of
non-precipitating Cirrus, for example, to be ignored.

During the daytime a combination of visible and infra-red imagery
enables fog to be distinguished from other forms of cloud (Liljas, 1982). For
mapping night-time fog, Eyre et al. (1984) have shown that a combination of
infra-red (11 pm) and near infra-red (3.7 pm) imagery is useful.
Infra-red 1imagery alone cannot always discriminate the fog tops from the
ground because both may be at a similar temperature. However, the emissivity
of the fog droplets (but not the underlying surface) is different in the two
channels so that a comparison of the channels enables the fog to be
discriminated. At present, the 3.7 pm channel is available only on
polar-orbiting satellites but, because of the value for forecasting purposes
of having time sequences of fog imagery, there is a case for such a channel
being included in the next generation of geostationary satellites.
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Products derived from multispectral imagery are potentially valuable
for initializing mesoscale NWP models. Saunders (1988) describes a procedure
whereby the AVHRR channels on the polar-orbiting satellites can be analysed on
a 1/5° x 1/5° Ilatitude-longitude grid to provide a model input of fractional
cloud cover, cloud-top height and, in cloud-free regions, also surface skin
temperature and surface albedo. Mesoscale models in Europe will, of course,
be better served by the more frequent data that will be obtained when similar
multichannel radiometers are Tflown on board the next generation of METEOSAT
satellites.

Other kinds of imagery

The 6.7 pm-channel water-vapour imagery available from some
geostationary satellites gives an indication of the humidity in the upper
troposphere. Water-vapour inhomogeneities can be tracked 1in the imagery to
give wind estimates (Mosher and Stewart, 1981) but the resolution is too
coarse Tor detailed mesoscale applications. The main use of water-vapour
imagery in mesoscale forecasting is for observing the location and evolution
of wupper-air circulation systems (Gurka, 1987). For example, intrusions of
dry air downwards from the stratosphere show up as clear signatures. Such dry
intrusions are important in mesoscale forecasting because they lead to
potential instability and outbreaks of convection, and because they are
characterized by high-potential vorticity which gives rise to cyclogenesis
when they overrun a zone of low-level baroclinicity (Hoskins et al., 1985).

Satellite-borne microwave radiometers operating in the absorption mode
provide a semi-quantitative indication of precipitation distribution over sea
areas (Katsaros and Lewis, 1986). Microwave radiometers operating 1iIn the
scattering mode also provide a qualitative indication of precipitation over
the land. At present these microwave channels are available only on
polar-orbiting satellites and their role iIn mesoscale forecasting 1is in
helping to calibrate the more frequently available cloud imagery from
geostationary satellites

Satellite soundings

The TOVS temperature soundings available globally from NOAA polar
orbiters are leading to improvements in the definition of synoptic-scale
systems, especially in data-sparse regions (e.g. Kelly et al. , 1982).
However, the Ilimited accuracy and vertical and temporal resolution of TOVS
data restrict their utility for routinely representing smaller mesoscale
features iIn NWP models. Most of the promise - where TOVS and its planned
successor Advanced TOVS are concerned - is in the direct assimilation of raw
radiance data into large-scale numerical weather prediction models (Eyre,
1988), which will improve the mesoscale forecasts in so far as their
initialization depends on accurate synoptic-scale background fields. For a
more direct iImpact on mesoscale forecasting, however, the sounders need to be
on a geostationary platform. The so-called VAS (VISSR atmospheric sounder) on
the geostationary satellite GOES produces hourly a number of products that are
useful in mesoscale forecasting, especially for thunderstorm prediction
(Chesters et al., 1986). Several products are already being provided in
real-time for operational use by the US National Severe Storm Forecast
Center. Two of them, total precipitable water vapour and a thermodynamic
stability index, can be provided as images with 7 km resolution. The
infra-red VAS soundings are useful iIn areas such as the USA, where
thunderstorms often develop from a previously cloud-free or partially cloudy
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environment. In Europe, where extensive cloud 1is a problem for infra-red
sounding, the possibility of using a microwave sounder in geostationary orbit
is being considered; it will, however, be difficult to achieve adequate
spatial resolution by this means.

Radar data

Since the 1950s, radar has played a central role iIn mesoscale
research. The reflectivity of the radar echo from various atmospheric
targets, the shape and evolution of the echo, the associated Doppler velocity
and the polarization characteristics, all provide information about the
targets themselves and about the convection and mesoscale air motions
affecting them. Most of the echoes seen with present-day S-band and C-band
weather radars are from precipitation but useful information about the motion
and organization of the atmosphere can also be obtained in the clear (and
cloudy) air from echoes from refractive index inhomogeneities and even
insects. The richness of the radar information often leads to sophisticated
interpretation which, though invaluable for research, has tended to impede its
exploitation in forecasting. Progress in Torecasting applications depends on
finding simple ways of presenting basic radar information because the radar
data, although important, is but one strand among many. Practical forecasting
applications are based on two primary attributes of the radar echo: the
magnitude and pattern of (@) radar reflectivity and (b) Doppler velocity
gradients. The increasingly effective use of radar in mesoscale forecasting
over the past two decades owes much to the development of digital data
processing, communication, and display techniques <capable of providing
forecasters with clear displays of these primary attributes.

Radar reflectivity

Vertical sections and multiple upper-level plan sections are of
interest in some situations but generally the most useful way of displaying
radar reflectivity fields for forecasting purposes 1is as a single plan
section. In the case of severe convective storms it may be helpful to show
the plan distribution of vertically integrated reflectivity or perhaps maximum
reflectivity but for general purposes it is best to display the plan
distribution of echo as close to the surface as the radar can scan. The
sensitivity of most weather radars limits them to detecting only
precipitation. The magnitude of the equivalent reflectivity factor Z, is a
measure of the rainfall intensity (Brandes and Wilson, 1982) or, if Z, > 60
dBZ, of the existence of hail. The pattern of reflectivity from a single
radar provides information on the atmospheric organization both on the meso-
and convective scales.

Present-day research radars, and also the operational NEXRAD radars -
many of which are to be established by the USA over the next few years - are
sufficiently sensitive to detect not only precipitation but also clear-air
echoes such as those associated with thunderstorm gust fronts and
boundary-layer convergence lines. Willson and Schreiber (1986) have
demonstrated a close link between such Llines as detected by radar and the
subsequent development of convective storms along them.

Radar coverage and networks of radars

A well-sited radar provides good coverage out to 200 km for deep
thunderstorms, with useful but less quantitative coverage to 400 km as the
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radar beam broadens and rises above the surface. Convergence lines, on the
other hand, may be too shallow or have too weak a reflectivity to be
detectable beyond a few tens of Kkilometres except when they are particularly
intense. The coverage of vradars 1is rather limited also for frontal
precipitation, notably when the precipitation is shallow or the melting level
low. Experience in the United Kingdom has shown that the performance of radar
in Tfrontal precipitation degrades significantly beyond 75 km. The range
degradation is insidious and can be misleading both quantitatively and
qualitatively.

For mesoscale forecasting purposes, It is important to achieve
uniformly good-quality observations over large portions of synoptic-scale
precipitation systems and to obtain such observations over considerable
distances upwind of the forecast area. This calls for the use of networks of
radars. Ligda (1957) demonstrated the usefulness of composite precipitation
maps by manually combining the data from different radars in the form of
series of montages. Nowadays, integrated weather-radar networks have been
established in several countries (see Browning and Collier, 1982; Gilet, 1984)
and even across whole groups of countries (Roesli et al. , 1987). The radar
data are automatically transmitted to a central Ilocation where a composite
display is generated for onward transmission to forecasters, In some cases
within minutes of data time. An important facet of the forecaster"s display
is the ability to replay sequences of such pictures so as to depict the
movement and development of rainbands and other mesoscale features.

A typical resolution for weather radar data is one Kkilometre and Ffive
minutes. The operational compromise arrived at in the design of the United
Kingdom weather radar network, however, is 5 km and 15 minutes - at least for
the remote composite displays - which is found to be adequate for the purpose
of mapping and tracking most precipitation systems there. Nevertheless, the
spatial resolution of 5 km would not be good enough in areas where severe
convection is common because it would not vresolve important details of
individual convective storm cells and convergence lines. A similar
reservation applies to the use of radar network data to track small,
short-lived showers. Bond et al. (1981) have shown that, in a few specific
but important weather situations, radar observations of very small fast-moving
showers can give a useful indication of the presence of strong surface-wind
gusts. An objective echo-tracking procedure was found to be capable of
determining the speed of travel of the showers, but only if the radar data
were available every five minutes.

Doppler velocity

Increasing numbers of weather radars nowadays are capable of measuring
line-of-sight velocity from the Doppler shift. Several methods have been
evolved for making use of the resulting information. One method is to combine
the velocity components measured by two or more spaced Doppler radars
(Lhermitte, 1970) but the use of multiple radars scanning a common volume is
too elaborate and costly fTor most forecasting applications. In another
method, a single Doppler radar makes a series of conical scans at different
elevation angles from which it is possible to derive the mean wind velocity,
divergence and deformation within a set of vertically stacked circles centred
on the radar (Browning and Wexler, 1968). This approach produces only a
single spatially averaged vertical profile at any given time and ignores
important small-scale structures within the windfield.
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A more useful approach in practice is for the line-of-sight component
of velocity measured during a low-elevation azimuth scan to be displayed in
colour on a PPl (plan position indicator) screen. The resulting display
reveals various mesoscale and convective features, such as the wind shift line
at a cold front, the divergence pattern accompanying a microburst and the
large azimuthal shear in the radial wind associated with a mesocyclone and
tornado vortex (Wilson and Roesli, 1985). However, these displays require
close scrutiny and judgement to identify significant features. Algorithms
have been developed to enable key signatures of the Doppler velocity and
reflectivity patterns to be identified automatically. They will be used in
the detection of hazardous weather when the new NEXRAD radars come into
service. Algorithms are also being developed in Europe under the aegis of the
COST-73 project. A critical task 1is to achieve a high probability of
detection and a low false-alarm rate and one that has been achieved in the
case of detecting mesocyclones in severe local storms (Zrnic el al., 1985).
Nevertheless, the difficulties of using Doppler data operationally should not
be underestimated and, in regions where tornadoes and other severe wind
hazards are uncommon, careful thought must be given regarding their
cost-effectiveness.

A possible future method for obtaining more from Doppler radar data
has been proposed by Wolfsberg (1987), whereby a time series of volume scans
from a single Doppler radar is analysed to determine the complete 3-D fields
of both wind and temperature. This ambitious approach, referred to as 'single
Doppler velocity retrieval™, makes use of the equations of TfTluid dynamics by
seeking an initial state for the unknown variables which produces the best
forecast of the observed velocity components. The method is computationally
extravagant and at this stage it is not clear whether it will be sufficiently
resistant to observational and model errors to yield useful results in
practice.

Wind profilers

In his forward-looking paper on ground-based remote sensors for
nowcasting, Little (1982) foresaw that the optimal upper-air profiling system
of the future would be based on some combination of satellite sounders and an
array of ground-based profilers. He envisaged each profiler as consisting of
a multichannel microwave radiometer measuring vertical profiles of temperature
and humidity plus a near-zenith-pointing VHF Doppler radar detecting
backscatter from refractive index inhomogeneities and providing vertical
profiles of wind. Only Ilimited progress has been made towards establishing
ground-based radiometers for this purpose, Ulargely because of the poor
vertical resolution achieved, but Little"s aspirations are beginning to be
realized where wind profilers are concerned. Following the evaluation of a
small network of VHF wind profilers (Augustine and Zipser, 1987), a much
larger mesoscale network of 30 wind profilers is being established in central
USA during the late 1980s (Chadwick and Hassel, 1987). The new network will
operate at UHF (~400 MHz) rather than VHF (~50 MHz), thereby going some
way towards overcoming the deficiencies of VHF wind profilers in measuring
winds in the boundary Jlayer. The data will be available in all weather
conditions except in areas of strong convection, and they will be centrally
collected for operational use. The network will be capable of providing
detailed and almost continuous time-height wind records of particular value
for diagnosing the progression of mesoscale features and for initializing
numerical weather prediction models. Frontal-scale thermal structure can be
retrieved from the detailed wind measurements by using variational analysis
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techniques (Brummer et al. , 1984; Kuo et al. , 1987 ). Theoretical analysis by
Gal-Chen  (1988) suggests that the combination of this approach with
radiometric measurements is likely to provide better results than either of
these methods alone.

Ground-based lightning-location systems

The vrequirement for a lightning-location system suited to mesoscale
forecasting is an accuracy of 10 km or better, with an areal coverage of many
hundreds of Kkilometres across, and a reporting period of 30 minutes or less.
This excludes a number of short-range experimental high-precision techniques,
and lightning-counter techniques, leaving only a few types of lightning-flash
locating networks which detect the radio energy emitted from lightning
atmospherics' or “sferics.

The Ffirst network to meet mesoscale requirements was the so-called
magnetic direction-finding (MDF) system. Flash fixing errors depend on
network geometry, but for a large network of well-sited DF stations, 1-2 Kkm
accuracy 1is achievable near the network centre, and 6-8 km near the outer
edges. Stations must be connected in a relatively dense network with
separations of 100-200 km or so, depending on detailed requirements. This
type of equipment is commercially available (Maier et al., 1983 ) and existing
networks now cover about half the total area of Canada and the USA with
concentrated coverage in the western half associated with forest
fire-fighting. A smaller pair of networks covers Norway and Sweden south of
64°N.

More recently, the time of arrival (TOA) system has been developed
whose outstations time the arrival of a feature within the Tfirst 1-5 ps of
the sferic waveform (Bent and Lyons, 1984). The differences in arrival times
at various outstations enable the flash to be located, although range is
limited by the radio horizon to a reception area not much greater than that
for the MDF system. A network of four outstations on a 200 km square will
give a theoretical location accuracy of 1 km within the square, Tfalling to
6 km at 400 km range. Commercial TOA systems cover portions of the Florida,
upper Midwest and west gulf areas of the USA.

The United Kingdom Meteorological Office has recently deployed the
arrival time difference (ATD) system for locating flashes (Lee, 1986). This
network operates with a bandwidth of around 10 kHz, centred near 10 kHz, and
so operates out to long ranges. Like the TOA system it avoids polarization
difficulties by obtaining an arrival time difference between waveforms but,
rather than attempting to time specific waveform features, outstations report
waveforms to a control station where they are correlated to yield an ATD with
errors of a few microseconds from the correlogram peak. Because propagation
ranges are lengthy, as few as seven outstations in the United Kingdom and the
Mediterranean provide cover over a very large area. The lengthy baselines,
coupled with an intrinsically precise ATD measurement and the statistical
advantage of most outstations contributing to most flashes, should give an RMS
accuracy well under 10 km over most of the area from 30° to 70°N, and from
40°W to 40°E. An accuracy of better than 2 km should be achieved over most of
the United Kingdom.

Other ground-based data

Other Kkinds of remote-sensing instrumentation, such as laser-based
systems, may be established here and there for special purposes but are
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unlikely to be deployed sufficiently abundantly for general-purpose mesoscale
forecasting. Networks of Doppler acoustic radars (Sodar) for measuring
boundary-layer winds and, perhaps, combined radio-acoustic (RASS) systems for
measuring detailed low-level temperature profiles might be contemplated in the
future. Surface mesoscale networks of in_ situ sensors do exist which have the
capability of measuring a variety of parameters not easily determined by
satellite and radar methods. These are used in research studies but are not
an economic proposition for widespread use in operational forecasting.
Rather, the philosophy in mesoscale forecasting is to use the mesoscale fields
derived from satellites and radars as a means of making better use of the
sparsely distributed sensors from existing manned and automatic weather
stations. Thus, for example, the Ilocation of a sharp surface cold front as
identified in satellite or radar pictures can be used to map the position of a
temperature gradient whose magnitude 1is best determined quantitatively from
the in situ measurements.

MESOSCALE FORECASTING METHODS

A number of authors (Browning, 1980; Doswell, 1986; Austin et al. |,
1987) have presented diagrams such as the figure below indicating the relative
importance of various inputs to the forecasting process as a function of
forecast lead time. Traditional forecasts are represented by the curve
labelled "large-scale models™. These traditional forecasts are general in
nature and, although they can be tailored for specific Ilocations and
parameters using either subjective interpretation or model output statistics
(Glahn and Lowry, 1972), such forecasts are most appropriate for the period
beyond the first 12 hours. The mesoscale forecasting which is the subject of
this paper 1is concerned with the period from 0 to 12 hours, using linear
extrapolation, mesoscale models, climatology and what 1is referred to in the
figure below as "knowledge of meteorology”, i.e. the application of conceptual
models, etc.

Contribution to the "weather knowledge'"™ at different forecast
lead times achievable from a variety of forecasting approaches
(from Doswell, 1986)
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Linear extrapolation

The growth of so-called nowcasting over the last decade has been
stimulated by the ability of remote-sensing techniques to detect and track the
individual mesoscale phenomena of interest. Many of the developments in this
area relate to the extrapolation of sequential estimates of rainfall from
satellite and radar data. There are several approaches. One approach, suited
to situations with 1isolated storm cells, is to extrapolate a linear
least-squares Tfit through successive positions of the centroid of the storm
cell (e.g. Wilk and Gray, 1970). Clustering techniques can be used to deal
with more complex and evolving patterns (Blackmer et al. , 1973). A simpler,
more robust, and for many purposes more effective approach, is to extrapolate
using motions estimated by a cross-correlation technique either in an overall
sense (Austin and Bellon, 1974) or within a number of sub-areas to enable
different motions to be applied in different regions (Bellon et al., 1980).

The fact that the extrapolation of weather radar echoes could yield
useful very-short-range forecasts of precipitation was apparent from the
earliest days of radar. Progress has been impeded, however, by the
susceptibility of the Tforecasts to deficiencies in the data such as ground
clutter, bright band effects and the range dependency of echo intensity owing
to the beam overshooting precipitation at long range (Browning et al. , 1982).
Bellon and Austin (1984) estimate errors in the radar rainfall forecasts of 50
to 60 per cent for forecasts in the 0.5-3 h time domain on a scale of 4 km.
The skill of extrapolation forecasts of rainfall patterns derived from radars
and satellite falls off dramatically a few hours after data time because of
development and decay. Tsonis and Austin (1981) tried using observed trends
in rainfall area and intensity to enhance the extrapolation forecasts but were
unable to iImprove the forecasts in this way. A more promising approach may be
to apply trends derived from NWP models.

The linear extrapolation approach can be applied to other phenomena
besides precipitation, e.g. cloud areas as seen by satellite and thunderstorm
areas as detected by lightning-detection systems. Other phenomena, such as
microbursts, tornado vortex signatures and wind-shift Jlines detectable by
Doppler radar, are more evanescent and extrapolation may be valid for only
minutes or tens of minutes ahead. Because of the severity of the associated
weather, however, even this can be valuable, given appropriate means of
disseminating the information.

Conceptual models

Conceptual models encapsulating an understanding of the structure,
mechanism and life cycle of an observed phenomenon (Browning, 1986 ) may be
used to enhance the extrapolation forecasts in many situations. Thus, it 1is
possible, on the basis of conceptual models, to interpret the satellite
imagery or the pattern of radar reflectivity or Doppler velocity in terms of a
particular category of mesoscale phenomenon, its detailed structure and the
stage in its life cycle. An example is the case just mentioned of a tornado
vortex signature detectable by Doppler radar. It is known that as early as 40
minutes before the tornado touches down, the tornado vortex signature may be
detected aloft in the middle or upper troposphere (e.g. Donaldson, 1975; Brown
et al., 1975), thereby giving the potential for useful advance warning
(Kennington and Burgess, 1981).
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Zipser (1982) has described the application of a life-cycle model of a
mesoscale convective system (MCS) for enhancing the extrapolation of observed
MCSs. The model, from Leary and Houze (1979), shows the varying mixture of
convective and stratiform precipitation during the evolution of a class of MCS
common in both the tropics and mid-latitudes. During the formative stage
(to) and the intensifying stage (t, + 3 h), cells of heavy convective
precipitation predominate. During the mature stage (t, + 6 h), there is a
mixture of convective precipitation and lighter, more widespread, stratiform
precipitation. During the decaying stage (t, + 9 h) , light stratiform
precipitation predominates. The decaying stage is often characterized by
extensive high cloud, prominent in the satellite imagery, and there may also
be widespread [lightning. Thus, a forecaster may wrongly predict continuing
outbreaks of severe weather unless he keeps the life-cycle model in mind.

