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Introduction. Document structure

This document contains authors’ responses to the comments of the Reviewer. The document
structure is the following:

e Reviewer’s comments are numbered and given in italic font. General, specific, and technical
comments come separately.

n

e Authors’ response follows the comment and starts after "Response:" with normal font.

e The text from the article itself (if some changes were done, and if it is reasonable to provide
it) is typed with typewriter font and separated from the response with an extra blank line.

o Technical comments and mistakes are not numbered, and authors’ response follows immedi-
ately.

Reviewed manuscript with all the corrections is given after all responses. It contains the
changes and proposals of two Reviewers and was prepared using KITEXdiff package for better
understanding of what was added or removed.

Anonymous Referee 1

General comments

This paper studies the lake breeze effects caused by the Alqueva reservoir (Portugal), which is
the largest artificial lake in Western Europe. The paper concentrates to a 3 days long modeling
case study done with the Meso-NH model. Simulations are done with and without the reservoir
and different kind of measurements are used to evaluate the skill of the model. The results show
the existence of a lake breeze and how it influences the local areas. The paper links nicely to
previous studies and support their analysis of the breeze effects. I think the paper fits in the scope
of HESS and should be published after some modifications. There are some specific areas that need
more analysis and modifications. The language of the manuscript should be improved as there are
too many sections when the text is rather difficult to follow. I have marked some points to the
"Technical corrections” section, but the list 1s not comprehensive. I suggest that the authors get
editing help from someone with full professional proficiency in English.

Response: We thank the Reviewer for the positive comments about the text. The paper was
edited very carefully and modifications and improvements were made. Below, we address every
comment and explain the corresponding changes in the manuscript.

Specific comments

Comment 1

P1, line 11: Does “It” at the end of the sentence link to the lake breeze or to the Atlantic
breeze system? This part is unclear without reading the text.
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Response: Indeed, after mentioning two different breeze systems in previous sentence, "it" here
looks confusing. To avoid this the sentence was rewritten:

The descending branch of the lake breeze circulation brings dry air from higher atmo-
s spheric layers (2-2.5 km) and redistributes it over the lake.

Comment 2

Figure 1: The text in the a) part is too small. Please consider saying grid bozes instead of
pizels. Also, would be more informative if the pictures would actually show the grid bozes, i.e. the
resolution would be more visible. The underlying map could be surface orography, like in Figure 9.

10 Response: Font size for towns was increased on Fig. 1 (a) as well as the figure itself was enlarged.
We were trying to add some extra layer to provide more information about the domain, but in
this case locations of stations become difficult to read, and this does not make figure more useful.
Same problem appears if we add grid to the maps: grid points are small and lines appear to be
too dense making the figure uninformative. So we decided to keep all three figures (a, b, ¢) in

15 same style.

40°N — (a) —
Al .
Z vegae Portalegre. pa]b
<7 .Avis
390 N — 8 Mora Es.tremoz oElas —
o Reguengos
&) Evora® Monsg"
= ) Iqueva reservoir
Z Yerias” Forta.
38°N — é - .Beja [
5
A« Mertol;
®seville
37°N — —
I I I I I
8°W 7°W 6°W

38.8°N —
38.45°N —

38.6°N —
38.35°N —

38.4°N —

38.25°N —

[ \te platform

38.2°N —

Cid Almeida station

T \ \ \ \
78€W 76 oy 2 7.6°W 75°W 7.4°W 73 W 7.2°W

38.0°N =~

Following the suggestions of the reviewer, the caption of the figure was changed to:

Nested domains used in the simulations: (a) Father domain at 4 km horizontal resolution
20 with 100 x 108 grid points, with location of the 12 IPMA synoptic stations used for valida-
tion, (b) intermediate 1 km horizontal resolution domain, 96 x 72 grid points, (c) finer 250 m
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resolution domain comprising 160 x 160 grid points, together with the location of the ALEX
land stations, the Montante floating platform and the dam.

Pixels were replaced by grid points.

Comment 3

The units used in this manuscript seem to have slightly different font than the main text. Is
there a reason for this?

Response: Indeed, the font of the units looks slightly different. The reason for this is that we
used a HESS KTEX template where indicated:

%%% PHYSICAL UNITS
%kt Please use \unit{} and apply the exponential notation

This command could make unit fonts look a little bit different.

Comment 4

P4, lines 14-15: You discuss here about the dataset (the main dataset for this work). It would
be clearer to talk about "the measurement data” The modeling data is also a dataset.

Response: That is true, and we agree that speaking of measurement data we named them
"main dataset" which is not correct in this context. Later we introduce the results of modeling
which are part of the dataset as well as measurements. To make it clearer, section 3 was renamed
to Measurement data, and corresponding corrections in that section was made.

Comment 5

P6, lines 15-16: This small chapter could merged with the first chapter of section 4.1. Also,
you mention that ECMWEF data is used at the lateral boundaries with an update frequency of 6
hours and in chapter 4.1 that the model is capable of doing multi-scale grid nesting techniques. It
would be nice to know more how the simulations were really done. I would assume that ECMWF
data was used only for the J-km resolution (even then 6-hourly boundary forcing seems to be a bit
coarse) and the higher resolution used some kind of nesting to this (e.g. 1-km was nested to 4-km
and 250-m was nested to 1-km). If this is the case, what was the later boundary update frequency
of the nests? Quverall, more details about the modeling structure are needed.

Response: Agreed, this small paragraph fits better in the end of the section’s 4.1 first para-
graph. As for nesting technique. The model is able to conduct simulations on various spatial
scales. Since we are interested in atmospheric processes in particular region on the background
of some large-scale processes, we can use grid nesting. We set "father" domain to take the larger
peninsular scale processes into account and put smaller "son" domain with higher spatial reso-
lution inside. The model runs using a two-way grid nesting technique, in which the results of
the simulation in "son" domain are used as a forcing back in the "father’s" domain. Each "son"
domain may have its own "son" domains, in Meso-NH the "depth" of nested domains is limited
to eight.
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ECMWF analysis are used to initialise the model and provide up-to-date information about
the atmospheric conditions on the boundaries. This is working only for the "father" domain
because for all "sons" domains initial and boundary conditions are calculated by the model itself.
This information is interpolated from the results of the "father" domain simulation on every
timestep. In this work, we use only analysis as boundary conditions and not forecasts, and
ECMWF provides analysis only every six hours.

Corresponding additions were made to the paragraph:

In this work, three nesting domains were used: 400 x 432 km? domain with 4 km horizontal
resolution to take into account the large scale circulations, namely the influence of the sea
breeze (Fig. 1 (a)), an intermediate 96 x 72 km? domain with 1 km horizontal resolution
centered at the Alqueva reservoir (Fig. 1 (b)), and a finer 40x40 km? domain with 250 m spatial
resolution to track the small scale effects of the lake (Fig. 1 (c)). Hereinafter we denote this
three domains A, B, and C correspondingly. The two-way nesting technique used in Meso-NH
allows to conduct simulations on different horizontal resolutions at the same time. Domain A
is a "father" domain for B, which means that simulation results on domain A are interpolated
and used as initial and boundary conditions for domain B. Same scheme applies for domains
B/C. European Centre for Medium-Range Weather Forecast (ECMWTF) operational analyses,
updated every six hours, were used for Meso-NH initialization and domain A boundary forcing.

Comment 6

P7, line 14: Do you have a citation for value used for attenuation coefficient?

Response: Yes, thank you for noticing that. Citation was added (Potes et al., 2017).

Comment 7

P9, lines 5-6: Did you try to include the radiosonde accuracy limits in Figure 4¢ This could
improve the plots.

Response: Yes, we tried, but it does not improve the plots. Errors in air temperature and wind
speed are too small in comparison with the ranges of these variables, so errorbars in this case are
not useful. As for relative humidity, it changes very rapidly in lower lower layer of the atmosphere,
so errorbars only make plot less informative. You can see that on the example below:
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Comment 8

P9: You mention the supplementary material, but not the numbers of the figures you are
referring to. Please add these to the text.

Response: That is true, references to these figures in supplementary materials were missed.
Now corresponding references were added.

Comment 9

P10, lines 10-11 and P12, lines 10-11: The comparison of wind speed is interesting in Fig.
4, but what information does it bring to compare the 10-meter wind speed from the model against
the measured 2-m wind speed (Figures 5 and 6)? Did you try to convert the 2-m wind speed to 10
m height (or vice versa)? You mention this possibility, but why was it not done? Comparing the
same variable on different heights requires more explanation in the text.
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Response: Yes, we did the interpolation of the model output data from 10 meters to 2, which
slightly improved the results of the comparison (correlations and biases). Sections 5.2 and 5.3
were revised in accordance with the new results.

Comment 10

P11, Fig. 5. The text font is quite small. Please increase it.

Response:
readable.

Font size of the legend and axis labels was increased, now the figure should be more
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Comment 11

P12, lines 14-15: Are the simulated results more smooth due to difference in plotting frequency
(modeled output 1-hourly, what about the measurements? I could not find the information from
page 5 for latent and sensible heat fluxes; I assume it is the same as for the variables listed in
P5L1). Are the model outputs accumulated over the output frequency? What about measurements?
The peak difference seems to be quite large, especially on July 22nd and there should be more
discussion about this.

