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the 10 July 2006 case-study : data analysis, modelling set up and LES results
Presentation of LES : set up and validation

F. Guichard, F. Couvreux, C. Rio, D. Bouniol, A. Gounou, Campistron, M. Chong and M. Lothon

1) Context

Over West Africa, large mesoscale convective systems have been the object of various studies. In 
particular, these studies have documented their climatology (e.g; Mathon and Laurent 2001, Hodges and 
Thorncroft 1997), analysed their links with the larger-scale environment (Rowell and Milford 1993, Fink 
and Reiner, 2003), their impact (Laing et al. 1999, Caniaux et al. 1994) and their working (Diongue et al. 
2002). However, over this continental region, convective activity and clouds are also strongly constrained by 
the diurnal cycle of solar insolation (ref. Comer et al. 2007). Indeed, even if the diurnal cycle of precipitation 
appears complicated (Mohr 2004, Frappart et al. 2009), the development of convection during daytime hours 
is common and widespread across West Africa. The formation of the majority of MCS also takes place in 
the afternoon and evening hours (these fewer  elements  then develop and propagate  even once daytime 
convection has ceased).

The  modelling  of  both  daytime  convection  and  MCS appear  difficult  with  current  parametrizations  of 
physical processes (Guichard et al. 2004, Rio et al. 2009, Liu et al. 2001, Lebel et al. 2000, Sohne et al. 
2008). However, from an observational point of view, the analysis of daytime convection is more delicate as 
it  involves the characterization of smaller-scale features.  For  instance,  satellite  data  are  better  suited to 
characterize the life cycle of large MCS than transient convective cells, simply because of considerations of 
time  sampling  and  spatial  resolution.  Furthermore,  the  development  of  daytime  convection  over  land 
involves  interactions  between  surface,  turbulent  and  convective  processes.  Therefore,  it  is  likely  that 
inferences drawn from studies documenting the wet tropical and mid-latitudes continental regions cannot be 
directly applied  to  semi-arid  lands,  such  as  encountered  in  the  Sahel.  In  fact,  studies  of  the  daytime 
development of convection in such environments are very few (Takemi et al. 2006).

In this respect, data collected in Niamey offer a unique opportunity to document and analyse this phenomena 
and to assess its modelling. The present work focuses on a case study,  observed in Niamey prior to the 
monsoon onset by a suite of instruments the 10 July 2006. Convection was initiated precisely within the 
field of view of the MIT radar installed in Niamey (ref). First, the situation is presented with the help of 
local  observations  and  satellite  data.  Second,  these  observations  are  used  to  design  a  setup  for  simple 
modelling studies. Third, first LES results are discussed. (For complementary information on this case, see 
the study of  Lothon et al.).

2) Documentation of the case study from observations

This study focus on a Sahelian convective event initiated close to Niamey, Niger, the 10 July 2006 
in  the  afternoon,  prior  to  the  monsoon  onset  (Janicot  et  al.  2008).  At  larger  scale,  this  case-study  is 
characterized by the absence of any significant synoptic activity (e.g. African Easterly wave (AEW)). The 
peak activity of AEWs is typically reached later, in late August-September, but the first two weeks of July 
were particularly calm (see Fig. 3 of Thorncroft et al. 2007). At midday the 10 July, there was almost no 
deep convective activity over the region (Fig. 0, top).

The life cycle of the convective event is illustrated by a series of IRT maps in Fig. 1. It first appears as an 
isolated tiny minimum of IRT at 16h30, in the vicinity of Niamey. (The wider convective element located a 
few hundred km to the West was initiated similarly, but 2h30 earlier) Once initiated, the convective event 
grew and propagated some 2.5° westwards. It remained relatively small (less than 100 km wide). In fact, 
IRT data suggest that it was decaying after dusk, but a new convective cell was initiated around 19h30 just 
ahead of the system, to the West. This cold growing cell then merged with the decaying system to form one 
single element. It seems possible that the initiation of this cell involves a mechanism of interaction with the 
decaying system, e.g; some low level lifting by its cold pool (this would be consistent with another, very 
similar initiation observed one hour before, at 18h30, this first convective cell reached a minimum of – 45°C 
but then disappeared). It must be noted that current MCS tracking algorithms are not really designed to 



document small MCSs such as this one. This is illustrated in Fig. 2 (see legend). 

