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1. ABSTRACT 
 
A narrow line of convective showers formed 
over southern England in the afternoon of 18 
July 2005 and was observed by a large 
number of instruments deployed as part of the 
Convective Storm Initiation Project (CSIP).  
The showers formed in the region behind a 
cold front and beneath two apparently 
descending dry layers.  One of the dry layers 
formed as a folded feature associated with a 
tropopause depression that was located to 
the north-west of the UK, and had formed 2 
days earlier from a breaking Rossby wave 
over the Atlantic. The second dry layer formed 
as a fragment of the original fold due to 
cyclonic rotation around the depression.  This 
fragment was also responsible for the 
observations of descending layers when 
ascent would otherwise have been seen 
behind the cold front. As the layers 
descended over the UK the upper-level cold 
front, associated with the lowermost dry layer, 
overran higher � w air nearer the surface and 
resulted in convective, or potential, instability.  
Combined with a surface convergence line 
formed by flow around upstream orography, 
these factors were sufficient to force 
convection up to around 6 km where it was 
eventually halted by the uppermost dry layer. 
Here, we present observations from CSIP and 
model data to illustrate the unique processes 
involved in forcing the convection in this case. 
 
This extended abstract is based on a 
manuscript (Russell et al., 2008b) that has 
been submitted to Tellus A. 
 
2. INTRODUCTION 
 
Convective storms are difficult to predict and 
can have severe impacts. For example, the 
storm that caused the Boscastle flood, which 
occurred in the UK during the summer of 
2004, developed quickly and caused great 

damage and disruption (Golding et al., 2005). 
The mechanisms that force the development 
of such storms are well understood at the 
conceptual level (Bennett et al., 2006) but, in 
practice, the observational network is not 
dense enough to study such development in 
detail or to make use of this understanding 
and improve numerical model predictions, 
despite increasing model resolution.  In 
response to the need to improve the 
representation of these storms in numerical 
models, a greater understanding of the exact 
conditions leading to their initiation is 
required. This knowledge can be acquired by 
the execution of dedicated field campaigns to 
observe these storms as they form.  This 
paper focuses on data collected from one 
case during such a campaign: the Convective 
Storm Initiation Project (CSIP). The overall 
project is summarised by Browning et al. 
(2007) and, to date, detailed analysis from 
CSIP has shed light on the following subjects: 
secondary convective storm initiation forced 
by gravity waves (Morcrette et al., 2006; 
Marsham and Parker, 2006); the skill of the 
UK Met Office Unified Model (UM; Cullen, 
1993) in predicting the development of 
convective storms over the UK (Clark and 
Lean, 2006); the initiation of an isolated storm 
forced by topographically induced 
convergence lines and an upper-level 
potential vorticity (PV) anomaly (Morcrette et 
al., 2007); the role of cirrus shading in the 
initiation of convection (Marsham et al., 
2007a) and in boundary layer development 
(Marsham et al., 2007b); and how the origin of 
an atmospheric lid was related to a breaking 
Rossby wave over the Atlantic via descent of 
upper-level air down the resultant tropopause 
fold (Russell et al., 2008a). In this extended 
abstract, we will describe a case where an 
apparently (i.e. relative to the instrument 
making the observations) descending double 
“arm" of stratospheric or upper-tropospheric 
air developed from a large upper-level PV 



anomaly and show how it contributed to the 
initiation of the convection over the UK. Whilst 
neither of these apparently descending 
features can strictly be called “tropopause 
folds” as there is no evidence of the 
dynamical tropopause (i.e. the 2 PVU 
contour) folding back on itself, they are very 
similar in structure and identical in origin to 
such folds. 
 
It is also important to understand this 
particular case as the UK Met Office Unified 
Model (UM) simulations of it failed to 
represent much of the detail. This is 
discussed further by Russell et al. (2008b) but 
here we will show how the PV structure 
influencing the convection in this case was 
particularly complex. Therefore, the model 
struggled to represent the more subtle 
aspects of this case, especially as the main 
feature developed outside the model domain. 
 
