Author’s response to Reviewer #1

We thank all referees for their comments which have helped us to clarify the text.

We thank the reviewer for these articles, we were not aware of them. We have added the last two references to the manuscript and
added a sentence at the start of the 5th paragraph to make it clearer why we refer to wind turbine wake studies, which are

extensive.

We agree that it is not realistic to assume that mean wind speed is the same over a 500m radius area, but we respectfully point out
that we do not do this: instead, we compute a spatially-averaged wind velocity, which is a standard approach in studies of
roughness sub-layer winds. We've added the following sentence in section 4 (analysis of the Horizontal VAD scans): “We
acknowledge this makes the comparison of the magnitude of the velocity deficit with previous studies difficult. However, measuring

in an urban area limits the possibilities for measuring undisturbed flow.”



We agree that this is a significant uncertainty for south-westerly direction winds studying wakes from these particular buildings
(which was the scientific objective of the MAGIC project). Our approach of taking an ensemble mean velocity deficit may offset some
of this uncertainty if it is statistically random: in the mean over many samples, the wake appears as a coherent flow feature, and we
use the ensemble spread to define an uncertainty (e.g., see Figure 11). The “ideal” wind directions (e.g. a north-westerly, see Fig 11)
are very rare, introducing error to the ensemble mean velocity deficit due to a limited ensemble. Certainly, compared to a wind
turbine study, where the lidar can be placed at an optimal location with respect to the orientation of the wake, errors are higher -
however, in urban studies, instrument location is often a compromise. We have added some text to paragraph 5 of section 4 to

acknowledge the error:

“It is acknowledged that there might be large errors in instantaneous normalised velocity deficits for this wind angle as the line of
sight radial velocity may be near-zero due to the lidar beam scanning perpendicular to the wind direction in the building

wakes. However, in taking an ensemble mean, a coherent wake structure emerges.”
and text in the conclusions section to highlight the need to better optimise instrument-wake location in future studies:

“Errors in velocity deficits could be reduced by selecting scanning directions aligned with the prevailing winds, if an optimal building-

lidar configuration can be found”

This is a mistake, we apologise - the symbol has been corrected to be |V|, not 17

We acknowledge that the caption text could be clearer, and have modified this for Figures 8, 9, 11 and 12.

We've moved two of the paragraphs in the conclusion section to a separate section “Implications for further field studies”. This

reduces the conclusions and adds a section dedicated to recommendations for further observational campaigns.



The digital elevation model generated from google street view, and these were processed using UMEP. We've added text describing

this in the first paragraph or the site description.

Indeed this is the case. This has been changed in the manuscript.

We have clarified this sentence:

“The lidar was configured with a non-overlapping range gate length of 18 m.”

Yes this partly correct - when the lidar beam pauses at a certain angle to make a measurement (in any mode - vertical staring, or

VADs - this is a “ray”), it “stops and stares” for the integration time. We have clarified the sentence:

“Before 9 September 2019 the integration (or averaging) time was 1s...”

Yes this is the case. We have added this to the text.

We have moved this paragraph up and changed 6-point and 72-point to 6-beam and 72-beam, for clarity

This should be 96.5 agl, (3*18+9 (gate 4 midpoint) + 33.5), this is now corrected in the manuscript

This equation is indeed wrong. In fact it should be:

Vtheta = Vmean sin(theta-phi + 3/2 pi)

Now, this is corrected in the manuscript.



We agree that this sentence was confusing and have slightly rephrased it:

“Projecting across all gates gives the spatially-averaged radial velocity field V pertaining to the spatially-averaged velocity V...”

The backscatter has been calculated using Manninen et al, 2016. This (including the units) is now updated in the manuscript.

Fortunately the trees in this area are not high enough. Trees can also be seen in figure 1.

These are 1752 scans, as indicated by the n=1752 in the figure caption.

The two buildings that we discuss in these lines discussing Figure 5 are at just over 500 and 580 m away from the lidar - Figure 4

radius is only out to 500 m, unfortunately it is not possible to indicate them on Figure 4d.

No, since we used the spatial mean wind speed in a radius of 500 m around the lidar the wakes are implicitly included in the spatial
mean. However we do not explicitly include the effect of building B on building A, since ADMS is only designed for individual wakes.
It is difficult to include the wake of the upstream building since the flow is inhomogeneous, the reduction in the wind speed wake
varies down to 0.5 m s-1 (figure 6d). Sensitivity tests using ADMS showed that including a reduction of 0.5 m s-1 in the boundary

layer wind speed led to a reduction of about 0.1 m s-1 in the velocity deficit.

This is a possibility, however with the observations we have we cannot prove this. In addition there is also a large street (north-south
oriented) that could cause channeling, enhancing the flow on the southeast side of building A. We have added a sentence in the

results sections explaining these possibilities at the end of section 6.1.

In all captions the number of scans is included as (n=xx). For ‘sufficient’ scans, we have chosen an arbitrary value of 10 scans. If
there are 10 or less in a certain stability/wind speed/direction class, these classes are excluded from the analysis. A sentence is

added to the first paragraph of section 6.3



We have added a few sentences quantifying the wake characteristics when the first plots are introduced in section 5.

The circles in the top figure in figure 1 give the distance from the lidar in metres. Each circle is 100 m. We would prefer to keep the

lat/lon coordinates on the x and y axis for readers unfamiliar with the measurement site. We have reworded the caption of figure 1 to

make this clearer.

No this is indeed not correct. This should be figure 7. Now corrected in the caption.

This has now been corrected in (hopefully) all places.



Author’s response to Reviewer #2

We thank all referees for their comments which have helped us to clarify the text.

We have added a reference to the overview paper of URBAN 2000, since here also doppler lidar measurements are described

The sampling frequency was rather high throughout the period (1 Hz and 0.3 Hz later on). However, especially during the 1Hz period
we had problems with sufficient SNR at the top of the boundary layer. When using 30% of data availability, we still use 180 or 540
data points to calculate the variance per 30 minute period. For higher order statistics this may not be sufficient. However, we do not

use skewness and kurtosis to derive the mixing height.

Half hour periods with rain are filtered out. Clouds are only implicitly excluded, since the signal dramatically reduces inside the
clouds. After taking this into consideration, in the convective and in the stable boundary layers the spread in these 21 values is not
large and usually around zero (i.e., all 21 threshold values result in the mixing height being at the same range gate at 18 m gate
resolution). However, in the transitions (morning and evening) there could be some spread. There is an example of the spread in

figure 7 of Barlow et al., 2015. We've added these details in section 2.2 (last paragraph).

The classes were defined so that each class would contain more than 15% of the available data and the data would be somewhat

evenly distributed. This is now added in the text

This classification was really meant to relate the depth of mixing to the building height and the roughness sublayer and on the other
hand the deep convective boundary layer. Twice the building height is generally considered the minimum roughness sublayer depth.

We have added some text here and there in this paragraph to make this clearer.

We apologise, this was an error introduced in redrafting - the V was extraneous and has been removed.