In the late afternoon, the ARM mobile facility (Miller and Slingo 2007) recorded the passage of this system 
(see reflectivity field in Fig. 3), initiated close by, to the East according to the MIT radar (see Fig. 4). Figure 
3 also emphasizes a strong rise daytime of the lifting condensation level (LCL) until 14h (cyan curve). It is 
further consistent with cloud base heights (CBH) estimated by ceilometer (red dots). It is possible that the 
micropulse radar wrongly infers CBH in lieu of aerosol layers below 4 km before noon (black dots), as these 
are not corroborated by ceilometer data. The first low-level shallow clouds are detected after 14h, radar 
reflectivities suggest that they become deeper after 15h30, with cloud tops reaching up to 6 km. The arrival 
of the convective system, around 16h 30 is first recorded by the LCL, which drops suddently, as colder, but 
also moister air replaces the daytime-built hot surface layer (Fig. 5, green line, top and middle panels). This 
drop of LCL corresponds to a jump of relative humidity (Fig. 6) which is not recorded at the other surface 
sites (see their precise location in Fig. 4). 

On the other hand, the sharp daytime drop of RH from about 80% in the morning to 35% in the afternoon 
occurs at all these sites. It is associated with a 10°C daytime heating, but also a significant drying, reaching 
more than 5 g.kg-1. This very large drying is linked to the high surface insolation prevailing under clear sky 
conditions, over a fairly dry soil. The evaporative fraction is close to zero, and the surface energy budget 
reduces  to  a  balance  between  net  radiation  and  sensible  (H)  plus  ground  heat  flux  (Fig.  12).  This 
configuration favours a large convective boundary layer growth (in response to H), during which a large 
amount of drier air is mixed downward with moister monsoon air from below. The lack of water vapour 
supply from the local surface also prevents a slow down of the large drying resulting from the vertical 
dilution of specific humidity.

Sounding data (Fig. 7) are consistent with the results presented above. They point to a boundary layer height 
around 1.6 km at 11h30 (Fig. 7a, red curve), i.e. below the LCL at a time when the boundary layer is still 
clear.  Perhaps  surprisingly,  surface  data  and  soundings  indicate  very close  drying  rates  from the  early 
morning to midday, with qv decreasing from about 17 to less than 15 g/kg. However, the air is also much 
dryer (in terms of qv) 1 km AGL at 5h30 (Fig. 7b, green curve). 

There is no clear signature of the convective event in the 17h30 profiles, except in the lowest 100m. In this 
layer,  the  large differences  in  temperature,  humidity  and wind with the  atmosphere  immediately above 
suggest that the sounding is sampling a thin convective outflow (a colder, moister air mass with a northerly 
wind speed of 9m/s). The change in humidity is consistent with surface data. Nevertheless, after the arrival 
of  convection,  high-frequency  surface  data  highlight  strong  fluctuations  of  T  and  q  after  the  initial 
temperature drop.