Rules of thumb

Although objective extrapolation and numerical models are playing an
increasing role on the mesoscale, rules of thumb are still needed, the
application of which requires an appreciation on the part of the forecaster of
the mesoscale behaviour of the atmosphere. Unfortunately, rules of thumb tend
not to be intellectually satisfying and so there is not much well-organized
literature on the subject.

One area where rules of thumb need to be applied is the difficult area
of forecasting thunderstorm outbreaks. McGinley (1986) has summarized some of
the key steps the forecaster should take based mainly upon experience in the
USA:

(€)) Analyse accurately the morning radiosondes in the region of
interest to determine the stability and amount of life necessary
to break any capping inversion;

) Watch the evolution of sea breezes and urban heating which may
locally enhance or suppress the capping layer;

(©) Look for evidence of increasing boundary-layer moisture;

(()) Note the formation and distribution of the Tfirst convective
clouds to determine if there 1is a forcing mechanism on the
mesoscale, evident from either satellite or upper-air data. Also
watch outflow boundaries as sources of destabilization;

(e) Be alert to the likely patterns of uplift associated with fronts
and jet streaks;

™ Watch for indications of the establishment of a low-level jet.

The pre-conditions for severe storms are similar to those for ordinary
thunderstorms but with two notable additions: a source of dry air above the
moist layer, and vertical wind shear. Colquhoun (1987) proposes a
decision-tree approach to forecasting thunderstorms and their severity. At
each decision point, the forecaster uses a rule of thumb which needs to be
appropriately tuned for his particular region.
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Mesoscale climatology

Topography plays an important part in generating mesoscale phenomena
and in Jlocalizing the resulting weather effects in ways that depend on the
low-level wind and stability. There 1is therefore considerable benefit to be
gained from the derivation of conditional mesoscale climatologies. Thus, for
example, lake-effect snowstorms are prone to occur in specific localities in
certain well-known situations (Lavoie, 1972), convective shower lines occur
repeatedly in specific regions (Monk, 1987), and even tornadoes occur more
frequently 1iIn certain areas because of topographical forcing by neighbouring
high land for some wind directions (Szoke et al., 1984). The prediction of
the mesoscale distribution of orographically enhanced frontal rain by the
seeder-feeder mechanism (Bergeron, 1965) is another example of where
conditional climatology can be used. Given some background rain to accomplish
the seeding and a moist low-level flow to produce feeder cloud, the amount and
location of orographic rain is known to be related strongly to the Ilow-level
wind velocity (Hill et al. , 1981; Hill, 1983). A further example of the use
of mesoscale climatology 1is 1iIn the prediction of the distribution of low
Stratus in the United Kindgom for different wind directions (Mansfield, 1987).
The Stratus tends to be advected over the United Kindgom from the sea. The
forecast problem is then a matter of combining the climatological information
with the 1identification and tracking of the Stratus over the sea by
satellite. Other techniques, described next, can be used to refine the
forecasts further.

Special-purpose 1-D models

For a reliable site-specific forecast of boundary-layer cloud amount
and the occurrence of fog, it 1is neccessary to go beyond the mere
extrapolation of observed cloud areas and mesoscale climatolgoy - an estimate
must also be made of the daily cycle of the boundary-layer structure. Because
of the 1importance of representing the turbulent processes, the boundary layer
needs to be modelled using many levels in the vertical. This can be done
either by means of a nested approach in which extra layers are introduced
within a [limited-area NWP model or, more simply, by means of an ailr mass
transformation (AMT) model in which a one-dimensional boundary-layer model is
applied to trajectories calculated by the NWP model (Reiff, 1987).
Radiosondes located upwind of the forecast area may be used to define initial
temperature and humidity profiles but, when the wind blows from data-sparse
sea areas, it is not easy to obtain the required input data. The use of a
simple AMT model has the advantage of not requiring the use of large computer
resources; it breaks down, however, when the boundary-layer processes feed
back on the mesoscale dynamics as, for example, when a land/sea circulation
develops, and so the Tforecaster must be vigilant for early evidence of such
effects in the pattern of clouds seen in satellite imagery.

Mesoscale NWP

Good progress has been made recently in the development of mesoscale
NWP models. Some are being used solely for research but one or two are in use
semi-operationally. One such 1is the United Kingdom Meteorological Office
mesoscale model, derived from the model Tirst described by Tapp and White
(1976), which is a three-dimensional, non-hydrostatic primitive equation model
now operating with 16 levels and a horizontal grid of 15 km (Golding, 1987(a)).-
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In view of the advances iIn mesoscale observational techniques
described above, it would be tempting to imagine that an immediate way forward
would be to 1incorporate the new data as input into a mesoscale model.
Unfortunately, it is not as easy as that. A problem where existing mesoscale
observations are concerned is that they tend to be of parameters such as
cloud, rain and lightning which, though important in themselves, are not
easily converted into the dynamically relevant variables, temperature,
humidity and wind. Moreover, although networks of wind profiles will provide
the wanted input when they come into operation, great care will be needed to
ensure that the model and the observations are combined in an optimal way to
produce initial conditions that are consistent with both the models and the
observations (Gal-Chen, 1988).

Whether or not mesoscale input data are crucial for obtaining useful
forecasts from mesoscale models depends on the meteorological situation. When
the predominant forcing is by terrain features, such as land/water temperature
contrasts, the initial state of the atmosphere need not be specified in great
detail; indeed, it may be sufficient to rely solely on a background field from
a larger-scale model as initial data. This approach can lead to useful
forecasts of sea breezes, especially where there is a well-defined peninsula
as in the case of Florida (Pielke, 1974), and of the distribution of
boundary-layer convergence and resulting precipitation when a cold airstream
encounters land after crossing either a relatively warm lake (Lavoie, 1972) or
warm sea (Monk, 1987). In the case of mesoscale phenomena driven by their own
internal dynamics, such as mesoscale convective systems and mesoscale frontal
rainbands, however, there <can be no escaping the need for detailed
observations to depict the mesoscale phenomena (or their precursors) within
the initial data. It may be that the synoptic-scale forcing represented in
the background Tfield will lead to the development of these phenomena in the
model but in the absence of mesoscale iInput data it will not necessarily lead
to a reliable mesoscale forecast of precisely when or where the development
will occur.

Radar and satellite imagery are the only observational data presently
available that can match the resolution of the mesoscale model. Although the
imagery depicts variables that are of little direct use in a NWP model, the
patterns in the imagery contain valuable information about the processes that
produced them. Hence, it 1is the interpretation (by human analyst or
eventually to some extent by expert systems) of the patterns seen iIn imagery
that provides the key to producing the initial mesoscale analyses. This will
call for the development over the next decade of a variety of indirect
approaches:

- Introducing a more realistic distribution of vertical velocity
(e.g. Warner et al. , 1982). Satellite and radar imagery provides
an indication of the pattern of vertical motion which can be
refined by interpreting the imagery in terms of conceptual models.
The vertical velocity in the numercial model can then be adjusted
via the Ffield of horizontal divergence. Imbalances between the
wind- and rainfields are created, and can be maintained, provided a
diabatic heat source is available. This leads on to the next topic;

- Introducing more realistic latent heat effects through improved
moisture analysis (e.g. Fiorino and Warner, 1981; Danard, 1985;
Ninomiya et al., 1987).A knowledge of the detailed distribution
of cloud and precipitation from the satellite and radar imagery,
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supplemented by surface observations of cloud base etc., can enable
the 3-D distribution of relative humidity and cloud water content
to be estimated. If such an analysis yields high humidities in a
region where the large-scale forcing implied by the background
field 1is already inclined to generate rising motion, or where
rising motion 1is imposed by the analyst via the divergence field,
then the effect of latent heat release 1is to generate positive
feedback, thereby intensifying the vertical motion. Realistic
enhancement of the mesoscale circulations can be achieved only if
the background field provided by the synoptic-scale model is
reasonably accurate. In the event of a mismatch between the
vertical velocities produced by the background Ffield and the
regions of high humidity implied by the imagery, the effect of any
such area of high humidity implanted within the model would quickly
decay;

- Adjusting the position of features predicted by the background
field (Golding, 1987(b)). It 1is common for the location of a
feature such as a front to be misplaced in the background field by
a distance which, although perhaps not large by comparison with the
grid length of the synoptic-scale model from which it is derived,
may be large enough in a mesoscale model to create mismatches of
the kind just described between background vertical velocity and
observed relative humidity. In these circumstances it 1is possible
to modify the background field to Ffit the 1imagery, perhaps by
simply displacing fields by a prescribed amount;

- Introducing the effects of cloud boundaries on the radiation
balance (Carpenter, 1982). Cloud cover has a major effect over
land in decreasing the temperature of the underlying ground and of
the air close to it and so the presence of a well-defined boundary
to a cloud sheet can lead to the development of solenoidal

circulations, resembling 1inland sea breezes. In some cases the
circulation induced by a cloud edge can lead to the triggering of
significant convection. Unfortunately, numerical models do not

predict the distribution of cloud cover sufficiently well to
reproduce accurately its effect on the radiation balance. This is
because the actual cloud cover is influenced by so many small-scale
effects not represented in the initial data and model formulation.
Thus, the pragmatic way forward is to prescribe the detailed cloud
cover in the model on the basis of the satellite imagery. This can
be supplemented by information on surface temperature derived from
the satellite in the cloud-free areas. In order to determine the
effect of the cloud on the forecast for some future time, it may be
necessary to define the cloud on the basis of an extrapolation of
the present pattern. Clearly, however, such extrapolation
forecasts are useful over only rather limited periods.

CONCLUDING REMARKS

The observational and forecasting methods just described are the
ingredients of mesoscale forecasts: the problem remains of putting the
ingredients together. Images from radars and satellites are key elements of
mesoscale forecasting. One of the impediments in past years to successful
exploitation, however, has been that the radar and satellite data have been
available in different formats and projections, and have been separated
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from the conventional Uline charts and numerical forecast products. The task
of the forecaster is to synthesize a total picture of the mesoscale weather
situation, for which it is necessary to be able to superimpose and otherwise
combine all the products on the same display. This can now be achieved using
workstations of the kind pioneered in the USA by the McIDAS team at Madison
(Suomi et al. , 1983) and by the PROFS group at Boulder (Reynolds, 1983), and
in Europe with the development of the FRONTIERS (Conway and Browning, 1988)
and METEOTEL (Pircher, 1987) display systems.

The workstation approach is beginning to be adopted more widely and
will put some powerful tools into the hands of the forecaster but, however
ergonomic and user-friendly the designers are able to make these workstations,
the quality of the forecast will still depend finally on the judgement and
skill of the forecaster. Although recent developments with expert systems
suggest that these will probably take over some of the easier decisions, it
will be the forecaster who will have to select and blend the guidance products
and forecasting methods most appropriate to each situation. In particular, it
has been emphasised in this paper that "knowledge of meteorology” has to be
used extensively to bridge the forecasting gap between the purely objective
methods of linear extrapolation and NWP models. The forecaster must therefore
have a good grasp of physical/dynamical principles and access to a lexicon of
conceptual models and rules of thumb representing the structure and behaviour
of mesoscale phenomena. It 1is unlikely that such phenomena will ever be
completely sampled by operational observing networks in the foreseeable future
and so there will be a need to use the conceptual models which have been built
up from special research studies to make sense of the incomplete data that are
available to the forecaster. Until recently, the interpretation of radar and
satellite imagery in terms of conceptual models and dynamical principles was a
neglected field but there is now a thrust towards better forecasting training
in this area, including the compilation of improved imagery-interpretation
manuals. One such programme which will bring the research and forecasting
communities closer together is described by Bader et al. (1988).

Mesoscale forecasting can be regarded as the last bastion of intuitive
meteorology. Its practice will bring with it a cure for what Snellman (1977)
has referred to as ‘'"meteorological cancer™ - a condition 1in which the
forecaster feels unable to improve upon Tforecasts generated entirely by
computer.
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1. INTRODUCTION

In an attempt to Tforecast the weather a few hours ahead it is
necessary to observe and understand the so-called mesoscale weather systems,
which include squall lines, mesoscale convective complexes and subsynoptic-
scale vortices, and their interaction with surface inhomogeneities, in
particular land/water boundaries and mountain-valley circulations. As was
stated by Browning (1986), the Tforecaster needs to have conceptual models of
each type of precipitation system in order to recognize the genesis of a
particular type and be able to forecast it. In this sense, each geographical
region has its own characteristics (climatological and physical) that need to
be taken into account and properly incorporated in a conceptual model.

In South America, in the tropical, subtropical and mid-latitude
regions, there are several manifestations of mesoscale systems which merit
closer study, since they are responsible - as 1is usually the case with
mesoscale systems - for a significant amount of precipitation. Only the major
types of system will be presented here, and only a few features of their
environment and structure will be shown. Further details may be found in the
references. The objective is to call attention to some of the more important
mesoscale systems which occur in South America in the sense that they are
often the cause of inadequate weather forecasts.

2. SQUALL LINES

2.1 Tropical latitudes

Squall lines have been observed in tropical South America along the
northern and north-eastern coasts propagating inland over the Amazon region or
over north-eastern Brazil. Kousky (1980) and Cavalcanti and Kousky (1982)
point out that the squall lines start out as a line of convection parallel to
the coast, generated by the sea-breeze circulation. Not every line of
convection develops into a propagating squall line, however, nor does the line
of convection form every single day, while the frequency of occurrence has a
strong seasonal variation, as may be seen from Figure 1 (from Cavalcanti and
Kousky, 1982). 1In a six-year period the maximum Tfrequency of occurrence of
the line of convection (shown in Figure 1(a)), is in the months of July,
August and September. Cohen (1988) shows that those are also the months of
higher frequency of squall-line occurrence (Figure 1(b)). In the recent
experiment GTE/ABLE 11IB, which took place in the months of April and May 1987,
it was also noted (Climanalise, April and May 1987) that, while not every line
of convection developed into a propagating squall line, there were a few days
in succession in which squall Ulines were observed to form and propagate
inland, in which case they could be tracked in satellite images for more than
24 hours. It should be noted that the month of July corresponds to the
maximum northward displacement of the ITCZ, which leaves the northern coast
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with a synoptic situation characterized by the south-easterly trade winds (as
may be seen in Figure 2(b)), upon which is superimposed the sea-breeze
circulation. According to Kousky and Molion (1981), the minimum of occurrence
of the Iline of convection in January and February is a result of enhanced
compensating subsidence over northern and north-eastern Brazil, itself a
result of generalized convection in the Amazon region and throughout central
Brazil, associated with the thermal low pressure system (shown in Figure 2(a))-

As an example of squall-line development from a Uline of convection
over the tropical north coast of South America, the case of 5, 6 and 7 May
1987 (shown in Figure 3) may be considered.

Betts et al. (1976) and Miller and Betts (1977) analysed environmental
conditions and propagating characteristics associated with squall lines which
travelled over Venezuela. Although the authors do not discuss the origin of
such systems, it may well be that it is the same as that described above for
the sea-breeze circulation. In all cases studied it appears that the
existence of a Ilow-level jet around 700 hPa plays an important role in
generating propagating disturbances. This is also confirmed by the results of
Silva Dias et al. (1984) (linear spectral model). Figure 3 from Ferreira
(1988) shows the mean wind profiles in soundings prior to squall-line
development (Figure 3(e)) and on days where no squall line was observed to
form (Figure 3(f)), 1in northern Brazil during GTE/ABLE 1IB. It should be
noted that the low-level jet 1is deeper and faster prior to the squall-line
formation.

2.2 Subtropical and mid-latitudes

In subtropical and mid-latitude South America, frontal systems are
often accompanied by precipitation bands similar to the ones described by
Houze et al. (1976). A fTew frontal rainbands may develop into squall lines
which propagate faster than the surface cold front and with an orientation
parallel to either the surface cold front or to the surface warm front or to
upper-tropospheric frontal discontinuities (see Browning, 1986). The frontal
systems may reach tropical latitudes 1in South America, as shown by Kousky
(1979) and Oliveira and Nobre (1986 (a) and (b)) and associated squall lines
are sometimes seen as far north as 15°S. Calheiros (1976) documented
pre-frontal squall lines around 23°S.

The environmental impact of such systems may be observed in the
altitude synoptic network, as may be seen in Figure 4 (from Scolar and Silva
Dias, 1982), which shows vertical profiles of large-scale vorticity and
divergence in the presence of squall lines and fronts. It may be seen that
the Ilow-level convergence during the times when squall lines were in the area
is larger, on average, than the low-level convergence associated with fronts.

As an example of a pre-frontal squall line, consider the case shown in
Figures 5 and 6 which took place from 18 to 19 November 1981 and previously
described in Lima and Silva Dias (1986) and Silva Dias (1988). Figure 5(b)
shows the successive positions of a squall line which propagated due east
during the night of 18 November until the early morning of 19 November. In
Figure 5(a) it may be seen that on 18 November at 1517 LT, there was extensive
cloudiness associated with a cold front (see Figure 6(g)) in southern Brazil
but that there were also a fTew cloud bands with a north-south orientation
similar to that which crossed the State of Sao Paulo during the night and
shown in the radar display in Figure 5(b). Figure 6 shows large-scale fTields
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associated with the squall line: a cold front may be seen to move from the
south but remains to the south of the squall trajectory. Figure 7 shows the
fields In a mesoscale analysis associated with the squall line and also the
radar-observed structure of reflectivity in a few portions of the squall line.

3. MESOSCALE CONVECTIVE COMPLEXES

According to the definition of Maddox (1980), the mesoscale convective
complexes (MCCs) also occur in tropical and subtropical South America.
Velasco and Fritsh (1987) document their occurrence during the period from May
1981 to May 1983. Figure 8 (from Velasco and Fritsh, 1987) shows the
geographic and monthly distribution of the MCCs, and it may be noted that
there are two preferred Ilocations in South America: downwind from the Andes
mountains in the subtropics and downwind from the Andes in the equatorial
easterlies. Figure 9 shows a composite analysis of nine MCCs which occurred
in springtime in the subtropical region (from Guedes and Silva Dias, 1985)
where it may be seen that a Ilow-level warm and moist flow from the Amazon
region Teeds the systems which formed over northern Argentina and southern
Bolivia and travelled due east over Paraguay, Uruguay and southern Brazil
(Figure 9(F)). It may also be noted that an upper-level jet remains to the
south of the MCC, as may be seen in Figure 10. As also happens in North
America, the mountain-valley circulation imposes a diurnal modulation in the
formation of the MCC, as may be seen in Figure 11(a). Paegle et al. (1982)
discuss the diurnal modulation in the particular case of South America. This
is partly due to the diurnal variation of the low-level jet (seen at 850 hPa)
and partly due to surface-enhanced convergence in the evening and at night,
the First arising from inertial effects acting on the upper branch of the
mountain-valley circulation and the latter from the katabatic flow converging
with the synoptic flow at the surface in the valley. The tropical MCCs suffer
the type of modulation shown 1in Figure 11(b). The possible role of the
upper-level flow in the Tformation of the MCC as described by Uccellini and
Johnson (1979) and Uccellini (1980) should not be disregarded - even in a
barotropic environment - since, as noted by Virji (1982) and Silva Dias et al.
(1983), convection over the Amazon region enhances the anticyclonic flow in
upper levels, thus generating an environment which may favour the MCC
formation off the coasts of Colombia and Equador. Velasco and Fritsh (1987)
suggest that the tropical MCCs, which occur more frequently in an El Nifio
year, also contribute to the intensification of the upper-level anticyclonic
flow (the "Bolivian high"), thus affecting the speed of the subtropical jet,
which in turn may affect the frequency of occurence of MCCs in the subtropical
regions during an El Nifio year.