3. DATA AND THE CSIP FIELD CAMPAIGN 
 
The event investigated here occurred on 18 
July 2005 during the Convective Storm 
Initiation Project (CSIP). Observations were 
taken around Chilbolton, Hampshire (51.2ON, 
1.4OW; see Fig. 1 for the location of places 
referred to in the text) by a network of 
instruments. For more information on the 
motivation behind CSIP, a more detailed 
description of the CSIP observational network 
and brief examinations of some of the major 
cases of interest, the reader is referred to the 
project summary by Browning et al. (2007). 
Here we will specifically present data from: 
CSIP and UK Met Office radiosondes; the UK 
Mesosphere Stratosphere Troposphere 
(MST) radar (Vaughan, 2002), which is 
located near Aberystwyth, Wales (52.4ON, 
4.0OW); European Centre for Medium Range 
Weather Forecasting (ECMWF) operational 
analyses; UK Met Office surface synoptic 
charts; the Total Ozone Mapping 
Spectrometer (TOMS; Heath et al., 1975); the 
Meteosat Second Generation (MSG) satellite, 
specifically Meteosat-8 (Schmetz et al., 2002); 
and the Universities' Facility for Atmospheric 
Measurements (UFAM) UHF wind profiling 
radar (Norton et al., 2006). 

 
Figure 1.  The convective showers being 
investigated in this paper as represented by 
the rainfall radar network, showing the 
precipitation rate at 1645 UTC (darker colours 
represent higher rainfall rates).  
 
The latter of these instruments – the UHF 
wind profiling radar – operates at 1290 MHz 
(23 cm wavelength) with three beams: one 
pointing to the zenith and two at 17.5O off-
vertical. Echoes are obtained from refractive 
index inhomogenieties in clear air and from 
raindrops. The turbulent convective boundary 
layer is full of structure in refractive index and 
therefore gives a strong echo; layers with 
sharp gradients in absolute humidity and 
potential temperature (such as are found in 
atmospheric lids) also show up as layers of 
enhanced echo power because of the fractal 
nature (i.e. a cascade of scales) of the 
gradients (Muschinski and Wode, 1998) – the 
radar is sensitive to structure on the scale of 
half its wavelength. 
 
The UK MST radar is a VHF radar, operating 
at a frequency of 46.5 MHz (wavelength 6.41 
m), and is able to observe higher in the 
atmosphere than the UFAM wind profiler. It is 
also much less sensitive to precipitation: echo 
power is due almost entirely to quasi-specular 
reflection from gradients in static stability and 
specific humidity (Gage and Green, 1981). 
 
4. SYNOPTIC AND LOW-LEVEL 
BACKGROUND 
 
Figure 2 shows the synoptic situation for the 
UK area at 1200 UTC on 18 July 2005. The 
precipitation event of interest for this 
investigation was related to the two 
approximately north-south orientated bands of 



cloud, parts of which are over the UK in Fig. 
2(a). In particular, the two sharp lines of 
precipitation (maximum rain rate of over 32 
mm hr-1 at 1645 UTC) that can be seen in Fig. 
1 coincide with the location of a band of rope 
cloud seen in the westernmost cloudband in 
Fig. 2(a). However, the elements of this band, 
as seen in the figure at 1200 UTC, were very 
shallow as they were being suppressed by 
the dry air above.  This can be inferred from 
Fig. 2(b) as the swathe of dry air over Wales 
and some of southern England can be seen 
to be covering the area in which the shallow 
cumulus was observed in Fig. 2(a). This event 
is similar to that observed by Browning and 
Roberts (1994), who identified cumulonimbus 
clouds breaking out at the northern end of 
rope clouds over the Bay of Biscay under 
synoptic conditions similar to this case. 
Indeed, the relatively deep cumulus in our 
case can be seen in later satellite images. 
Later in the day, this convection was 
observed by CAMRa to reach as high as 6 km 
(not shown). Figure 2(a) also shows the much 
broader band of cloud associated with the 
leading surface cold front (SCF) that delivered 
the light precipitation seen to the east of the 
narrow lines of intense precipitation in Fig. 1. 
 
Figure 2(b) shows the north-south orientated 
moist (bright) band associated with the 
leading SCF and, more interestingly, the dry 
(dark) region over Wales and southern 
England behind the moist band. However, this 
feature was rotating eastward (anti-clockwise) 
around the southern flank of the main “dark 
eye" (Roberts, 2000) to the north-west of the 
UK. The “dark eye" is the most obvious 
feature of Fig. 2(b) and, by comparison with 
Figs. 2(c) and (d), was clearly related to the 
tropopause depression associated with the 
cyclone driving the atmospheric circulation in 
this region. Figure 2(c) also shows an “arm" of 
relatively high PV (centred about 50ëN), which 
Fig. 2(b) showed was also dry and moving 
behind the split front (Browning and Monk, 
1982) structure that was evident from Fig. 
2(a).  Finally, Fig. 2(d) shows that the main 
PV anomaly and the “arm" to the south were 
coincident with high total ozone 

measurements and, therefore, correspond to 
depressions of the tropopause. 
 