Response: Yes, model output data is 1-hourly, but it is not accumulated over this period.
Measurements of latent and sensible heat fluxes were done with 30-minutes timestep (information
about this was added to page 5, where we speak about Irgason eddy-covariance system). For the
validation, measurement data was 1-hourly averaged (this applies to all data, both with 1-minute
and 30-minutes timestep), so the timestep was equal. The modelled curve is more smooth for
the reason that the model itself is more conservative and usually prevents variables from quick
changes.
The paragraph with the discussion of fluxes comparison was expanded:

More detailed analysis of Fig 7 (a) shows that the lowest heat flux values usually occur
during the afternoon (12:00 — 18:00 UTC), under windless conditions, and high peaks in the
early evening (20:00 — 21:00 UTC). The simulation reproduces these peaks with 1-2 hour
delay which are related to the delay on the simulated wind speed. The magnitude of the
latent heat flux daily maximum (order of 200 — 250 Wm™2) is well captured by the model.
The delay in the simulation of the peaks reduces the value of the correlation coefficient and
is a manifestation of the so-called double-penalty that penalize high-resolution model scores.
As seen in the Fig. 7 (b) the simulated latent heat flux is almost zero between 14:00 and 16:00
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UTC of July 22. As pointed before, there is a gap in the measurements of the flux during
this period, but data from the day before indicates that the results are realistic. This effect
of almost zero evaporation from water on a very hot day is contrary to common sense and
will be discussed later.

Comment 12
P12, line 14: What are you trying to say with "Dynamic”?

Response: In this sentence the word "Dynamic" should be interpreted as "temporal evolution".
The sentence was changed to:

The temporal evolution of simulated and observed latent and sensible heat fluxes. ..

Comment 13

P16, lines 1-9 and Figure 10: Please change the colorbar scale as currently it is too coarse.
Perhaps you could try using the limits -5 to 5 degrees with 0.25 degree.

Response: Colorbar stride was reduced to 0.5 and the range changed to —6.5...6.5. Now the
temperature anomalies are more detailed. Reducing the colorbar stride to 0.25 makes the internal
structure of the thermal impact too smooth.
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Comment 14

P16, line 32: You can use the word "lake” instead of "mass body”.

Response: Yes, “mass body” was replaced by “lake”.

Comment 15

P17, line 34 — P18, line 2 and Fig 12: Like with Fig 10, I think you are using too coarse
colorbar in your plots (-10 to 10 % difference are not shown) to see the effect of transport (and
night-time differences). Please try to improve the figure in this respect and update the text accord-

ngly.
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Response: As well as in the response to Comment 13, colorbar was improved. Unfortunately,
night-time differences are too weak to trace. Only at midnight (and at 1-2 a.m.) some negative
impact can bee seen (Figure below, (a)), and its magnitude is not higher than 20%, while daytime
anomalies does not differ noticeably. Corresponding updates to the article were made (section 6

s Lake impact).

10
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Comment 16

P17, Fig 12: Could you please name the cross-sections (e.g. I and II) and inform about this
in the caption. Also, please refer to this naming in the text when discussing about the cross-section
results.

Response: Yes, that makes sense. Cross-sections are named S1 and S2, and corresponding
corrections and references are made in section 6 Lake impact.

10
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Comment 17

P18, Figure 11: Could you add to the plot the BL height as seen by the model? Please also
increase the font size.

Response: In Meso-NH version 5.3.0 (which we used in this work) it is a known issue that
boundary layer top is not calculated correctly. We tried to put it to the figures (as you can see on
the example below), but as we are not sure of the results, we decided to keep this figure without
it.
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Comment 18

P18, line 9: The water vapor mixing ratio indeed has a minimum around 14:00-15:00 o’clock,
but the values are higher than 7-8 g/km on July 23rd and 24th (8-9 g/kg). So the minimum values
are not between 7-8 g/kg every day.

Response: True, these values were revised, and then the part of paragraph was rewritten:

This dry downstream is confirmed by the measurements of water vapor mixing ratio at
the Montante platform. As can be seen in Fig. 13 the observed and the simulated mixing ratio
of water vapor have a daily minimum with average values of about 8-8.5 g kg~! around 14:00-
16:00. During the afternoon of July 22, the day with a strong lake breeze, the minimum
reached a value lower than 6 g kg~!. Out of the period in which the air over the lake
subsides, the water vapor mixing ratio returns beck to 9-10.5 g kg~!. The presence of this
dry downstream was proposed as a hypothesis by Potes et al. (2017) and is proved through
the performed simulations. In the same Fig. 13 it is clearly seen that the model tends to
overestimating the mixing ratio, except in the afternoon of July 22.

Comment 19

P20, line 2: Where is the dam exactly? Please mark it to the maps.

Response: The location of the dam now is mentioned in the end of the first paragraph of section
2 Object of study:

The dam is located in the southern part of the reservoir (Fig 1 (c)).

Corresponding adjustments are made in Fig. 1 (see Comment 2).

Comment 20
P20, Fig 13: Please increase the font size.

Response: Figure was enlarged:

12
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Comment 21

Could you have done any lake water temperature (surface) comparison between the measure-
ments and the model? Although the simulation period is short, the comparison would give some
information how good your initial conditions were and how well you model the lake dynamics and
the atmosphere-lake interactions.

Response: Yes, we performed this comparison. The results added to Fig. 2. Also the corre-
sponding text added to the end of 4.2 section:

13



10

15

20

25

30

Reviewer 1 lakunin M., Salgado R., Potes M. — Breeze effects at a large artificial lake. . .
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The comparison between measurements of water temperature near surface (at 1 meter
depth) and FLake simulated values of mixed layer temperature are shown in Fig. 2 (b). Sensor
at 1 meter depth was chosen because it always stays in mixed layer and is not affected by
surface "skin" effects. Modelled values are close to measurements which indicates that the
initial conditions were realistically imposed.

Comment 22

Conclusions: You list the main results of your work (basically the lake breeze effects), but I
would like to see a bit more discussion about their implications.

Response: Section Conclusions was expanded and more comments were added:

This work is dedicated to the studies of the formation and magnitude of the summer lake
breeze at the Alqueva reservoir, South Portugal, one of the impacts of the artificial lake on
the local weather. The study was based on Meso-NH simulations of a well documented case
study of 22-24 July 2014. This period was taken for several reasons. First, a large volume
of meteorological data was collected during these days, which allowed for a validation of the
simulation results. Secondly, this period was hot and dry, which is typical for most summer
days in this region.

The model allowed to conduct the simulation with horizontal resolution of 250 meters
which is fine enough to resolve such relatively small scale lake breeze and to spot the impact of
the reservoir on the detailed local boundary layer structure. Due to the “youth” of the Alqueva
reservoir it is possible to run atmospheric model with the surface conditions prevailing before
the filling of the reservoir. Two simulations, one with Alqueva and another one without it,
allow to evaluate the raw impact of the lake on the local weather regime.

Formation and dissipation of the daytime breeze system induced by the reservoir are
described in the work. On hot summer mornings the difference between air temperatures
above water and neighbouring land surfaces induces the radial movement of air from the lake.
The breeze system starts to form in the morning and the peak of the wind speed reaches
6 m/s in the late afternoon. Simulation results show that the lake breeze could be detected
at a distance of more than 6 km away from the the shores and on altitudes up to 300 m above
water surface. In late afternoon the dissipation stage of the lake breeze system anticipated
with the arrival of the larger scale sea breeze from the Portuguese west Atlantic coast. In
early evening (19:00 — 20:00 UTC) the local lake breeze system can not be detected anymore.
No reverse land breeze is detected during the night.

14
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During daytime, the simulation testify the observed very low evaporation from water
surface (0 — 120 Wm ™2 in terms of sensible heat flux), due to weak winds and the stable strat-
ification of the internal atmospheric surface layer. A night-time, the strong winds associated
with the Peninsular larger-scale circulation induced by the sea-land contrasts, induce a very
high evaporation rate (200 — 250 Wm™2).

The cooling effect of the reservoir can decrease the air temperature up to 7 °C, nevertheless
is limited by the lake borders and normally can not be seen farther than few kilometers away
from the shore mostly in southeast direction. The cooling can be found up to 1200 m above
the lake surface.

Lake breeze system brings dry air from upper atmospheric layers (2-2.5 km) to near
surface levels above the reservoir. This effect leads to the fact that the air above the surface
of the lake becomes more dry in terms of water vapor mixing ratio, in spite of its relative
humidity can increase up to 50% due to the decrease in air temperature.

Further work implies two directions. The first is tuning the lake model and its initializa-
tion in order to obtain more accurate results and reduce validation biases. The second is to
carry out a longer experiment, which would cover a 12-month period. Such simulation could
reveal seasonal aspects of the impact of Alqueva on local weather.

Technical comments

P1, line 1: “could” to “can”

Corrected.

P1, lines 1-2: rewrite the end of the sentence starting from “but usually”.
The end of the sentence was rewritten:

Natural lakes and big artificial reservoirs can affect the weather regime of surrounding
areas but, usually, consideration of all aspects of this impact and their quantification is a
difficult task.

P1, line 2: “lakes” to “lake”
Corrected.

P1, line 5: comma after “reservoir”
Added.

P1, line 6: here FLake scheme is used, later FLake model (e.g. P2, lines 26-27). Please be
consistent with the description (model is widely used).

Corrected, now “model” is used throughout the text.