4. COLD-AIR VORTICES - INVERTED-COMMA CLOUDS

The inverted-comma clouds which form behind a cold frontal zone - with
scales in the meso-alpha range (in Orlanski®s classification, 1975) or in the
subsynoptic scale (according to the Japanese nomenclature) - have been known
to occur in the southern hemisphere in general (Streten and Troup, 1973; Troup
and Streten, 1972). Figure 12(a) shows the axes of vortex formation Ileading
to inverted-comma clouds for the summer and intermediate seasons, while Figure
12(b) from Carleton (1981), shows the winter frequency. It may be seen that
the south-eastern region of South America, including southern Brazil, Uruguay
and north-eastern Argentina, appear as regions of cyclogenesis. Browning
(1986) associates the formation of the comma cloud vortex with the cold
conveyor belt, parallel to the surface warm front which, after emerging from
the west side of the warm conveyor belt, may descend, turning cyclonicaly (see
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Figure 13). Figure 14 shows the case of 14 and 15 April 1979 (Bonatti and
Rao, 1987). Figure15 shows the large-scale fields of wind, temperature and
vorticity on 13, 14and 15 April. It may be seen that the vortex starts out

in a warm region, probably because of subsidence warming in the descending
cold conveyor belt, apparent at the 850 hPa level and also at 700 hPa (not
shown). After the initial stages of formation, the vortex has an evolution
similar to that of a frontal zone and may acquire dimensions similar to a
regular front, as may be seen in Figure 14.

Satyamurty and Mattos (1987) determined the frontogenetical function
for the period 1979 - 1987; Figure 16 shows their results concerning the Tfield
of the frontogenetical function for the months of January, April, July and

October at 850 hPa. It may be noted that, in summer, a maximum 1in the
frontogenetic function in South America 1is located at the southern end of
Argentina and Chile. In winter, the maximum shifts northward, over northern
Chile, and north-west Argentina. Also, the dividing line between

frontogenesis and frontolysis has a north-west/south-east orientation which,
in winter, crosses the Atlantic coast at about 22°S.

5. CONCLUSION

The systems described 1in the preceding sections have received some
attention from the meteorological community 1in recent years. In the
particular case of South America, there is an enormous task to be carried out
in the documentation of the complexities and peculiarities of such systems.
The effort to forecast them is still a qualitative one. There is a great need
for numerical simulations and field experiments to unravel the essence of
these systems and to find new ways of representing them, either as conceptual
entities or a numerical solutions. Until then, an effort toward documentation
in the form of case-studies should be particularly encouraged.



MESOSCALE WEATHER SYSTEMS - SOUTH AMERICAN PHENOMENA

Figure 1 - (a) Monthly frequency of occurrence of a line
of convection along the northern coast of
Brazil during the period 1975-1989 (from
Cavalcanti and Kousky, 1982) ; (b) Monthly
frequency of squall-line occurrence in northern
Brazil from March 1979 to December 1986.

(Type 1 refers to the squall lines which
propagate between 170 and 400 km inland and
Type 2 refers to squall lines which propagate

more than 400 km inland (from Cohen, 1988)
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- Synoptic fields at 1200 GMT: (@) and (b) correspond to the
windfield on 18 and 19 November 1981, respectively; (c) temperature
advection on 18 November at 700 hPa; (d) vorticity at 500 hPa on
18 November; (e) and (F) surface moisture divergence on 18 and 19
November, respectively
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Figure 7(c) - PPl displays and vertical cross-section along the indicated AB
lines at 0238 LT from the Bauru C-band radar (source: M.A. Lima)
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Figure 8

- Geographic and monthly distribution of MCCs in and
around the Americas. Locations are for the MCC
cold-cloud shield at the time of maximum extent.
Hurricane symbols indicate an MCC that developed
into a tropical storm. Systems that were first a
tropical storm and then an MCC are not shown (from
Velasco and Fritsch, 1987)
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Figure 9 - Composite fields around the MCC (indicated in the centre of the
grid of nine springtime MCCs: (a) 850 hPa temperature; (b) 850 hPa
water vapour mixing ration; (c) 850 hPa windfield; (d) 500 hPa

geopotential; (e) 250 hpPa windfield; (F) trajectories (from Guedes
and Silva Dias, 1985)
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Figure 11
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Life cycle of MCC over (a) mid-latitude South America
from 1981 - 1982 and 1981 - 1983 warm seasons; and (b)
low-latitude South America (May 1981 - April 1983)
(from Velasco and Fritsch, 1987)
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C))

Figure 13 -

Schematic portrayal of airflows 1in
a mid-latitude, southern hemisphere
cyclone in which the warm conveyor
belt (solid arrow with stippled
shading) is undergoing forward-
sloping ascent ahead of a kata cold
front before moving above a flow of
cold air ahead of the warm front
(dotted arrows) referred to as the

cold conveyor belt. Cold
middle-tropospheric air with low
0, (dotted arrow) is shown

overrunning the cold front and
generating potential instability in
the upper portions of the warm
conveyor belt. Flows are shown
relative to the moving frontal
system (adapted from Browning, 1987)
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Figure 14(b) - Surface chart for 1200 GMT on 15 April 1979 (from
Bonatti_and Rao, 1987)
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(a) January

(b) April

(c) July

(d) October

frontogenetic functions at 850 hPa for the months of
(c) July and (d) October. Shaded areas re-

Figure 16 - Climatological
is 5 x 1012 Km1l s1 (from

(a) January, (b) April,
present frontolysis. Isoline interval
Satyamurty and Mattos, 1987)
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THE MONITORING AND PREDICTION OF RAINSTORMS AND
SEVERE CONVECTIVE WEATHER SYSTEMS IN CHINA

by
Zou Jingmeng
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Beijing, China

1. THE GENERAL CHARACTERISTICS OF RAINSTORMS AND CONVECTIVE WEATHER
SYSTEMS IN CHINA AND THE SIGNIFICANCE OF THEIR PREDICTION

China 1is situated 1in a monsoon-affected area. Each year, during
spring and summer, the summer monsoon produces large quantities of water
moisture which very often trigger off convective storms. The convective storm
usually causes disastrous weather - including heavy rainfall, hailstorms,
lightning and strong winds - occasioning heavy losses in terms of lives and
property of the people, and to the national economy. Floods and thunderstorms
are major natural disasters in China. Figure 1 gives the distribution of
floods in China. East China 1is a Tflood-prone area. Each year the area
flooded often covers several hundreds of thousands of square kilometres. In
the 30 years from 1951 to 1980, 1 601 cases of floods occurred with an annual
average of 53. The most severely affected areas are the valleys of the Chang
Jiang (Yangtze) River, the Huai He (Yellow River), the Hai River, and the
southern part of China. In some cases, the heavy rainfall and strong winds
cause severe disasters. For instance, an exceptionally serious Tflood which
took place from 5 to 7 August 1975 1iIn Henan province, with the maximum
rainfall of 1 605 mm within three days, caused a disastrous flood in the upper
and middle reaches of the Huai He when a dam burst. About 100 counties were
inundated, tens of thousands of people died, and the economic losses amounted
to several hundreds of million US dollars. Another example is a short-lived
but devastating squall line which occurred from 28 February to 17 March 1983
in Guangxi province, and led to heavy rain- and hailstorms accompanied by
strong winds of 10.8 - 24.4 m sl in more than 20 counties. As a result, a
passenger ship capsized with the loss of 147 passengers, and economic losses
reached several million US dollars. Chinese meteorologists have therefore
long paid great attention to the monitoring and prediction of heavy rainfall
and convective weather systems as well as to the relevant research.

The rainstorm and convective weather patterns in China have three
significant characteristics:

() They are influenced by monsoon and large-scale topography to a
great extent. Thunderstorms occur mainly from March to May and
hailstorms in spring and summer, while rainstorms occur in the
period when typhoons affect or arrive at the east coast of
China. Figure 2, which gives the annual average thunderstorm
days from 1957 to 1970, shows that the southern part of China and
the mountainous areas experience more thunderstorms than the
northern part and the plains. Between 90 and 100 thunderstorm
days were recorded in Guangdong, Yunnan and Guangxi provinces.
In the North China plain, the annual thunderstorm days amount to
30 to 40 days. Figure 3 gives the annual mean distribution of
hailstorms in China and indicates that the western part of China
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suffers more from hailstorms with the maximum in the north-
western mountainous areas, while the east suffers less. For
instance, the hailstorm days in the Pleateau of Tibet are 15-35
days each year. Although hailstorms tend to be rare in the east
plain areas, they cause more damage to crops, as they mostly
occur during the crop-growing season and the diameter of the
hailstones 1is bigger than that of the hailstones falling in the
western mountainous areas;

China is a country prone to rainstorms. The rainstorm in China
is characterized by persistence and great severity (see Table 1),
with the one-hour and 24-hour maximum vrainfall amount being
198.5 mm and 1 672 mm respectively. Although they have not
broken the world record (3 240 mm in 24 hours in Reunion in the
Indian Ocean), they are much more severe than those in the
corresponding climatic zones of the USA, where the maximum
rainfall in 24 hours is 983 mm (recorded in Florida).

In China, the average life cycle of rainstorms ranges from two to
seven days but an exceptional case did occur in 1954 in the Chang
Jiang valley, which lasted for two months. Figure 4 gives the
geographic distribution of heavy rainfall from 1953 to 1977 with
the 24-hour rainfall exceeding 1 000 mm, 800 mm and 400 mm
respectively. The 24-hour rainfall of more than 1 000 mm
occurred not only in coastal areas but also in areas far inland.
A dividing line can be drawn running from the south of the
Liaodong peninsula along the Yan Mountains, the Yin Mountains,
the Great Bend of the Huang He, into Guangzhong and Sichuan
provinces, and Tfinally to Guangdong and Guangxi provinces. The
vast area to the south and east of that line 1is prone to
rainstorms. Within that area, three zones of relatively high
rainstorm occurrence are identified: northern China, the Chang
Jiang valley and southern China. In addition, heavy
precipitation also occurs in coastal areas, caused by typhoons.
It must be pointed out that, between the =zones mentioned, there
are two areas 1in between, which seldom experience rainstorms.
This indicates that fronts usually jump over these two areas as
they travel northward. 1In China, the precipitation systems can
be classified into four major categories:

) The first which is caused by typhoons and their remnants,
is considered to be the most iImportant and strongest
precipitation system 1in China. From 1931-1977, 26 cases
of heavy rain were recorded, of which 56 per cent were the
result of typhoons;

(ii) The second is caused by a vortex and shear line, which is
a sort of mesoscale disturbance occurring frequently in
the mei yU rain season;

(iit) The third is caused by the upper-level trough and cold
front;

(iv) The Tfourth 1is caused by a quasi-stationary cold vortex
which often brings about flash floods.
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During the summer monsoon period, the inland area of northern
China is supplied with abundant moisture. There, the mesoscale
activities will produce a 24-hour rainfall of over 500 mm when
they tend to be stagnant;

(©) In contrast with the USA, tornadoes seldom occur in China.
Figure 5 gives the global distribution of tornado occurrence from
1963 to 1966: very Tew tornadoes occurred 1in continental east
Asia while, 1in this same period in the USA, 2 600 tornadoes
occurred.

Although the eastern parts of the USA and China both face oceans
and are situated in approximately the same latitudes, the
activity of convective storms differs greatly. This may be
related to the differences in geography and general atmospheric
circulation. In North America, the Rocky Mountains run from
south to north. The airflows ascend and descend as they pass
over the mountains. The genesis of severe cyclones tends to
occur at the leeside. From April to June, the warm and humid
lower-level south-east flow moves northwards from the Gulf of
Mexico and 1is Tforced by the Rocky Mountains to change to a
meridional direction. Over that flow, there is another
prevailing flow starting to descend after crossing the Rocky
Mountains. Between these two superimposed Fflows of different
sources, a strong conversion layer forms, which we call a "warm
1id" (see Figure 6). At the west edge of the warm lid, one often
observes a dry line. The dry air to the west of this dry line
comes from New Mexico and Arizona, while to the east there is the
warm and moist tropical oceanic air, coming from the Gulf of
Mexico. When the warm lid is destroyed, severe convective storms
will quite often be generated along the dry line. The situation
is completely different in eastern Asia, where the Plateau of
Tibet 1is oval in shape and runs from east to west. When the
westerly flow moves to the plateau, it splits into two branches
and moves further east (see Figure 7). As a result, strong
cyclones rarely occur in the area to the east of the Plateau of
Tibet. In addition, as the southern part of Asia belongs to the
monsoon region and is rather wet, neither do many dry lines occur
over the Chinese continent.

In order to describe further the characteristics of the rainstorms and
severe convective weather systems in China, some typical cases are given below.

1.1 The rainstorm of 5-7 August 1975 in Henan province

Heavy rainfall (1 605 mm in three days) was recorded in an area 120 km
long and 50 km wide at the windward side of the Funiu Mountains (see
Figure 8), which caused disastrous flooding in the upper and middle reaches of
the Huai He. The statistics show that such a heavy rainfall event takes place
about once every 400 years. The rainfall occurred 1in the period when a
500 hPa circulation pattern over eastern Asia changed from zonal to
meridional. Figure 9 shows the analysis of 500 hPa at 1200Z on 7 August
1975. The rainstorm weather system was caused by a weakening typhoon (typhoon
Nina). After landing in Fujian province, the typhoon kept moving slowly
inland for two days. During this period, the =zonal circulation was replaced
by the meridional one, and a blocking high formed to the north of the
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depression. The tropical depression slowed down towards the north-east and
gradually turned west. Finally, it became quasi-stationary and made a small
loop over the mountainous area to the south of Henan province. The depression
interacted with the mid-latitude cold front and the local topography in the
period of eratic movement for over 20 hours. As a result, exceptionally heavy-
precipitation occurred in the north-east quadrant. The strong ascending
motion was iInitiated by many factors: the mass convergence at the front of
the wind maxima of the Jlow-level easterly and southerly jets, the lifting
effects of cold air, and the windward slope and the upper-level divergence
(see Figure 10). The stable circulation allowed the well-organized mesoscale
thunderstorm systems to grow and develop. As a result, exceptionally heavy
rainfall occurred within a very limited mountainous area.

1.2 The flood of 11-15 July 1981 in Sichuan province

From 11 to 15 July 1981, a rainstorm caused severe damage to the lives
and property of the people iIn Sichuan province. Figure 11 gives the 24-hour
rainfall for 13 and 14 July. During the Ffirst 24 hours, the precipitation was
caused by the development of a sustained mesoscale vortex (the so-called
south-west vortex) and the precipitation mainly centred in the Sichuan Basin.
During the subsequent 24 hours, the precipitation was produced by the front
which concentrated along a narrow, elongated belt over the north-east of the
basin. During these 48 hours, the precipitation appeared rather stable with
the maximum six-hour rainfall being more than 100 mm. Most of the
precipitation centred in the west of the basin, where the cyclonic circulation
of the south-west vortex moved toward the plateau. The conclusion could
therefore be drawn that such a lifting effect along the mountain slopes plays
an important role in initiating convection.

During the entire rainstorm, two mesoscale vortices existed. Vortex P
originated on 11 July over the central plateau, and moved eastward at 0000Z on
12 July (see Figure 12). At the same time, another mesoscale vortex, Vortex
SW, was developing over the Sichuan Basin. The development of these two
vortices could be seen clearly from the IR cloud images from a GMS satellite.
The two vortices, located over the eastern edge of the plateau and the Sichuan
basin respectively, were 500 km apart. Not long afterwards, they merged into
a single, bigger mesoscale vortex (see Figure 13) and produced the first heavy
precipitation. The mesoscale heat and moisture budget indicates that the
release of latent heat caused by convective Cumulus played an important role
in the development of vortex SW.

1.3 The rainstorm of 20-30 May 1987 in Guangdong province

The East Asian monsoon advances gradually, reaching the south-east
coast of China in late May, the Chang Jiang valley in mid-June and the north
of China in Jlate July. The arrival of the summer monsoon is usually
accompanied by rainstorms. From 20 to 22 May 1987 the onset of the summer
monsoon in Guangdong province (south-east China) brought about a rainstorm.
In Haifeng county, where the centre of the rainstorm was located, a total
rainfall amount of 1 023 mm was recorded in 48 hours from 20 to 22 May, during
which the 24-hour maximum reached 672 mm, and the one-hour maximum reached
113 mm. The occurrence of such a severe convective rainstorm was rather rare
in that area: 114 people died, 320 000 hectares of farm land were Tflooded,
and 25 000 houses collapsed.
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Figure 14 gives the six-hourly rainfall variation from 19 to 22 May,
from which we can identify three episodes of precipitation at 1800Z on 20 May,
0600Z on 21 May and 0000Z on 22 May, respectively. They were each caused by
four mesoscale systems. Figure 15 gives the distribution of the 24-hour
rainfall amount along the coastal area in Guangdong province from 1200Z on
20 May to 1200Z on 21 May which was the most intensive period. The heavy
rainfall took place along a long and narrow belt running north-west to
south-east. This rain belt was caused by three mesoscale cloud clusters
(A, B, and C) which were formed 1in the mountainous area north-east of
Guangdong province and which moved south-east. Heavy precipitation occurred
along the paths of these cloud clusters with the most intensive precipitation
being at the rear of each one. Figure 16(a) is the satellite cloud image at
2100Z on 20 May and shows cloud cluster A over Haifeng county. Figure 16(b)
is the same image at 0600Z on 21 May and shows A moving out to sea with B over
Haifeng county, followed by C. Both cloud clusters A and B left the six-hour
maximum rainfall of 672 mm in Haifeng county.

After forming in the south-eastern part of Guizhou province at 1800z
on 20 May (see Figure 16(a)), cloud cluster C developed and moved east
together with the comma-shaped cloud system in the north. At 0600Z on 21 May,
cloud cluster D and the comma-shaped cloud system developed into a typical
trough cloud system (see Figure 16(c)). Soon afterwards, cloud cluster D
turned south-east and the third bout of precipitation affected Haifeng
county. Figure 17 gives the IR image from NOAA-9 at 0700Z on 22 May, showing
the peak of the last precipitation in Haifeng county. The image shows that
the rainstorm area was covered by heavy Cumulonimbus clusters which were about
170 000 km? 1in area; the temperature of the cloud top was below -53°C and
its area was 90 000 km2.

From our experience in rainstorm analysis and forecasting, we consider

that satellite cloud 1imagery - IR cloud 1imagery in particular - 1is an
effective tool for rainstorm monitoring and forecasting.

1.4 The intense squall line on 17 June 1974

At 1100Z on 17 June 1974, a severe squall line hit Jiangsu province,
causing great damage. At 0000Z that day, there was a cold front moving
southwards. In the frontal warm sector, there was a mesoscale warm low
developing, within which the squall [line generated and developed and moved
southwards in a regular way (Figure 18). At 0600z, the squall line had
developed to a certain degree of intensity; the horizontal gradients of
temperature and humidity along it were very large and a thunderstorm high had
developed behind. The squall line passed over Nanjing at 1100Z (Figure 19).
In Figure 20, the trace curves indicate the pressure, temperature and wind
speed in Nanjing while the squall line was passing. The wind speed reached
30.1 m s1, precipitation amounted to 30.6 mm in 10 minutes, and the
temperature dropped by 11°C in 15 minutes. The severe thunderstorm and gale
caused enormous losses in Nanjing. Trees with trunks 30 cm in diameter were
even uprooted and broken. The biggest hailstone measured was 10-11 cm 1in
diameter and weiged 0.6 kg.

