
Atmos. Meas. Tech. Discuss.,
doi:10.5194/amt-2016-322-AC2, 2017
© Author(s) 2017. CC-BY 3.0 License.

Interactive comment on “Improved Observations
of Turbulence Dissipation Rates from Wind
Profiling Radars” by Katherine McCaffrey et al.

Katherine McCaffrey et al.

katherine.mccaffrey@noaa.gov

Received and published: 12 January 2017

We thank the reviewer for their detailed review, for which they obviously put in a lot of
time and effort. Although the review was quite negative, we believe that much of the
criticism stemmed from one or two fundamental misunderstandings that the reviewer
had, in part due to our poor choice of a single word or a sentence. The first of these
misunderstanding was due to our use of the word “adjacent” in describing the location
of the WPR’s relative to the tower. Although we later quantified that “adjacent” meant
they were separated by 600m, the reviewer apparently missed this point, and believe
that they were in fact co-located to within a few meters or tens of meters. Based on that
assumption, the reviewer then asked for dissipation calculations and inter-comparisons
on time scales of seconds, allowing for inclusion of the intermittency of the turbulence.
With a 600m spatial separation comparisons of dissipation rates on these short time
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scales would make no physical sense. Our goal, which we have now also re-iterated
and made clearer in the manuscript, was not to study the fine-scale structure of dissi-
pation in the atmosphere, but to calculate O(1 hr) dissipation rates that can be used
to evaluate turbulence parameterization schemes in NWP models. The second ap-
parent misunderstanding is how the dissipation rates are calculated from WPR data.
The reviewer apparently misunderstood that these were being calculated from ultra-
high (20 Hz) radar measurements of the radar velocity time series, much in the same
way that they are calculated from sonic anemometer velocity time series. Hence the
reviewer’s question about units of Hz in the width of the radar Doppler spectrum. The
WPR dissipation rates are in fact calculated from the radar Doppler spectrum that has
units of Power versus velocity, not power versus frequency. We now include an ex-
ample of a radar Doppler spectrum to help make this point, and we also include a
clearer description of the difference between the two. Finally, the reviewer criticizes the
manuscript for what they consider to be still a low correlation between the WPR and
sonic anemometer dissipation rates. We certainly agree that the results are far from
perfect. However, science is incremental by nature, and our results are undeniably a
meaningful improvement over previously published results comparing the two. Given
the basic misunderstandings of the reviewer, we have clarified our language and de-
scriptions, taken the reviewer’s other constructive comments into consideration (see
below), and have decided to resubmit a revised manuscript. We hope that the reviewer
will now see the merit in this publication.

(1) Referee Comment (2) Author’s Response (3) Manuscript Change

General comments: (1) The authors present and discuss observations of the turbu-
lent kinetic energy dissipation rate ε retrieved from collocated sonic and clear-air wind
profiling radar (WPRs) measurements. While the measurements were collected with
state-of-the-art instrumentation, the authors appear to not have taken full advantage
of the potential of their data. In particular, the authors rely on spectra estimated from
unnecessarily long time series, thereby averaging out most of the ε variability that is
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characteristic of the intermittent atmospheric boundary layer. Moreover, the authors do
not present any raw data (sonic time series, WPR signal time series) or any conclusive
intermediate steps in the data processing, such as Doppler spectra and dwell-time-by-
dwell-time time series of spectral-width estimates. So there is no way to find out why
the ε correlograms (figures 4, 5, and 7) show such excessive discrepancies between
the sonic retrievals and the WPR retrievals of ε (about three orders of magnitude). (2)
We have recognized a misunderstanding by the reviewer, which we hope we can clear
up with the inclusion of more detail in our introduction and a figure of a raw Doppler
spectrum. The motivation of this work is not to measure the small-scale intermittency
of the boundary layer, but to determine dissipation rates on time scales appropriate for
evaluation of NWP models, O(15-60min). We also would like to draw attention to the
attached manuscript on measuring velocity variance from WPRs, which we expect to
be accepted for publication in AMT very soon (very few, minor revisions were requested
and have been submitted). That manuscript includes more intermediate steps, which
may clear up other misunderstandings on the method here, and contain sufficiently sig-
nificant results to warrant separate publication. (3) New Figure 1 line 34: “With these
measurements, comparisons can be made on time scales appropriate for evaluation
of numerical weather prediction models, O(1hr).” line 74: “Fast-Fourier Transforma-
tions (FFTs) were then computed to obtain Doppler spectra (power versus velocity), as
shown in Fig. 1 from the 449-MHz WPR. . .”

