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Conclusions

1. Synoptic Background 2. The “Dark Slot”

3. Convective Stability of the Troposphere

This poster presents a case study 
for the 15th June 2005 that was 
notable because of an isolated 
storm near Oxford (see Fig. 1).  
Whilst the convection associated 
with this storm was largely driven 
by a SW-NE orientated 
convergence line across the 
southern UK (Fig. 2), it is 
hypothesized that the location at 
which the convection broke 
through the “lid” was related to 
the instability produced by a PV 
anomaly over the UK, this will be 
investigated in Section 3.

Figure 3: Potential vorticity (PV; in PV 
units i.e. 1.0 x 10-6 m2s-1Kkg-1) on the 
315K isentropic surface for 1800UTC 
14th June 2005 from the ECMWF 
operational analyses.

Abstract: A mesoscale cut-off low (or potential vorticity (PV) anomaly) moved across Wales and southern 
England on the 15th June 2005. This feature was observed on ECMWF PV charts, MSG water vapour images and in TOMS 
total ozone data. A clear tropopause depression and fold was also seen in the Mesosphere-Stratosphere-Troposphere (MST) 
radar data (located at Aberystwyth, Wales; see Figure 1 for locations) for the 15th June 2005. The combination of these data 
allows the accurate determination of the position of the cut-off low during this day.

The movement of the PV anomaly across southern England (behind a cold front) was coincident with the development of 
an isolated thunderstorm near Oxford during a day that was otherwise notable for widespread convective inhibition (CIN). 
This event occurred during the Convective Storm Initiation Project (CSIP) in the UK and the relatively high resolution data 
from CSIP radiosondes and radars presented here indicates that the PV anomaly was a major influence in determining the 
thermodynamic structure of the troposphere, in terms of both CIN and convectively available potential energy (CAPE), and 
the subsequent location of the development of the convective storm.
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Figure 4: Ozone (in Dobson 
units) from TOMS (left) and PV 
on the 315K isentropic surface 
(as in Fig. 3; right) for 1200UTC 
15th June 2005.

Figure 7: MST radar vertical shear (ms-1km-1) data for 15th June 2005.  The vertical 
dotted and dashed lines across these figures show, respectively, the passing of the 
leading edge and the centre of the dark slot.  Plot courtesy of David Hooper.

Figure 5: Meteosat Second 
Generation (MSG) satellite 
image (water vapor channel) 
for 1245UTC 15th June 
2005.  Note the bright spot 
in the centre of the dark slot, 
this is the storm being 
studied in this work.  
Further, it is possible to 
identify the arced region of 
white, high cirrus clouds 
across eastern England that 
are associated with the cold 
front preceding the cut-off 
low across the UK.

Figure 9: Signal to noise ratio (SNR; dBZ) from the UFAM/University of Manchester 
boundary layer wind profiler deployed at Linkenholt (Fig. 1) for 1000 to 1600UTC on 
15th June 2005.  SNR shows changes in refractive index and, therefore, can be seen as a 
measure of convection and also show precipitation (see 0900-0930UTC).  The inset 
shows the same data but with the same horizontal scale as Figs. 7 and 8 but offset by 
30mins to account for the distance between Larkhill and Linkenholt (see Fig. 6).

Figure 6: West to east movement 
of the leading edge of the “dark 
slot” over Britain during the 15th

June 2005.  The first three lines 
show its location at 08, 09 and 
1000UTC.  The 4th line shows its 
position at 1100UTC.  The cross 
hatched area represents the whole 
dark region at 1100UTC. The 
final seven lines depict the 
leading edge every 15mins after 
1100UTC (no data for 
1230UTC). The dots show the 
same locations as in Figure 1.

Figure 1: Map of the southern 
UK showing the location of the 
places referred to in the text.

Figure 8: Potential 
temperature (� ; solid line) 
and the 10% relative 
humidity contour (dot-
dashed line) derived from 
the Larkhill soundings for 
15th June 2005.  The arrows 
indicate the radiosonde 
release times.
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Figures 7, 8 and 9 show, respectively: vertical shear from the MST radar; potential temperature (� ) profile derived from 
radiosondes; and return signal strength from a UHF radar.  These data are examined on equivalent timescales, however, 
the scales are offset so that, from inspection of Figure 6, the passing of the leading edge and the centre of the dark slot 
(indicated by, respectively, dotted and dashed vertical lines over Figs. 7, 8 and 9) are coincident features in the three plots.

A series of these MSG images can be used to chart the 
progress of the PV anomaly across the UK at much higher 
temporal resolution than other datasets.  This motion is 
plotted in Figure 6. The main body of the cut-off low was 
moving across the UK with an average speed of 15.6m/s but 
appears to be slowest between 1000 and 1100UTC.

The cut-off low developed from a 
larger PV reservoir over the 
Atlantic on 14th June 2005 (Fig. 
3) and the high PV and ozone 
synonymous with the intrusion of 
stratospheric air are clearly 
visible  directly  over  the  UK on 
15th June (Fig. 4).

The “dark slot” over England on this satellite water vapour
image (Fig. 5) shows dry stratospheric air intruding into the 
troposphere as a result of the PV anomaly. 

The convection that led to the storm occurred 
through the centre of the convergence line (Fig. 2), 
to the north of the location of the soundings and the 
UHF wind profiler (Figs 8 and 9). It is assumed that 
whilst the storm did not develop over these 
instruments, it was the same upper-level features that 
influence the storm formation.

The first striking feature in these figures is the 
transition from the cold front and its related showers 
to the PV anomaly over Linkenholt at 0930UTC 
(Fig. 9).  This was succeeded by an inversion at 
~1km – a state where it is possible for a significant 
amount of CAPE to build up. Figure 8, meanwhile, 
shows the lifting of upper tropospheric isentropes 
over Larkhill between 0830-1000UTC, resulting in 
reduced stability beneath the upper-level cold pool 
and ascent in front of the cut-off low. The lowering 
of the tropopause is evident in Figures 7 and 8 and 
the point of the lowest tropopause (and the start of a 
fold; Fig. 7) appears to have led to a secondary 
inversion at ~2km, linked to the descent behind the 
PV anomaly at around 1230UTC (Fig. 9).

Figure 2: Wind speed and 
direction from the MetOffice
NIMROD system.  

• This work reports on the observation and identification of the initiation of an isolated convective storm.

• A PV anomaly, and other processes, inhibited convection over southern England allowing a build up of CAPE.

• The combination of the convergence line, lowered tropospheric stability and, possibly, overrunning dry-moist layers 
was sufficient to penetrate the lid and release the CAPE at a single point.

• This is a clear case for a PV inversion experiment in order to identify the exact role of the cut-off low.

Finally, there is a region of dry air at 700hPa (see 
10% RH contour, Fig. 8).  The source of this is not 
obvious but it may have played a role in the growth 
of potential instability, via overrunning dry-moist 
layers.  It is suggested that the storm ultimately 
developed where this instability coincided with the 
convergence line.