P1, line 7: “this” to “these”.
Corrected.

P1, line 8: the reservoir.
Corrected.
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P1, line 18: “0.35 %7 to “0.35%".
Corrected.

P1, line 26: “the warm summer period” to “warm summer pertods”.
Corrected.

P1, line 26: “ forcing” to “leading to”.
The sentence was rewritten:

During the warm summer periods relatively colder lake surface interacts with the atmo-
sphere above, which leads to a reduction of clouds and precipitation.

P2, lines 3-4: Consider changing to “These regional lake effects have been seen in previous
studies”.
Replaced.

P2, lines 10-11: remove “, and others” and use “and” before “terrain types...”.
Removed and replaced.

P2, line 12: “In this work,”
Corrected.

P2, line 14: “A first report” to “The first report”.
Corrected.

P2, line 15: “as part of” to “as a part of”.
Corrected.

P2, lines 16-19: The sentence starting “They concluded, “ is very hard to follow. Please
rewrite and make it clearer.
The sentence was split into two and rewritten:

It was concluded that the climate impact of the multi-purpose Alqueva project should
be merely due to the irrigation of surrounding area. The influence of the reservoir itself was
unclear as at that time it was not possible to perform high resolution simulations.

P2, line 20: “were done” to “was done”.
Corrected.

P2, lines 22-24: Sentence starting “Later,” should be improved.
The sentence was rewritten:

Later on, Policarpo et al. (2017), used observations data from two periods of ten years
(before and after Alqueva reservoir) combined with Meso-NH simulations, and showed a slight
increase in the average number of days with fog during the winter (about 4 days per winter
after 2003 in a downwind site)
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P2, lines 25-28: this chapter needs to be rewritten.
This paragraph was removed from the article.

P2, lines 29-33: This chapter needs also to be improved. Especially the first sentence and the
end of the chapter requires some attention.
The paragraph was rewritten:

Mesoscale atmospheric models, such as Meso-NH, allow to obtain results with suffi-
cient horizontal resolution (250 m in present study) for studying the local effects of air
temperature changes and the generation of small-scale circulations under different large-
scale atmospheric situations. In this work simulations have been done for the Intensive
Observation Period (IOP) of ALEX project (ALqueva hydro-meteorological EXperiment,
http://www.alex2014.cge.uevora.pt/). Data collected during this experiment were used to
validate the numerical simulations.

P2, line 34: Is “the object of current study” really needed?
Not really. Removed.

P3, line 1: move “used in this work” after “numerical models”.
Corrected.

P3, line 7: “if” to “of .
Corrected.

P/, line 5: Consider starting a new sentence with “An average annual...”.
Rewritten:

The normal (1981-2010) average annual precipitation in the city of Beja (40 km from
Alqueva reservoir) is 558 mm (www.ipma.pt).

P/, line 8: remove “inside it”.
Removed.

P4, line 16: “has last” to “lasted”.
Corrected.

P/, line 16: remove “included” and replace it with something like “was to utilize”.
The sentence was rewritten:

One of the aims of this project was to perform a wide set of measurements of chemical,
physical, and biological parameters in the water, air columns, and over the water-atmosphere

interface.

P/, line 27: Add comma after “also”.
Added.

P/, lines 30-31: Consider changing the end to “while the floating platform Montante situated

17



10

15

20

25

30

35

40

45

Reviewer 1 lakunin M., Salgado R., Potes M. — Breeze effects at a large artificial lake. . .

i the middle”.
Changed.

P5, line 9: “has last” to “lasted”.
Corrected.

P5, line 10: “have been” to “were”.
Corrected.

P5, line 13: consider writing “because the atmosphere was mostly stable and anticyclonic con-
ditions were present”.
Rewritten:

This period, 22-24 July, was chosen for a case study in the this work,as it is an well docu-
mented period with typical anticyclonic conditions, hot, dry and low near surface wind speed.

P5, lines 20-21: Add the first sentence to the first chapter, i.e. remove the gap (line break).
Removed. Now it is one paragraph.

P35, line 22: please add “, and” after “precipitation”.
Added.

P35, line 24: “platforms” to “platform”.
Corrected.

P6, Table 1: “Deep convction” to “Deep convection”.
Corrected.

P6, lines 4-6: The sentence starting with “Mized microphysical...” should be rewritten. A
suggestion: “A mized-phase microphysical sheme...”, leave out “and explicit precipitation” and add
to the end “was used”. The next sentence could start with “The model solves longwave and...”.
Sentences were rewritten:

A mixed-phase microphysical scheme for stratiform clouds and explicit precipitation (Co-
hard and Pinty, 2000; Cuxart et al. 2000)) which distinguishes six classes of hydrometeors
(water vapor, cloud water droplets, liquid water, ice, snow, and graupel) was used. Longwave
and shortwave radiative transfer equations are solved for independent air columns (Fouquart
and Bonnel, 1980; Morcrette, 1991).

P6, line 8: “exchange is controlled”?
Rewritten:

Atmosphere-surface exchanges are taken into account through physical parametrizations. ..
P6, lines 11-14: The end of the chapter should be improved. For example, for the 1-km and

250m domains it is better to say something like “the resolution is high enough for the deep/shallow
convection to be solved explicitly” Also, the reference to Table 1 is missing the number and the
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brackets are left open. The list is missing “and” from the end.
The sentence that describes domains and used schemes was rewritten:

Deep and shallow convection parametrization schemes were activated in the coarser do-
main A. 1-km and 250-m resolutions of domains B and C are high enough for the deep/shallow
convection to be represented explicitly.

Number for the reference to the table was added, and mistakes were corrected.

P6, lines 15-16: remove “files” and ending should be improved (e.g. “for lateral boundary
forcing with an update frequency of 6-hours”).
Moved to another paragraph and rewritten:

European Centre for Medium-Range Weather Forecast (ECMWF) operational analyses,
updated every six hours, were used for Meso-NH initialization and domain A boundary forcing

P6, line 17: “the one” to “one”

Corrected.

won

P6, line 19: remove
Removed.

P6, line 20: “have covered” to “covered”.
Corrected.

P7, line 5: “the freshwater lake...”
Corrected.

P7, line 6: “were” to “was”.
Corrected.

P7, line 15: A new chapter starts so better to say “The initial parameters used in FLake are”.
There are several sets of parameters that are required, so the beginning of the sentence was rewrit-
ten:

FLake model requires at least the following sets of variables and parameters to run...

P7, line 29: rewrite, a suggestion “the depth of the artificial lakes varies spatially, because”.
Rewritten:

The depth of the artificial lakes varies decreases rapidly from the center to the shore,
because the bottom of the reservoirs used to be valleys.

PS8, lines 8: “to compare” to “analyzed”.
Changed.

P8, line 10: “of” to “took place between” (and remove second “took place”).
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Rewritten:
The ALEX2014 IOP took place between 22 — 24 of July 2014 at the Alqueva reservoir.

P8, line 13: merge this chapter with the first one in section 5.1.
Merged.

PS8, line 14: comma after “point”.
Added.

PS8, line 17: rewrite the end of the sentence, e.g. “22 km height; thus, to build a corresponding
profile, three...”
Rewritten:

Radiosondes reached the altitude of the top of the model (about 22 km) in about 2.5
hours. Therefore in order to build the simulated profile, three consecutive hourly outputs
from the model were used.

P9, line 6: “95.5 %7 to “95.5%”
Corrected.

P9, line 17: “11.26 %7 to “11.26%”
Corrected.

P9, line 14: “magnitude are” to “magnitude is”
Corrected.

P9, lines 11 and 15: “suplementary” to “supplementary”
Corrected.

P9, lines 15 onwards: make a real list of the statistical values (“following: temperature average
bias. . ., humidity average. . ., and for the wind speeds...”)
The sentence was rewritten:

Statistical results for them are the following: temperature average bias is -0.13 °C, RMSE
is 1.49 °C, and correlation coefficient is 0.99; relative humidity average bias is 0.59%, RMSE
is 11.26%, and correlation coefficient is 0.87; and for the wind speed average bias is 0.05 m/s,
RMSE is 2.07 m/s, and correlation coefficient is 0.90.

P10, line 1: “accordance” to “accord”
Corrected.

P10, line 6: “are” is missing. Also, you could add “It should be mentioned that not all...”.

Added both.

P10, line 8: “visible in” should be change to e.g. “which can be seen from”.
Changed.
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P10, lines 10-11: this small chapter can be merged with the previous one.
Accepted, now it is one paragraph.

P10, line 10: “100 %” to “100%”
Corrected.

P12, line 1: This seems to be a new chapter and yet you referrer to “these stations”, please
correct.
Rewritten:

Figure 6 shows the time evolution of simulated and observed air temperature and wind
speed at Cid Almeida, Barbosa, and Montante sites.

P12, lines 23-2/: Please rephrase this sentence (starting “Measurements”).
The sentence was rewritten:

Wind direction at ALEX stations is represented in Fig. 8. Different behaviour in wind
direction between the two station from 21 to 23 of July is clearly seen from measurements data
(green dots). In Barbosa station the wind changes from northwest to south regime during
daytime while in Cid Almeida this effect is not observed. In the simulations this difference is
not so clear, but is still visible during the afternoon on July 22. Barbosa station, located on
the northwest shore of the lake, indicates the presence of the lake breeze because its direction
is the opposite to the dominant wind. However, at Cid Almeida station on the southeast shore
breeze is co-directed with the dominant wind in the area, so, its appearance is difficult to track.