This kind of squall line occurred in a situation of ladder-like upper
troughs in East Asia, i.e. from the north to south, with several troughs being
arranged in a trapezoid, as shown in Figure 21. On the 500 hPa chart at 12002
the same day, there were three troughs running from south to north to the
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north of 30°N. One was over the lower reaches of the Chang Jiang; another - a
diffluent short-wave trough - was over northern China; and the third was south
of Lake Baykal (USSR). The trough over the lower reaches of the Chang Jiang
was a perturbation in the westerly flow over the southern side of the Plateau
of Tibet. The disturbance caused large amounts of precipitation in the lower
reaches of the Chang Jiang when the trough passed; the descending motion
behind the trough formed an inversion layer favourable for severe convection.
During the daytime of 16 June, the strong insolation caused a rise in
temperature under the warm 1lid, thus increasing convective instability. The
diffluent trough at the 500 hPa level over northern China indicated this
intense development. The ascending motion ahead of the trough was favourable
for the release of unstable energy, causing the intense development of the
squall line. This kind of flow Ffield of Iladder-like troughs from south to
north usually leads to hail in northern China, and thunderstorms and gales in
the Chang Jiang Basin.

2. THE OPERATIONAL FORECASTING OF EXCESSIVE RAINFALL  AND SEVERE
CONVECTIVE WEATHER

The forecasting of rainstorms and severe convective weather is a
question of mesoscale prediction. There are two prerequisites for the
forecast: one 1is a denser observing network on the spatial and temporal
scales to monitor the genesis and development of meso-a scale and meso-3
scale weather systems; the other is a large and powerful computer. As these
two requirements have not yet been Tfully provided in China, however, several
rainstorm-forecasting methods have been developed, based on our existing
conditions and requirements with which very good results have been obtained.

2.1 Monitoring and forecasting rainstorms and severe convective weather by
means of radar and satellite data

Since 1980, a method combining the data from weather radar, satellite
imagery and enhanced surface observation has been applied in the monitoring
and Tforecasting of rainstorms and severe convective weather in China.
Currently, we have 187 sets of weather radar (10, 5 and 3 cm) with which the
eastern parts of our country - where the severe convective weather often
occurs - are well covered (Figure 22). About 60 satellite ground receiving
stations have been established in China to receive satellite images from the
GMS and NOAA satellites. In some areas (such as Beijing and the middle and
lower reaches of the Chang Jiang), the conventional surface observations are
intensified iIn the seasons of rainstorms and severe convective weather. Based
on these data, very-short-range (0-12 hours) methods for predicting rainstorms
and severe convective weather have been developed.

2.2 The expert system of rainstorm forecasting

In recent years, with the wide application of microcomputers (I1BM
series) in the meteorological field, the artificial intelligence technique has
been introduced in many provincial meteorological Tforecasting offices and
stations for the forecasting of rainstorms and severe convective weather.
Based on the accumulated experience of Tforecasters over more than 30 years,
and combined with NWP products, the system is realized on microcomputers and
is very suitable for Ilocal observatories and stations. The practice of
operational prediction has proved that this method is useful to a certain
degree. It can produce '"yes or no'" forecasts of rainstorms as well as area
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and intensity for 12-48 hours 1in advance. Figure 23 is a Tflowchart of this
approach, from which one can see that the forecasting method is able to
consider all Kkinds of information and techniques comprehensively (particularly
the Tforecasters®™ experience), to simulate the logical thinking procedure of
analysis, reduction and inference, and to deduce the Ilocal rainstorms and
severe convective weather. It has been wused 1iIn 21 provinces 1in China,
including the meteorological forecasting offices in Sichuan and Anhui
provinces, which have obtained very good results. For instance, in the '"yes
or no" TfTorecasts of rainstorms within 12-48 hours in the Sichuan Basin during
the period May to September 1987 made by the Sichuan Provincial Forecasting
Office, the average CSI (critical success index) was 43/54 = 79.6 per cent.
The technical score (TS) was 24.1 per cent. The average technical score for
the rainfall area and intensity forecasting within 36 hours ( 100 mm h-1 1)
was 31.8 per cent. Hence, this forecasting method plays a more and more
important role in China"s rainstorm and severe convective weather forecasting.

2.3 The diagnosis of physical quantities and forecasting of rainstorms

Since 1982, the National Meteorological Centre (Beijing) has provided
20 kinds of products of analysis and numerical weather prediction to various
forecasting offices and stations all over the country every day. They are
mainly produced with the northern hemisphere model and the regional
precipitation model (Figure 24). The main Tforecasting methods using these
fields are as follows:

() Establishing the model output statistics (MOS) equation for local
rainstorm forecasting with these products as predictors;

(b) Perfect prediction (PP) method for rainstorm forecasting;

(©) Model index method, i.e. several models are divided according to
grid data and the forecasting index 1is defined. A correlation
equation is then established for predicting the local rainstorm.
The above forecasting methods are all realized on microcomputers
and the results - especially the prediction of rainfall areas -
are rather successful.

2.4 The numerical weather prediction method

The operation of numerical precipitation prediction in China began in
1984 and was a major step towards an objective and quantitative goal. At
present, there are two models of numerical precipitation prediction: one 1is
the limited-area precipitation prediction model operated at the National

Meteorological Centre, Beijing - mainly for the prediction of precipitation
distribution and timing over a rather large area - and the products are
disseminated all over China. The other is the operational model of

limited-area numerical rainstorm prediction for the Chang Jiang and Huai He
Basins (Jiang-Huai) operated by the Wuhan Forecasting Office, which has been
designed and developed mainly for forecasting rainstorms in the mei vyl
season. The Jiang-Huai Basin 1is one of the main precipitation areas in
China. Table 11 is the comparison of the two models.

A preliminary test has been made on the forecasting capability and the
performance of these two models. Table 111 gives the results of Tive
rainstorms in central China in June 1986. The figures represent the proximity
between the predicted and the observed: 1, 2 and 3 stand for bad, moderate
and good forecasts respectively.
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We can see from the table that these two models are all capable of
forecasting precipitation in central China, and all are successful in "yes or
no" Tforecasting as well as predicting rainfall areas. Their common problem,
however, is that the predicted rainfall areas are too large and the intensity,
particularly the maximum intensity, is too small. Relatively speaking, the
rainfall area predicted by the Wuhan model is smaller, with fewer ommissions
of forecasting cases, and the location of rainfall area, maxima and intensity
are all better than the forecasts made by the Beijing limited-area model for
the same areas, especially the 12-36 hour forecasts of maximum and rainfall
amount. It 1is therefore obvious that the reduction of the horizontal grid
spacing (Table I1) can improve precipitation forecasts to a certain degree, as
well as having a capability of rainstorm forecasting.

We then made a further strict verification on the Jiang-Huai Basin
limited-area forecasting model. In the past four years, 26 rainstorm
forecasts were made fTor the middle reaches of the Chang Jiang. Based on the
results of 24 hours forecasts (Table 1V), the average technical score for
forecasting 50 mm dt (TS = C/P + 0-C) was 25.4 (normally the
precipitation TS is about 20) and the TS for 25 mm d-! is 38.1, where C is
the correctly predicted rain area. The average error for the prediction of
the maxima of 54 rainstorms is 90 km, and the average error for rainfall
amount 1is (103 - 87)/103 = 15.5 per cent. Through operational forecasting
practice over the last four years, we have learned that the meso-a scale
ascending motion is the key factor to success. Therefore, it 1is very
important to make a good forecast of the moisture Tlux convergence
which determines the area and the amount.

I would like to cite two examples. The first one is prediction of the
shear line associated with precipitation. In Figure 25, we can see that the
predicted area of the rainstorm and the maximum are quite consistent with the
observed, but the amount is smaller, only half (66 mm d1) of the observed.
The next 24-hour forecast is also basically comparable. Figure 26 shows a
rainstorm in the Chang Jiang Basin caused by the eastward movement of a
south-west vortex. The precipitation areas are predicted fairly well, while
the vortex moves eastward. Between 0000Z and 1200Z on 15 June, the rainstorm
was to the east of Sichuan and west of Hubei; 12 hours later, it had moved to
the middle reaches of the Chang Jiang (Wuhan). Figure 23(c) shows the 24-hour
precipitation forecast. There were, altogether, three rainstorms along the
Jiang-Huai Basin. Of these, A and B were predicted, and their locations and
rainfall amounts agreed with the observed.

Numerical precipitation prediction in China needs to be improved
further, including the horizontal and vertical resolutions, the processing of
the initial data, knowledge of the physical processes in the planetary
boundary layer and topography.

3. THE DISASTROUS WEATHER MONITORING SYSTEM AND THE VERY-SHORT-RANGE
WEATHER FORECAST RESEARCH PROGRAMME IN CHINA

Although in the past four years significant progress has been made
concerning the ability and skill of large-scale weather forecasts, much needs
to be done in forecasting those meso- and small-scale weather systems which
might bring about great disasters. At present, many difficulties remain in
forecasting certain sudden developments of weather processes. Along with the
development of economic activities of all Kkinds, Chinese meteorologists are
facing a new challenge, 1i.e. to develop a warning system for effectively
forecasting and monitoring disastrous weather 12 hours ahead. In order to
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achieve this goal, the State Meteorological Administration (SMA) has designed
a research programme (1986-1990) for monitoring and making very-short-range
forecasts of disastrous weather systems. This programme, linking operations
and research together, was first implemented in 1986. The SMA has realized
that the implementation of such a five-year plan 1is just the Tfirst step
towards establishing an effective monitoring and forecasting system of meso-
and small-scale disastrous weather. Its main objectives are:

(€)) In operations:

) To establish a moderately advanced disastrous weather
monitoring system which can be wused to monitor the
activities of meso- and small-scale weather systems;

(i) To establish a data-acquisition and dissemination system,
in order to acquire, process and disseminate data and
forecast products;

(iii) To establish a very-short-range forecast and warning
system for prompt and timely delivery of the severe
weather warning bulletins to users;

()] In research:

(i) To work out a conceptual model for the occurrence,
development and structure of severe storms on the basis of
observation and diagnostic analysis;

(i) To develop an improved regional numerical forecast model
which is able to forecast the possible location and timing
of occurrence of a mesoscale weather system;

(iii) To study cloud models in order to improve the schemes of
Cumulus parameterization;

(iv) To develop and test the new observing system including
automatic surface stations, Doppler radar systems,
atmospheric profiler (UHF wind-finding Doppler radar,
microwave radiometer and Sodar, etc.);

w) To carry out the basic and theoretical studies of
mesoscale meteorology, including mesoscale dynamics,
predictability of mesoscale weather systems and the
parameterization of its physical process, the optimal
design of a mesoscale observation network.

Four experimental sites were selected for establishing the monitoring
and forecasting system (see Figure 27):

() The experimental area of Beijing, Tianjing and Hebeil province

The major research effort in this area is directed at hailstorms,
local rainstorms and strong winds caused by squall lines. This
area 1is prone to flooding. Figure 28 shows the Doppler radar
system installed in Beijing and the digitized radar products.
Figure 29 shows the domestically developed automatic surface
weather station system. UHF radar is currently under development;
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(b) The experimental area of the Chang Jiang delta region

Thunderstorms, tornadoes, hailstorms, and rainstorms 1in the mei
yU season are studied as first priority;

(©) The experimental area of the Sanxia dam on the Chang Jiang

Research is mainly conducted on rainstorm prediction, with
special emphasis on the rainstorms caused by the south-west
vortex;

(d The experimental area of the Pearl River delta region

The major research subject is the cause of the pre-summer
rainstorm and its prediction.

This programme has been carried out for two years and we plan to start
the field observation experiment and the forecast experiment in 1990.

The study of rainstorms and convective weather is a complex issue
which deserves our continuous efforts. At present, the cause of occurrence,
development and structure of mesoscale weather systems are not Tfully
understood and many scientific 1issues remain to be solved. Currently,
mesoscale meteorology and very-short-range weather forecast are listed as
high-priority items in the development plans of many countries. As a result,
much has already been achieved. We certainly believe that the long-term,
continuous efforts of meteorologists from different countries will bring about
a solution to this issue.
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TABLE 11
Comparison between two models
Wuhan Beijing

Validity 0-24 h 12-36 h 0-24 h 12-36 h

Initial time 0000z 0000z

Time of issue 0700z 0800z

Area Limited Limited

E-W 2 900 km 5 000 km
N-S 2 3000 km 3 400 km

Projection Lambert Polar-conical

Equation Primitive Primitive

Grid space 100 km 190.5 km

Layers 5 5

Initial windfield Observed Derived

Topography Included Not included

Boundary Fixed Nested

TABLE 111
Comparison of skill for June 1986
Forecast period Rainfall area Maxima Intensity
forecast score
Wuhan Beijing Wuhan Beijing Wuhan Beijing Observed

0000Z/15-0000/16 3 2 3 2 92 3 47 2 96
1200/20-1200/21 1 2 3 1 51 3 29 2 254
0000/21-0000/22 3 2 3 3 50 3 36 2 263
0000/27-0000/28 3 2 3 2 32 3 23 3 215
4900/28-0000/29 2 3 3 2 50 3 22 2 175
Total 12 11 15 10 15 11
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TABLE 1V

ITS APPLICATIONS

Forecast score for rainstorms (1983-1986)

Date TS TS Observed Predicted Difference between maxima
0000z 25 (50 (mm) (mm) predicted and observed
mm d-1 ) mm d-1)
1983
June
24 42 50 108 83 50
75 65 100
25 27 26 132 104 100
66 72 50
60 79 50
26 49 36 106 82 100
54 60 50
62 83 150
27 41 50 51 63 50
28 27 17 52 80 50
118 67 100
29 29 6 176 76 100
105 66 100
30 32 9 73 61 50
July
1 42 35 102 121 100
69 68 50
2 0 0 15 109
3 3 0 148 66 200
4 62 53 112 124 50
250 153 100
100 125 50
170
5 59 29 92 41 80
119 83 50
56 102 50
6 78 85 108 52 50
223 110 50
1984
June
5 21 0 102 164 300
6 64 26 147 92 50
152 49
69 95 80
129 50 100
1985
April
9 40 31 67 94 50
157 91 100
May
11 35 12 47 91 120
193 132 100
11 (1200 GMT) 116 166 50

(cont.)




RAINSTORMS AMD SEVERE CONVECTIVE WEATHER SYSTEMS IN CHINA 63

Table IV (cont.)

Date TS TS Observed Predicted Difference between maxima
0000z (25 (50 (mm) (mm) predicted and observed
mm d-1) mm d-1)
June
5 20 10 73 72 200
36 59 50
21 4 0 152
30 65 100
July
3 29 29 61 132 50
50 77 50
52 25 50
5 34 19 122 88 150
222 65 50
153 65 50
6 29 0 79 63 250
71 55 62 57 50
1986
June
15
96 92 100
97 42 50
21 67 31 263 184 200
23 47 45 42 100
Average: 38.1 25.4 103 87 90
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Figure 1 - Distribution of floods in China

Figure 2 - Annual average thunderstorm days in China, 1957-1970
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200 mm 400 mm

400 mm - 800 mm

800 mm 24-hour rainfall 1 000 mm
1 000 mm

Figure 4 - Geographic distribution of heavy rainfall in China from 1953 to
1957 with the 24-hour rainfall exceeding 1 000 mm, 800 mm and
400 mm, respectively
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Figure 6 - Airflows over the Rocky Mountains, USA

Figure 7 - Airflows over the Plateau of Tibet
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Figure 11 - Flood of 11-15 July 1981 in Sichuan
province - 24 hour precipitation
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Figure 17 - IR image from NOAA-9 at 0700Z on 22 May 1987
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Figure 19 - Squall line of 17 June 1974 over Nanjing at 1100Z

79
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Figure 20 - Pressure, temperature and wind
speed in Nanjing during passage of
squall line

Figure 21 - Trapezoidal upper troughs over eastern Asia at 1200z
on 17 June 1974 at 500 hPA
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Figure 25 - Predicted and observed shear line associated with precipitation
for 24 hours
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Figure 26 - Rainstorm in Changjiang Basin caused by
eastward movement of a south-west vortex

85
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Figure 27 - Four experimental sites for establishing a
monitoring and forecasting system in China



PA3PABOTKA ME3OMACLLTABHbIX MOAENE NMPOrHO3A
METEOPONOIMYECKINX 9TEMEHTOB

H.®. BenbTuules
MmppomeTueHtp  CCCP

MHOTWE  SIBMIEHWS  MOTOAbl,  YrPOXAloWMe — YENMOBEYECKOW  KW3HM M HaHocswpe
ywiep6 3KOHOMMKE (MHTEHCHBHas rpo3oBas [EATENbHOCTD, kaTacTpoduueckme
ocafKm, LIKBA/MCTblE BETPbI, NHTEHCKBHaA TYpOYNEHTHOCTD), ABNAOTCA pesynbTa-
TOM  Me30MacliTabHblX  MpoOLeccoB,  npoTekawwwx B atmocdepe. K HUM  OTHOCATCA
OpraHu13oBaHHas KOHBEKLA, TpONMYeckue LIMK/IOHB 7 B3PbIBHOIA LMK/OreHe3 BO
BHETPOMWNYECKMX  LIMPOTAX,  MHTEHCMBHble  (PPOHTBI W HEKOTOpble  BWbI  oporpadmyec-
KMX LWMPKYNALNI (beH, 6opa, ropHbIE BO/HbI).

ECTecTBeHHO, YTo Npo6/iemMa TOUHOrO 11 CBOEBPEMEHHOTO MPOrHO3MPOBa-
HUS  Me30MacliTabHblX CUCTEM B aTMocd)epe UM CBS3aHHbIX C  HAMW  SIBNEHWI A Morofpl
CyllecTBOBaNa  BCerfja, OOHaKO N0  HeJaBHEr0o  BPEMEHM  M3-3a  OTCYTCTBUS  COOT-
BETCTBYIOIMX  HaGMiona  TefbHblX  CPEACTB M OFPaHNYEHHbIX  BO3MOXHOCTEA  BbIUMC/K-
TEMbHOI  TEXHWKM  He  MPEACTAaBNSNOCh — BO3MOXHBIM  MAEHTU(MLMPOBATH  ME30-MacluTabHble
BO3MYLLEHNS B aTMOCHIEPE U OCYLLECTBNSATH UX YMCTIEHHOE NPOTHO3MPOBAHME.

C pasBMTMEM  CMYTHUKOBbIX, PaAMONMOKALMOHHBIX U APYTMX METOAOB  AMCTAHLMOHHBIX
N3MepEHMUit Ha3eMHOro " KOCMMYECKOro 6a3npoBaHms c 60NbLIMM npoc-
TPAHCTBEHHO-BPEMEHHBIM ~ pa3pelleHneM, a Takke  Ha3eMHbIX  CeTeil  CTaHumii ¢ 6Ofb-
WOW  NNMOTHOCTbHO  HAaGMIOAEHWA  CTano  BO3MOXHbIM  MAEHTUMUMPOBATb  Me30  MacluTabHble
atMocthepHble  BO3MYLUEHWS MO [aHHbIM O  CTPYKType  06/71ayHoro  MokpoBa,  OCA/KOB,
BMAXHOCTM.  3HauMTeNbHas  4aCTb  3TOK  WHCpOPMAUMM  HOCMT — MOKA  4YTO  KAuyecTBeH-
Hblii  XapakTep M He  MOXET ObiTb  WCMOMb30BaHA  HEMOCPEACTBEHHO B 3a4jaye  uwc-
NEHHOT0  MpOrHO3a,  Of]HAKO  MPOrPECCUBHOE  COBEPLUEHCTBOBAHWE  TEXHWKM  AUCTAHLIMOHHbIX

n3MepeHnii B NH(hpaKpacHoM n MMKPOBO/THOBOM [inanasoHax, passuTHe
[IONNNEPOBCKOA TEXHUKN CBWAETENbCTBYET O TOM, YTO MH(DOPMaUMOHHas 6asa Me30 MacluTabHbIX
YMCNEHHBIX mogeneit bypet NOCTENeHHo pacLNpATLCS n 6onee NO/HO

YI0BNETBOPSTH HYX/Ibl MOJENEl Ha MENKMX CETKAX B UCXOAHBIX JAHHbIX.
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MapannenbHo ¢ pasBUTMEM  HabNOAATENbHbIX  CUCTEM  MPOMCXOAMN0  COBep-
LIEHCTBOBAHME MEeTO/0B YMCNEHHOrO peLueHns YpaBHeHuMit rMapoTEPMOAMHAMMKM n
METOZOB  MapameTpusaumum  pas/MuyHbX  (PU3MYECKMX  MPOLECCOB,  MPOUCXOAAWMX B aT-
Mmocthepe.  TocnedHee  OCYLWLECTBNANOCH — Kak B pamkax  paspaboTku  MPOrHOCTMYEC-
KX  pernoHasibHbiX W rnobanbHbiX — MOAeneidl, Tak W NOM  W3YyY4eHWM  OTAE/bHbIX  Me3o-
MacLTabHbIX SBMIEHMIA B aTMOCKEpE.

