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Abstract. Lorenz et al. (2012) proposes to use pressure log-
gers for long-term field measurements in terrestrial deserts.
The dataset obtained through this method features both pres-
sure drops (reminiscent of dust devils) and periodic con-
vective signatures. Here we use large-eddy simulations to
provide an explanation for those periodic convective signa-
tures and to argue that pressure measurements in deserts have
broader applications than monitoring dust devils.

1 Introduction

Desert meteorology has a strong potential for comparative
planetology, at least between Mars and the Earth. Intense
daytime convection takes place in their planetary bound-
ary layers (PBLs) (seeSpiga, 2011, for a comparative dis-
cussion). Dust devils occur on both Martian and terrestrial
deserts (Balme and Greeley, 2006, for a review).

Large-eddy simulations (LESs) have shown that dust dev-
ils are intimately connected to afternoon PBL convection.
LESs are high-resolution numerical integrations of atmo-
spheric fluid dynamics equations which resolve the turbu-
lent transport by the largest PBL eddies and plumes (Lilly ,
1962). LESs have been carried out for Earth (Kanak et al.,
2000) and Mars (Michaels and Rafkin, 2004; Spiga et al.,
2010). This high-resolution modeling technique unveils the
three-dimensional structure of the convective PBL, which is
hardly achieved through measurements.

2 Discussion

Of interest to this comment on the paper byLorenz(2012)
is the fact that the high-frequency evolution of surface pres-
sure is predicted by LESs. Here we base our discussions
on Martian LES modeling described inSpiga et al.(2010).
The conclusions we draw from Martian LESs hold for the
Earth as well; how daytime PBL convection is organized is
qualitatively similar in Martian and arid terrestrial environ-
ments (Kanak, 2006). This stems from a similar physical
cause in both situations; convective turbulent motions arise
in the PBL, following unstable temperature gradients which
develop near the surface heated by incoming sunlight. The
differences between terrestrial and Martian PBLs described
in Spiga et al.(2010) affect PBL vertical structure and depth,
but yield similar horizontal organization for both planets.

The horizontal structure of the afternoon convective PBL
on Mars is shown in Fig.1 for a LES carried out with no
background wind (free convection case). The vertical veloc-
ity field exhibits polygonal convective cells formed by nar-
row updrafts and broad downdrafts (see also, e.g.Kanak
et al., 2000; Michaels and Rafkin, 2004). From early morning
(09:00 LT – local time) to late afternoon (16:00 LT), convec-
tive cells progressively widen, following the increase in PBL
depth (see e.g. Fig. 2 inSpiga et al., 2010). Those convective
cells are associated with fluctuations of surface pressure and
horizontal wind (“gustiness”) as is shown in Fig.1. Local
increase in horizontal wind causes in turn enhanced surface–
atmosphere heat exchanges, i.e. larger values of sensible heat
flux.
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Fig. 1.Convective cells in daytime convective PBL. Results are obtained through large-eddy simulations in the Martian environment. Similar
organization is observed for the daytime convective boundary layer in terrestrial arid regions. The dimension of the simulation domain is
∼ 10 km. Results are shown at 12:00 LT.

The deepest pressure drops are predicted at the edges of
convective cells (where strongest updrafts occur) and cor-
respond to convective vortices (Michaels and Rafkin, 2004)
which could form dust devils should surface dust be available
to be lifted. Pressure drops associated with dust devils have
been observed both on Earth (Renno et al., 2004; Lorenz,
2012) and Mars (Schofield et al., 1997; Ellehoj et al., 2010).
In fact, the method byLorenz(2012) is able to capture all
convective vortices rather than only dust devils (i.e. the con-
vective vortices which happen to be dusty). In other words,
we expect pressure loggers as described inLorenz(2012) to
measure a larger number of pressure drops than actual dust
devils taking place in the field. This is far from being a lim-
itation; convective vortices are the meteorological phenom-
ena of interest responsible for PBL transport, even if no dust
makes them visually apparent. Comparisons between LESs
and observations would benefit more from extensive obser-
vations of convective vortices than dust devils.

While analyzing pressure logger datasets,Lorenz(2012)
noticed a pseudo-periodic pressure cycle in the afternoon
with a period of about 1000 s. We argue this signature is rem-
iniscent of convective cells in Fig.1 moving along with back-
ground (i.e. synoptic or regional) wind. To illustrate this, we

carried out LESs in the same typical Martian conditions as
in Fig. 1, except we prescribed a background wind of 10 and
20 m s−1 (again, we choose the case of Mars for convenience
and proximity to our recent modeling work inSpiga et al.
(2010), but conclusions apply in terrestrial deserts too). LESs
show that pressure maxima and minima associated with PBL
convective cells are advected by background wind. At a given
location (for instance, where pressure logger is located in the
field), owing to the regular, quasi-periodic, horizontal orga-
nization of convective cells, a periodic signal in surface pres-
sure appears, similar to whatLorenz(2012) observed. This
is shown in Fig.2. This periodic signal would appear as long
as convective cells are formed – i.e. in late morning and af-
ternoon conditions when PBL convection takes places – and
background wind is of sufficient strength.