 
Figure 2. Summary of the conditions over the 
UK at 1200 UTC on 18 July 2005: a) visible 
image from Meteosat-8 showing the cloud 
bands associated with the two cold fronts 
shown in Fig. 2(c); b) contrast enhanced 
water vapour (WV) image from Meteosat-8 
showing the dry regions relating to the PV 
anomaly located to the north-west of the UK 
and the dry “arm'' over the southern UK; c) 
ECMWF operational analysis of PV in PV 
units (PVU; i.e. 1.0 × 10-6 m2 s-1 K kg-1) on the 
315 K isentropic surface with the UK Met 
Office frontal analysis for 1200 UTC 
superimposed; and d) total ozone (in Dobson 
Units; DU) at ~1130 UTC from TOMS, 
contours are every 20 DU. The TOMS data 
are indicative of the tropopause depression 
associated with the PV anomaly as the total 
ozone column detected by the spectrometer is 
enhanced by the intrusion of stratospheric, 
high-ozone air to lower levels than usual as 
the PV anomaly results in the stretching of the 
vortex into the upper-troposphere. Darker 
shading indicates higher levels of PV and O3 
for Figs. 2(c) and (d), respectively.  The 
dashed line plotted on Fig. 2(c) represents the 
line through which the vertical cross section 
presented in Fig. 8 is plotted. 
 
Similar to the CSIP case investigated by 
Morcrette et al. (2007), the development of 



these two bands of convective showers was 
clearly driven to some extent by convergence 
lines that were over the southern UK. 
Evidence for one such convergence line is 
shown in Fig. 3. The UK Met Office 10 m wind 
analyses from their nowcasting model 
NIMROD (not shown) indicate that this 
convergence line was formed by flow around 
Dartmoor, which is a region of moorland and 
hills centred on approximately 50.75ëN, 
3.8ëW. (Dartmoor was also important in 
forcing the convergence line observed by 
Morcrette et al. (2007) in an examination of 
CSIP IOP 1.) 
 

 
 
Figure 3. The passing of the convergence 
line as observed by the UFAM Wind Profiling 
radar, which was located at Linkenholt. The 
loss of signal from the radar at around 1545 
UTC (which can also be seen in Fig. 4) was 
due to aliasing during the period of 
precipitation. 
 
During IOP 9, the CSIP region was first 
influenced by the flow around the southern 
edge of Dartmoor, which moved over the 
region as south-westerlies (first portion of Fig. 
3). This regime was followed by westerlies 
deflected to the north of Dartmoor (second 
portion of Fig. 3). The line where these two 
flows met represented the convergence line, 
which moved over the CSIP area at around 
1600 UTC. This provided the boundary layer 
with the uplift required to overcome the 
convective inhibition that was present at low-
levels. Our focus in this abstract, however, is 
not on the boundary layer forcing but on the 
dynamics responsible for generating potential 
instability and convective inhibition, and it is to 
this that we now turn. 

5. OBSERVATIONS OF THE DESCENDING 
DRY LAYERS 
 
An apparently descending dry layer in the 
lower troposphere was observed by several of 
the instruments involved in CSIP. For 
example, the radiosondes launched from 
Swanage (50.4ëN, 1.6ëW) show the feature 
particularly well (Fig. 4). By examining the red 
contours, which denote the 10% relative 
humidity (RH) isoline, it can be seen that 
there were two distinct dry layers at around 
650 and 400 hPa; this double layer structure 
was not evident from Fig. 2. 
 

 
Figure 4. The main line-contour plot shows 
wet-bulb potential temperature (� w; 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 
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 
hPa shows signal to noise ratio recorded, in 
dBZ, from the UFAM wind profiling radar that 
was located at Linkenholt. 
 