B pesynbTare paclLMpeHms MHAOPMALIMOHHOIA 6asbl, COBEPLLEHCTBOBAHIS
METOOB  UYMCMEHHOTO  MPOTHO3MPOBAHWS 1 YBE/MYEHUS  BO3MOXHOCTEM  BbIUMC/UTENb-
HOi  TEXHWKM B  HacTosllee Bpems  CO3haMMCh  MPeAnochbink4 — Ans  pa3paboTkn  Me3o-
MaclTabHblX ~ MOAENeid,  MpefHa3HaYeHHbIX  [ANS  MPOTHO3MPOBAHMSI ~ OCHOBHbIX  37IEMEH-

TOB noroabl: TeMmnepartypbl, BETPa, [aB/IEHNA, BNaXKHOCTH, 061a4HOCTH n ocaf-
KOB Ha O4YEHb MENKNX CETKaX.

OCHOBHOE ~ OT/IMUME  3TUX MOJENeii COCTOMT B TOM, UTO OHW  [JO/MKHbl  BOCT-
POV3BOAUTL  Me3OMaclUTaGHble  CUCTEMbl  TEUYEHMA W Ha  OCHOBe  3TOf0  fJaBaThb  Gonee

[ETAN3MPOBaHHbIE  MPOMHO3bl ~ METEOPONOTAYECKMX  BEMNYMH  HA  OFPaHUYEHHOR  Tep-
PUTOPUN .

BorPOC O TOM, A€ NPOXOAMT  [paHMUua Mexdy  KpynHoMmacluTabHbiMM,  Me30-
MaclTabHbIMMW W MUKPOMAcCLUTAbHbIMM  [BKEHWAMW,  06Cyxdanca B JMTepaType  MHOTU-
MV aBTopamu (cm., Hanpumep, OpnaHckuiA, 1975, Yaiir, 1978, ATKIUHCOH,
1981). A He  6ygy  oOcTaHaB/MBaTbCA  HAa  3TOM  BOMPOCE  MOAPOOHO,  MOCKO/bKY
CNEeKTp  aTMOC(EPHbIX  [BWXEHWA  ABNSeTCA  60OMee WM MEHee  HenpepbiBHbIM, @  Bblbop

paspeluaemoro MacliTaba OVKTYeTCH, Kak npasnno, He TO/TbKO TEOPETNYECKNMNU,
HO 1 NpakKTU4eCKUMU C006pa)KEHVIFIMI/1.

Mockonbky B /Tepartype  Hauboree  LUMPOKOE  pacnpocTpaHenue  npuobpena
Knaccugukaums, — npepnoxeHHas  Opwanckum — (1975), A  6ygy  nonib3oBatbCA B flafib-
Heiiuem €. B COOTBETCTBMM C  3TOW  Knaccudukaumeid B Me30  MacliTabHOM  yyacTke
CMeKTpa BbILENSAI0TCA TPU MHTEpBaNA:

Me30-0 (200-2000 KM): (OpOHTbI 1 TPOMMYECKIE LIMK/OHDI:

Me30-f (20-200 KM): HU3KOYPOBEHHbIE CTPYiiHblE TEYEeHUS, TIIHWK
LUIKBAJ10B, BHYTPEHHME BO/MHbI, ckorieHus KOHBEKTUBHbIX 06/12K0B,
oporpagmyeckie BOMYLLEHNS:

Me30-y (2-20 Km): rpo3bl, BHYTPEHHME rpaBUTaLMOHHbIE BOJMHbI,

ropojckme athexTbI.
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HeTpyaHO  3amMeTuTb,  uYTO  OMpPeAeneHHbli  TakuM  06pa3oM  AnanasoH  Meso-
MaclTabHbiX — ABWXKEHWA  SBMSIETCA  BECbMa  LUMPOKMM M NPaKTMYECKM  CMOXHO  peasnnso-
BaTb  MOAEeNb,  KOTopas  paspellana  Obl  OAHOBPEMEHHO  [ABWXEHWUS,  TOPU3OHTANIbHbIiA
Maclutab  KOTOpPbIX ~ OT/M4YaeTcl Ha  fABa  nopsgka.  [peAcTaBnseTcs, 4t0  Ha  MEpPBOM
sTane  Me3oMacluTabHble  MPOTHOCTMYECKMe  MoAenn  OyayT — OpUeHTMpoBaTbCs B OC-
HOBHOM  Ha  BOCMPOM3BEfEHME  aTMOC(EPHbIX  BO3MYLLEHMA  MacltaboB  Me30-0 U
ME30-B, XOTS B MpUHUMNE HE  WCKIIYEH NOAX0A4 C  Mepapxueil  BNOXEHHbIX  Apyr B
[pyra  Mofened C  HenocpeACTBEHHbIM  paspelleHeM  Maclitaba  Me30-y B paiioHax,
NOJ03PUTENbHbBIX Ha PA3BUTIE TPO30BOIi 1EATENLHOCTH.

Ha Bonpoce BbiGOpa  WMCXOAHbIX  YPaBHEHMA AN Me30  MacliTaGHblX  NPOrHOC-
TWYECKNX ~ MOAEeNneii A OCTaHOBMKCb — nogpobHee  Mmo3gHee.  34ecb /Wb OTMEYy,  4TO
nosiBMBLUMECA B MOCNEfHEe  BPemMs  MPOTHOCTUYECKM  OPWEHTMPOBaHHbIE — MOAeNM  OTpa-
XaloT 1Be OCHOBHbIE TEHAEHLINN.

MepBas M3  HWX COCTOMT B TOM, 4TO MNpu  (DOPMYNMPOBKE  3adaunM  YMC/NeH-
HOTO  Me30  macwTabHOro  MporHo3a  WCMOMb3YKTCA  rugpocTatuyeckse — Mogenn,  npu-
MEHsAILWMecs B 3afja4yax  PEerMoHaiibHoro M rnobanbHOro  nporHosa.  Mpu 3TOM  yCO-
BEPLUEHCTBYIOTCA a/IropuUTMbl napameTpusaLmm MOACETOUHbIX npoLieccos n BBOANTCA
MOBLILIEHHOE  pas3pelleHne N0 TOPU3OHTA/IM U BEPTUKa/IM,  OCOBEHHO B MOTPAHNYHOM
cnoe  armoctpepbl.  [epeyeHb — Takoro  pofa  MApOCTaTM4YeCKMX  MOJened ¢ ropu3oh-
TafbHbIM  WArOM  CeTkMm  MeHee 50 KM, 3aMMCTBOBaHHbli M3  063opa Bmo  (1987),
npuBefeH B Tabn. 1.

Bropas  TeHAeHUMs  COCTOMT B MOCTPOEHMM  ME30  MaclTabHbX  MPOrHOCTY-
YECKMX CXeM Ha  OCHOBE  OnblTa  paboTbl  C  HErugpocTaTMyeckumu  Mogensamu,  npep-
HasHAYeHHbIMU  ANF  U3YYyeHUs  OTAE/bHbIX  ME30  MaclTabHblX  LMpKynsuuiAi B atMocde-
pe. CnMcok Takoro pofa  CXeMm, 3aWMCTBOBaHHbIi 43  063opa Bmo  (1987), paeTcs
B Tabn. 2. B 3Ty Tab/Muy  BKIYEHbl  KaK  MO/HOCTbIO  MPOTHOCTUYECKN  OPUEHTU-
pOBaHHble  HeruapocTaTuyeckne — MOLENM,  Tak M HEeKoTopble  WCCnefoBaTeNisckie  Mo-

[IENN,  KOTOpbIE MO  CBOEMY  (DU3MYECKOMY  COAEPXaHM0  BecbMa  GNM3KM K MPOTHOCT-
YECKIM.

EcTtecTtBeHHo, yTo npu NOoCTaHOBKe 3afiaqun YNCNEHHOIO MeE30 MacLUTabHoro
nporHosa BO3HMKaET BOMPOC - MOXHO m JEeTePMUHNPOBAaHHLIMIA MeToAamMu NPOrHo-
3nposartb ME30 MacLUTabHble LUUpKynAaLunn C ,EI,OCTaTO‘-IHOVI CTENEHbIO 3a6narOBpel\/|eH-
HOCTH, nan KakoBa npeackasyemocTb ME30 MacLTabHbIX ABNEHWIA. 10T BOmnpoc
ABNAETCA BaXHbIM nonsa YUCNEeHHoro Me30 MacLuTabHoro MPOrHO3MpPOBaHKA, MOCKONbKY
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Mbl  HUKOTAA HE  3HAeM  TOYHOTO  HAYa/bHOrO  COCTOSIHWS  aTMocdiepbl.  ECM OKaxeT-
CS, 4YTO nNpM  BecbMa  O/M3KMX  HayasbHbX — COCTOSHUSIX — uYepe3  HeGO/bLIO  MPOMEXy-
TOK  BPEMEHN  BCMEACTBME  MMEBLUMXCS — HE3HAUMTENbHbIX  OTAMYMA B HauaNbHbliA  MO-
MEHT  pasBMBAIOTCS  CUMbHO  OT/MYAOLIMECS  CUCTEMbl  JBWXEHMA, TO  Me30  MacluTaGHblif
NPOTHO3  sBNsieTcs  GesHafiexHbIM.  Ecim ke 3aBMCMMOCTb  PasBUBAlOWMXCS €O Bpe-
MEHEM  LMPKyNsUMiA  He  OuYeHb  YyBCTBMTENbHA K HayanbHOMY — COCTOSHMIO  aTMOCChepl,
TO NpM  MX  KPATKOCPOYHOM  MPOrHO3MPOBAHMM  MOXHO — HafileAaThCs  Ha  OMpe/eneHHbIi
yCTex.

Bonpoc 0  npeAckasyemMocT  Me3OMacliTabHbiX  ABWXEHWA B HacTosee  Bpe-
MA  ewe HefoCTaTO4HO  paspabotaH, UM MO  3TOMy MOBOZY  CYLIECTBYWT  KaKk  Meccumu-
CTU4Yecke, Tak M ONTUMMYECKME  TOYKM  3PEHWSA,  KOTOPble  BbITEKAOT B OCHOBHOM
13 METOZ0B NMpUMeHsBLUErocs aHam3a (AHTee u ap., 1985).

Tak, Hanpumep, Ha  OCHOBE  aHa/iM3a  Crektpa  aTMOCEPHbIX  [ABWKEHWA  C
nosuumiA  OAHOPOAHOM  TypOYNeHTHOCTM  MOMy4aeTcs  BbIBOA O TOM, 4YTO B Me30Macll-
Tabe NpPouCXoauT  ObICTPbIA  MEPEHOC  3HEPTMM  OT  MeHbWWX K BONbMM  ANMHAM  BOJH,
NoaToMy  HewsbexHble  OWMOKM U HEONMPeAEesneHHOCTW B [ABWKEHUAX  Masoro  Maclutaba
OyAyT  pacnpocTpaHaTbCA B [BWXKEHMs  60/blero  macwraba M cokpawatb - Mpefcka-
3yemMOCTb. Takum 06pasom, C  nosuuun 0[IHOPOAHOIA TYpOYNEHTHOCTH MPOrHo3upo-
BaHue Me3oMacLUTabHbIX ABKEHMIA NpeACcTaB/IfeTcs BeCbMa 6e3HaeXHbIM.

MPOTVB  TAKOr0O  pofa  BbIBOAOB  MOXHO  BblABUHYTb,  OfHAKO,  PSi  KOHTpap-
[YMEHTOB.  BO-MEPBbIX,  Hab/ogaemMble  aTMOCEpHble  CNEeKTpbl  NMpeAcTaBnAwT  cTaTi-
CTUYECKOE ~ OMMCaHMe  CTPYKTYpbl  aTMociepbl M BK/IOYAIOT — OCPeAHEHWe Mo MpoCTpaH-
CTBY W BpeMeHn, B TO BPeMA kak aTMOC(IEpHble  CTPYKTYpbl, KOrda OHW  0BpasyioT-
C, SBNAKTCA  XOPOWO  OPraHM30BaHHbIMM W HE  SBMSIOTCA  TakUMM  C/ydaliHbIMM,  Kak
TPEXMepHas  TYpGYNEeHTHOCTb  WHepUManbHOro  AvanasoHa.  Haubonee  sipkum  mpume-
POM  TaKkOW  CTPYKTYpbl ~ ME30-0  MOXET  CAYXWTb  TPOMMYECKUA  LWMKMOH,  [ABUXEHUS B
KOTOPOM  SBNAITCA  TypBYNeHTHbIMKM, @  camMa  BMXpeBas  CTPyKTypa  WHOrdA  CyLLECT-
ByeT B  TEUEHWE  HECKONbKMX  Hefenb.  OpoHTbl B MOABWXHbIX  LMKAOHAX,  JINHWK
IIKBAZIOB  TaKKE  MOTYyT  CYLWIECTBOBaTb B  TEUEHME  HECKONbKMX  [HEd,  XOTA  OTAefNb-
Hble  9NEMEHTbl  MX  CTPOEHMS  MPETEpneBaloT  CYLIECTBEHHble  M3MeHeHuss Ha Conmee  Ko-
POTKMX  BPEMEHHbIX  MacluTabax. To e caMoe  MOXHO  ckasaTb 06  MHTEHCMBHbIX
BPAlLAOWMXCS  PO30BbIX  O6Gnakax B MOTOKe €O CABWIOM,  Me30MaclUTabHblX  KOHBEK-
TUBHbIX ~ KOMMNMEKCAX,  KOTOPble  WMENT  XM3HEHHbIA  LUMKA W MPeAckasyemoCTb  HaMHOro
GOMblLYl0, 4YeM  MOXHO  Obil0  Gbl  OXWdaTh,  MCXOAs M3 TEOpUM  TYPBYNIEHTHOCTW.
Mvnnu  (1984)  npegnonaraeT,  YTO  MPUYMHON  TAKOrO  YBE/MUYEHWS  MpPe/CKasyeMocTy
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ABnseTcs CNUPasbHOCTB, npejcTasnaoLLan coboi ckanapHoe npou3BeseHne BMXPS
n CKOPOCTH. MOZenupoBaHue TPexMepHon Typ6yNeHTHOCTH (AHgpe n nectop,
1977) yKasblBaeT Ha 70, yTo NMOTOKM, obnagatouime 60NbLIMMM 3HaYEeHNAMM
CMUPasIbHOCTU, MPOTUBOCTOAT TYPOY/IEHTHOMY Pa3pyLLEHNHO.

BTOPbIM ~ BaXHbIM ~ PaKTOpOM,  B/MAKOWMM  HA  MOBE/IEHWEe  MHOMMX  Me3omaclutab-
HbIX cucTem, ABNseTCs BO3MyLLaloLLee BO3feNCTBIE NoACTUNALLEl MOBEPXHOCTH!.
Tepmuyeckne M MexaHuyeckue  HEOLHOPOLHOCTY [EHEPUPYIOT ~ MHOrMe  Me3omaclutab-
Hble cMCTeMb! (6pK3bl, oporpacuueckue LPKYIALMK, KOHBEKLNID).

Mcxomss M3 reHesuca  ME30MAclUTaGHbIX  SBMEHMA,  GOMbLIMHCTBO  aBTOPOB
NOAPA3AENAIOT UX HA TPI OCHOBHbIE TPYNMbI:

CUCTEMbI,  BO3HMKAaKOWMe  NON  [elCTBMEM  TEPMUYECKOA U MEeXaHU4YecKoi
HEO0JHOPOAHOCTH NOACTUNAOLLE MOBEPXHOCT (6pu3oBble LMpKyn[Lmm,
[OPHO-AONMHHbIE ~ BETPbl,  TOPHbIE  BOJHbI,  BUXPU  C  MOABETPEHHOM  CTO-
POHbI NPENSTCTBUN);

CUCTEMbI,  BO3HMKAKOLWME  NOf4  AeiiCTBMEM  Me30MacluTabHblX  HEOfHOPOA-
HocTen KpynHomacLUTabHoro noToka (aTmMocdhepHble ®POHTBI, NVHA
LUKBA/I0B (MnHUN HeyCTOYMBOCTH), Me3oMacLUTabHble KOHBEKTWBHbIE
KOMI/IEKCBI);

CACTEMbI,  BO3HMKAwLUWe B CBOGOAHON  aTMocdepe B pesynbTate  pas-
PEelleHns  Me30MaclUTaGHOW  HeycTOYMBOCTM B TOPU3OHTANbHO OfHO-

POLHOM  BO3AYWHOM  MOTOKE  (TPaBMTAUMOHHbIE  BOJIHbI,  CUCTEMbI  MEJIKOM
W ry6OKOIA KOHBEKLMM).

OT/MuMTeNbHas  OCOBEHHOCTb  CWUCTEM  MepBOi  rpynnbl  COCTOMT B TOM,  4TO
Oyfyun  NOKaNbHO  BO3OYXAEHHbIMKM,  OHW  PasBMBAKOTCA  TaKkke  /IOKAIN30BaHHO W Mo-
BeeHne  MX  Haubonee  npeAckasyemo, Tak  kak  BO3OyXjallme  Culbl  ABNAKOTCA WK
MOCTOSIHHbIMM ~ (MEXaHUYeckoe  BO3DYXAEHWE), WM MMEeeT  CyTOUHbId  uukn  (Tepmu-
Yeckoe BO3DYXeHue).

Hanbonee  CNOXHOW  C  TOYKM  3PEHUS  MPOTHO3MPOBaHWA  ABNSETCA  CUTya-
Uus,  Kkorga  TypOyneHTHOCTb  pas3BMBaeTCs B OAHOPOAHOM MO TOPWU3OHTANM  KPYMHO-
MacwTabHoM  noToke.  [lpumMepom  Takoid ~ NOYTW  OJHOPOAHOW  TYpOYNEHTHOCTM  MOXET
CNYXWTb BHYTPUMACCOBAs KOHBEKLS, KOTA XOTA M MOXHO NpeAckasaTb YPOBEHb
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KOHBEKLINN, HO TOYHO npeackasarb MECTOMNOOXEHNE Kaxaoro KOHBEKTUBHOIO ane-
M€EHTa C ,D,OCT&TO‘-IHOVI 3a6ﬂaFOBpeMEHHOCTbPO BPAL /1N OKKETCA BO3MOXHbIM.

ncxooa n3 CKa3aHHOro BbiLLe n CyllecTByoLero onbITa, MOXHO KOHCTaTU-
poBarTh, yTo Hanbonee MPOCTbIMN nna YNCNEeHHOro MPOrHO3MpPoBaHUA ABNAIOTCA Me-

30MacLUTabHble oporpacuyeckue LMPKYNALMN, BobLuyto CNOXHOCTb npeAcTaBnseT
NPOrHO31pOBaHne Me30MacLUTabHbIX CUCTEM, NOKa/IN30BaHHbIX B NpocTpaHCTBe He-
O/AHOPOAHOCTbHO KpynHomacLuTabHoro noToka (GbpoHTBI, JINHWN LLIKBAJIOB, Me3omactLL-
TabHble KOHBEKTUBHbIE KOMI/IEKCBI). HauveHee nepcnexkTUBHbIM ABNSETCS, no-Bu-

ANMOMY, nporHo3nposaHne Me30MacLLTabHbIX CUCTEM, pa3suBatoLLMXCA B 0AHOpPOAHOM

N0  TOPW3OHTANM  KpynHOMAcluTabHoM  MOTOke  (OTAENbHbIX  Ky4eBO-[AOXAEBbIX  06MAKoB
W BHYTPEHHIX FPABUTALMOHHBIX BOJTH).