Sounding data also suggest that weak winds prevail in the convective boundary layer. In the early morning, a 
typical south-westerly low level jet is present about 300m AGL, with a speed of 8m/s (Parker et al. 2005, 
Lothon et  al.  2007).  However,  later  on,  the  wind speed remains  below 5m/s  in  the  lowest  2 km or so 
according to the 11h30 and 17h30 soundings. This is confirmed by wind profiler data which provide a much 
more adequate sampling of the diurnal evolution (Fig. 8). Both emphasize the weakness of the boundary 
layer wind (below 5m/s after 9h according to the UHF). This results in a classical signature on the surface 
wind speed,  which displays  a morning maximum,  consistent  with a mixing of the LLJ by the growing 
convective boundary layer (Fig. 10, 4th panel, green line).  The wind changes direction in a typical way, 
turning from West until the early morning to South during the day. It is striking to notice that prior to the 
arrival of convection, the wind, albeit weak, had turned to northerly. Sounding and UHF data also point to a 
well defined African easterly jet above this essential hot and calm boundary layer. The AEJ weakens during 
the afternoon, in agreement with the typical diurnal fluctuations discussed in Kalappuredy et al. (2010). 

The competing moist monsoonal and dry easterly flows result in non-intuitive fluctuations of precipitable 
water (PW) at the mesoscale, as documented by 1-hourly GPS data (Bock et al. 2008)   (Fig. 9). PW does 
not increases during nighttime as the monsoon flow (but also the AEJ) strengthens; it actually decreases; 
However,  from  the  early  the  morning  and  until  midday  PW  increases  at  a  time  the  boundary  layer 
substantially dries and this moistening persists after both flows have weakened, around 9h-10h. GPS data 
suggest a slight weakening of PW from midday until 15h. At that time, surface specific humidity continues 
to decrease (Fig. 5, middle panel). The passage of the convective event coincides with a sharp decrease of 



PW, already apparent at 16h and persisting until 18h. By midnight, PW is significantly lower (by almost 10 
kg.m-2) than it was 24h earlier. According to sounding data, this difference is mostly realized in the lowest 3 
kms (not  shown).  Information on the  moisture  field  derived from this composite  dataset  point  to  large 
fluctuations of  humidity which are strongly driven by advection and daytime boundary layer  processes, 
while the impact of convection remains unclear except close to the surface. 

The  observed  afternoon  initiation  of  convection  developed  within  an  environment  which  departs 
significantly from the moister environment where such phenomena have been simulated with CRM and LES 
(Guichard et al. 2004, Grabowski et al. 2006). Surface data show that the equivalent potential temperature 
(thetae) does not increases during daytime, instead it decreases (Fig. 5, bottom). This is associated with a 
daytime decrease of the boundary layer thetae (Fig. 7) and CAPE (Fig. 12) and with an elevation of the level 
of free convection, LFC (Fig. 12). The LFC actually remains several hundred of meters above the diagnosed 
boundary  layer  height  and  this  is  coupled  with  high  values  of  CIN.  This  diurnal  evolution  departs 
dramatically from the one presented in Guichard et al. (2004) for a midlatitude region (Fig. 12, bottom). On 
the other hand,  it  is  in line with the results  of  Guichard et  al.  (2009) and Gounou et al.  (2009) which 
considered other Sahelian locations and longer time periods.

From a modelling perspective,  this  result  questions the generality of  explanations which have been put 
forward in order to explain the wrong phasing of parametrized moist convection over land. The occurrence 
of convection too early in models has often been related to the daytime increase of CAPE over land (e.g., 
Bechtold et al. 2004, Guichard et al. 2004). In effect, many convection schemes consider CAPE fluctuations 
as a major driver of the scheme (notably via the so-called CAPE closure). However, in the present case, 
based  on  such  considerations,  it  seems  possible  that  a  CAPE-base  scheme  would  instead  prevent the 
development of convection, in so fas as the simulated vertical structures closely matches observations, in 
this semi-arid environment.  This could well  be one the source of errors for those models which do not 
simulate enough rainfall in the Sahel such as the ECMWF IFS (Agusti-Panareda et al, 2009). Clearly, this 
topic requires more in depth investigation, and the setup presented in the next section aims to provide a 
simple framework allowing to address these issues.

