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Abstract. Lorenz et al. (2012) proposes to use pressure log2 Discussion
gers for long-term field measurements in terrestrial deserts. _
The dataset obtained through this method features both pre€f interest to this comment on the paper lyrenz (2019
sure drops (reminiscent of dust devils) and periodic con-is the fact that the high-frequency evolution of surface pres-
vective signatures. Here we use large-eddy simulations t¢ure is predicted by LESs. Here we base our discussions
provide an explanation for those periodic convective signa-on Martian LES modeling described 8piga et al(2010.
tures and to argue that pressure measurements in deserts haliee conclusions we draw from Martian LESs hold for the
broader applications than monitoring dust devils. 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
Desert meteorology has a strong potential for comparativélevelop near the surface heated by incoming sunlight. The
planetology, at least between Mars and the Earth. Intensdifferences between terrestrial and Martian PBLs described
daytime convection takes place in their planetary bound-n Spiga et al(2010 affect PBL vertical structure and depth,
ary layers (PBLs) (seSpiga 2011, for a comparative dis- but yield similar horizontal organization for both planets.
cussion). Dust devils occur on both Martian and terrestrial 1he horizontal structure of the afternoon convective PBL
desertsBalme and Greeley2006 for a review). on Mars is shown in Figl for a LES carried out with no
Large-eddy simulations (LESs) have shown that dust dev_.background. V\_/ind (free convection gase). The vertical veloc-
ils are intimately connected to afternoon PBL convection. ity field exhibits polygonal convective cells formed by nar-
LESs are high-resolution numerical integrations of atmo-oW updrafts and broad downdrafts (see also, &anak
spheric fluid dynamics equations which resolve the turbu-€tal, 2000 Michaels and Rafkir2004. From early morning
lent transport by the largest PBL eddies and plunisiy(, (09:00LT — local time) to late afternoon (16:00 LT), convec-
1962). LESs have been carried out for Eartkapak et al, tive cells progressively widen, following the increase in PBL
2000 and Mars WMichaels and Rafkin2004 Spiga et al. depth (see e.g. Fig. 2 Bpiga et al.2010. Those convective
2010. This high-resolution modeling technique unveils the cells are associated with fluctuations of surface pressure and
three-dimensional structure of the convective PBL, which ishorizontal wind (“gustiness”) as is shown in Fig. Local

1 Introduction

hardly achieved through measurements. 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 cdrried out LESs in the same typical Martian conditions as
convective cells (where strongest updrafts occur) and corin Fig. 1, except we prescribed a background wind of 10 and
respond to convective vorticeblichaels and Rafkin2004 20ms ! (again, we choose the case of Mars for convenience
which could form dust devils should surface dust be availableand proximity to our recent modeling work Bpiga et al.
to be lifted. Pressure drops associated with dust devils havé2010, but conclusions apply in terrestrial deserts too). LESs
been observed both on EartRénno et al.2004 Lorenz show that pressure maxima and minima associated with PBL
2012 and Mars Echofield et al.1997 Ellehoj et al, 2010). convective cells are advected by background wind. At a given
In fact, the method by.orenz (2012 is able to capture all location (for instance, where pressure logger is located in the
convective vortices rather than only dust devils (i.e. the con-ield), owing to the regular, quasi-periodic, horizontal orga-
vective vortices which happen to be dusty). In other words,nization of convective cells, a periodic signal in surface pres-
we expect pressure loggers as describddirenz (2012 to sure appears, similar to whaorenz (2012 observed. This
measure a larger number of pressure drops than actual duit shown in Fig2. This periodic signal would appear as long
devils taking place in the field. This is far from being a lim- as convective cells are formed — i.e. in late morning and af-
itation; convective vortices are the meteorological phenom-ternoon conditions when PBL convection takes places — and
ena of interest responsible for PBL transport, even if no dusbackground wind is of sufficient strength.
makes them visually apparent. Comparisons between LESs The nature of PBL convective cells shown in Figim-
and observations would benefit more from extensive obserplies that periodic fluctuations in horizontal gustiness and
vations of convective vortices than dust devils. sensible heat flux would also be found. This is illustrated

While analyzing pressure logger datasétsrenz (2012 by Fig. 3. Fluctuations of sensible heat flux were also ob-
noticed a pseudo-periodic pressure cycle in the afternoorserved byRenno et al(2004 during the MATADOR cam-
with a period of about 1000 s. We argue this signature is rempaign. Lorenz (2012 points out that pressure and sensible
iniscent of convective cells in Fig.moving along with back-  heat flux fluctuate at roughly the same period, which he qual-
ground (i.e. synoptic or regional) wind. To illustrate this, we 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 100ms1 (20ms1) 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 1.5s). 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 sholvn in Fig.

