We already uploaded our detailed responses to the comments so do not understand why you need them again here, but here they are again.

-Dean
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\section{Response to reviewer 1}

As suggested by the reviewer, there is large uncertainty in

the night-time subcanopy

momentum fluxes at the smallest resolved timescales.

This is evident in the modified Figs 2 and 3 showing error bars denoting the

99\% confidence limits about the mean for all quantities and all timescales.

The "relatively" large momentum fluxes observed inside the canopy

at night at the smallest resolved timescales

appear to "go away" during the day, when the 

flux is larger and is dominated by transport on timescales of about a minute.

By comparison, at night the momentum flux is smaller and is only 

weakly dependent on the perturbation timescale.

In the plots, the daytime flux at the smallest timescales

"goes away" because it is small compared to the

flux at larger timescales.

The night-time subcanopy momentum fluxes for 

timescales of 1000 s appear to be 

negative (see modified Fig 3 with error bars); 

however, motions on the largest timescales are 

subject to the greatest uncertainty because they

are the most poorly sampled.  It is not

clear if these fluxes are meaningful, or

why the downward momentum transfer would be tend to be largest

at these longer timescales of order 15 minutes. 

Transfer on timescales this large may be associated

with non-turbulent motions.

Regression of the 38-m heat flux on U.38m (TS.2cm-Ta.38m) gives

an r-squared value of 0.52.

Yes, it would be very interesting to contrast the Stanton number

for different forest canopies.

We removed all reference to gas analyzers.

We think the x-axis labels for Fig 7, 9 and 11 are clear as written.

We include all figures below.
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig01.eps}}

\end{center}

\caption{ The frequency distribution of the subcanopy mean wind

speed (top) and the standard deviation of vertical

velocity (bottom).}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig02.eps}}

\end{center}

\caption{ Composites of three levels of daytime

vertical velocity spectra ww (m$^2$ s$^{-2}$, left column),

kinematic heat flux cospectra wT ($^\circ$C m s$^{-1}$, middle column),

and the along- and cross-wind (red) components of the momentum

flux (wu and wv)(m$^2$ s$^{-2}$, right column).

All quantities have been multiplied by one-thousand.

The error bars denote the 99\% confidence limit about the mean.

The vertical line in each panel denotes $\tau$= 20 s.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig03.eps}}

\end{center}

\caption{ Same as Figure 2 except for nighttime.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.85}

{\includegraphics*{fig04.eps}}

\end{center}

\caption{ Three levels of the scale-dependence of the

velocity aspect ratio VAR. 

The vertical line denotes $\tau$= 20 s.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.85}

{\includegraphics*{fig05.eps}}

\end{center}

\caption{ The normalized turbulence intensity at three levels 

as a function of the wind speed above the canopy.

Error bars denote $\pm$ one standard error.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig06.eps}}

\end{center}

\caption{ The observed diurnal cycle of the subcanopy

sensible heat flux with standard error bars (top)

and $\pm$ one standard deviation (bottom), where

the uncertainty is due to the 

day-to-day variability in the heat flux for a given hour of

the day over the entire 5-month period.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.85}

{\includegraphics*{fig07.eps}}

\end{center}

\caption{ Scatter plot of the 30-minute average

subcanopy kinematic heat flux (lower panel) as a function

of the product of the mean wind speed and the temperature difference. The

slope of the linear regression line (red) is an estimate

of the subcanopy Stanton number (C$_H$).

The estimate for the subcanopy C$_H$ using this approach

is 1.1 $\pm$ 0.04 x 10$^{-3}$, using a 90\% confidence

interval for the slope, and the regression explains 32\% of the variance.

Above the canopy at 38 m (upper panel), the estimate of the Stanton number

is 73.5 $\pm$ 1.3 x 10$^{-3}$, with 77\% of the variance explained.}

\end{figure}

%%%%%%% 8

\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig08.eps}}

\end{center}

\caption{ The frequency distribution of the subcanopy Stanton number

(multiplied by one-thousand) 

where each 30-minute estimate is computed as the heat flux

divided by the product of the mean wind speed and the temperature difference.