(1) The abstract does not contain any quantitative and hard information that would
substantiate the claim in the title (“Improved observations ...”). The introduction lists
a number of relevant articles but says almost nothing about the underlying physics. I
would have expected the introduction to contain a critical discussion of the strengths
and weaknesses of the various techniques to retrieve energy dissipation rates from
high-resolution point measurements (sonics) and from radar wind profiler measure-
ments. (Note that the paper does not even have a dedicated discussion section.) (2)
We wished to keep the focus of this paper on furthering the historical work of measuring
dissipation rates with WPR, rather than delving into the physics behind the methods.
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The use of sonic anemometers is well established, and therefore we believe it requires
no further support here, and in any case, this would be beyond the scope of this pa-
per. Interested readers can use our many listed references for more background, if
desired, but our application at hand is the improvement of a method for comparison
with models, not the theoretical physics of turbulence.

(1) I cannot recommend this paper for publication. The following specific comments
may help the authors to rethink their approach and to re-process the data. (2) We
hope that our responses below are satisfactory for addressing the reviewers concerns.
We’ve recognized that we were unclear, and lead to a major misunderstanding of our
method, so we are grateful for these comments so we can be sure future readers will
not be confused.

Specific comments: (1) 1. 5f.: “. . . two WPRs operated in an optimized configuration,
using high spectral resolution for increased accuracy of Doppler spectral width . . .”
âĂŤ The spectral resolution of a Doppler spectrum is determined by the dwell time (and
not, as one might erroneously believe, by the pulse repetition period or by the sampling
rate or by the coherent integration time). So a high spectral resolution requires a long
dwell time. On the other hand, the dwell time should not be excessively long because
the dwell time determines also the achievable time resolution. Because the energy
dissipation rate ε in the atmospheric boundary layer is a highly intermittent quantity,
one might want to limit the dwell time such that “coherent structures” can be captured.
So in what sense is the WRP operation mode optimized here? What is the “optimum”
compromise between good spectral resolution and good time resolution? (2) Optimized
turbulence mode has a large number of FFT points for higher resolution of the Doppler
velocity spectrum, while keeping a short dwell time, for flexibility in determining the
optimal number of spectral averages. We realize we may have been unclear as to what
the Doppler spectrum is, which is then used for the calculation of the spectral width
and dissipation rate. It is not the retrieved backscatter amplitudes and phases, but the
Fourier transform of that time series, which is a function of velocity. This provides the
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distribution of velocities of backscattering particles within the radar volume, the spread
of which indicates the level of turbulence. We hope this clarifies many of the questions
raised in subsequent comments. (3) the paragraph surrounding, and including line
148: “The Doppler spectrum provides the distribution of velocities of backscattering
particles within the radar volume, with an average which equal to the mean velocity,
and a spread which indicates the level of turbulence.”

(1) 12f.: “Resulting measurements of turbulence dissipation rates correlated well (R2
= 0.57) with sonic anemometers . . .” âĂŤ Is this the correlation coefficient between
WRP- and sonic- retrieved estimates of ε, or the correlation coefficient between WRP-
and sonic-retrieved estimates of the logarithm of ε? The figures 4, 5, and 7 appear
to indicate the latter. A moderate correlation coefficient between the logarithms of ε-
estimates that vary over five orders of magnitude does not speak in favor of the quality
of the retrievals. Please explain. (2) This is the correlation between the logarithms of
ε. Considering the range over several orders of magnitude, the correlation between ε
greatly skews the large values. This is part of how this study improved over previous
measurements, where the small values were vastly over-estimated, but that impact
was not seen in linear units.