The nature of PBL convective cells shown in Fig.1 im-
plies that periodic fluctuations in horizontal gustiness and
sensible heat flux would also be found. This is illustrated
by Fig. 3. Fluctuations of sensible heat flux were also ob-
served byRenno et al.(2004) during the MATADOR cam-
paign.Lorenz (2012) points out that pressure and sensible
heat flux fluctuate at roughly the same period, which he qual-
ifies as an “intriguing” coincidence. Conversely, we argue
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Fig. 2. Fluctuations of surface pressure with time at the central grid point of a Martian LES. On the left (right), a case with background
wind of 10 m s−1 (20 m s−1) is compared to a case with no background wind. Instantaneous model outputs are shown every 100 s between
approximately 12:00 and 13:00 LT (LES integration timestep is 1.5 s). Higher frequency outputs show similar periodic patterns except for
the added “noise” of lesser amplitude which corresponds to turbulent eddies of smaller scale than convective cells shown in Fig.1.

Fig. 3. Fluctuations of sensible heat flux with time. Cases with a
0 m s−1 (blue), 10 m s−1 (green) and 20 m s−1 (red) background
wind are displayed.

those observations are by no means coincidental and stem
from PBL convective cells causing fluctuations of both pres-
sure and sensible heat flux. We also conclude that the radia-
tive feedback proposed byRenno et al.(2004) is not neces-
sary to explain those observations.

The predicted order of magnitude for the fluctuation period
of surface pressure is consistent with observations. A period
of about 800–1000 s (500–700 s) is found for the 10 m s−1

(20 m s−1) case. Those values can also be found by a sim-
ple calculation. The width of PBL convective cells approxi-
mately scales with the PBL depth, which is about 5 km in the
considered case. Assuming that convective cells are regular

and advected at the background wind speed of 10 m s−1, we
obtain a period of about 500 s for surface pressure fluctua-
tions. Our simple calculation yields an underestimate, but the
aforementioned assumptions are quite strong; for instance,
background wind would tend to stretch convective cells and
modify their width. The same order of magnitude can be
found on the Earth, where the convective PBL is less deep
than on Mars (about 2–3 km in warm arid regions) and back-
ground wind perhaps less casually reaches speeds≥ 10 m s−1

than on Mars (Balme et al., 2012). Those estimates are in
line with the measured period of about 1000 s measured by
Lorenz (2012), which makes it plausible that the recorded
pressure fluctuations are caused by PBL convective cells.

Further observations with pressure loggers as proposed by
Lorenz(2012) will help to better constrain this scenario. For
instance, LESs predict that the period of pressure fluctua-
tions decreases when background wind is stronger, which
remains to be confirmed by observations. When the back-
ground wind is particularly strong, it is even possible that
convective cells lose their polygonal structure to become lin-
ear rolls; this change of convective regime could be mon-
itored through pressure measurements as well. If three or
more pressure loggers are available, this will allow observers
not only to increase the probability to capture pressure drops
associated with dust devils, but also to better check the con-
sistency of pseudo-periodic signatures associated with con-
vective cells and their evolution from morning to late after-
noon. In terrestrial arid regions, based on the principle that
the width of convective cells scales with PBL depth, we could
recommend a spacing between pressure sensors of typically
300–500 m; this spacing could be raised to even 700–1000 m
if the focus is on the peak of convective activity in the after-
noon. Our conclusions from LES could also be tested against
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pressure measurements on Mars, e.g. on board the Curiosity
rover operating since August 2012 (Grotzinger et al., 2012).
If a network of pressure loggers could be deployed on Mars
in the future, the spacing between each pressure sensor in a
given area would have to be larger than on Earth to charac-
terize the deeper PBL convection and wider convective cells.

3 Summary and conclusions

We conclude that the pressure measurements proposed by
Lorenz(2012) have the potential to broaden knowledge on
the convective boundary layer in addition to being suitable
for monitoring dust devils. As far as the latter task is con-
cerned, pressure loggers would actually monitor convective
vortices, i.e. both dust and “dustless” devils. We also argue
that the quasi-periodic pressure fluctuations are a signature of
PBL convective cells being advected by background winds
and shall be ubiquitous in future pressure measurements on
Earth and on Mars.

Acknowledgements.I would like to acknowledge R. Lorenz and an
anonymous reviewer for constructive comments which improved
this paper.

Edited by: W. Schmidt

References

Balme, M. R. and Greeley, R.: Dust devils on Earth and Mars, Rev.
Geophys., 44, 3003,doi:10.1029/2005RG000188, 2006.

Balme, M. R., Pathare, A. V., Metzger, S. M., Towner, M. C., Lewis,
S. R., Spiga, A., Fenton, L., Renno, N. O., Elliot, H. M., Saca,
F. A., Michaels, T., Russell, P., and Verdasca, J. A.: Field mea-
surements of horizontal forward motion velocities of terrestrial
dust devils: towards a proxy for ambient winds on Mars and
Earth, Icarus, 221, 632–645,doi:10.1016/j.icarus.2012.08.021,
2012.

Ellehoj, M. D., Gunnlaugsson, H. P., Taylor, P. A., Kahanpää, H.,
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