Geosci. Model Dev. Discuss.,
https://doi.org/10.5194/gmd-2020-172-AC3, 2021
© Author(s) 2021. This work is distributed under
the Creative Commons Attribution 4.0 License.

Interactive comment on “Validation of the
Dynamic Core of the PALM Model System 6.0 in
Urban Environments: LES andWind-tunnel
Experiments” by Tobias Gronemeier et al.

Tobias Gronemeier et al.
gronemeier@muk.uni-hannover.de

Received and published: 10 March 2021

Answers to the referee’s comments

At first we would like to express our gratitude for the valuable comments of the referee.
They precisely displayed the shortcomings of our study and helped us enormously
to improve the quality of our manuscript and the overall study. After considering all
comments and critics about our manuscript, we decided to re-work large parts of our
study and remove all flaws within our experiment design following the comments and
suggestions made by the referee.
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The main comments were related to the many flaws in our simulation setup which
we described and discussed within our manuscript. Even though all these spotted
differences could be explained, it would have been easy to remove the respective errors
from the setup, as was correctly pointed out by the referee. Hence, we decided, as
recommended, to redo our simulations with an improved setup to better reproduce the
wind-tunnel results. As expected, this improved the comparison at many places, while
the general outcome of the study did not change much. Also, the depth of the analysis
part of the manuscript was revised as suggested by the referee. This resulted in a
much more elaborate comparison drawing a much better picture of the capabilities of
PALM to simulate a realistic urban flow.

A detailed answer to all comments is listed below. Referee comments are written in
blue italic font.

Answers to the major comments
Comment 1

In the beginning, I interpreted the title of the manuscript in a way that the dynamic core
of the new PALM model version is validated. But | do think this is not achieved by
limiting the validation to a single case study. The first sentence of the abstract reflects
much better what was achieved here. Please adapt the title accordingly or expand the
study to a comprehensive dynamical core validation.

The former version of the manuscript was lacking a proper evaluation of the results
and only provided a basic comparison between wind-tunnel and PALM experiment.
However, during the cause of the review process and thanks to the given comments by
the referees, we were able to extend our study and present a proper evaluation of PALM
in a neutrally stratified urban environment. Anyhow, the study still covers only a single
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case study without showing the general performance for different cases. Therefore, a
complete validation study is still not achieved. Hence, we adjusted the title: "Evaluation
of the Dynamic Core of the PALM Model System 6.0 in a Neutrally Stratified Urban
Environment: Comparison between LES and Wind-tunnel Experiments”.

Comment 2

Generally, | appreciate the double-blind test strategy. Nevertheless, at some point it
would have been nice to see if the model-observation agreement is better when other
values of the discussed parameters would have been chosen. In the present evalua-
tion, any disagreement can be explained by a “wrong” setting of some parameter. In the
end, the reader does not know, if the model could reproduce the observation if it had
used better values of “external” parameters. In the end, it may turn into a philosophical
question, how much a priori knowledge you allow to be included in your model setup?
When | first read the manuscript, | thought “double-blind” is the optimal approach as it
guarantees an unbiased and honest comparison. After thinking more about it, | felt that
the double-blind test strategy leaves me unsatisfied as you often blame initial inconsis-
tencies for the observed discrepancies. But what conclusions regarding the validation
of the model remain at the end of the day (Q1)? In my impression, the manuscript gives
more an answer to the question, how well can | simulate a specific scenario and what
uncertainties remain having in mind that | do not know precisely which values to choose
for some parameters in the beginning (Q2). Imagine the situation: You are asked to
perform a PALM simulation for a different city where you obtain topography data but no
measurement stations are installed for comparison. Then the present study helps as-
sessing the faithfulness of your simulation results. It may help, if the manuscript makes
clearer what part of the analysis relates more to answering question Q1 or Q2.

For example, lines 190-194: For the purpose of validation, wouldn’t it be better to
correct the topography data, eliminate this flaw and redo the simulation? In the present
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state, this flaw distracts more than it helps, at least when you pursue a model validation.
Moreover, | would have appreciated to see the sensitivity to the grid resolution (which
| suppose can be varied independently of the resolution of the topography data). The
paper is not long, one could also think of adding the nesting feature to the present
manuscript.

We agree that the comparison suffers from the many discovered incorrect settings used
for the simulation and re-simulating the case with a revised setup would improve the
reliability of the study. Therefore, after thoroughly assessing our available resources,
we decided to re-simulate the study. We however did not consider the nesting feature
as this would have required further tests and introduce another source of possible devi-
ations between PALM and wind-tunnel results. Unfortunately, our available computing
resources did not allow us to perform a sophisticated grid-sensitivity study. Hence we
were only able to redo the main simulation.