(1) 21f.: “Wind profiling radars (WPRs) introduced the possibility of observing full pro-
files of turbulence in the planetary boundary layer . . .” âĂŤ What do you mean by
“full profiles of turbulence”? First, what is a “full” profile? Second, turbulence is char-
acterized by many different parameters, such as the energy dissipation rate, the tem-
perature structure param- eter, the inner scale, the temperature variance dissipation
rate, the sensible heat flux, the vertical-velocity variance, etc. So what do you mean
with “turbulence”? (2) First, “full profiles” referred to the freedom from the restraints of
the height and placement of point measurements on a tower. Realizing this ambiguity,
we’ve removed this word. Second, the rest of the sentence includes the mention of
multiple measurements of turbulence (turbulence intensity and dissipation rate), and
the following sentence discussed the identification by Cohn 1995 of dissipation rate

C5

as the most promising metric. (3) line 21: “Wind profiling radars (WPRs) showed the
possibility of observing profiles of turbulence in the planetary boundary layer (PBL) in
Hocking (1985), wherein turbulence intensities and dissipation rates were observed
using backscatter intensities and Doppler spectral widths.” (1) 90-95: The TKE bud-
get equation is not relevant for the retrieval of ε from sonic or WPR measurements
discussed in this paper, and therefore should be deleted.

(2) Since we have added the emphasis on using these measurements for model veri-
fication, the TKE budget is indeed very relevant as it relates dissipation rates to NWP
model parametrization schemes, and we therefore respectfully disagree, and have cho-
sen to keep it.

(1) 104: “. . . where αi is a constant.” âĂŤ Do you mean to say that there are three
different Kolmogorov constants, one for each velocity component? This is misleading.
There are only two different Kolmogorov constants: one for the longitudinal velocity
component (the velocity component parallel to the direction of the wave vector) and
one for the transverse (lateral) velocity component. The underlying physics can be
found in Monin and Yaglom (1975, p. 355).

(2) Since the constants are not defined here, the fact that the transverse and vertical
component constants are equal was not discussed. We’ve added a note, as well as
pointed out that, since the velocities have been realigned, that u is the longitudinal
direction. Alpha_u is defined where it is used. (3) line 104: “velocity component,
i=[u,v,w]” line 109: “where alpha_i is a constant (and alpha_v=alpha_w)” line 127:
“subscripts i=u, v, and w denote the components of the velocity vector (longitudinal,
transverse, and vertical, respectively).”

(1) 115: “WPRs do not collect data at a high enough frequency to observe the inertial
range, and therefore must rely on spectral widths for their small-scale variance mea-
surements . . .” âĂŤ According to Table 1, the WPRs’ interpulse periods are 33 and
45 µs. Because no coherent integration is performed, this means that the sampling
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period of the complex WPR signal is higher than 20 kHz, about 1000 times the son-
ics’ sampling rate. So it is definitely not the sampling rate that matters here. Please
explain!

(2) This sentence has been removed, because it was out of place here. However,
we recognize a misunderstanding of our method, in that the sampling of the velocity
time series is set by the dwell time, which is the product of the inter-pulse period, the
number of coherent integrations, the number of FFT points, and the number of spectral
averages. The resolution of the time series of complex amplitudes and phases is not
the resolution relevant to the Doppler spectral widths, and therefore dissipation rates.

(1) 117f. “Using the high-sampling frequency measurements by the sonic anemome-
ters, the vari- ance observed can be directly obtained from the energy spectrum for the
dissipation rate.” âĂŤ It is not the “variance observed” that is used for the retrieval of
ε. Please clarify! (2) We’ve clarified: (3) line 119: “This can be accomplished using
in situ sonic anemometers, which operate at sufficiently high frequencies to resolve
the inertial range. Using the high-sampling frequency measurements by the sonic
anemometers, the dissipation rate can be directly obtained from the energy spectrum”

(1) 138: “Spectra were computed for each 15-minute interval, with corresponding dis-
sipation rates. The dissipation rates were then averaged over 30 mins to compare with
those obtained from the WPRs.” âĂŤ Why do you average over such long periods?
It should be possible to get clean ε estimates from the sonic data and from the WPR
spectral widths for periods of 1 min or even shorter! At a sonic sampling rate of 20 Hz,
you have 1200 velocity data points per minute, which is more than enough to provide
a clean estimate for ε. The same should be the case for ε-estimates retrieved from the
Doppler spectral widths obtained from 1-min long WPR signal time series.