3) Case study Setup 

Lothon et al. (2007)  showed how a realistic high-resolution mesoscale simulation could reproduce 
the  main  observed features  of  the  Sahelian  convective  boundary layer  under  clear  sky conditions.  The 
simulation made use of surface properties derived from satellite data (Lacaze et al. 1999), and was initialized 
with a three-dimensional early morning NWP analysis (lateral boundary conditions were  provided by the 
analysis  too).  However,  it  is  very unlikely that  such  an  approach  can  succeed  in  simulating  the  more 
complex  phenomena  observed here.  NWP simulations  available  for  this  day point  to  a  failure  of  these 
models to simulate such a convective situation (not shown). However, the actual reasons appear unclear, 
complicated and model dependent. Therefore, the observations presented above have been used in a more 
direct way in order to design a simple case study, following an approach similar to Couvreux et al. (2005). It 
aims at  reproducing the daytime sequence from early morning to dusk.  Our objective is to capture the 
generic  ingredients  involved in  the  observed phenomena  and from there,  on the  basis  of  a satisfactory 
simulation, to further conduct sensitivity studies.
 
This modelling requires early morning initial and boundary conditions, which are provided in the form of a 
horizontally homogeneous initial state, derived from sounding data (Fig. 13). 
Because the surface heat flux constitutes a major driver of the daytime convective boundary layer growth, it 
has been prescribed in the model, together with the latent heat flux, from surface flux data (Fig. 12, solid 
lines). 

In agreement  with earlier  finding from HAPEX-Sahel  (Goutorbe et  al.  1997),  observations point  to the 
significance of larger-scale advection in the morning for this case. They cannot be simulated within this 
simple framework though. Therefore horizontal advection of heat and moisture have been prescribed. They 
are loosely based on the ECMWF reanalysis together with inferences from observations. They consist in a 
cooling and moistening of the low levels in the morning (Fig. 14). This is a simple but physically-based 
approach accounting for the thermodynamic impact of the monsoon flow. 
In fact, the vertical structure, magnitude and diurnal phasing of these advective processes is fairly consistent 



with the horizontal advection simulated by the ECMWF analysis over the Sahel prior to the monsoon onset 
(not shown), and also with the results of Peyrille and Lafore (2007) and Gounou et al. (2009). Thus, the 
horizontal advection prescribed here appears as a typical and generic feature of the diurnal dynamic of the 
Sahelian boundary layer. 

In the afternoon,  a positive vertical  advection was prescribed (Fig.  14).  As explained in more detail  in 
Appendix 1,  this  choice was motivated by the surface patterns deduced from satellite  products and the 
analysis  of  surface  data.  In  summary,  both  LANDSAF  and  MODIS  products  point  to  a  significant 
heterogeneity of land surface temperatures at mesoscale the 10 July, and the initiation of convection took 
place  over  the  warmer  surface.  This  is  in  broad  agreement  with  the  dominant  patterns  of  convective 
initiation reported by Taylor and Ellis 2006 over the Sahel. This heterogeneity was also documented by in-
situ AWS and flux station data, and related to a recent convective event. The associated rainfall amounts 
over the area where recorder by the AMMA-Catch dense rain gauge network. The spatial  structure and 
magnitude of the heterogeneities suggest that mesoscale circulations could have play a role in the convective 
initiation on that day (e.g.; Wang et al. 2000, Emori 1998, Wang et al. 2009).
However,  our choice for  a first  step to prescribe uniform surface fluxes prevents the modelling of this 
process. It is somehow accounted for by prescribing a vertical advection instead. This involves as an implicit 
assumption the fact that the ascent is realized at a scale which is larger than simulated. This is debatable as it 
certainly leads to a distortion of the actual flow patterns. Nevertheless, it is still valuable to assess its impact 
on the simulation.  In  practice,  a  magnitude of  3m.s-1 was adopted for  the prescribed vertical  velocity. 
Despite being fairly low, sensitivity tests show a significant sensitivity of the onset of deep convection to 
this added process. Ek and Mahrt (1991) already stressed a sensitivity to the vertical velocity, but in their 
study, a sensitivity of the boundary layer cloud cover. 