K CYacTbtO, 00/bLUNHCTBO Me30MacLUTabHbIX cucTem HE OTHOCKUTCA K noc-

negHemy — TMny  (MOYTM  OAHOPOAHOA  TypbyneHTHOCTW),  MO3TOMY WX KpaTKOCPOYHOe
NPOrHO3MPOBaHNE UMEET ONpPeAeNeHHyt0 NePCeKTHBY.

Bbiwe yxe  OTMeYanocb, 4T0 B Me30MaclTabHblX  NMPOTHOCTUYECKMX  MOZENAX
nenonb3yrTes Kak  rugpocratuyeckue, — Tak M Herugpoctatuyeckue  MoAenu. Bon-
pocaM  MCMONb30BAHUA  Pa3/MYHbIX ~ MCXOAHbIX  CUCTEM  YpaBHEHWd  ons  Me3oMacluTad-
HOTO ~ MOZJENNPOBaHWUA  MOCBALLEHO  [OCTATO4HO  MHOro  pabor.  Oun  Gasupylotcs,  Kak
npasuno, Ha  MaclWTabHOM  aHanu3e  WCXOAHbIX  YpaBHEHWA, W Monyyawwmecs  BbIBOAbI
B ONPEfENieHHON  Mepe  3aBUCAT  OT  BbIOPAHHOrO  MoOAXOoja K MacliTabupoBaHmio W OT-
mMuaoTcs B fetanax.  He  ocTaHaBnMBafCb  Ha  MOAPOBGHOCTAX,  YKA&XeM,  4to  npw
UCMOMb30BaHUM B KAyeCTBE  OCHOBHbIX ~ MaclTaboB  macwrtaba  AMHbI B BEKTOPHOM
BapuaHTe (L,, L), L,) 1 MacluTaba BpemeHHu () HETpyAHO nontyuwTs (npu L, =
L, =L), u4to whv =L,JL,, rae co- BepTuKasbHasa CKopocTb, L, - ropusoHTasb-

Hbld  MacluTab — [BWKEHWA, & v, - OAMH U3 TOPU3OHTAIbHbIX  KOMMOHEHTOB  CKOPOC-
TM.  [lpUMeHeHue  onepatopa  WHAMBWAYaNbHOW — MPOM3BOAHOA K KOMMOHEHTAM  CKO-
POCTM  HEe  W3MEHSeT  BbIMUCAHHOTO  Bbille  COOTHOLIEHMA  MEX[y  BepTUKaslbHbIM 1 TOpU-
30HT/IbHBIM ~ KOMMOHEHTOM ~ CKOPOCTW, ~ MO3TOMY  OTHOLIEHWEe  YCKOPEeHWA  BepTUKaIbHON
W TOPU3OHTANbHOA  CKOPOCTM  TaKkke  Okas3blBaeTcad  NPOMopuuasbHbIM - OTHOWEHWO  Mac-
WTaboB  [BWKEHWA  BOOMb  3TMX  koopAauHat.  OTcloga  BbliTekaeT, 4t0 A CUCTEM,
TOPU3OHT&/IbHbIE 1 BEPTUKANbHbIE  pasMepbl  KOTOPbIX — OfMHAKOBbl,  BEPTUKA/IbHblE  YC-
KOpeHns  WMeloT  TOTKe  MopAdoK,  4TO M TOPWU3OHTasIbHble, W NpeHebperatb UMK
Henb3a.  Tlo Mepe  yBENIMYEHUA  HEW3OTPOMHOCTM B TOPWU3OHTA/IbHOW M BepTUKasib-
HOW  nnockoct  (Hanpumep, L » L)  OTHOCUTENbHbIA  BKNafg — BEPTUKA/bHBIX  YCKOpe-
HUiA  ybblBaer. Takum 0bpasom, nou MOZEeNMpoBaHuu atMOCIepHbIX  LMPKYIALWA,
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FOPU3OHTa/IbHbIE 7 BEPTUKANbHbIE MacLUTa0bl KOTOPbIX ~ COM3MEpPUMBI, HECOMHEHHbIM
npeumyllecTBOM  0611analoT  HernapocTaTuyeckne — ypaBHeHWs, —a  Mpu  MOLENMPOBaHUM
aTMOC(DEPHbIX  UMPKYNALMA,  TOPU3OHTANIbHble  pasMepbl  KOTOPbIX ~ HEMHOTO  MpeBblalT
BEPTUKASIbHbIE, NpUoNMKeHne rmopocTatikn  ABNSETCS BMO/HE onpasgaHHbIM. YKa-
3aTb KOHKDETHOE COOTHOLLEHHE L,/L , Mpu KOTOPOM LieNecoobpasHo nepexomnTs

o1 rMApPOCTaTUYECKNX cucTem K HermapocTaTuyeckum, [0BO/TbHO C/IOXHO. Ecnu
WMETb B BUMLY  BO3MYLlEHMS,  pas3BuBaloliMecs BO  BCeW  To/we  Tporoctepsbl,  Takoi
nepexof  uenecoobpaseH, N0 BMAMMOMY,  MpPU  KEMaHWA  afeKkBaTHOTO  MOAENMPOBaHNS
cuctem  macwra6os  me3o-f M me30-y.  CucTembl  macwTtaba  mMe30-0  MOTYT  ObiTb
BOCMPOM3BEAEHbl  [OCTATOYHO  yCMEeWHO M [uapocTatyeckol  cuctemon. B uenom
ANS MOAENMpOBaHWS  Me3oMaclTabHbX — UMPKYNAUMA  Gonee  NEpPCnekTUBHbIMKA  SBASKOTCA
HErMapocTaTMyeCkKne  ypaBHEHUs,  MO3TOMYy  MOXHO  MPeAnofioxuTb,  4YTO  UX  YAENbHblii
BEC Cpean Me3oMacLLTabHbIX MPOrHOCTUYECKUX CXEM BYAeT NOCTENEHHO pacTy.

Herngpoctatnyeckne  CUCTEMbl  YpaBHEHMWIA MOXHO  MOApasfeuTh Ha  [Jge
rpynnbl: (1)  NOAHble,  3NACTWYHble  YpaBHEHWs, B KOTOPbIX  ypaBHEHWe  COXpaHeHus
MacCbl OCTaeTcd B CBOEM NOMHOM BMAE C  COXPaHEHWEM  JIOKANIbHOW  MPOW3BOAHOW  OT
niotHoctm  (Op/dt=0), ®m  (2)  HeanaCTMuHble  ypaBHeHWs, B KOTOPbIX  JIOK&/IbHble
N3MEHeHMs NNOTHOCTY CYMTALOTCA MasbIMKM 1 He yuuTbiBatoTCA (Op/ot=0).

HeanaCTWuHble  ypaBHEHMs  (UAbTPYIT  aKyCTW4Yeckue  BOJIHbI,  BK/IOYas  BOS-
Hbl  n13Mba,  4ero  He  [JenalT  TUAPOCTaTMYeckne  ypaBHeHus. 10 npubmkeHue
NPMBOAWT  Takke K  HapyweHno (B npegenax  20%)  pa3oBOM  CKOPOCTM  BHYTPEHHUX
[PaBUTALUMOHHbIX ~ BO/H  (yBE/MUMBAEeT ee  MpW  CWIbHO  YCTOM4YMBOIA  CTpatudukaumm U
yMeHbLUaeT PV Masioi HeYCTONYNBOCTH). HapyweHne  yBenuuuBaetcs  C POCTOM
TOPU3OHTANbHOA ~ [/IMHbl  BOMHbI W B MEHblUeiA CTeneHu € POCTOM  [/IMHbl  BOJIHbI MO
BepTuKan (KagpliwHukoB, 1984).

MpeumMyliecTBO  HE3NACTMUHbIX  YpPaBHEHMA  coCTOMT B TOM, 4TO  M3-3a  OT-
CyTCTBUS BbICTPbIX BO/MH npefCcTaBnseTcs BO3MOXHbIM UCnonb3oBaTb  [0CTATOYHO
GonbliMe  Wark N0 BPEMEHM  MPW  YMC/EHHOM  PELUEHMM  IBOJIOLMOHHBIX  YPABHEHMUI.
HepocTaTok  3TMX  ypaBHEHMA COCTOMT B TOM, YTO ANS  OTbiCKAHWS B HWUX  [aBreHns
Tpebyetcs peLaTb [ANarHoCTUYeCKoe ypaBHeHe 3NNUNTAYECKOrO Mna. Ans
3TOF0  MOXHO  WCMONb30BaTb ~ MTEPALMOHHbE  MPOLEAYpbI, 6biICTPOE  MpeobpasoBaHie
dypbe WM NpsMble  METOAbl  pelleHns. B MPOTHOCTMYECKO  MOAENM  XenaTesnbHo
Nonb30BaTbC  MOCNEAHAM  MOAXOAOM  C  TeM, uTOOGbl  BPeMs  pacyeta  MpOrHo3a  COX-
PaHANOCb  OAWHaKoBbIM.  OH  OKasbiBAeTCs,  OflHAKO,  YyBCTBUTE/bHBIM K XapakTe-
PUCTMKAM  annpoKCMMauMidi:  HEOAHOPOAHOCTM  pacyeTHoO  CeTKM,  WCMOMb30BaHMK KO-
HEYHO-PA3HOCTHbIX ~  anmpokcumauuii ~ 6onee  BbICOKOrO  nopsgka M T4 CuTyaups
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YCNOXHATCA, eci B 33faye  MpOrHo3a  yunTbiBaetcs  oporpagus. B 3tom  criyvae
YBENNUMBAETCA  YACMO  MTepauuid  MpW  peleHu!  ypaBHeHWs  Ans  JasBneHus, W addek-
TMBHOCTb  BbIYMCIIUTENIBHOTO  a/roputMa  ObICTPO  najaeT € POCTOM  KPYTW3HbI  pefib-
edpa.  lo3ToMy  HeanacTUyHblie  CUCTEMbl  ABAAOTCA  AOCTATOYHO  IPQEKTUBHBIMK  Lb
B pailoHax, rge  oporpadusi  He  WrpaeT  CyLIECTBEHHOA  ponu, W3 3TUX  coobpaxe-
HUA ~ HeanacTUuHble  ypaBHeHWs  ObIM  WUCMOMb30BaHbl /1 Me3oMaclTabHol  Mofenu
MmopometyeHtpa  CCCP (BenbtmweB  w gp., 1982,  KucenmbHukoB v gp.,  1984),
npefHasHauYeHHO  ANs  NPOTHO3MPOBaHWA  MOrOAbl  Haj  LeHTpom  EBponeickoii  vacTu
CCCP, re penbed He UrpaeT CyLLECTBEHHON POSL.

B cBAM C TeM, uTO MpWA  UACNEHHOIi  peanu3almM  HE3NACTUYHbIX  YpaBHe-
HAA,  OCOGEHHO B YCNIOBMSX  KPYTOrO  penbedpa,  BO3HMKAIOT — OMpedeneHHble  TPYAHOC-
™, ¢ cepeguHbl 70-x  TOAOB  ANS  MOAENMPOBAHMS  Me3OMacluTaGHblX — MPOLECCOB  Ha-
Y/l MPUMEHATbCA  MOMHblE  YpaBHEHWS, B KOTOPbIX  OTCYTCTBYOT ~ M aKyCTAYeckue
BO/Hbl. B MOMHOA  cUCTeMe  3BOMOLMOHHbIE  YpaBHEHWS — MMEKTCS  AnsS  BCEX  NepemeH-
HbIX, MO3TOMYy  BK/IOYEHME  [OMOSHUTENbHBIX  (IM3NYecKMX  (DAKTOPOB M UYMCMEHHbIX  MO-
OnMKaUMA ~ He  Bbi3bIBAET  MPUHUMMMArbHbIX  TPyAHOCTEW.  ECTECTBEHHO,  YTO  OfHO-
BPEMEHHO  BO3HMKAKT  CMOXHOCTM  BbIYUC/MTENBHOTO  XapakTepa,  CBfi3aHHble € Ha/u-
YieM B CUCTEME BbICTPbIX BOJH.

NCTOPNYECKN nepsas Me3omacluTabHas MOZenb, OCHOBaHHas Ha  MOJHbIX
ypaBHeHusx,  Oblna  pasBMTa B METEOpOnorMyeckon  cnyxbe  BenukobputaHum  (Tann
n  Yaiir, 1976). [o3gHee  MOMHble  ypaBHEHUS  WUCMO/Mb30Ba/MCb  PHAOM  aBTOPOB B
MOLENnsX  KOHBEeKUMM 1M OCECUMMETPUYHOrO  UMKMOHA. B HacToswee  Bpems  Me3oMmac-
WwrabHaqd  NporHoCTMYeckas  MOAenb,  Oasupywwascs  Ha  MOJHbIX  YPaBHEHWAX,  (DYHK-

LMOHMDYET  OMepaTMBHO B METEOpPONorveckoil  cnyxbe  Benukobputanun  (Fonawhr,
1984, 1987).

Takum o6pa30M, B NPOrHOCTUYECKNX Lensax B HacTosLlee BpeEMA ncnonb-
3YytoTCA Kak rmgpocTtaTnyeckune, TaK n HerngpocTatnyeckune (SJ'Ia.CTI/I‘-IHbIe n He-
SHaCTVILIHbIE) Me3oMacCLUTaoHblE MOAENN.

Hmke #  OCTaHaBMIOCb Ha  HEKOTOPbIX  pesy/bTaTtaX,  NOMyYeHHbX € MOMOLLbHO
moZenei  pasHoro  Tuna.  [pu  M3NOXKEHMW  pe3ynbTaToB MO [MAPOCTATAYECKMM  MO-
[ensM  OCHOBHOE  BHUMaHWe  OydeT  YAENeHo  SKCMepuMeHTaM WM OnepaTuBHON  pabo-
Te C MOAENsAMK, TOPU3OHTANbHBIA lAar B KOTOPbIX He npesblwan 50 kv, T.e. T03-
BO/ISN BOCMPOW3BOAWTL MO KpaiiHel Mepe BO3MYLLEHUS MacllTaba Me3o- .
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Fmapocratnyeckue NPOrHOCTUYeCKNe Me30MacLLTabHble MoZenu coCTaBnAwT
B HacTosllee  Bpems  nogasnsioulee  60MbWMHCTBO.  YacTb M3 HMUX  UCMOMb3yetcs, B
OCHOBHOM, ANl Hay4HblX  uccnefoBaHuii  (cm.,  Hanpumep, KanmaH w gp., 1982,
OpnaHckuin 1 MonwHckwin, 1984,  HuHomuns, 1985,  Kan6, 1985,  Cawern, 1987,
Kannaw w pgp., 1987, Uy wn pgp, 1987, wmoguka, 1987, Craypdpep u  Cumen,
1987), a HeKoTOpbloe BHeApeHbl B onepaTtuBHyl0  npaktuky  (KyBaHoH [0  Hawa u
ap., 1987, F'poxac u ap., 1987).

Ha  OCHOBaHMW  YMCNEHHBbIX  OKCMEPUMEHTOB,  MPOBEAEHHbIX €  Takoro  poja
MOZENAMM,  UMerWwuMn  paspelleHne  nyywe 50 KM,  MOMyYeHbl  CHedylluMe  OCHOBHble
BbIBOAbl.  YBENMUEHME  NPOCTPAHCTBEHHOTO  paspelieHnss  mogened  go  30-50  km,  jda-

Xe Npu  COXpaHeHMM WX  (DU3NYECKOTO  COAEPXaHWs, Kak y Mogened ¢ warom ~ 150
KM, MPUBOAMT K  TMOBBIWEHW  KayecTBa  MPOrHO3a.  Mpexae  BCEro 370 OTHOCUTCS K
NPOTHO3MPOBAHMIO MHTEHCUBHbIX ~ LMKMOHWYECKNX  BO3MYLLIEHWIA. Xots Moaenu roka

YTO  He  BOCMPOM3BOAAT  Hab/Mo4aemMol  3KCTPeMasbHOM y6uHbl  TakMX  LMKIOHOB,
OfHaKO  [JaloT  3aMeTHO  Jyywue  pe3ynbTatbl, 4em  6Gonee  rpybble  mogenn.  TMoBblwe-
Hue MPOCTPAHCTBEHHOIO paspeLueHus NpuBOAMT  TaKke K YAYyYWeHno nporHo3a
0CafKoB:  MpeACKasaHHble  30Hbl  0CaAKOB  CTaHOBATCS ~ 6Onee  y3kAMM,  YBE/JM4MBaAET-
CS IHTEHCMBHOCTb 0CAKOB, YTO NPUBAMXKAET UX K HABNIOAAEMBIM.

B 06nacTM  napameTpusauuii  Haubonbllee  BHAMAHWE  YAensnocb  napameTpu-
3aMM  KOHBEKUAM.  BbliM  NOMyyeHsl  BbIBOAbI O TOM,  YTO  NApameTpuyeckuii  yuet
KOHBEKUMM  3aMeTHO  Y/ydyllaeT — KauyecTBO  MpOTHO3a.  3T0  OTHOCMTCA  Kak K Mpor-

HO3MPOBAHMIO  WHTEHCWBHOCTW  LMKJIOHWYECKMX  BO3MYLIEHWA,  Tak M K MPOrHO3Y
0Ca/IKOB.

OKCNepUMEHTbl MO0 B/IMSHUIO  KAYecTBa  WCXOAHbIX  [aHHbIX  Ha  Me3omaclutab-
Hbli  NporHO3  (cM.,  Hanpumep, [opaH M XyBaHOH Ao Bawa, 1983, Kano, 1985,
TakaHo n  Ceramw, 1986, Tonguur, 198/, [Owak wu  wmunnc, 198/) nokasblBawT,  YTO
HaMune B HayaslbHOM  NOMe  Me30MacliTabHOTO  BO3MYLIEHMS B 3HAUMTENbHOM  Mepe
BAMAET  Ha  YCMELHOCTb KpaTkocpO4HOro YUCNEHHOTO MporHo3a. B LNTUPOBAHHbIX
BblLLe pabotax  6bllo nokasaHo, 4yTOo UCMONb30BAHME  [WCTAHUMOHHbIX  U3MepeHuid
Temneparypbl ¥ BN&XHOCTW  CO  CMYTHWKOB,  CMYTHWKOBbIX  AaHHbIX O  BETPE,  [aHHbIX
0O BeTpe, MONYYEHHbIX C  MOMOLWbIO  NpoduneMepoB, a Takke  Ha3eMHbIX  HabnoLeHui

3a  006Ma4yHOCTBIO  Ha Ctagnn  aHa/in3a  UCXOAHbIX nonei  naet owlyTumoe  noBbllLIEHNE
KayecTtBa MPOrH030B.



