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We thank the Referee for the comments and suggestions. We will improve the
manuscript accordingly. Below, we reply and discuss the issues raised up by the Ref-
eree.

1 Reply to general comments Printer-friendly version

. . , ] i Discussion paper
1. Section 2 ("State of the art") is a collection of equations that relate various tur-

bulence characteristics with each other. These equations have been taken from
C1 n

il


http://www.atmos-meas-tech-discuss.net/
http://www.atmos-meas-tech-discuss.net/amt-2016-401/amt-2016-401-AC1-print.pdf
http://www.atmos-meas-tech-discuss.net/amt-2016-401
http://creativecommons.org/licenses/by/3.0/

a large number of different sources, and it is not clear what the underlying phys-
ical assumptions are and to what extent they are consistent across the various
sources. For example, it is not explained whether the one-dimensional spectra
Ev1(k) and Ex (k1) and the frequency spectrum S(f) are meant to be one-sided
spectra or two-sided spectra.

E11(k), E2o(k1) and S(f) are the one-sided spectra which, after integration over
argument from 0 to co equal the variance of the signal. E;;(k;) are defined as
twice the one-dimensional Fourier transform of

R;j(ri€1) = (ui(x + re1, t)u;(X,t)) (Pope, 2000). Here, we assume that the flow
is homogeneous and statistically stationary and statistics do not depend on point
x or time. Equations [11] in the manuscript will be corrected to

1
Rii(ri€1) = 2/

—00

[e.e]

Ell(l{il)eiklrl dk‘l = / Ell(kl) COS (lel)dkl, (1)
0
R’l’l(rlel) = —/ Ell(k'l)kf% cosS (]ﬁ?“l)dk‘l. (2)
0

We will amend Section 2, correct Egs. [11] and improve the manuscript in order
to make the considerations more consistent. (In this reply we refer to equations
from the manuscript using square brackets)

. Moreover, it is not mentioned which of the relationships follow from Kolmogorov’s
theory of fully developed, locally homogeneous and isotropic turbulence Kol-
mogorov (1941a,b) and which are valid for any statistically homogeneous vector
fields, regardless of whether or not they are isotropic (Monin and Yaglom, 1975,
pp. 16-22)

Egs. [11] in the manuscript are valid under the assumption of homogeneity alone,
however, for further relations (relationship between A, and Ay and Egs. [15] and
[16]) the assumption of local isotropy (Kolmogorov, 1941) is needed, to finally find
the value of the dissipation rate.
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As the airborne measurements provide signals of velocity along the 1D aircraft
flight path, the local isotropy assumption is needed to estimate the dissipation
rate ¢ of a 3D turbulent field and the assumption of homogeneity alone (Monin
and Yaglom, 1975) is not sufficient.

. Additionally, I find it worrisome that the authors sometimes confuse k, and k and
that some of their equations contain transcendental functions with dimensional
arguments.

Integration in equations [25], [26] and [31] is in fact performed over non-
dimensional variables. In the manuscript we denoted them by &£ and %; which
was confusing. In "Reply to specific comments" below we present the derivation
in detail and denote the variables by &£ and &;.

. I find it difficult to follow the flow of the authors’ reasoning in detail. | am not
surprised that the zero-crossing methods can provide e estimates with a quality
comparable to the e estimates obtained with traditional spectral retrieval methods.
The relative advantages and disadvantages, however, are less clear, and the
authors do not discuss and explain them in sufficient depth from a physical point
of view.

In the manuscript we proposed two extensions of zero-crossing method to es-
timate TKE dissipation rate for low-pass filtered signals, in particular from air-
borne turbulence measurements with spatial resolution of meters or tens of me-
ters along 1D aircraft tracks. The first of them, described in Sections 3.1 and 4.1
applies additional filtering of the signal and, similarly as the structure function or
power spectra methods, is based on the inertial-range arguments.