P15, line 1: Rephrase, e.g. “To study. . . affects the surrounding area, the following.
were analyzed in this work:”
The paragraph was rewritten:

To analyse the impact of the Alqueva reservoir on local area the changes of the following
atmospheric variables, such as air temperature and potential temperature, relative humidity
and water mixing ratio, and vertical and horizontal wind speed, were considered. In this

section only B and C domain datasets were used.

P15, lines 2-5: Is the sentence starting with “Overall, simulation result...” necessary?
The sentence was removed. Rewritten version of this paragraph can be found above.

P15, line 6: A comma after “During daytime” and add “the” before water temperature and air
temperature.

Corrected.

P16, line 1: A new chapter and you refer with “its” to? Lake breeze should be mentioned here.
The sentence was rewritten:

The lower layers of air are the first to be affected by the presence of water.

P16, lines 12-15: Please rephrase the sentence starting with “Maximum of the temperature” It
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15 too long and complicated.
The sentence was split into two and rewritten:

The highest impact on the air temperature can be observed in the early afternoon (12:00
— 14:00 UTC). The boundary layer is cooling down and its height decreases from more than
2 km above the land outside to values close to 1 km over the lake surface (Fig. 10 (a)).

P16, line 22: “nighttime” to “night-time” and you could move the part in brackets to be before
the comma.
Corrected:

During the night, the large-scale circulation (Fig. 9 (a), (b)), driven. ..

P16, line 31: A new chapter starts, where does “this” referrer to?
Corrected:

The breeze intensifies during the afternoon. ..

P18, line 3: use “the cross-sections”
Rewritten:

Cross-sections S1 and S2 presented in Fig. 12 show. ..

P18, line 9 and Fig. 14: “g/Kg” to “g/kg”.
Corrected.

P19, line 3: “increase” to “increases”.
Corrected.

P20, line 1: “this zones” to “These zones”.
Corrected.

P20, line 5: “proeminent” to “prominent”.
Corrected.

P20, Figure 13: “KG/KG” to “kg/kg”

Corrected (see Comment 20).

P21, line 5: “figure out” to “resolve”.
Changed.

References
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Abstract. Natural lakes and big artificial reservoirs eeuld-can affect the weather regime of surrounding areas butusually-itis

diffienltto-track, usually, consideration of all aspects of this impact and evaluate-itsmagnitudetheir quantification is a difficult
task. Alqueva reservoir, the largest artificial fakes-lake in Western Europe located on the Seuth-East-southeast of Portugal, was

filled in 2004. This makes it a large laboratory and allows to study the changes in hydretogical-and-geotogicalstruectures-the
surface and in the landscape and how they affect the weather in the region. This paper is focused on a case study of the-a 3
days intensive observation period of 22-24 July 2014. In order to quantify the breeze effects induced by Alqueva reservoir, two
simulations with the mesoscale atmospheric model Meso-NH coupled to FLake freshwater lake sehere-model has been done.
The principal difference of his-these two simulations is in the presence of the reservoir in the input surface data. Comparing
two simulations datasets: with and without the reservoir, net results of the lake impact were obtained. Magnitude of the impact
on the air temperature, relative humidity, and other atmospheric parameters-variables is shown. Clear effect of a lake breeze
(5-7 m/s) can be observed during the daytime on the distances up to 6 km away from the shores and up to 300 m over the lake

surface. Breeze-Lake breeze system starts to form at 9:00 UTC and dissipates at 18:00-19:00 UTC with the arrival of majer

Atlantie-breezesystem—Itinducesspeeificaireirenlationthateapturesthe-a larger scale Atlantic breeze. The descending branch

of the lake breeze circulation brings dry air from the-upper-atmospherehigher atmospheric layers (2-2.5 km) which-feltows-the
downstream-and-redistributes-and redistributes it over the lake. It is also shown that the-altheugh-the-tmpact-can-berelatively

intenstverits-area-is-timited-by-several-despite its significant intensity the effect is limited to a couple of kilometers away from
the lake borders.

1 Introduction

Human aetivityactivities, such as urbanization, deforestation or water reservoirs building changes-surface-propertieschange

the properties of the surface (vegetation cover, emissivity, albedo) which determinerule the surface energy fluxes (Cotton and Pielke,

2007). As a consequence, changes in surface energy fluxes affect local weather and climate. Lakes and reservoirs contains
about 0.35% of global freshwater storage (Hartmann, 1994) and cover only 2% of continental surface area (Segal et al., 1997).
Hewever-they-ptay-a-huge-soetetalrote—Thermal circulations triggered by lake/land thermal contrast have an impact on dis-
persion of air pollution and lake catchment transport (Lee et al., 2014). Big lakes being a significant source of atmospheric

moisture can intensify storm formation (Samuelsson et al., 2006; Zhao et al., 2012). Lakes and reservoirsean-be-characterized
by-inereased—, compared to land surfaces, have higher thermal inertia and heat capacity, smatl-and lower albedo and rough-
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ness lengtheempared—te—vegetatedland-surfaces (Bonan, 1995). They can affect meteorological conditions and atmospheric
processes at meso and synoptic scales (Pielke, 1974; Bates et al., 1993; Pielke, 2013).

Normally, surface—moisture—near surface relative humidity is increased while daily air temperature near—the—surface—is
deereasedtitake-is decreased above lake and shore areas. During the warm summer perted-periods relatively colder lake sur-
face balanees-interacts with the atmosphere above, fereirg-which leads to a reduction of clouds and precipitation. Formation of
the local high pressure areas over the lake surface in summer season supports atmospheric circulation, which can be observed
as a lake breeze (Bates et al., 1993). In autumn and winter it has the opposite effect: due to the warmer-air-abovetakesurtacer
fact that water is warmer than the air above, increase of evaporation and cloud formation can be observed (Ekhtiari et al., 2017).

aregional lake effects have been seen in previous studies,
e.g. Elqui Valley reservoir in Chile (Bischoff-Gauf} et al., 2006) and the great African lakes (Thiery et al., 2014).

Despite-thefactthat-Although the theoretical aspects of formation of the lake breezes are clear, in practice, they remain not

well documented. Difficulties in studies of lake breeze are due to the diversity and complexity of lake shapes and surrounding

landscapes, and the using-of-coarse-spatial-resolutionobservations-datainexistence of observational data at sufficiently fine
spatial resolution (Segal et al., 1997).

Lake breezes are mainly determined by geephysicat-variables-the landscape and weather conditions. Formation and intensity
of the breeze depend on the set of parameters such as large scale winds, sensible heat flux, geometry of the lake -and terrain
types of the surrounding area;-and-others (Segal et al., 1997; Drobinski and Dubos, 2009; Crosman and Horel, 2012).

In this work, the focus is on the study of the lake ef-Algueva-breeze at the Alqueva reservoir and its impact on atmo-
spheric parameters of the surrounding area. This large artificial reservoir has been filled in 2004 which makes it a big natu-
ral laboratory for studying physical, chemical, and biological effects. Few studies about the influence of Alqueva on atmo-
sphere and climate were published. A-The first report, in Portuguese, was published even before the construction of the dam
by Miranda et al. (1995), as a part of the environmental impact study of the reservoir —Fhey-cenchided;-on the basis of numeri-
cal simulations performed with the NH3D medeHMiranda-andJames<(+992)(non-hydrostatic 3-dimensional) mesoscale model
from Miranda and James (1992). It was concluded that the climate impact of the the-multi-purpose Alqueva project should be
essentiatty-merely due (o the prejeeted-irrigationareaand pay Htte attention-tedrrigation of surrounding area. The influence of
the reservoir itself as-at-the-was unclear as at that time it was not possible to perform high resolution simulations. The studies
were continued and improved by Salgado (2006) in-his-Phb-thesis;-alse-inPertuguesein-whieh-a-who did the first attempt
to quantify the direct effect of the reservoir on the local climate, in particular on winter fog;—were-done. Using the Meso-NH
(non-hydrostatic mesoscale atmospheric model) model, the author concluded that the introduction of the reservoir should in-
crease slightly the winter fog in the reighberheedsurrounding area, but decrease over the filled area. Later on, Policarpo et al.
(2017)used-observations-for-two-periods, used observations data from two periods of ten years (before and after Alqueva )
and-alsoreservoir) combined with Meso-NH simulations, shewirg-and showed a slight increase in the average number of days

with fog during the winter (BH;-ef-about 4 days per winter after 2003 in a downwind siteand-retnforetngpreviousfindings;).

ha ~th nd A allactad d Alane agarua awed tha ~h o on—aof o 4
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Using-a-mesosecate-atmospherie-model-Mesoscale atmospheric models, such as Meso-NHaHevws-to-gatir-the-, allow to obtain
results with sufficient horizontal resolution (#p-to-250m)—to-track— m in present study) for studying the local effects of air
temperature changes and the generation of small-scale winds-on-the-backgrotnd-of-circulations under different large-scale
atmospheric motions—Simtation-has-situations. In this work simulations have been done for the Intensive Observation Period

(IOP) of anin-situ-measurementfieldcampaignonthelakearea (ALEX2014—ALEX project (ALqueva hydro-meteorological
EXperiment, http://www.alex2014.cge.uevora.pt/);se-tt-aHewed-. Data collected during this experiment were used to validate

the aequired-resutts-with-different-datasetsnumerical simulations.
The article outline is the following. Section 2 provides a brief description of the Alqueva reservoir;-the-object-of-current

stady. Section 3 reveals information about ALEX20+H4-experimentand-datasetALEX experiment and the measurement data
used in this paper +such as meteorological stations, observations, and measurements. Section 4 contains a brief description
of the numerical models +Mese-NH-ard-+Hake;—used in this work: Meso-NH and FLake. Sections 5 and 6 are dedicated to
the case study on 22-24 July 2014: validation of simulation results using in-situ measurements and the studies of the lake
effects respectively, with an illustration and discussion of the magnitude of the impact and intensity of a lake breeze. Section 7

summarizes the results and conclusions.

