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(@) SD 850hPa Rel Vorticity ERA
December/January/February 1987/88

(b) SD 850hPa Rel VorticityzI8p
December/January/February 1987/88

(c) SD 850hPa Rel Vorticityzl1x
December/January/February 1987/88

Figure 10 Standard deviation of 850hPa relative vorticity for December/January/February
1987/88 from (a) ERA, (b) simulation ZL8P without convective momentum transports and
(c) simulation ZL1X with convective momentum transports. Both simulations started from
the 1st of November 1987.
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the Indian Ocean without convective momentum transports may be thought to be excessive and those
in simulation ZL.1X to be more realistic.

Over the west Pacific both simulation over estimate the level of variability, the linear structure being
associated with spurious band of precipitation to the north of New Guinea and extending towards the
Philippines. This increase in variability to the west of the date line with a reduction along the ITCZ
in the east Pacific was also noted by GKI97 (as measured by a three year mean standard deviation of
GLR). Excessive precipitation rates were also seen during DJF north of the equator in the west
Pacific. They suggested that variability in this region may be enhanced when convective momentum
transports are included due to weaker vertical shear favouring the formation of tropical depressions.
If true then momentum transports associated with organised convection (tending to increase vertical
shear) act to counter this. However this needs further study; other processes and factors, such as the
frequency of cold air out breaks over the South China Sea, may also play a role in determining
convective activity in the west Pacific north of the equator during DJF. Deficiencies in the model's

representation of these may also contribute to model errors.

5. FURTHER DISCUSSION

This paper has attempted to demonstrate the utility of data provided by CRM simulations for the
evaluation and development of convection schemes. Data provided from the UKMO CRM in two
different convective regimes indicates that the convective momentum transports predicted by a revised
version of the ECMWF convection scheme are reasonable for unorganised convection. The importance
of including the effects of cloud scale pressure gradients has been noted. Although the formulation
used to do this in the ECMWF convection scheme is simpler than the one proposed by GKI97 for use
in the UK Met. Office Unified Model and has little theoretical basis, it appears to provide a reasonably
realistic representation of the effects of cloud pressure gradients for different convective intensities and
vertical wind shears. Use of the convective momentum transport parametrization in the ECMWF
forecast model reduces wind errors in the tropical troposphere and tropical variability through much

of the tropics.

Apart from how the effects of horizontal pressure gradients are to be included in convective
momentum transport parametrizations, a further uncertainty to date has been the impact of convective
organisation. The cases considered here were ones where the convection was unorganised and acted
to reduce the vertical shear of the horizontal wind. However some types of organised convection, for
example squall lines over Africa and the eastern tropical Atlantic are known to produce vertical

moimentum transports which enhance the vertical shear, i.e. up gradient transports. As noted above
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such organised systems develop in the presence of low level jets, as in the GATE case above, and in
the presence of a westerly jet as here would accelerate the large-scale flow in the upper troposphere
to the west rather than to the east as in figure 7 (see Le Mone, 1983, for example). For this to occur
the vertical momentum flux due to convection must be negative in the upper troposphere, ie the in-
updraught horizontal wind must be easterly (negative) while the large-scale wind be westerly, or
easterly but slower than the in-cloud value. This is achieved by large across cloud pressure gradients
which provide an easterly acceleration to the updraught air. However representing the cloud pressure
gradients by enhanced horizontal mixing with the large-scale environment (as in the ECMWF scheme)
implies that the in-cloud wind can only be adjusted back to the large-scale value. Thus with an initial
wind profile which is westerly the in-cloud wind profile cannot become easterly and so momentum

transports remain downgradient.

Wu and Yanai (1994) discussed the parametrization of convective momentum transports associated
with meso-scale convective systems over the central USA, including the impact of organization. They
used the theoretical analysis of Rotunno and Klemp (1984), which for symmetrical clouds predicts a
form for the pressure gradient term similar to that suggested by GKI97, to represent cloud systems
which are strongly asymmetrical, e.g. a quasi two-dimensional squall line. However their results were

inconclusive and an effective method to represent the effects of organization is not yet available.

The question as to the importance of the effects of organisation upon convective momentum transports
remains to be answered. As seen above the use of a representation of the effects of unorganised
convection upon horizontal momentum (reduction of shear) tends to reduce model systematic wind
errors in the tropics, while the nature of transports associated with organised convection (enhancing
shear) would tend to exacerbate errors. However such organised transports may be important in
specific regions, for example in the Sahel region where long lives squall lines form in the vicinity of
a low level jet in association with easterly waves. Such squall lines also occur in other regions, such
as the west Pacific, but have a tendency to be more transitory. Recent CRM simulations of these short
lived systems (Redelsperger, personal communication) suggest that the momentum transports
associated with them tend to reduce vertical shear in contrast to those of long lived squall lines over
Africa and the eastern tropical Atlantic. It is clear that further work utilising CRM studies, combined

with SCM and GCM modelling, will be useful in clarifying these uncertainties.
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