Figure 4 also shows data from the UFAM 
UHF radar that was located at Linkenholt 
(some 85 km to the north east of Swanage). 
Despite the distance between Linkenholt and 
Swanage, the angle of the leading edge of the 
apparently descending feature (Fig. 2(c)) 
means that it moved over the two locations at 
approximately the same time. Indeed, the 
radar detects the moisture gradient at the 
base of the feature as it moved into its range 



at around 1615 UTC; coincident with the 
gradient measured by the Swanage 
radiosondes. The radar SNR was also 
strongly influenced by the precipitation that 
started at around 1545 UTC, which was 
recorded as downward vertical wind speeds. 
Furthermore, the radiosondes also show a lid 
at around 850 hPa between 1430 UTC and 
1530 UTC, which appears to have had a role 
in inhibiting the convection until after this time. 
As will be shown in Fig. 7, this lid was weaker 
in the region where the convection broke out 
and, therefore, partially explains why showers 
were not seen at Swanage. The upper-level 
features, though, were much more 
homogeneous over a wider region. Therefore, 
the Swanage data provides a good illustration 
of the upper-level features. 
 
Figure 5 presents observations from the MST 
radar and provides a second view of the 
apparently descending dry layers over a 
longer period and up to greater altitudes. The 
lowermost dry layer can be seen descending 
between around 8 km (5 UTC) to 3 km (12 
UTC) in the MST power return signal (Fig. 5).  
These heights are consistent with Fig. 4 once 
the distance between Aberystwyth and 
Linkenholt has been accounted for. The 
uppermost dry layer is less clearly defined in 
the power signal but appears to start from 
approximately the same point as the lower 
layer and only descends to 4 km by 1530 
UTC. The region of low return signal power 
between 0700 and 0800 UTC and 2 to 3 km is 
an indicator of the frontal precipitation that 
passed over Aberystwyth (see Fig. 1) at this 
time and then moved on to the CSIP area. 
 

 
Figure 5.  Data from the MST radar for 18 
July 2005 showing the period 0300-2100 UTC 
below 10 km for radar return signal power 
(dBz). 

Figure 6 also shows the apparent descent of 
dry air over the CSIP region, this time from 
radiometer data. The passing of the storm 
and the associated precipitation can also 
been seen as the vertical peak in RH at 
around 1600 UTC. What is also interesting 
here, though, is that the data shows the 
reduction in height of the moist region 
beneath the dry layer where it was 
suppressing the growth being forced by the 
convergence line, this will be discussed 
further in the next section as it was another 
key factor in the development of the 
convection. This suppression had the 
important effect of helping to amplify the 
changes in surface moisture regime, which 
altered from dry (0900 to 1300 UTC) to moist 
(1300 to 1800 UTC). 
 

 
Figure 6.  Vertical RH (%) profile from a UK 
Met Office Radiometrics TP/WVP-3000 
microwave radiometer that was located at 
Linkenholt. 
 
It is also important to note that all the 
observations of the dry layers presented in 
this section show the layers apparently 
descending. This is not what would be 
expected from the synoptic data presented in 
Fig. 2, which showed a pair of cold fronts over 
the UK. These would normally be associated 
with observations of apparently ascending 
layers, not descending layers, which are more 
typical of warm fronts. The explanation for this 
contradiction lies in the way that the rotation 
around the depression to the north-west of the 
UK altered how the CSIP instruments 
observed the features. Whilst this will be 



investigated further in Section 7, it has been 
noted here to avoid confusion. 
 

 
Figure 7.  Potential temperature (� ; solid line) 
and dew-point temperature (Td; dot-dashed 
line) measured by radiosondes launched from: 
a) Larkhill at 1158 UTC; and b) Reading at 
1605 UTC. 