This approach for estimating the Stanton number yields a mean

value of 1.1 x 10$^{-3}$ and a standard deviation of 2.05 x 10$^{-3}$.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig09.eps}}

\end{center}

\caption{ The kinematic heat flux as a function

of the product of the mean wind speed and the temperature difference

at 38 m (top panel) and at 4 m (bottom).

The slopes of the linear regression lines (red) are estimates of the Stanton 

number: 73.5 $\pm$ 1.3 x 10$^{-3}$ at 38 m, and

1.1 $\pm$ 0.04 x 10$^{-3}$ at 4 m.

Each of the ten class averages contains an equal 

number (282) of 30-minute samples.

Error bars denote $\pm$ one standard error.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig10.eps}}

\end{center}

\caption{ The frequency distribution (top panel) 

and the diurnal cycle (bottom) of the above canopy 

Stanton number multiplied by one-thousand.

Error bars denote $\pm$ one standard error.}

\end{figure}

%%%%%%% 11

\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig11.eps}} 

\end{center}

\caption{ The kinematic heat flux as a function

of the product of the mean wind speed and the temperature difference

using the single source approach (see text).

The slope of the linear regression line (red) is estimate of the Stanton

number: -12.8 $\pm$ 27.9 x 10$^{-3}$.

Each of the ten class averages contains an equal

number (282) of 30-minute samples.

Error bars denote $\pm$ one standard error.}

\end{figure}
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\section{Response to reviewer 2}

We agree that we present some observations for which

we have no physical explanation and therefore can only 

speculate about.

Clearly, there is much to learn about the 

details of the spectra and co-spectra of turbulence quantities, 

especially within and below the forest canopy. 

The first point is "the peak at very small timescales observed

in the subcanopy". We must assume that the reviewer is referring to

the peak in the double-peaked vertical velocity spectra at 0.8 s 

during the day. As we stated in the paper, the double peak structure

may be associated with tree stem wake, although we have no direct

measurements to confirm this.  We are not

aware of any previous study showing a double peak

in the subcanopy vertical velocity spectra.

The fact that the double peak is observed for all wind directions

gives some confidence that the result is not due to a measurement problem.

The same double peak is observed for the heat flux.

As suggested by the reviewer, the formation of a double peak in the

vertical velocity spectra may be related to canopy density. The canopy

studied here is remarkable for its large plant area index of 9.4.

Our previous study in 2013 AgForMet looked at a tall open canopy ponderosa

pine site with a plant area index of 3.4. No double peak 

in the vertical velocity spectra was detected

in the subcanopy of the tall open canopy site. 

The second point is the "somewhat similar time scale of the

turbulence maximum between the different levels".

With no canopy or large z$/$h, the timescale 

associated with the peak in the 

vertical velocity spectra increases with height, presumably due to the

increased obstruction or blocking action to the flow as the 

observational level approaches the surface. 

However, the situation is more complicated for small z$/$h.

Seginer et al., 1976 (Boundary Layer Met., 10, 423-453)

found that the peak frequency of the turbulence in 

plant canopies seemed to be independent of height.

The third point is the unusually large values of the turbulence intensity

inside the canopy, which the reviewer suggested may be a factor in the 

unusually large estimates of the exchange coefficient above the canopy;

however, we have no direct evidence to suport that claim.

We are not aware of any previous study finding values

of the turbulence intensity as large as found here, possibly due in part

to the lack of high quality turbulence measurements collected inside

canopies. 

We did include the vertical velocity variance in the Tables. 

Comment l.1 p.11937: We have removed the sentence.

Comment l.7 p.11938: We are unaware of any references discussing

why the canopy might inhibit horizontal motions more than vertical ones.

It is difficult to explain this behavior. Our speculation is that

motions generated aloft and moving downward through the canopy

are somehow selectively suppressed by the spacing of the canopy elements, 

resulting in large values of VAR.

Comment l.13-15 p.11941: CH is positively related to the vertical

velocity variance; however, models do not have information on

the vertical velocity variance, so developing relationships

between the variance and CH 

may not be useful to parameterize the flux.