No large-scale tendency was considered for the wind field. Instead the horizontally-averaged wind profiles 
have been nudged towards  observations (with a  time  constant  of  2h).  This  is  a  common choice,  and a 
reasonable one, as our framework is not designed to accurately predict the evolution of the mean wind 
without further information. This simple method ensures that the mean wind does not depart significantly 
from observed, but preserves a proper simulation of spatial structure.

Finally, radiative processes are taken into account only indirectly here via the prescribed surface heat fluxes. 
Nevertheless, additional simulations of this case with fully coupled surface and radiative processes show that 
radiative processes cannot be reasonably ignored if one looks for an accuracy of 1-2K in simulated boundary 
layer temperature. In the simulation presented below, 1-h sampled radiative divergence computed  from an 
independent simulation of the same case (Gounou et al. 2009) have been added as an external forcing.

The setup presented above can be used to perform either LES, CRM or single column modelling. This is 
well suited for direct comparison between both explicit and parametrized models. In the next section, the 
results obtained from a first LES of this case are presented and evaluated with observations.

4. Validation

A  relatively academical setup had been adopted for modelling in the present study (notably surface 
homogeneity,  prescribed  surface  fluxes,  cyclic  conditions  for  the  lateral  boundaries...). 
Nevertheless, because the setup is designed from observations, it is meaningful and valuable to 
evaluate  the simulation of this  case study (e.g.  see Brown et  al.  2000?,  Couvreux et  al.  2005, 
Guichard et al. 2004, Pino et al. 200X for similar approaches). 

The evaluation of the simulation focuses on three main features: 
i. the processes and their timing along the day, 
ii. the mean thermodynamic vertical structure,
iii. the smaller-scale structures in the boundary layer.

These features are not independent.  For instance, if deep precipitating convection occurs earlier 
than observed, this will radically modify the structure of the boundary layer at all scale (e.g. Betts 
and Jakob 2002, Guichard et al. 2004, Rio et al. 2009).  



The  simulation  is  performed  with  the  Meso-NH  model  (Lafore  et  al.  1998),  with  the 
parametrizations of turbulence and microphysics. A large-eddy simulation has been performed with 
a horizontal resolution of 100 m covering a domain of 10 km x 10 km. However, in order to allow 
for a realistic simulation of the afternoon deep convective event, an additional simulation, using a 
horizontal resolution of 500 m and a domain of 100 km x 100 km by 20 km deep was also carried 
out starting at 6h and extending over daytime hours until 18h. With this coarser resolution, the 
simulation is more of the CRM (cloud resolving model) type.

The timing of the simulation is illustrated in Fig. 15 with a diagnostic of cloud base and top heights 
which where compared to the AMF ceilometer, micropulse lidar and radar. It shows that the CRM 
simulation is able to reproduce the successive phases, from a dry to a cloudy boundary layer and 
finally to a deeper convective stage, with a reasonable accuracy. 

The mean theta and qv also follow rather closely sounding data (Fig. 16). At noon, the boundary 
layer is shallower and, consistently, moister than observed. This could explain the earlier onset of 
shallower clouds  in  the CRM (Fig.  15).  The differences  observed at  18h are  more  difficult  to 
interpret as the sounding, launched in a perturbed environment, is probably sampling local features 
which will not appear on CRM domain mean profiles, as presented in Fig. 16. The complicated 
vertical  structure of rv observed above the BL in the three soundings is not reproduced by the 
CRM. This feature was discarded from the initial profile. Nevertheless, such structures are typically 
eroded during a simulation. Furthermore, in view of the lack of coherency of these structures from 
one sounding to the next (below the top of the SAL), it seems difficult to assess their spatial scale, 
and elusive to expect the model to closely replicate them. 