96 MESOSCALE FORECASTING AND ITS APPLICATIONS

Haw6ornee rnosHas cTatucTmka no yCcneLuHocTu MpOorHo308 noroAbl c
MOMOLWbI0  Me30oMacluTabHOM  rugpoctatuyeckod  mogenm  WMeetcds B MeTeoponoruyec-
Kol  cnyxkbe — @paHumw, rge  uYMCneHHas  nporHocTudeckas  cxema  MEPUIAOT  doyHkuuo-
HApyeT onepatmBHo ¢ 1 aHBapa. 1985 roga, a exemecayHad  CTaTUCTMKA  kKayecTsa
MPOTHO30B  akkKymynupyetcd ¢ uwoHa 1985 roga (oM. )KysaHoH [ Bawa w  gp.,
1986, 1987, Wmbapg w pgp., 1986). 3Ota  mogenb  MMeET  TOPU3OHTa/IbHOE  paspe-
WweHne 35 KM, HIKHWIA ee ypOBEHb Haxogutcd Ha Bbicote 20 M. Hwke 4 npuBedy
HECKO/IbKO ~ OCHOBHbIX ~ BbIBOAOB 0  KayecTBe  MPOrHO3MPOBAHUA  3MEMEHTOB  MOrOAbl Y
MOBEPXHOCTM  3eMAM  C  TOMOLWb0  3TOA  MOAENW,  KOTOpble  3aWMCTBOBaHbl, B OCHOB-
HOM, 13  nocnegHei  nybnukaumm  XysaHoHa Qo Bawa wu  gp.  (1987).  CratucTuka
ocHoBaHa Ha 300 pgHax 1986 roga no 120 cTaHuMamM Ha  TeppuTopuu  ®paHuun. B
4aCTM  MPOTHO3MPOBaHWA  Temneparypbl  Ha  ypoBHe  OyAkM  MOJy4eHo,  4TO  CpefHe-
KBagpaTuueckas  ownbka npu  nporHose Ha 36 4 He npesblwaer 3°C, a  cpeaHss
abconotHas  owmbka - 2°C.  CwMmelleHne  nporHo3a  Temnepatypbl  MpakTuyeckun  OT-
CYTCTBYET. 3Aecb HeobXxozMMOo OTMETUTb, 4yTOo npu CpaBHeHUH MPOTHOCTUYECKMX
3HaYeHMn  Temnepatypbl B y37ax CETKM C  [aHHbIMM  Hab/MofeHWA  Ha  CTaHUMAX B
[UCMEPCUI0 W CPefHIol  abCoMTHYID  OWWOKY  HEeM3OeXHO  BXOAUT  CUrHa/,  MOSBIAK-
WWACA  BCMEACTBME  HEOAHOPOAHOCTW — MonMis  Temnepatypsl B Npefenax  lwara  CeTKu
(35  Kkm). TakMe  HEOQHOPOAHOCTM  MOryT  OblTb  Bbi3BaHbl  Pa3INUMAMM  MUKPOPESIb-
epa,  MenKkomacwTabHOi  HEOAHOPOAHOCTbI — 06mayHocT W ApyruMn  adhcpekTamn  nog-
CETOYHOro  Macwraba.  M3yyeHne  M3MEHUMBOCTM  MONA  MPWU3EMHOW  Temneparypbl Mo

TPEM  CTaHuMsM B  paiioHe [Mapwka nokasano, uto 80  MPOLEHTOB  OWMOKM  MpOrHosa
TEMNEPaTypbl 06BSCHAETCS TaKUMU BapuaLMsMi.

B MPOrHo3ax B/TXXHOCTN, HUXHEIA 06/1a4HOCTH n CKOPOCTH BETpa npncyT-
CTBYET noka yTo CMELLIEHHOCTb. HanpasneHue BETPa npeackasbiBaeTCA [ocCTaToy-
HO X0poLuo, n CMELLEHHOCTb OTCYTCTBYET. MenkomacLuTabHas N3MEHYMBOCTb nonAd

BNaXHOCTM W CKopocTM  BeTpa  obbsAcHAlT 80  npoueHToB M noyt 100  npoueHToB
OLLIMOKN, COOTBETCTBEHHO.

ConoctaBneHne  nporHo3oB  no  mogenn  MEPWUAOT w  no  kpynHomaclutabHom
MOZenm EMEPO[ nokasasno, yTo UCnosb30BaHne Me30MacLLTabHOIA MOZeNu faet
BbIMIPbIL  MPW  MpOTHO3e  MOMIEW  [aBfieHus,  Temnepatypbl 1M CKOPOCTM  BeTpa Yy  no-
BEPXHOCTK 3emm. [ins Temneparypsl, Hanpumep, CpeAHekBagpartuyeckas owmnbka
ybbiBaeT Ha 0,5°C, YMEHbLIAETCA TaKKe U CMELLEHHOCTb.

CpaBHeHMe  MPOrHO30B  MMHWMa/IbHOW  Temnepatypsl no  mogenn  MEPUAOT  co

CTATUCTUYECKNM NPOrHO30M, basupyrowmmes Ha  mozenu EMEPOL, OBHapyxuno  ux
NPUMEPHO 0ANHAKOBOE KauecTBoO.
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Haubonee nonHas  ctatucTka MO YCMELWHOCTM  MPOrHO30B  C  MOMOLWBID  He-
rnapocTaTuyecko Me3oMacliTabHon  Mofenu umeetcs B MeTeoposornyeckoii  ciyxbe
BenvkobputaHun,  rge  Takad  MOAeNb  (DYHKUMOHMPYET B OMEPaTUBHOM  pexuve  C
ocen 1984 roga (Fongwwr, 1984, TonguH w  MaxwH, 1984, TonguH, 1986, Ton-
ouHr,  1987).  31a MOfeNb  MMEET  TOpU30HTaNbHOE — paspelleHne 15 kM, @  HUKHWA
MPOTHOCTUYECKMIA  YpOBEHb  HaxoAutcs  Ha  Bbicote 10 M. Hwxe  6yayT  npuvBeAEHb
OCHOBHble ~ BbIBOfbl ~ OTHOCWTE/IbHO  YCMELWHOCTM  MPOrHO3a  HA3eMHbIX  MOMed  HEeKOTOPbIX
MeTeOoposIor14YecKmX 3/1EMEHTOB, NnoyyeHHble B pesy/bTare CpaBHeHus MPOrHo30B
C JaHHbIMW Hab/I04EHIA HA CUHONTUYECKIX CTaHUMAX BennkobputaHuu.

MMporHo3 Temneparypbl nvieet B L|es1oM BbICOKOE Ka4yecTBo, 3a
UCKMIOYEHMEM  TeX  CNlyyaeB, Korga  MMEEeTCs  CepbesHas  owmbka B MNporHo3e  obnav-
HOCTW,  OCOGEHHO B HOYHble yacbl. B Tabmmuye 3 nokasaH  MPOLEHT  pas/nyHbIX
OWNBOK  MpOrHO3a  MakCUMaslbHbIX/MUHUMa/IbHBIX — Temneparyp 0CeHbH0 1985 roga. C
HabMIOLEHNAMM  HA  CTaHUMAX  CpPaBHMBAa/MCb  pacyeTbl BO  BCEX  y3nax CeTkM, B  TOM
yucne M HaxoAAwmxcs  Hag  Mmopem.  [lonlyyeHo, 4TO  6OMbWAs  YacTb  KPYMHbIX  OWM-
00K  MakcumasbHOW  Temneparypbl  (6onee  4°C)  cBAsaHa  C  pasMumMsaMu TOnorpa-
(.  bonee  fAeTanbHble  OLEHKM  MpOrHo3a  Temneparypbl B sHBape 1986 roga Ha
OTAENbHbIX ~ CTaHUMAX B CPaBHEHMM  C  CYObEKTMBHbIMM  MPOrHO3aMu  MPUBEAEHbI B
Tabrmye 4. CpaBHEHWA  YWC/IEHHOT0O M CUHOMTMYECKOro  MPOrHO30B  MokasaiW,  4To
Mof4enb  [JaeT  Jlydwme  pesy/nbTathl,  €CAW paccmatpuBatb  MpOUEHT  owwubok - 2°C.
MpoueHT  60/blMX  OWWMOOK B MoAenM  6Ofblle, 4YeM Y  CUHOMTMKOB.  34ecb  cnegyet

3aMeTUTb, YTO  MPOTHO3WCT  BbIMyCKA/l ~ MPOTHO3 uepes 5 4  MOCMe  BbiMycka  YMC/IEH-
HOTO MPOrHO3a.

OleHKka ~ MporHo3a  B/IAXHOCTH nokasana, 4yTO MPOrHO3MpyeMble  3HaYeHns
OTHOCUTENHOA ~ BMIAXHOCTW  CUCTEMATMYeckn (B CpeaHeM  Ha 5  MpOLEHTOB)  MpeBbl-
WaeT  (pakTMyeckne  3HadyeHMs.  ITO  XyXe  pesynbTatoB,  MOJyyaemMblx N0 peruo-
Ha/lbHOE ~ MOfENN,  OAHAKO  4MCM0  KPYMHbIX — OWMOOK N0 Me3oMmaclTabHoii  MOAenn  Oka-
3a10Cb  MeHblMM.  CMELW|eHHOCTb  MPOTHO30B  BMI@KHOCTM  OMPEefeneHHo  CBsiaHa  CO
CMELLEHHOCTbIO MPOrHO3a HYXKHEN rpaHuLybl 06/1aKoB.

OueHks nporHoza BeTpa Ha 12 4 B fJekabpe 1985 roja nokasanu, 4TO
cpefHekBaZpaTuyeckme  OWMOKM  CKOpOCTM  BeTpa  He  npeBblwawt 25  Mm/c.  Kayect-
BO  MpOrHo3a  BeTpa N0 Me3oMaclTabHOW  MOAeNM  nyywe, Y4eM N0 PErMoHasIbHOM.

Hambonee nnoxo MmesomacliTabHoii  MOJenbld  MpefckasbiBatoTcd  cnabble  Betppl (< 2
m/c).
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Becbma  CNnOXHOM OKkasasacb ~ 3afaya  MPOrHO3MPOBaHUSA HUXHEN rpaHuLbl
0bnayHocTM. B LeNoM B MOJENMM  HWKHAS  TpaHuua  0b6nayHocT  Mony4aeTtcs  cucte-
MaTuyeckm  HWxe, uem  Habnmwogaemas. [lpu  Haubonee  yacto  Habnwogaemon  BbicoTe
HUKHEA  rpaHuubl  obnakoB 600 M B saHBape 1986 rofja, MNPOTHOCTMYECKME — 3HAYEHMS
nonyyaloTca  Yale BCero Ha  BbicoTax Hwxke 180 M.  TeHAeHUMA  U3MEHEHUS  BbICOTbI
HXXHEN rpaHnLbl 06/71aK0B NPeLCKasbiBaeTCA MOAE/bIO YA0BIETBOPUTENBHO.

B uenom o6nact 0CagkoB MO Me3oMacluTabHoi  Mogenn - coBnajalT € 06-
nacTaMM  0CafkoB N0  pervoHanbHoii  mogenn.  OpHako — mesomacliTabHas — MOgenb  ro-
pa3/1o nyylle BOCNPOU3BOAMT OpPOrpadimyeckoe yCuneHne 0caikos.

CpaBHeHMe  (DaKTWYECKMX W CMPOTHO3MPOBaHHbIX CyMM  0cagkoB 3a 12 4 B
nekabpe 1985 roma  nokasano, uYTO  30Hbl  OCAJKOB,  CMPOrHO3MPOBaHHblE MO ME30-
MaclUTabHOi  MOAENM, XOpOWO  coBnajaloT C  HaGniogaeMbiMi, B TO BpeMs Kak  pervo-
Ha/bHas ~ MOAENMb  MOYTW  BABOE  HEJOOLEHMBAET  KOMMYECTBO  OCAAKOB B 3anafHoM
XO/IMUCTOM  palioHe.  OCHOBHOW  HefoCTaTok B MPOTHO3e  OCAAKOB  COCTOMT B TOM,
YTO MasIoe KONIMYECTBO OCAAKOB MPOTHO3MPYETCS CMLLKOM YacTo.

Peslommpysl ~ CTATUCTUKy ~ KauyecTBa  ME30MacliTabHbIX  MOfenei,  HaKomeHHy
K HACTOSILLIEMY BPEMEHM, MOXHO CAIeNaTh CefytoLLMe OCHOBHBIE BbIBOAbI.

Me3omacwTabHble ~ MO4enM  [alT  BO3MOXHOCTb  Jlyuylle  BOCTPOM3BECTM  BHYT-
PEHHIO  AMHamuky  OOBEKTOB ~ CWMHOMTMYECKOro  Maclwrtaba, a  Takke  oporpaduyeckue
apcpekTbl.  HambonblwmiA  3achthekT  OT  MX  WCMOMb30BaHMS  MOy4aeTcs  MpW  MPOrHO3u-
POBAHWW  METEOPOJIOTMYECKMX  3/IEMEHTOB,  UMEKLMX  OO/bWYI  MPOCTPAHCTBEHHYKD W3-
MEHYMBOCTb:  O6nayHocTM M ocafgkoB.  Ho  kayecTBy — MpOTHO3MpOBaHWA  Temnepary-
pbl M BeTpa  Me3oMaclTabHble  MOAenu - NpPUO/MKAKTCA K KayeCTBy  MPOrHo3a  CUHOM-
TMYeckuMn  meTofamu.  Takum  00Opa3oM,  OHM  06/713faT  BbLICOKUM  MOTEHUMasIoM  [/1A
MPOTHO3MPOBAHWA  3/1EMEHTOB  MOrOAbl  HAa  OTPAHUYEHHOW  TEeppUTOpM, W passutue
Me30MacLLUTabHbIX Mozenei npeLcTaBserT, no-BuUANMOMY, MarucTpanbHoe Hanpase-

HMe, N0  koTopoMmy  OydeT  MPOUCXOAUTb  Y/yuylleHWe — KayectBa  MporHosa ¢ 3abnaro-
BPEMEHHOCTbI0 0T 6 0 36 u.

Ha 3tom nymm  CcywecTByeT, 0AHako, pag npobnem, Kotopble  6ygeT  Heob-

XO4UMO  pewuTb B MpOUECCe  paspaboTkM 1 COBEPLUEHCTBOBAHMS  CUCTEM  Me30OMacLl-
TaBHOro NPOrHO3MPOBaHM.

MepBasi M3  HMX COCTOUT B  MOAFOTOBKE  HayasbHbX — noned. B HacTosiujee
BPEMS ~ CETb  pA[MO30HAMPOBAaHMS,  Jaxe B palioHax € Haubonee  TycToii  CETbk



PA3PABOTKA ME3OMACLLTABHbIX MOAENE NMPOrHO3A 99

CTAHUMA,  COBEpLUEHHO  HejoCTaTOuHa  ANS  MOJMYYEeHUs  CBeAeHMA 0 Me3oMacluTabHbIX
BO3MYLLEHNAX B CBODBOZHOM atmocgepe. MpuBneyenne K aHaamsy  CryTHUKOBbIX
[aHHbIX 0  Temnepatype UM BNAXHOCTW,  OCOGEHHO  MOCMEAHUX,  HECKOMbKO  Y/yullaer
KaueCcTBO ~ WCXOOHOTO  aHa/inM3a,  OfHAKO  He  UM3MeHsieT  ero  pagukanbHo. B nepc-
MeKTMBE  MOXHO  HAafesTbCA  Ha  MOBbIEHWe  M/IOTHOCTM  BETPOBOrO  30HAMPOBAHMA  My-
TEM  CO3[aHMA  CeTM  MNpounemMepoB, OfHAKO B  OnwWxaiillee  BPeMS  HYXHO,  NO-BUAK-
MOMY,  OpWeHTMpOBaTbCA  Ha  6oNMee  MOSHOE  UCMO/b30BaHWE YK€  CYLIECTBYIOLER  WH-
(opmaumn. 13 [OCTYNHbIX  CPeACTB  HAOMIOAEHWA  Me30MaclTabHbi  CurHan  fjawT B
HacTosillee  BpemMsl  CMyTHWKOBbIE M PajMONOKaUMOHHbIE  CUCTEMbl,  MO3TOMy B G/mMxalt-
\Weit  nepcnekTBe  HeOOGXOAMMO  6Gonee  MOMHO  ycBauBaTb  3TM  TWMbI  JaHHbIX B MpoLe-
Aypax Me30MacLUTabHoro aHasn3a 7 NHULMaM3aLmm. Momumo HenocpeaCTBEHHON
WH(opMauMM 0 TPeXMEepHOM  pacnpefenieHin  obnayHocTh M 0ocagkoB  (C BONOSHM-
TENlbHbIM  MPUBMEYEHNEM  HA3eMHbIX  HabMOAeHWid), 3T BuAbl  HabMOAEHWA  MOCPeAcCT-
BOM  MNpouedyp  AVHaMWYECKOW  MHWLMAIM3auMu  MO3BONAT  PacrpoCTpaHuTb  Me30Maclu-
TabHbIA  CUTHAN M3 TEPMOAMHAMMYECKWX  XapakTepucTk B AMHAMA4eckne W TeM  ca-
MbIM  MOBbICUTb ~ KAYeCTBO ~ WCXOQHOTO  aHanuM3a  BCeX  Nofel.  JKCMepUMeHTbl B 3TOM
obnact  yxe  HaumHatotca.  Mpu  6onee  [eTaslbHOM — OMWCaHWM  MPOLECCOB  Tenio- U
BnaroobMeHa  Mexdy — atMocpepo M MOACTUNAKOWEA  MOBEPXHOCTbO B MEe30MacluTabHbIX
MOZENsX  OLyLlaeTcs  Cepbe3Has  HexsaTka B UCXOQHOA  WHGopMauuu O COCTOSHWM
[EeATeNIbHOr0 €0 MO4Bbl,  €ro  Temnepatype W BMAKHOCTM.  Yucno — Takmx  u3mepe-
HUA  HaMHOTO ~ MeHblle, 4YemM  W3MepeHuii B aTtMoctpepe, a  MPOM3BOAATCA  OHM,  OCO-
OEHHO B 4aCTW  B/IAXHOCTM  MOYBbI, rOPa3f0  pexe, uYem 3T0 Tpebyetca And  3afjau
KpaTKOCPOYHOro MporHo3a. NHTerpasibHble XapakTepucTuKu BNIAXHOCTH MoryT
ObITb  MOMyYeHbl, B MpPWHUMNE,  METO4AaMM  AUCTaHUMOHHbIX  W3MEPEeHUA  CO  CMyTHUKOB,
HO  OnepaTMBHOE  MOAy4YeHWe  npodouneid  BnaxHocTM  byaeT  npedctaBnat B 0603pw-
MOM ByyLem OnpeseneHHyo npobiemy.

Bropas  npobnema,  KOTOpYl0  TEOPETUYECKM  HEBO3MOXHO  MPEodoneTb U Ko-
TOpas  CBOWCTBEHHA  BCEM  MOAENAM  Ha  OrPaHWYEHHO  TepputopwuW,  COCTOMT B TOM,
YTO Mbl  HUKOTAA HE UMeeM  MH(opMauum 0 MPOHUKHOBEHMM — Me30MacliTabHoro — BO3MY-
LleHns,  BO3HMKWeEro 3a  npefjenamu  0bnacT  pacyeTtoB, Ha  Tepputoputo, N0 KOTO-
PO fAaetcs  MpOrHO3.  3Ta  TPYAHOCTb  HOCUT — MPUHUMNUANbHBIA  XapakTep U pelumThb
€e  YaCTUYHO  MOXHO  /MWb  pacluMpeHMeM  0611acTM  NpOTHO3a, AN Yero  MOHago6butcs
CYWECTBEHHOE  pacluMpeHue  pecypcoB  Ha  3BM.  T[lpobnemy  3ajaHus  "Hedm3nyeckux"
yCnoBMiA  Ha  OOKOBbIX  [paHMLAX, MWHUMANIbHO  UCKaXaloWMX  PelleHne  BHyTpU  obnac-
I, TakXKe He/b3sA CYMTAaTb MOMHOCTBLIO PELLEHHO.

