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1. ATMOSPHERIC LIDS  
 
Very few studies have tackled lids in a 
systematic way with the goal of more deeply 
understanding lids in their own right.  There 
are many examples where lids have been 
important as a constituent of particular case 
studies (Griffiths et al., 2000, Morcrette et al., 
2007 for example) and the improvement in 
our understanding from this perspective 
should not be underestimated.  Furthermore, 
Russell et al. (2008a) have undertaken a case 
study focusing on the development and role 
of a single lid observed during the Convective 
Storm Initiation Project (CSIP; Browning et al., 
2007).  However, the study of lids as of 
themselves is relatively uncommon in the 
scientific literature and this is something that 
we aim to redress somewhat in this work. 
 
What is the importance of atmospheric lids?  
Some workers have speculated about the role 
of convective inhibition (CIN) – produced by 
lids – in the development of convection 
(Bennett et al., 2006) and forecasters, 
particularly in the sub-tropics, are aware of 
this role in practice.  This mechanism can be 
summarised as follows.  In the absence of 
CIN, the convection that develops is often 
widespread but shallow, unless the profile is 
unusually unstable. The presence of a lid can 
allow the lowest levels of the atmosphere to 
accumulate heat and moisture, creating the 
potential for deep convection. Release of this 
potential typically occurs at selected points 
along the capped region when there is 
sufficient boundary-layer forcing (i.e. 
convergence or orographic uplift). 
Alternatively, the lid may be weakened by 
large-scale uplift, or there may be a 
combination of the two effects. This rather 
complex interplay between convective 
inhibition and deep convection is one reason 
why convective available potential energy 
(CAPE) by itself is not a good predictor of 
thunderstorm magnitude (McCaul and 

Weisman, 2001).  However, on the 
climatological timescale we have relatively 
little understanding of lids. 
 
2. DATA AND THE COPS CAMPAIGN 
 
The Convective and Orographically-induced 
Precipitation Study (COPS) was run in the 
Black Forest/Rhine valley area of Germany in 
summer 2007.  Fig. 1 shows the locations 
where most of the instruments were located 
for the field campaign. 
 

 
Figure 1.  The area covered by the COPS 
campaign.  The orange dots show the 
locations of the 5 supersites.  Regular 
radiosondes were also launched from 
Karlsruhe and Burnhaupt.  From west to east 
the supersites were named: V for Vosges 
(specifically Meistratzheim); R for Rhine valley 
(Achern); H for Hornisgrinde; M for Murg 
valley (Heselbach) and; S for Stuttgart 
(Deckenpfronn Airport). Figure taken from 
http://cops.uni-hohenheim.de 
 
In the work presented here we will mainly be 
concentrating on the analysis of data from 
radiosondes (launched from the COPS 
supersites) and the Universities' Facility for 
Atmospheric Measurements (UFAM) UHF 
wind profiling radar (Norton et al., 2006), 
which operates at 1290 MHz (23 cm 
wavelength) with three beams: one pointing to 
the zenith and two at 17.5O off vertical. 



3. LIDS, CAPPING INVERSIONS, 
INVERSIONS AND OTHER TERMS 
DEFINED 
 
In this examination, it is important to be clear 
with respect to what we mean when certain 
terms are used.  This requires some 
definitions to be made – this is the aim of this 
section of our paper. 
 
A lid is most easily defined as a layer in the 
atmosphere that halts convection.  This does, 
however, raise the question of what terms we 
use if there are multiple stable layers in the 
atmosphere that would halt, or inhibit, 
convection, should the convection reach that 
layer.  Our wording in the previous sentence 
was very deliberate: we can define a lid as a 
region of positive CIN, and we will explore this 
further below.  In the meantime, we will 
introduce the term Capping Inversion.  This 
usually refers to the temperature inversion (a 
change in the sign of the temperature 
gradient with height) at the top of the 
boundary layer that caps turbulent convection 
beneath it.  If this Capping Inversion is 
breached by some relatively energetic 
convection, then, presumably, the next 
highest lid or significant temperature inversion 
(the tropopause, for instance) would become 
the Capping Inversion. 
 