2 Object of study

Alqueva reservoir established in 2002 is an artificial lake located in the Seuth-East-southeast part of Portugal. It spreads along
83 km over the Guadiana river valley coveringthe-total-, when completely filled, an area of 250 km? with the-total-eapacityif
a capacity of 4.15 km?, which makes it the largest artificial lake in Western Europe (Fig. 1 (a)). The maximum and average

depths of the reservoir are 92:692 m and 16.6 m respectively. The dam is located in the southern part of the reservoir (Fig 1
©)..

Alqueva reservoir is mainly used to provide water supply, irrigation, and hydroelectric power. Surrotndingregion-The region
where it is located is known for the irregularity of its hydrological resources, with the-long periods of drought that could last
for more than one consecutive year (Silva et al., 2014). This region is—characterised-as-Csa-aceording-to-the Képpen-—climate
elassifieation-thas an Mediterranean climate with dry and hot summers (Csa according to the Koppen climate classification),

with a small area within of the mid-latitude steppe (BSk) category. During summer, the maximum air temperature ranges
between 31 and 35 °C on average (July and August), often reaching values close to 40 °C, or even higher. The incident solar
radiation en-the-surfacetevelat the surface is of the highest in Europe, with mean daily values (integrated over 24 hours) of
about 300 Wm ™2 and the daily maximum of July often can reach 1000 Wm 2. Rainfall periods are seasonal and last from
October to April;-an-. The normal (1981-2010) average annual precipitation registered-in the city of Beja (40 km from Alqueva
reservoir) ever+98+-26+6-is 558 mm (www.ipma.pt).
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Figure 1. Maps-of the-nestingNested domains used in the simulations: (a) Father domain at 4 km horizontal resolution - +66<+68-pixetswith
100 x 108 grid points, with location of the 12 IPMA synoptic stations used for validationpreeess-, (b) intermediate 1 km horizontal resolution

domain, 96<72-pixels96 x 72 grid points, (¢) finer 250#-horizontal- m resolution domain comprising 160 x 160 grid points, +66x+60-pixels:
together with AEEX2604+4-the location of the ALEX land stationsane-, the Montante floating platform Mentante-teeationand the dam.

Two major factors determine synoptic circulations over the region during the summer period: the shape and location of the
Azores anticyclone, and the frequent establishment of a low-pressure system over the Iberian Peninsulainside-it, induced by
the the-land-ocean thermal contrasts. The sea breeze system controls the transport of the maritime air masses from the Atlantic
eoast-of the-peninsula-to-itsinternal-areaso Iberian Peninsula, on distances more than 100 km reaching the Alqueva region in
the late afternoon. This phenomenon is known as the Iberian thermal low (Hoinka and Castro, 2003) and is characterized by a
westward change of the wind direction (prevailing wind directions are from the Nerth-Westnorthwest quadrant). As a result,

this effect is observed in the local increase in wind intensity and in its rotation (Salgado et al., 2015).
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3 DatasetMeasurement data

The matn-datasetforthis-werk-has-beenmeasured data used in this work were obtained during the AEX264H4-ALEX campaign
— a multidisciplinary observational experiment at the Alqueva reservoir which kasdast]asted from June to October 2014. The
atm-One of the aims of this project inetuded-was to perform a wide set of measurements of chemical, physical, and biological
parameters in the water, air columns, and over the water-atmosphere interface. To reach this goal the project operated the

following facilities:

— 7 sites with meteorological measurements: 2 Platforms-platforms (Montante and Mourdo); 1 permanent weather station
intheislandlocated in a small island nearby the dam (Alquilha), 2 dedicated weather stations (Barbosa and Cid Almeida),

two compact weather stations in the Solar Park and Amieira;

4 floating platforms where water quality and biological sampling were done: Montante, Mourdo, Captacdo, and Alcar-

rache;

3 weather stations of Instituto de Ciéncias da Terra (ICT), located in Mitra, Portel, and at the University of Evora;

2 Air quality mobile units: Amieira and at-Solar Park;

3 Atmospheric Electricity stations: Amieira, Solar Park, and Beja.

Also, data from 42 IPMA (Portuguese Institue of Sea and Atmosphere) meteorological stations located ever-atl-nearbyregions
in the region were integrated into ALEX database. They provided basie—set-ef-parameterstypical set of variables, e.g. air

temperature, relative humidity, pressure, horizontal wind speed.
Two land weather stations (Barbosa and Cid Almeida) were oeated-on-the-oppesite-shores-and-installed on opposite shores

38.2235° N, 7.4595° W and 38.2164° N, 7.4545° W, correspondingly) while the floating platform Montante is situated in the
middle (38.2276° N, 7.4708° W, Fig. 1 (c)). This tecaton-aHowed-to-menitorlocations allowed the characterization of the lake

AT AAAANAAANARAAR AN

effects inreal-time-during-the-ebservationsion a fine scale. Land stations collected the-fellowing-data-with-data with an 1-minute

time resolution +including horizontal wind speed, relative humidity, air temperature, and downwelling short-wave radiations

e—. Montante floating platform was the principal experimental site
inside the reservoir. The following equipment was installed there and-coHeeted-datasinee-on 2 June 2014 and data has been

collected until the end of the campaign:

— frgason—an eddy-covariance system which provides data for +pressure, temperature, water vapor and carbon dioxide
concentrations, 3D wind components, momentum flux, sensible and latent heat fluxes (with 30 minutes timestep), carbon

dioxide flux, evaporation;

— one albedometer and one pirradiometer in order to measure upwelling and downwelling shortwave and total radiative

fluxes;

— O thermistors to measure water temperature profile.
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The mostintensive-observational-partintensive observation period of the ALEX project hasdastlasted 3 days (22-24 July)

and included launches of meteorological balloons every 3 hours. Ferthat TOTEX-meteorological-balloons{(600-)wereused—In
total, 18 radiosondes have-been-were launched: 2 from the boat over the lake and 16 from the land. Atmospheric profiles of air
temperature, relative humidity, wind, and pressure were obtainedsvith-the-use-ef-VaisalaRadiosondesmodel RS92-SGP. This

period, 22-24 July, was chosen for a case study in the this work,

antieyelonie-conditionsas it is an well documented period with typical anticyclonic conditions, hot, dry and low near surface

wind speed.
Data collected during the ALEX2044-ALEX field campaign have already been used to study: lake-atmosphere interactions,

including the heat and mass (HoO and COs) fluxes in the interface water-air (Potes et al., 2017); the effects of inland water
bodies on the atmospheric electrical field (Lopes et al., 2016); and the evolution of the vertical electrical charge profiles and its

relation with the boundary layer transport of moisture, momentum and particulate matter (Nicoll et al., 2018).

4 Simulation setup

4.1 Meso-NH atmospheric model

For-thestudy-of the-breeze-effeets-of the-To study the lake breeze effects in Alqueva reservoir the Meso-NH model (Lac et al.,
2018) was used.

Meso-NH is a non-hydrostatic mesoscale atmospheric research model. It has-a-complete-set-of physical-parameterizations;

equations; for-dealing-with-can simulate the evolution of the atmosphere on scales ranging from large (synoptic) to small (large
eddy)seales—whilecaleulating budgets, and has a complete set of physical parametrizations. Meso-NH is coupled with SUR-

FEX Massenetals2043)platferms(Surface Externalisée, Masson et al. (2013)) platform of models for the representation of
surface-atmosphere interactions by considering different surface types (vegetation, city, ocean, fake)-and-inland waters).

Meso-NH allows a multi-scale approach through a grid-nesting technique (Stein et al., 2000).

TFhree-nestinglevels-were-usedin-Meso-NHrunsIn this work, three nesting domains were used: 400 x 432 km? domain with
4 km spatiathorizontal resolution to take into account the large scale circulations, namely the influence of the sea breeze (Fig. 1
(a)), an intermediate 96 x 72 km? domain with 1 km spatiat-horizontal resolution centered at the Alqueva reservoir (Fig. 1 (b)),
and a smatHiner 40 x 40 km? domain with 250 m spatial resolution to track the mirersmall scale effects of the lake (Fig. 1
(c)). Hereinafter we denote this three domains A, B, and C correspondingly. The two-way nesting technigue used in Meso-NH

allows to conduct simulations on different horizontal resolutions at the same time. Domain A is a "father" domain for B, which

means that simulation results on domain A are interpolated and used as initial and boundary conditions for domain B. Same
scheme applies for domains B/C. European Centre for Medium-Range Weather Forecast (ECMWEF) operational analyses
updated every six hours, were used for Meso-NH initialization and domain A boundary forcing,

For the-surface and orography, ECOCLIMAP II (Faroux et al., 2013) and SRTM -Jarvis-etal52008)-(Shuttle Radar Topograph

Mission, Jarvis et al. (2008)) databases were used, respectively, both updated with the presenee-inclusion of Alqueva reservoir
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Table 1. Summary of the Meso-NH physical schemes used in the simulations.

