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Initiation of convection forced by a descending dry layer and low level moist convergence

A case study of IOP 9 from the Convective Storm Initiation Project (CSIP) by Andrew Russell * and Geraint Vaughan
Centre for Atmospheric Science, University of Manchester
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that happened in this case?

 Case study of 18t July 2005
over the UK

What is CSIP?

* CSIP was a 3 month long
observational campaign
based around the Chilbolton
radar in southern England.

*The map to the right
summarises the instruments
that were deployed during
the campaign.

Rainfall radar (1645 UTC)

Synoptic view...

The composite plot to the right shows
the following data at 12 UTC:

a) MSG vis b) MSG WV

c)PVon 315K d) TOMS 03
This view shows the two bands of cloud
over the UK and a large potential
vorticity (PV) anomaly to the NW. It
appears that the cloud development
was hindered by the dry air above.

Convection as seen by the
CAMRa radar at Chilbolton
(1700 UTC)

« Cold front passed over UK in

the morning

« Two bands of convection
intensified around 1645 UTC
behind the front
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6bservations of the dry region.

The MST radar at Aberystwyth observed two
layers of relatively low return power and high
vertical shear descending overhead

Part of the lowermost dry layer was observed by the
UFAM Ozone and Aerosol LIDAR (Chilbolton) as the

layer reached its lowest point (~1.75 km).
Parts b) and c) of our synoptic view (above

right) shows an “arm” of dry, relatively high B

PV air to the south of the main PV anomaly. :

This “arm” was very important in the

development of the storm and was observed

by many of the CSIP instruments. In this 3

section we will show some views of this dry - — — |

region and see how it was made up of two Descending dry air (and the storm at ~1600 UTC) « P ongitude () :

separate layers. It's impact will be discussed can be seen in radiometer data from Linkenholt. It ECMWEF analyses of RH (plotted along diagonal line

@e and in the following section. shows the reduction in height of the moist region on c) of the synoptic view) shows this dry regioy
beneath the dry layer (c.f. tephigrams below). extending from the main PV anomaly.

The figure to the right (see caption for details) gives

. . more information of the role played by the
A convergence line (see below), which was formed by flow around Dartmoor, descending layers in forcing the convection. The

was certainly involved in the initiation. The position of the line coincides very two main points of interest from this figure are:

well with the southern line of convection... £
« that the radar and the sondes both observed the

dry layer despite being at different locations and;

)

ﬁow was the convection initiated?

CSIP Automatic Weather Station data

_ « that the radiosonde data shows potential instability ' =
PO (i.e.  decreases with height) forced by the
N lowermost dry layer. ‘1‘5*!

ime (U1C)

Met Office NIMROD wind 16Z

...this intensified the moist region in the boundary layer which had

It was not until this region of potential instability
coincided with the convergence that the convection
was initiated. It is also interesting that the Reading
1605 tephigram to the left shows that the upper-
most dry layer eventually inhibited the convection.

The main line-contour plot shows wet-bulb potential temperature ( ; solid lines; contour
interval is 1 K), the <10% RH area (grey shading where there is no overlap with the
radar data, darker = lower RH), the 10% RH contour (red lines) and the lifting
condensation level (LCL; thick black dashed line) from the Swanage soundings. The

hPa shows signal to noise ratio recorded, in dBZ, from the UFAM wind profiling radar
that was located at Linkenhot.
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ﬁVhere did the dry layers come from and how did they form?

The PV data to the left give an interesting view of the
dry layers. From this data we would have expected to
observe ascending layers during the case! The key to
explaining this is related to the rotation of the system
(see figure to the right, showing an LC2 type breaking
Rossby wave). This rotation caused the fold to the
west of the PV anomaly to be drawn anti-clockwise and
to fragment. Where these fragments reached the
eastern side (where there was a second, much smaller
fold) they were observed as the second (uppermost)
dry layer. The layers were also twisted as they were
drawn around the PV anomaly — this explains how our
observations show descending layers.

vertical lines at the top of the profile indicate the radiosonde release times and the
contours have been interpolated from this data. The colour plot between 995 and 630

a big impact on inducing the convection (see tephigrams above).

ECMWF PV plotted on the 315K isentropic sruface \

/Conclusions \

On the 18™ July 2005, two descending dry layers passed over the UK at around 800 and 500
hPa whilst a narrow band of convective showers developed behind a pair of cold fronts with
the aid of a surface convergence line. The lowermost of these layers (a tropopause fold on
the eastern side of the depression) helped to promote these showers by reducing the
tropospheric stability by introducing potential instability and by weakening a lid. Furthermore,
once the convection was initiated, the uppermost dry layer (a fragment of the fold on the
western side of the depression, drawn around the depression in the cyclonic rotation) capped
we convection at around 450 hPa.

ECMWEF PV plotted along diagonal line on c) of
figure at the top, middle of the poster...
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