As requested, we have added a new panel to Fig 7 showing the scatter plot 

for the 38-m level.

The reviewer notes that in the subcanopy... "where similarity theory is 

known to fail"; however, our results support the bulk flux approach in

the subcanopy, even with very small fluxes and very weak winds.

Regarding the large estimate of CH above the canopy, the reviewer makes 

a good point that we did not mention; roughness sublayer effects. 

If the 38-m measurements are

indeed in the roughness sublayer, then the turbulence and the fluxes

may be heterogeneous in the horizontal and much

larger than predicted by standard flux gradient relationships,

even for long time averages, 

adding considerable uncertainty to our results.

Baldocchi and Hutchison 1988 (Boundary-Layer Met., 42, 293-311)

reported small heterogeneity of the turbulence velocity spectra

in the subcanopy of an almond orchid.

That is, roughness sublayer effects were small in the orchid subcanopy.

Our presentation of CH for the "single-source" approach

was done as an exercise for demonstration purposes. 

We are not aware which models may be employing a single-source 

approach for grid points with tall forest canopies.

Although our result may be obvious to most researchers, we feel

that it is worth the 4 sentences and 1 Fig devoted to it.

We include all figures below.

\pagebreak
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig01.eps}}

\end{center}

\caption{ The frequency distribution of the subcanopy mean wind

speed (top) and the standard deviation of vertical

velocity (bottom).}

\end{figure}

%%%%%%% 2

\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig02.eps}}

\end{center}

\caption{ Composites of three levels of daytime

vertical velocity spectra ww (m$^2$ s$^{-2}$, left column),

kinematic heat flux cospectra wT ($^\circ$C m s$^{-1}$, middle column),

and the along- and cross-wind (red) components of the momentum

flux (wu and wv)(m$^2$ s$^{-2}$, right column).

All quantities have been multiplied by one-thousand.

The error bars denote the 99\% confidence limit about the mean.

The vertical line in each panel denotes $\tau$= 20 s.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig03.eps}}

\end{center}

\caption{ Same as Figure 2 except for nighttime.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.85}

{\includegraphics*{fig04.eps}}

\end{center}

\caption{ Three levels of the scale-dependence of the

velocity aspect ratio VAR. 

The vertical line denotes $\tau$= 20 s.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.85}

{\includegraphics*{fig05.eps}}

\end{center}

\caption{ The normalized turbulence intensity at three levels 

as a function of the wind speed above the canopy.

Error bars denote $\pm$ one standard error.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig06.eps}}

\end{center}

\caption{ The observed diurnal cycle of the subcanopy

sensible heat flux with standard error bars (top)

and $\pm$ one standard deviation (bottom), where

the uncertainty is due to the 

day-to-day variability in the heat flux for a given hour of

the day over the entire 5-month period.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.85}

{\includegraphics*{fig07.eps}}

\end{center}

\caption{ Scatter plot of the 30-minute average

subcanopy kinematic heat flux (lower panel) as a function

of the product of the mean wind speed and the temperature difference. The

slope of the linear regression line (red) is an estimate

of the subcanopy Stanton number (C$_H$).

The estimate for the subcanopy C$_H$ using this approach

is 1.1 $\pm$ 0.04 x 10$^{-3}$, using a 90\% confidence

interval for the slope, and the regression explains 32\% of the variance.

Above the canopy at 38 m (upper panel), the estimate of the Stanton number

is 73.5 $\pm$ 1.3 x 10$^{-3}$, with 77\% of the variance explained.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig08.eps}}

\end{center}

\caption{ The frequency distribution of the subcanopy Stanton number

(multiplied by one-thousand) 

where each 30-minute estimate is computed as the heat flux

divided by the product of the mean wind speed and the temperature difference.

This approach for estimating the Stanton number yields a mean

value of 1.1 x 10$^{-3}$ and a standard deviation of 2.05 x 10$^{-3}$.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig09.eps}}

\end{center}

\caption{ The kinematic heat flux as a function

of the product of the mean wind speed and the temperature difference

at 38 m (top panel) and at 4 m (bottom).