Schemes and 4-kmdomain- +kmdomainDomains  256-m-domain-
parameters A B _ C_
Deep KAFR NONE NONE
Shallow EDKF EDKF NONE
convection
Turbulence BL89 DEAR DEAR

1 dimension 3 dimensions 3 dimensions
Radiation ECMW ECMW ECMW
transfer
Advection WENO WENO WENO
Clouds ICE3 ICE3 ICE3
Timestep 20s S5s ls

by Policarpo et al. (2017). All model domains had 68 vertical levels starting with 20 m and up to 22 kmat-the-top, including
36 levels for the lower atmospheric level (2 km). The model configuration included the-a turbulent scheme based on a one-
dimensional 1.5 closure (Bougeault and Lacarrere, 1989). Mixed-A mixed-phase microphysical scheme for stratiform clouds
and explicit precipitation (Cohard and Pinty, 2000; Cuxart et al., 2000) which distingtish-6-distinguishes six classes of hydrom-
eteors (water vapor, cloud water droplets, liquid water, ice, snow, and graupel) was used. Longwave and shortwave radiative
transfer equations are solved for independent air columns (Fouquart and Bonnel, 1980; Morcrette, 1991). Atmosphere-surface
fhux-exehange eontrotted by physical parametrisationsexchanges are taken into account through physical parametrizations: the
surface soil and vegetation are described by the Interface Soil Biosphere Atmosphere (ISBA) model (Noilhan and Mahfouf,
1996); the town energy balance was handled according to Masson (2000). Basic parameters for each model domain are

shown in the Table 1.

Deep and shallow convec-
tion sehemes—in—stmtationparametrization schemes were activated in the coarser domain A. 1-kimn reselution—of-thesecond

domain-already required-deepand 250-m resolutions of domains B and C are high enough for the deep/shallow convection to
be reselved-explieitly—250-resolution—is-fine—so-both-schemes-ecannot-be-applicable—Used-sechemes—tepresented explicitly.
The following schemes were used (see Table are-thefelewingl): KAFR (Kain and Fritsch, 1990; Bechtold et al., 2001),
EDKEF (Pergaud et al., 2009), WENO (Lunet et al., 2017), and ICE3 (Pinty and Jabouille, 1998).

o\ ead M-Ranoca \Wa hao Lora » NAWEDY apa oR 2 acd
v 5. a Ywea a v a ar-anary

To track the direet-impact of the reservoir on the weather conditions, aset-ef-two numerical simulation were performed: the

one with the surface input files updated to Adguevareserveirpresenee-include the Alqueva reservoir (ECOCLIMAP database
version updated by Peliearpe-etal«20+7Policarpo et al., 2017) and another —with the previous version of this database
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where the reservoir does not exist yet. In order to distinguish these simulations hereinafter we denote them LAKE1 and LAKEO,
correspondingly. Both simulations have-covered the case study period, 22-24 July 2014, with 1 hour output. To reproduce the
atmospheric conditions more realistic-the stmutation-inetadedrealistically the simulations included the previous 24 hours (21
July), so -everat-the-modet-covered-the model was integrated for 96 hours. The differences between these two simulations
were then computed, with the aim of evaluating the direct influence of the preseree-of-the-lake on the envirenmentatmosphere.

4.2 FLake sechememodel

In order to representthepresenee-and-better represent the evolution of the lake mererealisticallyfreshwaterlake-medelHH zake

Mirenev2008)y-weresurface temperature and therefore the water-air heat fluxes, FLake (Freshwater Lake) model (Mironov, 2008) was

used. FLake is a bulk-type model capable to predict the evolution of the lake water temperature at different depth on time scales
from a few hours to many years. For the-an unfrozen lake it uses a two-layer approach: upper mixing layer with the-a con-
stant water temperature from-the-surface-and the thermocline level-beneath it where the temperature decreases with depth.
Parametrization of the thermocline fayer-profile is based on the concept of self-similarity assuming that such approach could
be applied to all natural and artificial freshwater lakes.

Thefollowing parameters-are required-to runthe Floake modelfLake model requires at least the following sets of variables
and parameters to run: four initial parameters eto describe the lake temperature structure, six atmospheric parameterstoreach
ealeulation-input variables for each timestep, and two eenstants-parameters — lake depth and the attenuation coefficient of
light irte-in the water. This coefficient represents-s used to compute the penetration of the solar radiation in the water body. In
this work, the attenuation coefficient was set to 0.85 eorresponding-the-based on in-situ measurements carried out in Alqueva
by Potes et al. (2017).

Initial-parameters The FLake prognostic variables that need to be initialized are: water temperature at the bottom, temperature
and depth of the mixing layer, and shape factor C'y — speeifie-a parameter that describes the shape of the the thermocline

curve. In the parametrization proposed by Mironov (2008) for the normalized temperature profile and-depth-it varies from 0.5
to 0.8. The initial values of the shape factor Cf, temperature-of-the-a water mixing layer and-its-temperature, and depth were
determined using fitting-technique-ofreal-a fitting technique applied to the observed water temperature profile datafrom-at

a given time in Montante platform (Fig. 2 ) is{a)). Short term FLake model runs are very sensitive to initial
parameters;-and-this—, The fitting technique is based on the assumption that the bottom temperature is fixed and given by the

value of the lowermost sensor. Thereby, the other three parameters could vary within some range until the best set efthem-is
found. The set-of parametersfor this-ease study-isinitial conditions for our simulations were obtained following this technique:
Ct = 0.8, mixed layer temperature is 23.8 °s-C and depth is 3.4 m. Water-temperature-profile-onJuly21-00:00-at Montante
platform: Test simulation with these set of inputs was done using stand-alone version of FLake model (not in couple with

Meso-NH). The results of the comparison of water mixing layer temperature is shown in Fi

does not exceed 0.8 °C which is a very good result for such short-term simulation.
H-view-of the-factthatthe-The observed daytime temperature profiles showed strong skin effects (higher temperatures of-the

apper-tap-to-n first 10 cm) watertayery-and could not be eorrectty-fitted—-well fitted by a FLake type temperature profile, which

. 2 (b). The maximum difference
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Figure 2. Water temperature observed and fitted profiles on July 21, 00:00 at the Montante platform (a) and comparison of upper level water

temperature between measurements and FLake results (b

assumes a constant temperature in the mixed layer. Thus, the midnight profile was used as an initial one and the simulation
started at midnight, 21 July 2014.

radiation;—and-atmespherie-pressure—were—taken—direetlyThe required atmospheric variables were taken interactively from

Meso-NH simulation since FLake was implemented in SURFEX model (Salgade-andl-e- Meoigne;20+0)by Salgado and Le Moigne (2010

Fypieathy—the-The depth of the artificial lakes eharacterized-bystrong-spatial-vartabilityvaries decreases rapidly from the
center to the shore, because the take-bottom—ot-thesetakes-bottom of the reservoirs used to be a—vaheyvalleys. In case of
Alqueva, when completely filled, the mean depth is of about 17 m (http://www.edia.pt/). On the other hand, the local depth
at Montante platform can reach 70 m. As an 1D bulk model, FLake has only one depth value which should be seen as an
effective depth and is not easy to assess. Moreover, FLake seheme-model is not capable to represent deep lakes, the-scheme-it
works well for depths from 20 to 50 m with the sediments routine switched-etfswitched-off. After a series of a sensitivity tests
of short-term (2-4 days) and long-term (2-4 months) simulation it was found that the best simulations results can be obtained
with the bottom depth value of 20-30 m. Thus, since the tast-profilesenser—was-deepest temperature probe was installed at
the depth of 27 m, this value was chosen for the effective lake depth in this work. The comparison between measurements of
water temperature near surface (at 1 meter depth) and FLake simulated values of mixed layer temperature are shown in Fig. 2
(b). Sensor at 1 meter depth was chosen because it always stays in mixed layer and is not affected by surface "skin” effects.
Modelled values are close to measurements which indicates that the initial conditions were realistically imposed.

5 Validation

The simulation LAKEI results were validated against radiosondes data (vertical profiles) and meteorological stations-data—

data from ALEX and IPMA synoptie-stations-and-=stations located on land and in the floating platforms. fa-this-preeess-at-All
three domains were used—Stze-considered in the validation. The size of the domain A was enough to consider 12 meteorologicat
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stattens-synoptic stations located in the region, domain B was used to track the radiosondes trajectory, and domain C data-was

used-forthe-validationagainststattons-atresults were validated against stations installed on the lake shores and on the Montante

floating platform. The parameters-to-compare-are-variables under analysis were air temperature, relative humidity, wind speed,
sensible and latent heat fluxes.