The following parts of the simulation setup were corrected:

Building height near measurement station 13 was corrected from 24 m to 6 m.

» Roughness elements of same shape and layout as in the wind-tunnel experiment
were placed around the building setup.

* 29 was reduced following the recommendation given by Basu and Lacser (2017,
https://doi.org/10.1007/s10546-016-0225-y) who state that z; should be no larger
than 0.02 times the first grid-level height. This resulted in zop = 0.01 m in our case.

+ During the review process, another referee pointed out that the wind speed of
1.54ms~! at the top of the simulation domain is rather weak. As we pointed out in
the answers to the referee’s comment, this wind speed resulted from a misinter-
pretation of the wind-tunnel measurements by the simulation team of our group.
Even though we do not think that this affects the results of the comparison, we
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also addressed this in the revised simulation setup and increased the approach-
ing wind-speed profile by a factor of 4 at all heights.

All these changes between the former and the revised simulation only affect the setup
and could have been done even without the knowledge of the actual wind-tunnel mea-
surements. Especially, we did not tune our model physics in order to increase the
agreement between simulation and wind-tunnel measurements. However, due to the
fact that some of the setup mistakes were only discovered after comparing PALM and
wind-tunnel measurements, our study does not fulfill the requirements of a blind study
any longer. The experience we made from this is, to very carefully prepare and check
the simulation setup. Especially matching the roughness to the wind-tunnel experiment
is of high importance as this has a strong influence on the near-surface results and the
approaching wind profile.

Due to the increased roughness introduced by the roughness elements, the approach-
ing flow of the PALM simulation now agrees well to that of the wind-tunnel experiment.
Results at station 13 now also agree between both experiments to the same degree
as those of the other measurement stations. The reduced zj resulted in an overall bet-
ter agreement between PALM and wind-tunnel measurements at the lowest evaluated
heights. However, the general outcome of the study did not change by the revised
simulation setup. In particular, the discussion about deviations between PALM and
wind-tunnel results at station 11 and 7 is still valid.

Section 3 of the manuscript was entirely reworked to account for the changes of the
simulation setup and the more detailed evaluation as also mentioned in the answer to
comment 4.

Comment 3

It is only marginally explained how the scaling works between the wind-tunnel scale
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and the real-world scale. In the simulation framework, | believe, it would have easily
been possible to simulate the flow at the wind-tunnel scale? Why did you choose to
simulate it on the real-world scale even though this can introduce ambiguities? Scaling
relations for all displayed or discussed quantities should be derived, e.g. in a separate
section in the appendix or in a table if it can be done in a compact way.

We decided to operate PALM in full scale (real-world scale) because this is closer to
a realistic use-case for a PALM simulation than running PALM in wind-tunnel scale.
Although this requires to scale up the results from the wind-tunnel experiment to full
scale, we still think this way the results can be of better use to other studies also
running PALM at full scale because there is no scale difference between our validation
study and future studies applying PALM at full scale. The scaling of the wind-tunnel
results is done using the scaling factor m = Ims/ls; = 1/500 of the model, where
the subscripts "ms" and "fs" denote "model scale" and "full scale", respectively, and I
denotes distance. From ¢t = u - [, where ¢ is time and u wind speed, it follows:

s ums

teg =1t :
fs ms Ims ugg

Further, it is assumed that ums = ug. Hence, lengths are scaled via lg; = ZWS and
times via ¢, = ‘S, We added this information to Sec. 2.1.

Comment 4

In general, my impression is that the comparison in Section 3.2 is not very elaborate
and discusses only few properties. At least, the description of the results is rather
subjective and uses often simple phrases.

In retrospect, we agree that the comparison was not as elaborate as it should be. We

therefore increased the number of analyzed quantities to draw a more detailed pic-

ture of the performance of PALM. Additional quantities are the skewness, kurtosis and
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length scales of the wind velocity components and the variation of the wind direction.
Further, we support our comparison results by showing scatter diagrams of various
quantities for all measurement stations together with the vertical profiles at three ex-
ample stations. To be more comparable to other studies and to increase objectiveness,
we now calculated several validation metrics like the factor-of-two and the hit rate and
report their values.

Answers to the minor comments

1. | suppose the approaching flow displayed in Fig. 2 is part of the setup and not
of the validation. Isn’t it possible to prescribe in the model a flow that is closer to
measured profile?