What are the typical characteristics of an 
atmospheric lid?  Bennett et al. (2006) 
describe a lid as a stable layer of relatively 
warm, dry air, which has air of higher wet-bulb 
potential temperature (� w) beneath it and 
lower � w above it in the middle or upper 
troposphere.  Fig. 2a shows an example of 
such a feature represented on a tephigram.  
At this stage it worth formalising our 
definitions of CAPE and CIN and summarising 
the parcel method.  The ascent in the parcel 
method takes the form of a surface 
parcel/layer being lifted via a dry adiabat to 
saturation — the lifting condensation level 
(LCL) — followed by further ascent on a 
saturated adiabat.  This method is particularly 
useful with tephigrams as they are 
constructed such that area is proportional to 
energy. Therefore, when a surface parcel 

ascends, CAPE (CIN) is defined as the 
enclosed area with the lifted parcel path as 
the right-hand (left-hand) boundary and the 
environmental profile as the left-hand (right-
hand) boundary. Described more physically, 
CIN is the energy needed to reach the 
parcel’s level of free convection (LFC) — 
usually the energy required to overcome any 
lids — and CAPE is the maximum energy 
available to the ascending parcel, both above 
and below any lids present. 
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Figure 2.  a) Tephigram plotted using 
radiosonde data from Achern, Germany at 
0611 UTC on 9th July 2007.  The red line 
shows temperature and the blue line shows 
dew-point temperature.  b) � w calculated for 
the profile shown in Fig. 2a 

a) 

b) 



4. THE ORIGIN OF ATMOSPHERIC LIDS 
 
As we discussed in the previous section, lids 
are usually characterised by their relative 
warmth in comparison to their environment.  
They are often associated with temperature 
inversions in the atmosphere.  However, as 
implied by our use of � w in that discussion, the 
moisture content of the lid is also important.  
In particular, lids are often seen to be much 
drier than their immediate environment.  With 
this in mind, air parcels that descend from the 
stratosphere (through tropopause folds) or the 
upper-troposphere will result in conditions that 
will inhibit convection.  Residual layers of 
previous day’s boundary layer will also 
manifest themselves as lids.  The relative 
importance of these, or other, mechanisms is 
not well understood. 
 
5. A SHORT CASE STUDY – COPS IOP 7b, 
9TH JULY 2007 
 
Preliminary examination of the COPS data 
shows that there was evidence for one of 
these lid origin mechanisms at work during 
the campaign.  On the afternoon of 9th July 
2007 some relatively intense storms 
developed to the east of the COPS region.  
These can be seen in a satellite image from 
the relevant time (Fig. 3).  However, earlier in 
the day there was a dry layer at around 680 
hPa that was inhibiting the convection (Fig. 
2).  Fig. 4 shows how this layer was also 
observed by the UFAM wind profiling radar.  
The layer descended relative to radar site 
during the morning of the 9th July 2007, being 
at around 4 km at 0300 UTC and descending 
to around 2.5 km at 1000 UTC.  This type of 
descending layer is, on first inspection, very 
similar to that investigated by Russell et al. 
(2008b). 
 
Indeed, Fig. 5 shows that there was a large 
PV anomaly over the UK, northern France 
and the Benelux nations.  Of more importance 
to our investigation, though, was the filament 
of relatively high PV that extended from the 
southeastern quarter of the main anomaly 
that descended over the COPS region.  This 
descending layer was also shown in Fig. 4. 

 

 
Figure 3.  Meteosat Second Generation 
(MSG) visible satellite image (Schmetz et al., 
2002) for 1600 UTC on 9th July 2007.  The 
COPS region is marked by the red dashed 
line.  © EUMETSAT 2007. 
 
 

 
Figure 4. Signal to noise ratio (SNR) 
recorded, in dBZ, from the UFAM wind 
profiling radar that was located at Achern.  
Red (blue) indicates high (low) SNR. 
 
By 1400 UTC on 9th July 2007 the surface 
parcel had warmed sufficiently to overcome 
the lid at 650 hPa and convection would have 
been uninhibited up to tropopause level (Fig. 
6).  This resulted in the storms that were 
observed to the east of the COPS region (Fig. 
3) at around 1600 UTC. 



 
Figure 5. Potential vorticity (PV) plotted on 
the 315 K isentropic surface for 12 UTC on 9th 
July 2007.  Reds show high values of PV and 
greens show low values.  The black dashed 
line indicates a small PV filament that 
descended over the COPS region. 
 

 
Figure 6.  Tephigram plotted using 
radiosonde data from Achern, Germany at 
1401 UTC on 9th July 2007.  The red line 
shows temperature and the blue line shows 
dew-point temperature. 
 
6. FUTURE WORK 
 
The short case study presented in Section 5 
shows the importance of atmospheric lids in 

determining the timing of convective storm 
initiation.  This was also the case in the 
studies presented by Russell et al. (2008a, 
2008b) who examined cases from the 
Convective Storm Initiation Project (CSIP). 
 
When the full COPS radiosonde dataset 
becomes available we will compile a 
climatology of atmospheric lids during COPS 
using the radiosonde data alongside other 
sources, such as the UFAM UHF wind 
profiling radar.  Back trajectory analyses will 
also be used to identify the origin of the 
features that are identified.  This climatology 
will be compared to a similar analysis 
performed on the representation of lids in 
models, such as the ECMWF operational 
analyses and the Met Office UM. 
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