5.1 Comparison with radiosondes data

The ALEX 26+440P-of1O0P took place between 22 —and 24 of July 2014 teek-place-at the Alqueva reservoir. They-inetuded
balleentaunchesIt included the launch of 18 meteorological balloon every 3 hours;and-everalld8launcheshave been-deone-

Balloons—radiosonde-data-provided—. The radiosondes took measurements of air temperature, humidity, pressure, and wind
speed.

not ascent vertically and flew several kilometers away from the launching pointit-was-deeided—+to-make-, a trajectory profile
comparison was performed. Each balloon had a GPS-tracker to register its coordinates every 2 seconds, which was used to
build a corresponding trajeetory-inside-numerical trajectory on the simulation domain. Radiosondes havereached the altitude

of ~-35-km;-butsinee-the-uppertayerthe top of the model %&@%22 km;-the-prefiles-were-builtup-to-this-altitude-
Fersondestttook-) in about 2.5 hoursterea ailda iveti

WMMMWQMMMMMMWWW&%W% used.
Figures 3 (a, b, ¢) represent examples of the daytime profiles fer-of air temperature, relative humidity, and horizontal wind
speed. Examples of eerrespondingnight profiles can be found en-in figures 3 (d, e, f). Attnightprofiles-demonstrate-In general,
the night simulated profiles show slightly better accordance with model resultsbecause-atmosphere-is-more-stable-during-the
nighttimer.
Figure 4 represents-shows the same profiles, but for the lower atmospherie-troposphere level (3000 m altitude). Simulation
restitts-are in good accordance with meastred-values-tunderthe-radiosonde-aceurace-observations. The simulation results are

within the confidence interval of the measurements as given by the radiosonde accuracy (+0.5°-C, +5% relative humidity, and
+0.15 m/s wind speed with 2-sigma confidence level (95.5%)).

The principal features of the eufve—pfeﬁies—&s—weH—aﬁ—H&e—&yﬂamiesjgm are well represented by the model. Oa-air

fraetare During daytime, air temperature and relative humidity curves indicate that the model tends to well represent the height
of the boundary layer at 2-2.5 km altitude chri i i
(a), (b)). Overall, Meso-NH be
Wmﬁm&m%m&pmﬂ#@é%mmmmw m) very
well. Near surface, the Meso-NH tends to anticipate the development of the unstable boundary layer in the morning (9:00 —and
12:00 UTCtpresented-in-suplementary material), simulating higher temperatures in the lower levels. In the late afternoon (18:00

ayer(around 2 kmiﬂgﬂgﬁ
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Figure 3. Examples of observed and simulated vertical profiles for July 22, 12:00 and July 23, 3:00 of air temperature (a, d), relative humidity
(b, e), and wind speed (c, f).
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Figure 4. Eower-atmospherie tevel profitesfor Profiles of air temperature, relative humidity, and wind speed -in low atmosphere on 22 Jul
12:00 and 23 July 03:00.
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and 21:00 UTC) the model also tends to anticipate the decrease of the temperature in the surface layer (see the supplementar

material, Fig. S1).
Patterns-The patterns of relative humidity and wind speed are good, as observed and modelled curves look similar, neverthe-

less simulations tend to be more conservative and their values do not change so quick. Ferexample;Nocturnal low level jets ean
be-found-onnightprofites-at the edge of the boundary tevetFig—4-(f)—Thesejetslayer are represented by the modelas-wel,
but their magnitude are-is slightly weaker than the observedvataes—AH-+8-. All the profiles can be found in the suplementary
material——supplementary material (Fig. $3). The moisture vertical profile in the boundary layer is well reproduced by the
model, as can be seen in the graphs of the relative humidity (Fig, 4 (b), (¢), and S2 in the supplementary materials). Above
the boundary layer the radiosondes show a dry layer, which is also well simulated. From July 23 the observations show the
appearance of a moist layer close to the troposphere, which magnitude is overestimated by the model. On July 24 at dawn the
radiosondes and the model indicate the existence of a very moist layer close to the surface, with the formation of low clouds

that were not formed in the simulations.

Statistical results for them are foHowing—Temperatuare-the following: temperature average bias is -0.13;RMSE-°C, RMSE is
1.49 °C, and correlation coefficient is 0.99—Husmidity—; relative humidity average bias is 0.59%RMSE-o+, RMSE is 11.26%and

ASKRRAARS

O8T-—correlation—coefficient—For-wind-speed-these—values-are:—, and correlation coefficient is 0.87; and for the wind speed
average bias is 0.05 m/saverage-bias, RMSE is 2.07 m/s, and correlation coefficient is 0.90. Al-these—values—show-These

values testify that the simulation is in a good aeeerdanee-accord with the observations, ane-in line with similar studies of
Meso-NH validation against radiosondes data (e.g., Masciadri et al., 2013).

5.2 Comparison with IPMA stations data

We-also-validated-the-model-data-The model was also validated against 12 IPMA automatic meteorological stations. For this
comparison data-of-4-demain-the output of the bigger domain A were used. Geographical positions of the stations can be found
on-in Fig. 1 (a). Scatter plots of air temperature, relative humidity, and wind speed showa-on-are shown in Fig. 5. NetIt should
be mentioned that not all stations provided the same set of parameters—These-seatterplots-represent-variables. The scatter
plots show the intercomparison of the model data (X axis) and the measured values (Y axis) over the-case-study-period-all the
simulated period and all the stations. The model tends to overestimate lower values of air temperature (14-24 °C) and slightly
underestimate higher values (>30 °C), wisible-in-as can be seen from Fig. 5 (a).
FHorrelative-humidity-the-medetshowstower—vatlies-Over some stations and in several times, the model simulates lower
values of relative humidity within the range from 40 to 100% —Wind-speed-is-overestimatee(Fig. 5 (b)). Fig. 5 (c) indicates

that the wind speed is slightly underestimated by the modelas-the-output-is-set-to-10-above-the-surface-and-measurements-are
at2-,

Statistical parameters (biasesbias, mean absolute errerserror, root mean sqﬂafem and correlation eeefheteﬂ-fs%—ef—t-h-rs

eomparisencoefficient) for each station are shown in Table 2.
and observed air temperature are highly correlated (correlation coefficient is higher that 0.91) with biases-abselute-valueslesser

bias always less than 1 degree. The sverse—resut-worst results are observed in eomparison-againstPortalegre-data{(see—for
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Figure 5. Scatter plots of the comparison with-between Meso-NH sumulation LAKE1 and measured values at synoptic stations. Air temper-

ature (a), relative humidity (b), and horizontal wind speed (c).

Table 2. Statistics for the hourly values of the station validation.

Stations: Alvega Avis Beja Elvas Estrem. Evora Mert. Mora Portal.
Temp., Bias: — -0.08 0.68 -0.39 0.00 0.56 0.85 0.9 -0.08
°C. MAE: — 1.49 1.60 1.76 1.65 1.60 1.71 1.54 1.82
RMS: — 1.84 1.96 2.18 2.02 1.96 2.20 1.93 2.38
Corr: — 0.95 0.96 0.96 0.96 0.96 0.95 0.96 0.91
Rel. Bias: — 0.53 -2.98 -3.42 — — -1.29 -4.19 -2.79
hum., MAE: — 5.80 7.48 5.87 — — 6.61 6.88 7.83
% RMS: — 7.41 9.49 8.61 — — 8.49 8.43 11.91
Corr: — 0.93 0.93 0.93 — — 0.94 0.94 0.86
Wind Bias:  049-046 034-034 047-0.16 0:67-0.09  6:89-091 -0360.27 +08-1.11 +49-1.09 666053 O
speed, MAE: 6954+233 6660206 666022  6740.88 697128 680044  +25074  +36-1.19  +650.68  +
m/s RMS: +451.01 6774073 677074 699101  +H-0.69  +6+094  +42093  +52093 +36112  +=
Corr: 0.85 0.92 0.91 0.86 9:93-0.92 0.82 6:820.81 084085 665068 6

example-the-Portalegre (square points in relative humidity plot en-in Fig. 5 (b))-this-station-isdoeated, and a possible reason
for this relies on the location of the station which is installed in small mountain areawhich-makes-the-meteorologieatsitaation
more-diffieutito-prediet—Validation—of-, Regarding the wind speedshevws-the-, Table 2 shows small biases, in general lower
than 1 m/bwm&wwmmbweﬁ correlation coefficient

is also obtained in Portalegre. Overall, simulation results

are in good agreement with synoptic stations data—@fher—wefks—fepfeseﬂ{—t-he—smﬂ-}&ﬁfesuks—ef— and the statistical parameters
are similar to other published works done with Meso-NHwalidatien-against-datafrom-meteostations (e.g., Lascaux et al., 2013,

2015).
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5.3 Comparison with data from ALEX Eakeplatform-and-stationsdatabase

In addition to the validation against the IPMA synoptic stations, comparisons were made with data obtained at AEEX2044

WMW%WWBMbO% Cid Almeida and Montante platform). Their

coordinates were used to locate th

orresponding grid points on

the C domain output. In the case of land stations with grid point associated to water fraction, the nearest land grid point was
chosen.