While fine scale structures of humidity are difficult to assess in the SAL, data from the MIT allow 
an in depth evaluation of horizontal structures in the BL, for both clear and convective situations 
(see Lothon D2.1xx). Reflectivities are compared to simulated water vapour mixing ratio, both at 
600m AGL around 11h (Fig. 17). The simulation shows a preferred organization along the wind 
direction, which agree with observations. The size of the structures is more regular in the model, 
which is expected in view of the lack of heterogeneity imposed by the setup. However, the scale of 
these structures appear somehow wider for simulated rv than for the observed reflectivity.  This 
deserve deeper investigation. On the other hand, this preferred scale of rv does not appear very 
sensitive to the horizontal resolution (it is close in both LES and CRM for this case).
In contrast with results obtained for the morning hours, observations seem to display a more regular 
pattern than the simulation in the BL in the late afternoon. It is dominated by the circular signature 
of the convective outflow where two deep convective centres locally enhance the reflectivity. BL 
simulated temperature also displays a somehow circular structure of very close size, but is is less 
regular. The 100 km x 100 km cyclic domain may also induce spurious interactions on the edges of 
the ouflow at this stage.   

Overall however, these first simulations demonstrate that it is possible to capture major features of 
the observed daytime convection observed around Niamey with a simple modelling framework, 
once a suitable setup has been designed from observations.

5) Conclusion

Prior to the monsoon onset, daytime Sahelian convective boundary layers display generic features which 
were particularly well captured by a suite of instruments the 10 July 2006. This includes: 

- a significant growth of the mixed layer - the 10 July, its top matched the lifting condensation level 
evolution until  mid-afternoon  (cyan curve in central  upper panel),  consistently with cloud base 
heights estimated with the collocated ceilometer (red dots), 
- well defined boundary layer organizations, evolving from morning rolls to afternoon  cells and 
then, in some places, to deeper isolated convective elements. 



The 10 July , a deep convective cell developed within the field of view of the MIT radar and generated an 
almost circular convective outflow (Lothon et al., in preparation) spreading within the lowest levels where 
the wind speed was fairly low. On the other hand, sounding data imply that CAPE did not increase within 
this daytime-drying boundary layer, nor did the level of free convection decrease. Such currently observed 
features contrast with the typical view that daytime convection over land is related to the daytime CAPE 
increase.  They have been largely overlooked in the past. 

In the present study, a simple modelling setup has been designed from observations, and first LES and CRM 
simulations of this case have been presented and evaluated. In view of the results obtained, this case-study 
and dedicated setup are expected to provide a valuable framework both for future process studies and for the 
development and improvement of physical parametrizations over semi-arid lands.  
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Figure 0 : ISIS images the 10 July 2006 at 1200 (top) and 1700 UTC (middle) and  the 11 July at 0015 (bottom), 
maps of IRT overlaid by a graphic code showing convective elements detected and tracked. The first image shows the 
lack of deep convection over the region at noon, the convective event was first detected in the second image close to 
Niamey (small red coutour), and the last image is when the system was last detected  (small green and blue contours 

with a yellow line pointing to Niamey). Source: AMMA AOC, http://aoc.amma-international.org/.



Figure 1: series of 10.8 micron IRT maps, from 16h30 to 23h30 the 10 July 2006. On each map, the black arrow 
points to the convective event whose initiation phase was documented by data from the ARM mobile facility and from 

the MIT radar in Niamey in the late afternoon, the time period starts around the initiation time and ends just before 
midnight, as the system collapses, the maps covers the region [2.5°W , 3.1°E] [12.9°N , 15.9°N] with a horizontal 

resolution of 0.03°.



Figure 2: Same as Fig. 1 except at 13h30, before the initiation of the convective event (13h30), in its very early stage 
(16h) and in the evening (20h30) at a time when it is still appears active. 