The slopes of the linear regression lines (red) are estimates of the Stanton 

number: 73.5 $\pm$ 1.3 x 10$^{-3}$ at 38 m, and

1.1 $\pm$ 0.04 x 10$^{-3}$ at 4 m.

Each of the ten class averages contains an equal 

number (282) of 30-minute samples.

Error bars denote $\pm$ one standard error.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig10.eps}}

\end{center}

\caption{ The frequency distribution (top panel) 

and the diurnal cycle (bottom) of the above canopy 

Stanton number multiplied by one-thousand.

Error bars denote $\pm$ one standard error.}

\end{figure}
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\begin{figure}

\begin{center}

\scalebox{0.75}

{\includegraphics*{fig11.eps}} 

\end{center}

\caption{ The kinematic heat flux as a function

of the product of the mean wind speed and the temperature difference

using the single source approach (see text).

The slope of the linear regression line (red) is estimate of the Stanton

number: -12.8 $\pm$ 27.9 x 10$^{-3}$.

Each of the ten class averages contains an equal

number (282) of 30-minute samples.

Error bars denote $\pm$ one standard error.}

\end{figure}
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hristoph Thomas, Author's response to Reviewer 1, Ralf Staebler

Additional comments, 15-July-2014

Vanishing relatively large momentum fluxes at 16m during the day: We assume 

that the reviewer refers to the slight increase in spectral density at the 

smallest time scales. Carefully examining both ensemble-averaged spectra 

yields that these motions occur during both day and nighttime intervals, with 

about the same magnitude and sign at 0.25 m$^2$ s$^{-2}$. However, 

the y-axis scale for the daytime data is different from that at night since the 

main peak around 60 s is much larger in spectral density, so it is s difficult 

to see the contribution of the smallest motions. As pointed out in the first 

authors comments, the error bars indicate that this contribution at the smallest 

scales is highly variable in both magnitude and sign, and thus their behavior 

in the ensemble-averaged spectra should not be physically overinterpreted.

Significance of large negative signals of $\overline{u \prime w \prime}$ 

and $\overline{v \prime w \prime}$ at $\approx$ 1000s: 

The presented spectra are an ensemble-average over more than 8200 

individual 30-min spectra, and error bars indicate that this peak is 

statistically significant. One would expect the momentum transport to be 

negative, i.e., directed toward the ground, but it is surprising that is the 

dominant signal. We currently don't have a sound physical explanation for 

the occurrence of these motions, but note that non-turbulent submeso-motions 

are largely responsible for the sub-canopy flow and transport of heat at 

this site as found in Thomas (2011). 

Cited literature:

Thomas CK. Variability of subcanopy flow, temperature, and horizontal 

advection in moderately complex terrain. Boundary-Layer Meteorol. 

2011;139:61-81. doi:DOI: 10.1007/s10546-010-9578-9.
Christoph Thomas, Author's response to Reviewer 2, anonymous:

Additional comments, 15-July-2014

The peak at very small timescales observed in the subcanopy 

and related comment on "In the first line of p.11937, sentence beginning 

with it is also possible: We would like to elaborate on our earlier comment 

as to why we think that this statement is important and our explanation 

physically meaningful. As evidenced in the spectra in Fig 2, central column, 

the heat fluxes at 16m and 4m are opposite in direction, but the magnitude 

of the 4m heat flux is only $\approx$ 15 to 25 \% of that further aloft. 

Since both levels are located within the clear bole space of the sub-canopy 

and thus not separated by dense foliage restricting vertical (or horizontal 

for that matter) motions, it is conceivable 

that the 

heat flux contribution for the time scales dominating the 16m-flux (around 15s) 

cancel out near the ground at 4m as colder air is moved upward and mixes with 

the relatively cold, but still warmer air moving downward from the 16 m level. 