In spite of the same underlying physical arguments the structure function and
power spectra methods are often used simultaneously, for better ¢ estimates
(Chamecki and Dias, 2004). Here, the proposed method offers yet another op-
tion.
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The possible advantages are:

o B o AMTD
- simplicity (e.g. it is not necessary to choose averaging windows),
- robustness to measurement errors in recorded amplitude of velocity fluctu-
ations (see discussion in conclusion section). Interactive
comment

In all the three, listed above, methods based on the inertial range arguments it
is necessary to use a constant C; or Cs, which has to be determined by inde-
pendent measurements. In order to avoid this limitation we propose the second
extension of zero crossings, described in Sections 3.2 and 4.2. This extension as-
sumes a model spectrum for the inertial and the dissipation range. We apply the
particular, exponential model, see Pope (2000). The advantage of this method is
that the inertial-range constant C; cancels in Eq. [25] and the resulting value of e
is unaffected by the uncertainty in C; estimates. Clearly, the approach is as good
as the model itself. The only parameter present in the model equations [25] and
[26], 3, is fixed by theoretical constrains, as the dissipation spectrum 2vk2E(k)
should integrate to . The second approach is based on different physical argu-
ments than the methods based on the inertial-range scaling only, it additionally
makes use of the first similarity hypothesis of Kolmogorov (1941) and a model
for the dissipation range spectrum. Still, it can be used for signals with spectral
cut-offs, hence it offers an alternative to the spectral retrieval methods.

2 Reply to specific comments

1. We will change the title of the section, according to the Referee’s suggestion. Printer-friendly version

2. Eq. [2] fails at wave numbers small compared to 1/L, where the turbulence is Discussion paper
usually anisotropic and is no longer universal.
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In principle, we agree here with the Referee. However, one can assume that the
lowest wavenumbers of the spectrum FEy; available from the measurements are
within the validity of the local isotropy assumption and that the largest scales of
the flow do not influence the value of dissipation rate.

. We agree with the Referee, we will amend the manuscript, accordingly.

. The integrals in Egs. [25] and [26] contain the term e~ the exponential function,
however, is a transcendental function and its argument must be dimensionless,
such as the argument Bkn in Eq. [24]. Because k is not dimensionless (its
dimension is 1/Length), Eqs. [25] and [26] cannot be correct.

Integration in Eqgs. [25] and [26] is performed over non-dimensional variables.
Below we present the derivation in detail and change the notation to ¢ and &
instead of & and k.

In order to derive Eqs. [25] and [26] we considered a relation [22] between N,

and Ny,
, , [ k3 Eindky
U ZNIQ/ = uc%;thzut 1+ ]:utt 2 ) (3)
fo “ kfE1dky

and in Eq. [23] assumed a certain form of the energy spectrum applicable in the
inertial and the dissipation range
E(k) = C2/3p5/3¢=Bkn, (4)

the corresponding one-dimensional spectrum FEy1, for the range of scales where
the local isotropy assumption holds, was calculated using Eq. [2] form the
manuscript

00 2
Eui(ky) = C¥3 / f—8/3¢=Bkn <1 — :;) dk. (5)
k1
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With the following change of variables ¢ = k7 in this integral we obtain

Eu(k) = 0B [ 83 (1 - W) de. (6)
k18n §

We next introduce (6) into (3) and once again change the variables to &, = k1 0n.
We obtain

o0 O ~— — 2
S € ST €757 (1 - %> dedés

'2 N2 2 Ar2 £ 2 A2
U NL = ucuthut 1+ & 2 = ucuthuthv
Jon et foe esee (1- ) agdgy
(7
where the correcting factor Cr equals
2
fion € S e (1~ ) acdy

Cr=1+ (8)

0 i .
fok’cutﬁﬁ ‘5% f£1 5*8/36*5 <1 — %) d§d§1

The form of both equations is identical as [25] and [26], but the integration vari-
ables are denoted £ and &, instead of k£ and k;. We will amend the manuscript,
accordingly. At the same time we note that the results of analysis performed in
Sections 4 and 5 remain unchanged.
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