The thin black line on the lower left of the maps is drawn from the successive locations of the convective event as seen  
by the ISIS MCS tracking algorithm (Morel and Senesi XXX). It is used here in an operational mode, i.e. as appears  
on the AMMA AOC web site. The trajectory covers the time interval [17h,18h15], it was lost in the 18h30 image but  
then recovered and tracked until 11 July 2006 0015 UTC but ; however this MCS was withdrawn from the final  
AMMA ISIS archive because of its size (too small according to the AMMA ISIS algorithm, Tomasini et al. 2006). 
The white line was drawn from the results of a modified algorithm, which aims to detect MCSs in an earlier stage,  
and which retains small MCS such as the one which is the focus of the present study. the trajectory covers the time  
interval [16h30,19h45]. 



The this grey line was drawn from the MIT data. 

Figure 3: time-height diagram of the 10 July 2006 convective event as documented by the ARM mobile facility at 
Niamey - cloud radar reflectivity (colours), cloud base height estimates (from ceilometer data, red dots and micropulse 

lidar, black dots), lifting condensation level (cyan) of surface layer air (2m AGL, automatic weather station data).

Figure 4: land surface temperature (LST) averaged between 11h15 and 12h45 - LANDSAF product, the horizontal 
resolution is 0.05°. 

The black stars indicate the location of automatic weather stations (AWS) and surface flux stations (SFS) - ARM_AI 
and ARM_AN refers respectively to the ARM AWS and SFS installed at the Niamey airport and to the ARM AWS 

installed in Banizoumbou. An AWS and a SFS were installed at a close location in Banizoumbou (BZ_CEH). Finally,  
AWS and SFS were also installed at three close sites in Wankama (WK_CEH, WM_API and WJ_API).



A trajectory of the MCS is diagnosed from MIT data (black diamonds) and ISIS (black  squares) is indicated by the 
black line ; the MCS is the closest to the MIT radar (black triangle) around 16h20.

Figure 5 : time series of temperature (top), specific humidity (middle) and equivalent potential temperature (bottom) 
at 2m AGL, at Niamey (green curves) and at Banizoumbou (black curve). The time sampling is 1 min, and the period 
covers three days, centred on the 10 July 2006; the orange vertical dotted lines indicate 6h, 12h and 18h the 10 July.



Figure 6 : time series of 2m-relative humidity measured at the different sites, Niamey (green), Wankama (blue and 
cyan) and Banizoumbou (red and orange). 





Figure 7 : sounding data for the 10 July 2006, around the four synoptic hours (early morning: green, midday: red, 
evening: orange, midnight: blue) – θv, qv, RH, θe and wind speed, direction, U,V.



Figure 8 : Wind speed and wind vector from the Niamey UHF wind profiler. The resolution is 15 min and 
about 200m on the vertical. 

Figure 9 : Time series of precipitable water at Niamey from GCP data; the time sampling is 1 hour. Arrows 
indicate the nighttime decrease, morning increase and sharp afternoon decrease.



Figure 10 : time series of surface wind at Niamey (green) and Banizoumbou (red).



Figure 11 : indexes computed from the five ARM soundings available the 10 July 2006. left panel : level of free 
convection (pink), lifting condensation level, LCL (cyan) and convective boundary layer height (blue dots, noon and 

evening soundings only); right panel: CAPE (blue) and CIN (red).

Figure 12 : Time series of sensible (black) and latent (red) heat fluxes (H and LE); measured at Niamey 
airport (dots), the solid lines correspond to the fluxes prescribed in the model. The resolution is 30 min.



Figure 13 : Early morning vertical profiles of zonal (upper left) and meridional (upper right) wind, potential 
temperature (lower left) and specific humidity (lower right), from soundings (blue), ECMWF analysis (black) and 

used in the simulations (red). 