6. CONVECTIVE STABILITY OF THE 
TROPOSPHERE 
 
Figure 7 shows how the change in the surface 
and mid-tropospheric conditions above 
Larkhill and Reading between 1200 and 1600 
UTC helped create the conditions that led to 
the convective showers. (As an aid to 
interpreting these tephigrams, the lifting 
condensation level (LCL) has been plotted 
onto these soundings (i.e. where the solid 
grey lines starting from the surface �  and Td 
meet when, respectively, the dry adiabat and 
the line of constant mixing ratio are followed 
upwards) and, in the case of Fig. 7(b), the 
vertical parcel trajectory (dashed grey line) 
has been continued from the LCL up the 
moist adiabat to show that the surface parcel 
would have reached about 450 hPa.)  The 
relative dryness in the surface layer at 1200 
UTC (Fig. 7(a)) resulted in a lifted surface 
parcel being limited by the base of a strong 
inversion, or lid, at around 825 hPa. However, 
by 1600 UTC at Reading the surface layer 
had moistened due to the moisture 
convergence forced by the low-level flow 
examined in Fig. 3, which was initially capped 
by the descent of dry air from above (Fig. 6). 
The descending dry layer had also reached 
Reading by 1600 UTC and Fig. 4 shows a 
decrease in � w with height (i.e. potential 
instability – dry, low � w air above moist, high 
� w air) coincident with the arrival of the 
leading edge of the dry layer. Similarly, Fig. 
7(b) shows that the temperature profile 
between about 925 and 450 hPa mostly stays 
to the left of the moist adiabat associated with 
the lifted surface parcel, indicating instability. 
The fact that the lifted surface parcel does not 
clear the lid at 650 hPa highlights the intricate 
interplay of the features forcing the convection 
during this case and that the window of 
opportunity for convection to initiate was 
short. The convection could only develop at 
the point where the surface moisture 
convergence coincided with the point along 
the lowermost descending dry layer where it 
was inducing sufficient potential instability but 
not capping the resulting convection – this is 
very nearly the case in Fig. 7(b). We interpret 
this finding as follows: at the leading edge of a 



descending layer the air is of upper 
tropospheric origin and, therefore, descent 
induces low relative humidity but not much 
static stability.  In the main body of the layer 
air from the tropopause region is found, which 
has elevated PV values that manifest as a 
maximum in static stability rather than 
absolute vorticity due to the vertical extent of 
the anomaly. This increase in static stability 
provides convective inhibition beneath the 
main body of the descending layer. 
 
The apparently descending dry layer appears 
to have played a further role in initiating the 
convection, by introducing colder air directly 
below it, which resulted in the removal of a lid 
previously seen at 725 hPa (Fig. 7(a)). Had 
this lid persisted until the 1600 UTC Reading 
sounding (Fig. 7(b)) it would have very likely 
capped the convection at that height.  Hill and 
Browning (1987) have previously described 
how this cooling mechanism affects 
atmospheric stability. As discussed in the 
previous section, in relation to Fig. 6, it can 
also be seen that the descent of dry stable air 
to such low levels played a role in amplifying 
the impact of the convergence line; in limiting 
the vertical extent of the boundary layer, the 
descending dry air allowed the RH to increase 
to such an extent as to promote the 
probability of deep convection. This increase 
in low-level RH can be inferred from the 
radiosonde ascents in Fig. 7 and seen directly 
in the radiometer data in Fig. 6, which also 
shows the lower portion of the dry layer (with 
the same shape as seen in Fig. 4 from 6 km 
at 1200 UTC to 4 km at 1500 UTC) limiting 
the vertical extent of the moist region. There 
was also a dry region near the surface which 
can be seen in Fig. 6 between 0900 and 1300 
UTC and up to 1300 UTC in Fig. 4 – low radar 
echo power signifies dry air. This dryness 
would have delayed the onset of convection. 
 
Figure 7(b) also indicates that, once the lids 
had been breached, convection was free to 
reach around 450 hPa, which was around the 
same height that the convection was seen to 
reach by the Chilbolton radar (not shown). It 
should be noted, however, that as a result of 
the irregular radiosonde launch times during 

this IOP, we are not able to illustrate this 
mechanism using two soundings from the 
same location. However, Larkhill and Reading 
are relatively close (see Fig. 1) and would be 
influenced by the same surface and upper-
level conditions due to the eastward flow of 
the major features being investigated here. 
 
Interestingly, Fig. 7(b) also shows that it was 
the upper-most dry layer that was responsible 
for halting the convection at 450 hPa, 
meaning that the dry feature, as a whole, 
contributed both to the convective initiation 
and, subsequently, to limiting its vertical 
extent. This is a similar role to that played by 
the resultant parts of a breaking Rossby wave 
investigated by Russell et al. (2008) from 
CSIP IOP 1 (15 June 2005). In that case, 
however, the lid was located beneath an 
upper-level PV anomaly (not between the 
tropopause and a lower level PV anomaly as 
seen here), and was responsible for the 
widespread convective inhibition seen in that 
case. 
 

 
Figure 8.  PV (in PVU; solid contours and 
shading; contour interval is 0.25 PVU below 2 
PVU, and 1 PVU above 2 PVU; and darker 
shading relates to higher PV) and potential 
temperature (� ; dashed contours; contour is 
15 K) from the ECMWF operational analyses 
at 1200 UTC on 18 July 2005.  These data 
are plotted as a cross section through the 
dashed line seen in Fig. 2(c) i.e. from 20OW, 
64ON to 2OW, 46ON. 
 
