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Abstract

Lorenz (2012) proposes to use pressure loggers for long-term field measurements in
terrestrial deserts. The dataset obtained through this method features both pressure
drops (reminiscent of dust devils) and periodic convective 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 be-
tween Mars and the Earth. Intense daytime convection takes place in their Planetary
Boundary Layer [PBL] (see Spiga, 2011, for a comparative discussion). Dust devils
occur on both Martian and terrestrial deserts (Balme and Greeley, 2006, for a review).

Large-Eddy Simulations [LESs] have showed that dust devils are intimately con-
nected to afternoon PBL convection. LESs are high-resolution numerical integrations
of atmospheric fluid dynamics’ equations, which resolve the turbulent 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 con-
vective PBL, which is hardly achieved through measurements.

2 Discussion

Of interest to comment the paper by Lorenz (2012) is the fact that the high-frequency
evolution of surface pressure is predicted by LESs. Here we base our discussions on
Martian LES modeling described in Spiga et al. (2010). The conclusions we draw from
Martian LESs hold for the Earth as well: how daytime PBL convection is organized is
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qualitatively similar in Martian and arid terrestrial environments (Kanak, 2006). This
stems from 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 PBL de-
scribed in Spiga et al. (2010) affect PBL vertical structure and depth, but yield similar
horizontal organization in 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
velocity field exhibits polygonal convective cells formed by narrow updrafts and broad
downdrafts (see also e.g. Kanak et al., 2000; Michaels and Rafkin, 2004). Those con-
vective 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.

The deepest pressure drops are predicted at the edges of convective cells (where
strongest updrafts occur) and correspond to convective vortices (Michaels and Rafkin,
2004) which could form dust devils should surface dust be available to be lifted. Pres-
sure 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 by Lorenz (2012) is able to capture all convective vortices rather than only dust
devils (i.e. the convective vortices which happen to be dusty). In other words we ex-
pect pressure loggers as described in Lorenz (2012) to measure a larger number of
pressure drops than actual dust devils taking place in the field. This is far from being
a limitation: convective vortices are the meteorological phenomena of interest, respon-
sible for PBL transport even if no dust makes those visually apparent. Comparisons
between LESs and observations would benefit more from extensive observations of
convective vortices than dust devils.

While analyzing pressure logger datasets, Lorenz (2012) noticed a pseudoperiodic
pressure cycle in the afternoon with a period about 1000 s. We argue this signature is
reminiscent of convective cells in Fig. 1 moving along with background (i.e. synoptic or
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regional) wind. To illustrate this, we carried out LESs in the same typical Martian con-
ditions as in Fig. 1, except we prescribed a background wind of 10 m s'and20ms™"
(again, we choose the case of Mars for convenience and proximity to our recent mod-
eling work in Spiga et al. (2010), but conclusions apply in terrestrial deserts too). LESs
show that pressure maxima and minima associated with PBL convective cells are ad-
vected by background wind. At a given location (for instance, where pressure logger
is located in the field), owing to the regular, quasi-periodic, horizontal organization of
convective cells, a periodic signal in surface pressure appears, similarly to what Lorenz
(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 afternoon conditions when PBL
convection takes places — and background wind is of sufficient strength.

The nature of PBL convective cells shown in Fig. 1 implies 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 observed by Renno et al. (2004)
during the MATADOR campaign. Lorenz (2012) points out that pressure and sensible
heat flux fluctuate at roughly the same period, which he qualifies as an “intriguing”
coincidence. Conversely, we argue those observations are by no means coincidental
and stems from PBL convective cells causing fluctuations of both pressure and sensible
heat flux. We also conclude that the radiative feedback proposed by Renno et al. (2004)
is not necessary to explain those observations.

The predicted order of magnitude for the fluctuation period of surface pressure is
consistent with observations. A period of about 800-1000s (500-700s) is found for
the 10ms™" (20m s'1) case. Those values can also be found by a simple calculation.
The width of PBL convective cells approximately scales with the PBL depth which is
about 5km in the considered case. Assuming that convective cells are regular and ad-
vected at the background wind speed of 10ms™', we obtain a period of about 500 s
for surface pressure fluctuations. 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
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can be found on the Earth where the convective PBL is less deep than on Mars (about
2-3km in warm arid regions) and background wind perhaps less casually reaching
speeds > 10ms~' 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
fluctuations decreases when background wind is stronger, which remains to be con-
firmed by observations.

3 Summary and conclusions

We conclude that pressure measurements proposed by Lorenz (2012) have the poten-
tial to broaden the knowledge of convective boundary layer in addition to be suitable for
monitoring dust devils. As far as the latter task is concerned, pressure loggers would
actually monitor convective vortices, i.e. both dust and “dustless” devils. We also ar-
gue that the quasiperiodic pressure fluctuations is a signature of PBL convective cells
being advected by background winds and shall be ubiquitous in future pressure logger
measurements.
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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 con-
vective boundary layer in terrestrial arid regions. The dimension of the simulation domain is
~ 10km. Results are shown at local time 1200.
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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 10ms™' (20ms™") is compared to a case with no
background wind. Instantaneous model outputs are shown every 100 s between approximately
local times 1200 and 1300 (LES integration timestep is 1.5s). 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.
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Fig. 3. Fluctuations of sensible heat flux with time. Cases witha Om s (blue), 10m s (green)

Printer-friendly Version
and 20ms™’ (red) background wind are displayed.

Interactive Discussion

Jaded uoissnosig

,@0

601



http://www.geosci-instrum-method-data-syst-discuss.net
http://www.geosci-instrum-method-data-syst-discuss.net/2/593/2012/gid-2-593-2012-print.pdf
http://www.geosci-instrum-method-data-syst-discuss.net/2/593/2012/gid-2-593-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/

