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Abstract. Recently, Lovejoy et al. (2009) argued that the (tens of thousands of km). If this hypothesis were correct,
steep~k—2 atmospheric kinetic energy spectrum at synoptic the observation of a steeper spectrum at synoptic scales must
scales £1000km) observed by aircraft is a spurious artefactsomehow be spurious. Lovejoy et al. (2009) thus try to show
of aircraft following isobars instead of isoheights. Without that the apparent inconsistency between the aircraft measure-
taking into account the earth’s rotation they hypothesise thaments and their own hypothesis can be overcome by some
the horizontal atmospheric energy spectrum should scale aslever reinterpretations.

k=>/3 at all scales. We point out that the approximite- One does not need to go into any further technical details
spectrum at synoptic scales has been observed by a nungy see that the hypothesis of Lovejoy et al. is unreasonable.
ber of non-aircraft means since the 1960s and that generat js enough to notice the strong consistency between the air-
circulation models and other current models have succesraft observations and other pieces of evidence reported in
fully produced this spectrum. We also argue that the verti-the literature that do not have the aircraft movement prob-
cal movements of the aircraft are far too small to cause anjlem raised by Lovejoy et al. (2009). Wiin-Nielsen (1967)

strong effect on the measured spectrum at synoptic scales. calculated kinetic energy spectra using meteorological data
from six different levels in the troposphere and found that

. the spectra had power law dependence at the four highest
Aircraft measurements (Nastrom and Gage, 1985) show th"’\bvels, with exponents varying from2.6 to —3.1. Julian

the atmospheric kinetic energy vv3avenumber spectrum hag; 5 (1970) used four different meteorological data sets to
a transition from an approximate >-range, at scales from .5\ ate horizontal kinetic energy spectra and consistently
several hundred kilometres to several thousand kllometre%und that they could be represented by a power law with ex-
(synoptic scales), to an approximate®-range at scales ponent between-2.7 and—3.0 in the 1500- 3500 km wave-
from about five hundred kilometres down to one kilometre length range. Boer and Shepherd (1983) performed a spheri-
(mesoscales). Structure function analyses from aircraft meag,| harmonic analysis of global operational analyses of wind
surements (e.g. Cho and Lindborg 2001) are also consistenf,ia and found that the kinetic energy spectra had a power
with this result. Recently, Lovejoy et al. (2009) argued that |,y gependence at synoptic scales, close to, but somewhat
the observed steep spectrum at synoptic scales is an artefggore shallow thak—3. Straus and Ditlevsen (1999) also per-
of the vertical motions of the aircraft. According to the au- ¢4meq 4 spherical harmonic analysis of reanalysed meteoro-
thors’ own hypothesis the horizontal kinetic energy spectrum|ogica| data and observed a power law dependenice?”.

—5/3 ;
should scale ak~>" from the very smallest scales of MICIO The structure function analysis of Cho and Lindborg (2001)
turbulence up to the very largest scales of planetary motiong, ;¢ recently been confirmed by a structure function analy-

sis of global sounding data (Frehlich and Sharman, 2009),
showing an excellent agreement between the structure func-

Correspondence tcE. Lindborg tions calculated from the aircraft data and the sounding data.
BY (erikl@mech.kth.se) Modern high resolution simulations using mesoscale fore-
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cast models show an approximate3-spectrum at synoptic  vertical motions of the aircraft by calculating a spectrum
scales (Skamarock 2004) and so do global general circuladsing data from 39 selected flight segments that had virtually
tion model simulation (e.g. Takahashi et al., 2006; Hamiltonno deviation from isobaric paths and compared it to the

etal., 2008). spectrum calculated from a larger data set, including flights
There is a well known theory of quasi-geostrophic tur- with quite large such deviations. No principal difference was
bulence developed by Charney (1971), predicting &- observed between the two spectra. The scientific evidence

spectrum at scales which are strongly influenced by planepointing against the hypothesis of Lovejoy et al. (2009) is so
tary rotation. Although Lovejoy et al. (2007) criticized Char- strong that it is safe to conclude that the hypothesis is wrong.
ney (1971) for using an isothermal lower boundary and for

assuming 3-D quasi-isotropy, these limitations have been reEdited by: G. Vaughan

laxed in many of the modern models of atmospheric turbu-
lence. Model simulations of anisotropic quasigeostrophic
turbulence consistently show /& 3-spectrum at synoptic
scales (e.g. Tung and Orlando 2003). At the synoptic scales,

h . . e ial h . Alisse, J.-M. and Sidi, C.: Experimental probability density func-
the two invariant quantities are potential enstrophy (variance tions of small scale fluctuations in the stably stratified atmo-

of potential vorticity, including the planetary vorticity) and sphere, J. Fluid. Mech., 402, 137162, 2000.

total energy (kinetic plus potential energy) (Charney 1971),charney, J. G.: Geostrophic turbulence, J. Atmos. Sci., 28, 1087—
not the buoyancy variance and classical kinetic energy used 1095, 1971.