Yes, the inflow profile is not part of the evaluation but belongs to the setup. Dif-
ferences within the inflow profile were mainly caused by the absence of rough-
ness elements within the upwind area during the PALM simulation. Within
the wind-tunnel experiment roughness elements were used to in increase sur-
face roughness of the upwind area to zp = 0.66m. Within the PALM sim-
ulation, the upwind area was flat and the prescribed surface roughness was
set to 0.1 m. Due to the implemented consideration of the constant flux layer
within PALM and the chosen grid resolution of 1 m for the simulation, we could
not use zy = 0.66 m within the simulation but had to reduce the roughness to
zo = 0.1 m as discussed in the previous version of the manuscript. Antoniou et
al. (2017, https://doi.org/10.1016/j.buildenv.2017.10.013) also reported this be-
haviour when comparing LES and wind-tunnel results. Tests with a coarser res-
olution of 10 m grid size showed, that when using zy = 0.66 m, the approaching
flow profile becomes more similar to that of the wind-tunnel experiment.

However, within the revised simulation setup, we included roughness elements of
same shape and layout as in the wind-tunnel experiment as we also suggested in
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our non-revised manuscript. As a result, the inflow profile remarkably improved
and both experiments now show nearly identical inflow profiles which also proves
our hypothesis that the roughness elements must be considered to get a better
match to the wind-tunnel experiments.

2. Figure 5: Which value range does the white colour represent? If the street level
is at z=5m, the background colour should be blueish, shouldn’t it.
Within the original Fig. 5 the white background colour represented a height level
of Om. The white colour was not, however, part of the given colour range. We
changed the figure so that only colours from the colour bar are used.

3. Along which direction do streak-like structures appear? Why does it help to shift

the flow in cross-stream direction? How does this prevent the formation of streak-
like structures?
Streak-like structures appear along the mean flow direction. These structures
usually span over large distances along the mean wind direction and do not move
along the span-wise direction. Because the length of the streaks along stream-
wise direction is significantly larger than the model domain size and because
we use cyclic boundary conditions, streaks of infinite size are created. These
infinite streaks are very stable in time and space. To interrupt and force a natural
dissipation of these streaks, we used the shifting method developed and tested
by Munters et al. (2016, https://doi.org/10.1063/1.4941912). The shifting does
not prevent the streaks to develop but it prevents the formation of unnaturally
stable structures. The text is changed to be more precise on this topic.

4. Line 138: | do not understand what you want to describe. “Profiles of nine differ-
ent quantities...”(?) “The profiles were recorded with a time resolution of 2Hz, i.e.
9 evaluation during one model time step.” (?)
At each measuring site, vertical profiles were recorded within the LES at the
horizontal grid position closest to the measuring coordinates and also at the sur-
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rounding eight grid points. So, in total there were vertical profiles recorded at nine
different horizontal positions for each measuring site. We re-formulated the text
to be less confusing.

5. Issue with staggered grid: Why not additionally evaluate the model flow also at
z=3.5m and 10.5m? What's the wind speed deficit?
Due to the staggered Arakawa C grid used in PALM and the chosen vertical res-
olution of 1 m, there was no grid point at the exact same height within the PALM
simulation compared to the wind-tunnel measurements. Measurement heights
within the PALM simulation were located either 0.5 m below or above the wind-
tunnel measurements. When using either the lower or the higher grid layer, the
mean deviation between PALM and wind-tunnel results changes from -8.7% to
-5.4% (-5.4% to -4.7%) for the 3m (10 m) height level. Hence, the deviation dif-
fers by 3.3% (0.7%) depending on the chosen grid level. The majority of the
deviation however comes from the difference in roughness of the building layer
introduced by the step-like representation of the topography and (especially at
the lowest height level) presumably an overestimated z, as already mentioned
in the previously submitted manuscript. At greater height, there is no difference
in comparing the grid point below or above to the wind-tunnel measurements as
expected. Validation metrics also change by less than 0.03 if the grid levels be-
low or above the wind-tunnel heights are chosen. Within the manuscript we now
give more information on this issue. We, however, continue to use the grid levels
below the wind-tunnel heights for the majority of the evaluation.

6. Fig. 8 and 9: You have to explain the meaning of the arrows (in particular, size
and why you show differently sized arrows at each station).
Figure 8 and 9 depict wind roses at each measuring site. We omitted to show
the axes at each of the wind roses for better overview of the figures. However,
we now added axes to a single wind rose as reference and give more information
within the figure caption.
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7. The caption of Fig. 6 should tell me that the plot uses to different scales on the
horizontal axis. Furthermore, you may replace the blue colour by some colour
that can be more easily distinguished from the black line.

We separated the single diagram of Figure 6 into two separated diagrams for
improved readability. We also updated the figure caption accordingly.

Answers to the technical comments

Due to the intensive rework of large parts of the manuscript, some of the technical
comments were obsolete. Where still applicable, comments were considered and the
manuscript was changed accordingly.

Interactive comment on Geosci. Model Dev. Discuss., https://doi.org/10.5194/gmd-2020-172,
2020.
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