Figure 14 : Horizontal advection of specific humidity at 6h (top), the sum of the advection of potential temperature 
and radiative processes at 6h (solid line), 12h (dotted line) and 18h (dashed line) (middle), and vertical velocity at 

noon. Advection and vertical velocity are prescribed in the simulation in order to account for larger-scale circulations, 
as these cannot be resolved explicitly in this modelling framework. The divergence of radiative flux is obtained from a 
simulation performed with a coupled surface-atmosphere simulation (*). Horizontal advection decrease linearly from 

their value at 6h to 0 at 12h, while the vertical velocity, which is 0 at 6h increases linearly until 12h. Units are 
g.kg-1.h-1 (resp. K.h-1) for the advection of water vapour (resp. advection of potential temperature and radiative 

divergence of flux), and m.s-1 for vertical velocity. The vertical axis ranges from 0 to 5 km AGL. 
(*) this term actually prescribed corresponds to the vertical divergence of the radiative flux divided by the Exner  
function (P/P0)^(R/cp).



Figure 15 : cloud base and cloud top heights, in observations (symbols) and in the LES (solid lines). In 
observations: cloud base heights from ceilometer (orange triangles), micropulse lidar (green triangles) and 
radar (green squares) and cloud top heights from the radar (green squares).



Figure 16 :  Vertical profiles of potential temperature (top) and water vapour mixing ratio (bottom), at 6h 
(black), 12h (red) and 18h (green) the 10 July 2006, from the soundings (dashed lines) and in the LES 

(solid lines). A flight sounding performed within a few tens of km from Niamey airport and close to noon is 
also shown (red dotted lines). 



Figure 17 : horizontal maps of (a) MIT radar reflectivities and (b) simulated water vapour mixing ratio (rv);  both 600 
m AGL around 11h. The simulation used here is a large eddy simulation (LES) with a horizontal resolution of 100m 
and a cyclic domain of size 10 km x 10 km. Therefore, the domain is replicated 3x3 times in order to facilitate the 

comparison of the size and orientation of the structures observed in both datasets. 



Figure 18: Same as previous figure execpt for (a) MIT radar reflectivities and (b) simulated potential temperature 
(theta); both 600 m AGL around 18h. For the simulation considered here, the horizontal resolution is 500m and the 

(cyclic) domain is 100 km x 100 km wide.



APPENDIX A

The combined analysis of satellite products and surface data point to a significant heterogeneity of 
the surface properties and fluxes at mesoscale. They further appear to be related to recent rainfall 
events. This is documented in Figs. A1, A2 and A3.

Figure A1 : land surface temperature at 11h45 from LANDSAF (top) and at 11h50 from MODIS-TERRA 
(bottom) (MOD11_L2 product, 1-km resolution, re-gridded to LANDAF resolution, 0.05°). The difference 
in absolute values between the two products is probably due to a too large viewing angle in MODIS for this 

scene (cf Trigo et al. 2008)



Figure A2 : map showing cumulative rainfall amounts for 8 and 9 July obtained from the CATCH rain gauge network 
together with successive positions of the centre of the convective event.

Figure A3: comparison of surface heat fluxes at Niamey (green), Wankama (blue) and Banizoumbou (red)



APPENDIX B

Quicklook from the TERRA-MODIS rapid response system (true color image, 250m resolution) for the 10 
July 2006 at 1155 UTC. On the first  image (top),  shallow cumulus clouds are present at  the latitude of 
Niamey, to the West, in Burkina Faso; Over Niamey, the sky appear clear, and one can identify the town and 
the Niger river.  
The other image (bottom) is simply a zoom on the shallow cumulus clouds, which appear as “pearls on a 
string” (cf Weckwerth et al. 1996 and Kuettner 1959) along a SW-NE direction, i.e. apparently along the 
direction of the monsoon low-level flow. This organization is commonly seen in the morning with MODIS 
quicklooks and consistent, at least at first order, with clear-sky boundary layer structures which have been 
documented with the MIT radar for other days in the morning (Lothon, comm. pers.).