To extend the CSIP observations and place 
them in context, we now present diagnostics 



from the ECMWF operational analyses for this 
day. Figure 8 shows a cross section of PV 
along the dashed line shown in Fig. 2(c), NW-
SE from Iceland to Brest. This cross section 
appears to identify the dry layers as 
extrusions of tropopause level air from the 
tropopause depression centred around 12ëW. 
In Russell et al. (2008b) we show that this 
view is too simplistic but it is useful to 
continue with this interpretation at this point 
while noting the complexity of the PV 
anomaly. 
 
7. DEVELOPMENT OF THE CUT-OFF LOW 
AND THE DESCENDING DRY LAYERS 
 
So far in this study we have concentrated on 
the role of the apparently descending dry 
layers in forcing the convection. In order to 
understand the importance of this event we 
need to understand how the situation arose. 
With this in mind, Fig. 9 shows a PV 
perspective of the build up to the convective 
showers over the UK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.  A selection of ECMWF operational 
analyses of PV (thick contours and shading) 
on the 315 K isentropic surface for the build 
up to the 18 July 2005. The contour interval is 
1 PVU and darker regions of shading show 
higher PV. ECMWF operational analyses 
mean sea-level pressure (MSLP) is also 
plotted here (dotted contours; contour interval 
is 5 hPa; dash-dotted contour, for reference, 
is the 1020 hPa isobar). The position of 
relevant fronts (there were other fronts 
present for each time shown) from the Met 
Office surface analyses are also plotted. 

Similar to the situation from CSIP IOP 1 
(Russell et al., 2008a), the event was 
preceded by a breaking Rossby wave 
(second life-cycle category (LC2) of 
Thorncroft et al. (1993)) over the Atlantic. This 
case differs from IOP 1 in that the wave broke 
much further north over the Atlantic. By 00 
UTC on 17 July 2005, a cut-off low had 
formed at around 60ON, 25OW and was 
rotating and slowly moving south-eastwards 
towards the UK. As the fold (relating to the 
lowermost dry layer) started to develop from 
the PV anomaly in the baroclinic region to the 
west of the PV anomaly, the upper-level air 
was drawn around the fringes of the main 
body of the feature (best seen in Figs. 9 and 
2(c)). Subsequently, this flow descended over 
the UK due to the influence of the PV 
anomaly on the isentropes and was also 
drawn eastwards as a result of the cyclonic 
rotation of the PV anomaly. 
 
Figure 8 shows the two layers very well but it 
does not explain the observations of them 
descending. Russell et al. (2008b) provide 
some insights into how these observations 
came about, namely: the layers to the east of 
the depression were twisted in such a way 
that they sloped downwards from east to west 
at around 50ON. How did this occur? In short, 
it was the rotation around the PV anomaly 
that was critical to the development and 
morphology of the two dry layers.  There was 
a deep and well developed fold to the west of 
the PV anomaly and three-dimensional 
animations of this PV data (not shown) 
indicate how this fold was pulled anti-
clockwise (cyclonically) around the 
depression.  This caused the fold to fragment 
and where these fragments reached the 
eastern side of the depression (where there 
was a second, much smaller fold) they were 
observed as the second (uppermost) dry 
layer. 
 
As well as the twisting, the rotation also 
partially explains why apparently descending 
layers were observed in the CSIP region 
when, as we expected and as seen in Fig. 9, 
apparently ascending layers should have 
been observed. Initially, the MST and 



radiosondes would have been on the south-
eastern fringe of the folded structure 
associated with the PV anomaly, where the 
fold was at a greater elevation at the edge of 
the PV anomaly. As the day progressed, the 
PV anomaly rotated cyclonically, which 
moved the lower regions of the fold (and the 
fragment) over the southern UK. This rotation 
gave the impression in the observations that 
the layers were descending. However, the 
layers were ascending radially towards the 
centre of the PV anomaly and not in the 
rotated cross section that the CSIP 
instruments observed. Around the fringe of 
the depression, the fold and the dry layer 
above it descended with the direction of 
rotation. If the feature were observed along its 
radius (as in Fig. 8) then apparent ascent 
would have been observed. 
 
8. CONCLUSIONS 
 
On the 18th July 2005, two apparently 
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 
the convection at around 450 hPa. 
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