(2) The dissipation rates from the Doppler spectral width from WPRs are retrievable
only at the time scales of the dwell time (defined above, and now included in Eq. 1).
Furthermore, considering the motivation of model comparisons, longer time scales are
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output from models, so 15-30 minutes is more reasonable for this application. Further-
more, at such short timescales (O(1 min)), the 600 m distance between instruments
would make comparisons irrelevant, as the assumption of homogeneity is not accurate
over those length and time scales. (3) paragraph starting at line 65: “The Doppler spec-
tra are retrieved at a temporal resolution, or a dwell time, ∆t, determined by the radar
set-up parameters: ∆t = [IPP][NCOH][NFFT][NSPEC], where IPP is the inter-pulse pe-
riod (ns), NCOH is the number of coherent integrations, NFFT is the number of points
used in the fast Fourier transform, and NSPEC is the number of spectral averages.”

(1) “The spectral width of the Doppler spectrum is twice the standard deviation, σm, of
the unresolved velocities in the measurement volume during each dwell.” âĂŤ Whether
or not this statement is correct depends on what exactly you mean by “unresolved
velocities in the measurement volume.” Moreover, the width of the Doppler spectrum
has the unit Hz while the unit of σm is ms−1, so the ratio between spectral width and
σm is not a dimensionless number. Please clarify! (2) The resolved velocities are those
captured in the time series of velocities (first moments of Doppler spectrum), and the
unresolved velocities are all the velocities that make up the Doppler spectrum. The
dependent variable in the Doppler spectrum is velocity, not frequency, so has units of
m s-1. We hope the previous discussions have clarified this.

(1) 180: “The dissipation rates were estimated for the 30 minutes of turbulence mode,
when the backscatter intensity time series were collected . . .” âĂŤ The dissipation
rates are not retrieved from intensity time series but from time series of amplitudes
and phases (i.e., from time series of the complex radar signal). Please clarify! (2)
By “backscatter intensity,” we mean “amplitude and phases,” but have changed the
language to match. However, the dissipation rates are not retrieved from the time
series of amplitudes and phases, but from the width of the Doppler spectrum, which is
the FFT of the complex time series. (3) line 188: “. . .when the time series of amplitudes
and phases (I and Q) were saved, and after different . . .”

(1) 186: “. . . backscatter intensity time series filtering . . .” âĂŤ See previous
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comment. Please clarify! (2) See previous comment. (3) line 194: “. . .time series
filtering (of amplitude and phase signal), . . .”

(1) 291: “Each dwell collected by the 449-MHz WPR spans about 13 seconds (and
the 915-MHz, about 17 seconds; see Table 1), capturing only a short period of the
atmosphere’s motions.” âĂŤ For short dwell times, the Doppler spectral width provides
information about the spatial variability of the radial wind velocity vr within the radar’s
resolution volume. For long dwell times, the spectral width is contaminated by tempo-
ral variations of the mean (averaged over the radar’s resolution volume) vr. It is the
spatial variability of vr within the radar’s resolution volume that provides the most direct
information of ε. The fact that ε-estimates vary erratically from dwell time to dwell time
must not be misinterpreted as instrumental noise that has to be averaged out; more
likely, the “noise” represents the intermittent nature of ε in the high-Reynolds number
ABL (Kolmogorov, 1962; Obukhov, 1962). The local energy dissipation rate in high-
Reynolds number turbulence (as in the ABL) is approximately lognormally distributed,
such that variations of ε over many orders of magnitude within short time scales (i.e.,
minutes or less) are to be expected. It would be very interesting to see to what extent
the collocated sonic and WPR ε retrievals track each other at time scales between 10
s and 10 min, rather than at time scales larger than 10 min. (2) We agree with all of
the reviewer’s comments about turbulence intensity. However, this experiment is not
set up to make these types of comparisons, with 600 m between instruments. They
cannot be considered “co-located” over intermittency-related time scales. Averaging is
used to make more appropriate comparisons with NWP models (as well as to increase
the SNR). It would be an interesting study to more directly collocate a WPR with sonics
to see how the shorter time scales are captured by the spectral widths of the WPR
measurement volume.

Interactive comment on Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-322, 2016.
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