One would thus expect this canceling effect to create a gap in the spectra at 

time scales around 15s, as evidenced in Fig 3, bottom panel. Thus, the spectral 

gap must not be interpreted as evidence that motions on these scales don't exist 

or contribute to the heat flux. We argue that the double peaks are the result 

of the canceling contribution of opposing fluxes creating a gap in an 

otherwise continuous spectral peak, and thus must not be interpreted as 

evidence for physical processes generating motions with two distinctly 

different time scales of 1 and 200 s. The spectral minimum visible for the 

sub-canopy variance of the vertical velocity coincides with the time 

scales around 15 s, and its existence tallies with our interpretation 

since the mixing of air and cancelation of opposing fluxes near the ground 

would lead to suppressed vertical motions due to reduced buoyancy. 

Somewhat similar time scales of the turbulence 

maximum between different levels: We would like to add to our comment that 

the logarithmic scaling of the x-axis may be somewhat misleading. Comparing 

the location of the spectral peaks for, e.g., the vertical velocity 

variance across levels, one yields that the ratio of sub-canopy to above-canopy 

time scales exceeds two, while the ratio of sub-canopy (4m) to upper-boundary of 

the clear bole space (16m) equals unity for the nighttime, and also exceeds 

two for the daytime data. We agree with the reviewer's interpretation that this 

can be explained by the very closed, dense canopy. As evidenced by the direction 

and magnitude of the heat fluxes, the flow and transport at the 38 and 16 m 

levels communicate actively during the day indicating a coupled state, while 

the 4m level is buoyantly decoupled. At night, the 16 and 4 m levels are closely 

coupled, while the significant above-canopy stratification decouples 

observations further aloft at 38m. 

In addition to a shift toward increased peak time scale with decreasing 

proximity to the ground, we also call attention to the much broader spectral 

peaks for sub-canopy fluxes and vertical turbulence intensity compared to the 

more narrowly defined above-canopy peaks. The former indicate a variety of 

generating mechanisms, while the latter point to buoyancy as the single 

most important mechanism driving the above-canopy turbulence given the 

weak flow and resulting shear. 

High turbulence intensities observed at the canopy level largely exceeding unity: 

While we are not aware of similar observations reported in the literature, the 

suppression of horizontal over vertical motions can easily be explained when 

recalling the physical canopy architecture of the Douglas-fir trees: in 

the horizontal direction, the overlapping branches including their needles 

form a large, uniform face and flow resistance when averaged over spatial 

scales exceeding that of a single tree. In the vertical direction, gaps in 

between individual trees that are visible from the top of the tower created 

narrow anyons or passages that do not impede the vertical flow. The combined 

effect of the differences in canopy architecture leads to a greater suppression 

of horizontal in comparison to vertical motions, thus relatively enhancing 

the velocity aspect ratio shown in Fig. 4. This ratio is largest for the time 

scales around 15s, which dominate the daytime heat fluxes and lead to a 

communication of air and coupled transport between the 16 and 38 m levels. 

Large C$_H$ values above the canopy compared to sub-canopy values, which 

agree well with values found in the literature, and effects of the 

roughness sublayer: We would like to add that all three observational levels 

are located within the roughness sublayer, as it can extend from the surface 

ground to 3 to 5 times the canopy height 

(Garratt, 1980; Raupach and Thom, 1981; Thomas et al., 2006). 

We would like to remind the reader that the 16m observational level does not 

correspond to the height of the upper, but lower boundary of the canopy. 

The velocity aspect ratio exceeding unity at 16m can therefore not be an 

indicator of the very intense turbulence above the canopy, but can rather be 

interpreted as the relatively stronger suppression of horizontal in comparison 

to vertical motions by the canopy architecture as detailed above.

Cited literature:

1. Garratt JR. Surface influence upon vertical profiles in the 

atmospheric near-surface layer. 

Quart J Roy Meteorol Soc. 1980;106:803-819. doi:10.1002/qj.49710645011.

2. Raupach MR, Thom AS. Turbulence in and above plant canopies. 

Ann Rev Fluid Mech. 1981;13:97-129.

3. Thomas C, Mayer J-C, Meixner FX, Foken T. 

Analysis of low-frequency turbulence above tall vegetation using a Doppler sodar. 

Boundary-Layer Meteorol. 2006;119:563-587. doi:10.1007/s10546-005-9038-0.