by Lovejoy et al.. The buoyancy effects are subsumed in theCho, J. Y. N. and Lindborg, E.: Horizontal velocity structure func-
potential energy in the form of potential temperature variance tions in the upper troposphere and lower stratosphere 1. Obser-
as the additive factor to the classical horizontal kinetic en- Vvations, J. Geophys. Res., 106(D10), 10223-10232, 2001.

ergy. At the synoptic scales, it is the potential enstrophy fluxBoer, G. _J. and Shepherd T. G.: Large scgle two-dimensional turbu-
that dominates. Dimensional scaling similar to what has been_'ence in the atmosphere, J. Atmos. Sci,, 40, 164-184, 1984.

used by the authors then yields the3-spectrum, not the Frehlich, R. and Sharman, R.: Climatology of velocity and tem-

k=5/3-spectrum. which is applicable to much smaller scales perature turbulence statistics determined from rawinsonde and
X ’ pp . - 7" ACARS/AMDAR data, J. Appl. Meteorol. Climatol., in press,
Thus, there are strong theoretical arguments supporting a 5,1

k~3-spectrum at synoptic scales and there is a great amouniamilton, K., Takahashi, Y., and Ohfuchi, W.: The mesoscale spec-
of evidence from measurements and simulations showing trum of atmospheric motions investigated in a very fine reso-
spectra with power law dependence closg 8, but slightly lution global general circulation model, J. Geophys. Res., 113,
more shallow in cases where the measurement is not close to D18110, doi:10.1029/2008JD009758, 2008.
the tropopause or planetary boundary effects are important.Julian, P. R., Washington, W. M., Hembree, L., and Ridley, C.: On
Without justification Lovejoy et al. maintain that scaling  the spectral distribution of large-scale atmospheric kinetic en-
laws should be expressed with respect to absolute height. €rgy. J. Atmos. Sci., 27, 376-387, 1970. _
They argue that a spurious scaling exponent is somehow©Veioy S., Tuck, A F., Schertzer, D., and Hovde, S. J.: Reinter-
introduced because the aircraft are following isobars rather Préting aircraft measurement in anisotropic scaling turbulence,

. . . o . . . Atmos. Chem. Phys., 9, 5007-5025, 2009,
than isoheights. It is very difficult to believe that isoheights http:/Awww.atmos-chem-phys.net/9/5007/2009/

Sho‘!"_j have 5‘_”)’ deeper dynamical significance than iSObarI§ovejoy, S., Tuck, A. F., Hovde, S. J., and Schertzer, D.: Is isotropic
and itis also difficult to see why the spectra should show such  y;rpylence relevant in the atmosphere?, Geophys. Res. Lett., 34

a big difference between the two cases. The isobaric height | 14802, doi:10.1029/2007GL029359, 2007.

difference is on the order of 100 m at a horizontal distance ofNastrom, G. D. and Gage, K. S.: A climatology of atmospheric
1000 km. According to the argument of Lovejoy et al. this wavenumber spectra of wind and temperature observed by com-
small difference causes a dramatic shift of about one order mercial aircraft, J. Atmos. Sci., 42, 950-960, 1985.

of magnitude in the kinetic energy spectrum and the velocitySkamarock, W. C.: Evaluating mesoscale NWP models using ki-
structure function at scales on the order of 1000 km. Such netic energy spectra, Mon. Weather Rev., 132, 3019-3032, 2004.
a large shift is highly unlikely, because the typical C|,]‘,ng(_:‘Strau.s, D. M. and Ditlevsen, P.: Two-dimensional turbulence prop-
of wind over a vertical distance of 100m is less than 1 m/s__Sries of the ECMWF reanalyses, Tellus, 51A, 749772, 1999.

. - ) . . Takahashi, Y., Hamilton, K., and Ohfuchi, W.: Explicit Global
(Alisse and Sidi, 2000; Lovejoy et al., 2007), while the typ- Simulation of the Mesoscale Spectrum of Atmospheric Motions,

ical change of wind over a horiz_ontal distance of 1000 km _is Geophys. Res. Lett., 33, 112812, doi:10.1029/2006GL026429,
larger than 10 m/s (Cho and Lindborg, 2001). At synoptic  5qqg.

scales, the difference between an energy spectrum or a ségung, K. K. and Orlando, W. W.: The~3 andk—5/3 energy spectr-

ond order structure function measured at an isobar and the rum of atmospheric turbulence: quasigeostrophic two-level sim-

same quantity measured at a nearby isoheight can therefore ulation, J. Atmos. Sci., 60, 824-835, 2003.

be estimated to be 1% or less. Wiin-Nielsen, A.: On the annual variation and spectral distribution
Finally, it should be pointed out that Nastrom and of atmospheric energy, Tellus, 19, 540-559, 1967.

Gage (1985) investigated the possible influence of the
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