Tpetbsi ~ npobnema  COCTOMT B COBEPLIEHCTBOBAHMM  Mpoledyp  napameTpusa-
UMM TOACETOYHbIX  MpoUeccoB.  [puUMeHeHWe  mpouedyp  NapameTpusauun  KOHBEKLWMW,
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0COOEHHO B HErMgpocTaTMuYeckux  MOAeNsx,  He  MpeAcTaBnsieTcs,  Hanpumep,  CTOMb
OYEBMAHbIM,  Kak B KPyMHOMAcCWITabHbIX ~ MOAENsX,  MOCKOMbKYy — FOPWU3OHTANbHble  MaCll-
Tabbl  [NyOOKO/  KOHBEKUMW  OKa3blBAKTCA  COM3MEPUMbIMM € MacliTaboM  BbIYMCAMTENb-
HOW  CceTkn. 3TOT  BOMPOC  HyXAaeTcs B fa/fbHeileM  M3yyeHun W NPOBEAEHUNM  YiAC-
NEHHbIX 3KCTIEPUMEHTOB 11 TECTOB.

3acnyxmeaet AanbHelLeil npopaboTku BOMpOC co3aHus cbanaHcnpoBaH-
HblX ~ Mpouedyp — napameTpusaumm  MeskoMaclTabHoW  TypOyNMeHTHOCTM M pajuauvoHHbIX
NpuUTOKOB  Tenna,  OCOGEHHO B YCNOBMAX  00pa3oBaHMs  06MayHOCTH,  MOCKOMbKY — 06a
3TUX  npouecca  OCOGEHHO  TPYAHO — MOJENMpOBaTb  HA  rpaHuLax € peskuM  WU3MEHeHu-
eM  ONTWYEeCKUX  CBOWCTB  cpedbl  (MOBEPXHOCTM  3eMAM,  BEPXHeid  rpaHuue  06/1aKoB),
roe  00blMHO  CO3JAKTCA  y3KME  30HbI  OOMbIUMX  [PAANEHTOB  METEOPONOrMYeckux  afne-

MEHTOB,  TpeOylouMe  MOBLILEHHOrO  pa3pelleHnst  BbIMCAUTENbHOM — CeTkn Mo Bep-
TUKaM.

B vactv npouedyp  napameTpusauuu  MUKPOCDM3MYECKMX  MpoueccoB B 0b6na-
Kax B  HacTosllee BpeMs  WMeeTcs  AOCTaTOMHO  LUMPOKMA  BbIGOp,  OA4HAKO  HEobxoAumMo
bonee  MOMHOE  TECTMPOBaHME  MPEQJ/IOKEHHbIX  METOAMK B paMkax  MPOTHOCTUYECKNX
Mozaenei.

C TOYKM 3peHNs  BbIYMCNEHMA B Me30MacluTabHbX — MOLEnsx  OLylaeTcs  0Co-
OEHHO  OOnblias  HEOOXOAMMOCTb B BbIMMC/UTENbHBIX — IrOpUTMax,  COXPaHSIWMX  y3-
kne  obnact  6O/MbWWX  [PAJMEHTOB  MepemMeHHbX  (PpoHTanbHble  30HbI).  Onpegenex-
Hbld  OMbIT  WUCMONb30BAHWA  TakOro  pofa  BLIYMC/MTENbHBIX ~ CXEM  WMeeTcsd B 3ajavax
MOAENMPOBAHMS  yAapHbIX  BOMH W APYTMX  3afjavax  MMAPOAMHAMMKNA.  JTOT  OMbIT  He-
06xo0aumo, no-BUAUMOMY, afanTupoBatb K  3agavam Me30MacLUTabHoro YUC/IEHHOTO
MporHo3a.
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Tabnuua 3

MaKCMMa/lbHaA TEMMNepaTypa

MWUHUMa/TbHaA TeMneparypa

10 20 40 10 20 40
aBrycrt 45 77 98 47 79 98
CEHTAOPb 45 75 97 44 73 94
OKTA6Pb 53 82 98 40 68 93
HOSI0Pb 53 85 98 38 63 88
Aekabpb 58 85 97 43 70 93
AHBapb 58 88 99 45 74 95
Tabnuua 4
MpoueHT om0k no mogenv (ME3) v nporHosucta (MP) B 6 nyHKTax
B AHBape 1986 .
ownbka  Caytremn-  JIBC yorHon MaHuectep Hbto- nasro
B°C TOH Kactn
NP ME3 NP ME3  MNPME3 NP ME3 NP ME3  TMPME3
1 68 83 8 76 91 73 67 80 7 70 80 70
- 2 9% 100 9 97 100 97 97 93 93 90 100 93
P 3 100 97 100 100 100 100 93 97 100
4 100 100 100
1 74 70 77 68 83 83 74 84 77 77 68 65
2 96 89 97 94 92 92 97 94 87 94 81 90
17Tp 3 96 96 100 100 96 100 100 100 97 100 97 100
4 100 100 100 100 97
5 100 100
1 67 67 71 52 57 69 64 71 61 79
2 96 92 9%5 81 82 85 79 8 82 89
09Tp 3 100 100 9 95 100 9 89 8 9 93
4 100 100 100 100 96 100 96
5 100

100
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LES APPLICATIONS DE LA PREVISION NUMERIQUE A ECHELLE MOYENNE
par M. JARRAUD

Direction de la Météorologie nationale - France

I. JUSTIFICATIONS

Il semble pertinent de s"interroger sur I-utilité des modeles a
échelle moyenne sur des zones limitées dans la mesure ou la résolution
horizontale des meilleurs modeéles hémisphériques ou globaux est désormais de
I"ordre de 150 a 300 km et compte tenu de [I1"évolution prévisible des
supercalculateurs, atteindra sans doute 70 a 100 km d"ici wune dizaine
d"années. La résolution actuelle semble d“ores et déja suffisante pour Ila
prévision de la plupart des phénoménes de taille synoptique, comme les
dépressions extratropicales. On obtient méme des résultats prometteurs pour
les fronts et les cyclones tropicaux, du moins lorsque ces derniers sont déja
présents dans 1"état initial (figure 1).

Par ailleurs la qualité du systeéme mondial d"observation est, dans de
nombreuses régions (en particulier au-dessus des océans), insuffisante pour
répondre aux besoins des modéles actuels, et contribue pour une part

importante aux erreurs de prévision a courte et moyenne échéances.

Néanmoins, et pour plusieurs raisons, il peut étre avantageux
d utiliser une résolution plus fine. La premiére, et la plus importante,
concerne la représentation des montagnes. La figure 2 montre une
représentation des montagnes en Europe avec une résolution d"environ 15 km
(fichier US-NAVY).L"importance d"un traitement fin de ces reliefs a été

clairement démontrée par de nombreux auteurs, par exemple pour des cas de
cyclogénéses rapides sur la Méditerranée. Par ailleurs les phénoménes de
blocages de basses couches sont souvent sous-estimés, méme avec les meilleures
résolutions horizontales utilisées dans les modéles globaux (Ffigure 3). Pour
y remédier, plusieurs techniques ont été proposées (par exemple I1"utilisation
de montagnes "enveloppe'), mais avec certains effets secondaires négatifs
parfois importants (figure 3).

L*avantage que présente une résolution plus fine apparatt sur la
figure 4, qui présente les reliefs utilisés par les deux modeles opérationnels
de la DMN : 1le modele EMERAUDE a grande échelle (spectrale avec troncature
triangulaire T 79) et le modele PERIDOT a moyenne échelle (point de grille
avec une maille de 35 km environ). Les détails du relief dans le modele
PERIDOT correspondent & des phénomenes météorologiques parfois importants. Le
Mistral, vent soufflant du nord dans la vallée du Rhéne (a I"ouest des Alpes),
en est un exemple.

Une deuxiéme raison d"utiliser des modeéles a résolution plus fine que
celle des modeéles globaux est que celle-ci permet une meilleure simulation de
certains processus physiques ou dynamiques, comme les cyclogénéses rapides,
méme non liées a la présence de montagnes (Figure 5). La plupart des études
en ont démontré I1"intérét tant pour la phase de creusement (intensité et
localisation) que pour la trajectoire. Cela permet en outre, de représenter
des structures complexes (par exemple frontales, comme dans 1la figure 6)
souvent associées a des situations délicates pour les prévisionnistes et ou
I"aspect sécurité peut étre essentiel.
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Une troisiéme raison concerne enfin la définition de I1"etat initial
des modéles; une résolution plus fine permet de mieux prendre en compte les
observations synoptiques par exemple dans les zones coétiéres ou montagneuses
mais également les observations a haute densité spatiale ou temporelle, comme
les données satellitaires. La figure 7 illustre cet exemple; il s agit d"une
situation ou une Qligne de grains précédant I arrivée d"un front froid a
provoqué d"importants dégats dans le sud-ouest de la France. Une étude
approfondie avec le modéle PERIDOT (avec wune maille de 35 km) a montré

1"intérét d"une analyse fine et d"une utilisation des radiances satellitaires.
. APPLICATIONS

2.1 Applications a la recherche

Il est important pour les chercheurs de disposer d"outils leur
permettant de tester |I"impact éventuel d"options trop coldteuses pour étre
utilisées en configuration opérationnelle compte tenu des ressources en calcul
de pointe disponibles. Dans ce domaine, les modeles d"échelle moyenne
représentent un outil privilégié permettant de tester les résolutions quTil
sera possible d"utiliser 5 a 10 ans plus tard dans les modeles globaux. 1lIs
permettent également de tester I1"impact de résolutions encore plus fines (de
I"ordre de 5 a 10 km et d"identifier d"éventuels problémes : comportement des
paramétrisations physiques a ces échelles, limite de 1 "approximation
hydrostatique, etc.). |llIs présentent enfin un intérét pédagogique important
pour certains centres nationaux grace a la possibilité de les utiliser méme
avec des ressources informatiques limitées.

2.2 Applications a la prévision

Outre leur apport déja mentionné pour Hla prévision des phénomenes
extrémes, les modéles a échelle moyenne fournissent une aide croissante aux
prévisionnistes pour la prévision des éléments concrets du temps. Dans ce
domaine, trois paramétres sont plus particuliérement importants : les

précipitations, le vent a 10 m et les températures prés du sol (T & 2 m).

Précipitations

Les améliorations considérables des prévisions synoptiques au cours
des derniéres années se sont accompagnées d"une amélioration des prévisions de
précipitations, mais dans une mesure sensiblement moindre; il y a plusieurs
raisons a cela mais il convient de citer en premier lieu la médiocrité des
observations du champ d"humidité atmosphérique (tant en quantité qu“en
qualité). Par ailleurs les précipitations sont associées a des structures
d"échelles trés fines (fronts, relief) pour lesquelles I1"impact d"un modele
d"échelle fine peut se révéler important, la figure 6 illustre cet exemple. La
figure 8 montre que certaines différences peuvent étre quasi systématiques.
Elle présente les cumuls trimestriels pour la période jJanvier-mars 1988
observés pour 170 stations francaises et prévus entre les échéances 06 et 30 H
par les modeles opérationnels francais EMERAUDE et PERIDOT. 11 convient de
signaler que la répartition réelle des stations entraine une sous-estimation
parfois importante des pluies sur les zones montagneuses. Ceci étant, on voit
que PERIDOT simule de maniere beaucoup plus réaliste Qqu"EMERAUDE la
répartition des précipitations. On observe en particulier des pluies plus
abondantes sur lI"est de la France et sur le sud du massif montagneux du centre
du pays, ainsi qu"une zone plus seche entre les deux s"étendant le long
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de la vallée du Rhbne. Les précipitations prévues par EMERAUDE présentent une
structure beaucoup plus simple, en [liaison sans aucun doute avec Ila
représentation plus grossiere du relief (figure 4).

Vent a 10 m

La Ffigure 9 présente des vérifications objectives des prévisions de
vent a 10 m issues des modéles PERIDOT et EMERAUDE pour le 4éme trimestre 1987,
par rapport aux observations du réseau synoptique. L"apport de PERIDOT est
significatif a toutes les échéances tant pour la vitesse que pour la direction
du vent, a la fois en terme d"erreur absolue et d"écart type. Comme pour les
précipitations une part importante de I"amélioration peut étre reliée a une
meilleure adaptation (dynamique) au relief plus fin de PERIDOT. De maniére
générale, I"apport du modele a 1%échelle moyenne est spectaculaire pour les
vents locaux tels que le Mistral, I1"Autan, le Foehn et les prévisions PERIDOT
sont particuliérement appréciées des prévisionnistes marins sur les zones ou
les effets orographiques sont importants, comme la région méditerranéenne.

Enfin parmi les autres applications qui peuvent tirer profit des
prévisions de vent plus fines, il ne faut pas oublier les modeles de
trajectoire et de transport de polluant. Un exemple d"une trajectoire complexe
avec rebroussement sur la Corse est présenté en figure 10.

Température a 2 m

En Europe, c"est I1"un des paramétres les plus 1importants pour de
nombreux usagers et une amélioration méme mineure peut se traduire par des
économies considérables, par exemple dans 1le domaine agricole ou celui de
1"énergie. En France par exemple, une différence de 1°C en hiver se traduit
par une différence de consommation électrique de 1000 MW. Cela aide a mieux
interpréter des différences telles que celles de la figure 11.

Outre les améliorations dues a la meilleure prise en compte du relief,
I1"apport des modeles a échelle moyenne pour les prévisions de température pres
du sol peut passer aussi par la meilleure description du contraste terre/eau,

des échanges d"énergie pres du sol.

I11. LE FUTUR

Les progrés enregistrés en prévision numérique ces derniéres années,
tant pour les modeles globaux que pour les modéles régionaux a échelle plus
fine font que les sorties de modéles sont de plus en plus utilisées par les
prévisionnistes et que devant I"abondance de tels produits, de nouveaux moyens
de traitement et de visualisation doivent étre développés.

Dans une quinzaine d"années, les modeles globaux auront des
résolutions voisines de celle des modéles régionaux actuels, et en paralléle
il est probable que ces derniers pourront avec des mailles encore plus fines
(de I"ordre de 15 a 30 km) et une résolution verticale accrue, apporter un
support plus précis aux prévisionnistes, en particulier dans les situations
extrémes.

Devant [I"importance croissante de la prévision des éléments du temps
concret, un effort tout particulier devra porter sur [I"analyse du champ
d*humidité et la modélisation du cycle de I"eau ainsi que sur les problémes
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d"équilibres initiaux entre les divers champs afin d"éviter les périodes
d"adaptation (*'spin up"™) qui hypothéquent I utilisation des modéles dans les
toutes premiéres heures de prévision.

Un effort important devra étre consacré a |I"exploitation de nouvelles
données avec une meilleure fréquence spatiale et temporelle (données
satellitaires, données des profileurs de vent, etc.). Leur utilisation
optimale conditionne le succes des futurs modeles d"échelle moyenne et passera
sans doute par le développement de nouvelles techniques d"assimilation, par
exemple de type variationnel.

C"est dans cet esprit que la France, comme plusieurs autres pays,
oriente ses efforts en matiére de prévision numérique a échelle moyenne. En
outre, et afin de minimiser les inconvénients liés aux conditions aux limites
latérales inhérentes aux modeéles sur domaine limité, |I1"approche retenue pour
la prochaine génération est celle d"un modeéle unique global, spectral a maille
variable, tel celui suggéré par F. SCHMIDT. Les premiers essais ont confirmé
la faisabilité et la souplesse d"une telle approche; la résolution maximale
peut étre placée en n"importe quel point de la sphére et elle décrott ensuite
de maniére continue jJusqu“au point antipodique ou elle est minimale. La
figure 12 illustre [I1"importance relative prise par [1"Europe avec un
accroissement de résolution de facteur 3 (c"est-a-dire neuf Tfois plus Tfine
qu"au point opposé). Cette approche permet en outre de résoudre Iles
inconsistences de physique ou de représentation des montagnes qui peuvent se
poser avec des modeéles couplés.

En conclusion, il est important de souligner que malgré les progres
considérables accomplis en prévision numérique a grande et moyenne échelle, de
gros efforts restent a faire pour continuer a améliorer ces modéles, ainsi que
la quantité et la qualité des observations nécessaires et pour généraliser le
développement et [l utilisation des modeles d"échelle moyenne ou fine dans
certaines régions ou leur apport peut se révéler essentiel.

Cependant tous ces progrés ne devront pas Taire sous estimer le roéle
des prévisionnistes. Ils devront certes s"adapter a [I"évolution des modeles,
mais leur rdle restera essentiel, comme [I"exemple récent de la tempéte
exceptionnelle qui a ravagé lI"ouest de la France et le sud de I"Angleterre I"a
démontré. Enfin, il est important de prendre conscience que [I"amélioration
des prévisions continuera a s"accompagner d"une exigeance croissante des
usagers. Certaines prévisions qui auraient été classées comme bonnes il y a
quelques années sont désormais considérées comme mauvaises. CT"est le prix
inévitable du succes.
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Figure 1 : En haut : trajectoire analysée du 21 au 29 aolt 1985 du cyclone
ELENA (trait plein) et prévisions correspondantes a 48 h du modéle du CEPMMT
(trait tireté) (document : CEPMMT)

En bas : image visible METEOSAT du 24 ao(t 1985 a 12 UTC
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Height (m)

Latitude ( N)

Height (m)

Latitude (°N)

Figure 3 : Coupe nord-sud du relief (en m) de 53°N & 41°N de la latitude, a la
longitude 10°5 E

Traits pleins fins : relief moyen sur une grille 10" x 10*

Traits épais relief enveloppe a résolution spectrale T 63 (en_haut) et T 106
(en_bas)

(document : CEPMMT)
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Figure 4 : Représentation des reliefs sur [I"Europe utilisée par les modeles

PERIDOT (en_haut) et EMERAUDE (en bas). LT"intervalle entre isolignes est de
200 m.



LES APPLICATIONS DE LA PREVISION NUMERIQUE A ECHELLE MOYENNE 121

Figure 5 : Champs analysés pour le 25 mars 1986 a 12 UTC (en_haut & gauche) et
prévisions a 5 jours valables pour la méme date réalisées avec le modele du
CEPMMT avec diverses résolutions spectrales horizontales : T 106 (en_ haut a
droite), T 159 (en bas a gauche) et T 63 (en _bas a droite) (document : CEPMMT)

PERIDOT EMERAUDE

Figure 6 : 5 octobre 1985 : prévision PERIDOT et EMERAUDE & 24 h d"échéance de
I"humidité relative a 700 hPa. Les parties en pointillés correspondent a des
humidités relatives supérieures a 90%. Les Tfronts correspondent a I"analyse
manuelle fTaite par le prévisionniste et les parties hachurées (sur la prévision
PERIDOT) aux observations radar de précipitations.
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Figure 7 : Cartes de prévision a 6 h de theta prime W pour le 7 juin 1987 a
18 UTC. Les prévisions different seulement par leur état initial

a) interpolé a partir de I"analyse EMERAUDE (a grande échelle)

b) analyse PERIDOT (maille fine) avec ébauche EMERAUDE

c) analyse PERIDOT avec ébauche PERIDOT, mais sans utilisation des radiances
satellitaires

d) comme c) avec utilisation des radiances satellitaires. Intervalle entre

isolignes : 2°
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Figure 8 : Précipitations journaliéres cumulées sur les mois de janvier a
mars 1988

En haut : pour 170 stations du réseau francais

En bas a gauche : pour les prévisions du modéle PERIDOT, (cumulées entre les
échéances 06 et 30 h)

En bas a droite : méme chose pour les prévisions du modéle EMERAUDE
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Figure 9 : Erreur absolue (AE) et écart type (STD) pour les prévisions EMERAUDE
(traits pointillés) et PERIDOT (traits pleins) de vent a 10 m pour les mois

d"octobre a décembre 1987.
Vitesse a gauche et direction a droite.

Figure 10 : Exemple de trajectoire a 48 h a partir des prévisions du modele a
maille fine PERIDOT
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Figure 12 : Importance relative prise par I"Europe dans le futur modéle ARPEGE
a maille variable de la DMN (résolution 9 fois plus fine sur la France que sur

le point oppose).
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