» ‘ ‘ ; T e and advected at the background wind speed of 10'mwe
. obtain a period of about 500s 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 spedsm st
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-
Fig. 3. Fluctuations of sensible heat flux with time. Cases with a ions decreases when background wind is stronger, which
oms1 (blue), 10ms? (green) and 20 st (red) background ~ 'émains to be confirmed by observations. When the back-
wind are displayed. 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-
those observations are by no means coincidental and steftored through pressure measurements as well. If three or
from PBL convective cells causing fluctuations of both pres-more pressure loggers are available, this will allow observers
sure and sensible heat flux. We also conclude that the radianot only to increase the probability to capture pressure drops
tive feedback proposed enno et al(2004) is not neces-  associated with dust devils, but also to better check the con-
sary to explain those observations. sistency of pseudo-periodic sighatures associated with con-
The predicted order of magnitude for the fluctuation periodvective cells and their evolution from morning to late after-
of surface pressure is consistent with observations. A periodghoon. In terrestrial arid regions, based on the principle that
of about 800-1000's (500-7005s) is found for the 10t s the width of convective cells scales with PBL depth, we could
(20ms1) case. Those values can also be found by a simrecommend a spacing between pressure sensors of typically
ple calculation. The width of PBL convective cells approxi- 300-500 m; this spacing could be raised to even 700-1000 m
mately scales with the PBL depth, which is about 5 km in theif the focus is on the peak of convective activity in the after-
considered case. Assuming that convective cells are regularoon. Our conclusions from LES could also be tested against
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pressure measurements on Mars, e.g. on board the Curiosityrotzinger, J. P., Crisp, J., Vasavada, A. R., Anderson, R. C., Baker,
rover operating since August 201@rtzinger et al.2012. C. J, Barry, R., Blake, D. F,, Conrad, P., Edgett, K. S., Fer-
If a network of pressure loggers could be deployed on Mars dowski, B., Gellert, R., Gilbert, J. B., Golombek, M. o@ez-

in the future, the spacing between each pressure sensor in aElvira, J., Hassler, D. M., Jandura, L., Litvak, M., Mahaffy, P.,
given area would have to be larger than on Earth to charac- MK, J., Meyer, M., Malin, M. C., Mitrofanov, ., Simmonds,

terize the deeper PBL convection and wider convective cells, - J-» Vaniman, D., Welch, R. V., and Wiens, R. C.. Mars Science
Laboratory Mission and Science Investigation, Space Sci. Rev.,

170, 5-564d0i:10.1007/s11214-012-9892-2012.
3 Summary and conclusions Kanak, K. M.: On the numerical simulation of dust devil-like vor-
tices in terrestrial and Martian convective boundary layers, Geo-

We conclude that the pressure measurements proposed l?é/phys. Res. Lett, 33, L198060|:10.1029./20066L02(_3202006. _
Lorenz (2012 have the potential to broaden knowledge on agsllk\’/c}fr.tilc\:ﬂéél;:l)t%&:;’\/ 223\/5;&‘)"8”‘]&;'}'/ T;yz:ogni“?ozf X:éigo
the con\_/ecyve boundary layer in addition to being s_wtable rol. Soc., 126, 2789—28160i 10.1256/5msqj. 56902000,
for monitoring dust devils. As far as the Iatter task is CO'?" Lilly, D. K.: On the numerical simulation of buoyant convection,
cerned, pressure loggers would actually monitor convective Tg|ys, 14, 148-172, 1962.
vortices, i.e. both dust and “dustless” devils. We also argue_orenz, R. D.: Observing desert dust devils with a pressure log-
that the quasi-periodic pressure fluctuations are a signature of ger, Geosci. Instrum. Method. Data Syst. Discuss., 2, 477-505,
PBL convective cells being advected by background winds doi:10.5194/gid-2-477-2012012.
and shall be ubiquitous in future pressure measurements oMichaels, T. I. and Rafkin, S. C. R.: Large eddy simulation of at-
Earth and on Mars. mospheric convection on Mars, Q. J. Roy. Meteorol. Soc., 130,
1251-1274¢0i:10.1256/qj.02.162004.
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