Figure 6 m@m air temperature and wind
speed i i

%ﬂwmﬁm%wmmmwmw
slightly more conservative (except wind speed over the Montante platform), but in general, the patterns are well represented.
The model could not represent well the maximum and minimum temperatures, especially in land stations where the temperature
range s larger. Regarding wind speed, the model underestimates the maximum values at land stations and at Montante platform

Fig. 6 (d)), on the contrary, the wind speed is overestimated by the model, but the principal features of the curve is represented.
Statistical values for this validation are the following. For Barbosa: air temperature maximum-abselute-error-(MAE) s 3-6-with
RMSE-ef-average bias is 0.23 °C, RMSE is 1.37 °C and correlation coefficient is 0.98, ane-for wind speed +4-4-is-maximum

abselute-bias+2-43-these values are: average bias is 0.55 m/sRMSE;-and-0-67-correlation-ecoeffieient, RMSE is 1.08 m /s, and
correlation coefficient is 0.73. For Cid Almeida: MAE-4-9-RMSEtemperature average bias is 0.5 °C, RMSE is 1.57:-°C, and
correlation coefficient is 0.98, wind speed MAE-+s-59-average bias is -0.36 m/s, RMSE is +-56-1.24 m /swid-the-correlation
eoethietentof-0:63, and correlation coefficient is 0.69. For Montante platformthese-vatues-are-foowing—Airtemperature MAE
15325 RMSE-; air temperature average bias is -0.1 °C, RMSE is 1.22 °C, correlation is 0.98, wind speed MAE-4-95-average
Mm/ s, RMSE +764s 1.55 m/ s, and correlation coefficient is 9—63—Wmd—%peed—ﬂ+ﬂ&&%rmtﬂ-&ﬁemﬂptﬁ—1%—gweﬁ—at—}9

Dynamie-ef The temporal evolution of simulated and observed latent and sensible heat fluxes at Montante platform is shown
on-in Fig. 7 (a, b). Overall patterns of these-the curves are similar but simutated-—results—are-moresmoothwhile-observed

vatues-changes-more-quicklythe simulated one is more smooth. Comparison between measurements and simulated results
demonstrates that for latent heat the RMSE is 57.34 Wm ™2 with correlation coefficient of 0.47, and for sensible heat the
RMSE is 13.39 Wm ™2 with the correlation of 0.82. }-sheuld-benoted-here-
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Figure 6. Comparison-of-Observed and simulated air temperature and wind speed at 2 meters for ALEX stations: Montante platform (a, d),
Barbosa (b, e), and Cid Almeida (c, f) sites.

Both observed and simulated curves of Fig. 7 (a) reveal that sensible heat flux has two different periods during the day,
positive when air-water temperature difference is negative, and vice-versa, showing that during daytime the water gets ener:

from the air and during night-time the water warms the nearby air. The transition between the two regimes is well captured b
the model. Fig. 7 (b) also shows that the magnitude of the sensible heat flux is relatively small when compared with the other
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Figure 7. Observed and simulated latent (a) and sensible (b) heat fluxes at Montante floating platform.

terms of the energy balance, Daily maximum positive (negative) fluxes between 30 and 60 Wm~? (-15 and -30 Wm~?) are
well reproduced by the model. An apparently strange behavior appears on July 22 afternoon, with the sensible heat flux being
almost zero. This effect, unfortunately not documented due to the lack of data, will be discussed later and is linked to the fact
that the wind is very weak during this period (sec Fig. 6 (d))-

More detailed analysis of th
shows that the lowest heat flux values usually occur during the afternoon (12:00 — 18:00 UTC), under windless conditions, and
high peaks in the early evening (20:00 — 21:00 yStmutation-UTC). The simulation reproduces these peaks with 1-2 hour delay
which are related to the delay on the simulated wind speed. Untertunatety;there-isno-dataabeutfhixestor-The magnitude of
the latent heat flux daily maximum (order of 200 - 250 Wm~?) is well captured by the model, The delay in the simulation of
the peaks reduces the value of the correlation coefficient and is a manifestation of the so-called double-penalty that penalize
@MWW&JWMMM&WM 00 —and 16:00
6=2UTC of July 22. As pointed before, there
is a gap in the measurements of the flux during this period, but data from the day before indicates that the results are realistic.
This effect of almost zero evaporation from water on a very hot day is contrary to common sense and will be discussed later.

Wind direction at ALEX stations is represented on-the-in Fig. 8. Mea%ufemeﬂﬁ—%hew—hew—\mxd—dﬁeeﬁeﬂ—ehaﬂge%—te—ﬂ&e

station from 21 and-to 23 of July s+
straeture—ofthe—simulated-breeze—will-be-diseusseddater—s clearly seen from measurements data (green dots). In Barbosa

station the wind changes from northwest to south regime during daytime while in Cid Almeida this effect is not observed. In

the simulations this difference is not so clear, but is still visible during the afternoon on July 22. Barbosa station, located on
the Nerth-Westnorthwest shore of the lake, indicates the presence of the lake breeze because its direction is the opposite to the
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Figure 8. Observed and simulated wind direction on Barbosa and Cid Almeida stations.

dominant windin-this-area. However, at Cid Almeida station on the Seuth-Eastsoutheast shore breeze is co-directed with the

dominant wind in the area, so, its appearance is difficult to track.
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6 Lake effeetsimpact

To study-how-the-Alquevatake-affeetsthe-analyse the impact of the Alqueva reservoir on local area the fellewing-atmespherie

parameters—were—ased—in-this—werle—changes of the following atmospheric variables, such as air temperature and potential
temperature, relative humidity and water mixing ratio, and vertical and horizontal wind speed-Overall;-simulationresultis-a3

6.1

The £

eaused-by-Jlower layers of air are the first to be affected by the presence of thereservoir-water, Differences in air temperature at
2 meters hetght-during 22 July 2044-—-We-foeus-on-this-day because-airtemperature-was-the-highestand-the-lake-breeze-expeete

to-be strong and-wetl distinguishableare shown in Fig. 9, the warmest day of the IOP and the one when the breeze was stronger.
Positive anomaly (up to 3-4¥ °C) can be traced during the period from 1 hour after the sunset (21:00 UTC) untitto 1 hour after
the sunrise (07:00 UTC). Examples-ofthis-By positive and negative anomalies here we mean the differences between LAKEL
and LAKEQ simulations. Examples of the positive night anomalies are illustrated in Fig. 9 (a, b). Night Nerth-Westnorthwest
wind transports warm air from the lake to the Seuth-Eastsoutheast part of the reservoir for up to 2km- km away from the shore.
Daytime period is characterized by the negative temperature anomaly up to 7 °C (Fig. 9 (c-f)). This effect is essentially limited
by the lake borders. When the large-scale sea breeze system arriveste-the-Algqueva-area, temperature trace of the lake impact
are-foHowed-s advected by the wind and can be found in 10-12 km away from the Seuth-East-southeast part of the reservoir
(Fig. 9 ().

Vertical cross-sections ean-help to illustrate the processes in the atmosphere on different altitudes. Sweh-East-West=Two
different cross-sections ateng-36- e e e R s L i e ection-is-indieated-by-alowerhorizontaHine-onS1
and S2 (the first one crosses the lake near Montante platform and the second in the middle, exact locations are indicated in

Fig. 9, (a)) are shown to provide a better visualization of the three-dimensional structure of air circulation above the lake.
Cross-sections S1 along 38.215 °N (Fig. 10) show the evolution of wind and the potential temperature during the 22 July in the
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Figure 9. Anomalies in air temperature at 2 m temperature-anomaty-(differenee-betweenEAKEHandAJIKED-experiments)-in filled contours)

and horizontal wind in LAKE1 experiment (arrays, the scale is indicated in the upper rigth corner of each figure) of the reservoir on 22 of

July 2014 on the250reselation-domain C. Horizontal lines on (a) indicate the location of cross-sections S1 (southern) and S2 (northern).
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experiment with the reservoir (simulation LAKE1). Maximum-efthe-temperatare-impaet-of-the lake-can-befound-The highest
impact on the air temperature can be observed in the early afternoon —&t—QZ 00 — 14:00 en-the-altitadesup-to+—1-2-cooling
TC). The boundary layer is cooling down and

its height decreases from more than 2 km above the %&fﬁae&et&%}de—ﬂ&e—zm%&ehﬂﬂaeﬂe&efﬂ%}qﬁeva%@ngO values
close to 1 km over the swaterreserveirlake surface (Fig. 10 (a)). The thermal anomaly induced by the presence of the reservoir

seems to affect an area greater than that-what was identified at the surface, especially in the middle of the boundary layer. Later
on, at 19:00 — 20:00 UTC the powerful ocean breeze system reaches the area and cools the lower (1km km) layer of air by
6-7 K. The progression of the sea breeze front is impressively well shown en-in Fig. 10 (d) (20:00 BFUTC), when it reaches
the border of the reservoir, and en-in Fig. 10 (e), (f) (21:00 B%F- 22:00 UTC), when it is already beyond the east bank of the

Alqueva takereservoir.

Alqueva causes a similar anomaly on 2 m relative humidity which is shown in Fig. 11. Atnight when the temperature impact
is negative some small negative differences in relative humidity can be seen over the lake surface (Fig. 11 (2)). There are also
traces of daytime positive impact, essentially due to the decrease of air temperature, advected by the sea breeze in the southeast
direction. In the morning, however, the difference of relative humidity can not be detected because the thermal impact is not
strong enough (Fig, 11 (b)). Figures 11 (¢), (d), and (¢) show how relative humidity increases during the daytime over the water
surface. The peak of the difference can reach 50% in the afternoon (Fig. 11 (f)). In general, lake impact on relative humidity is
limited by the area of the reservoir and does not spread over the surrounding land.

6.2 Breeze effects

Differences in near surface sensible heat fluxes and eonsequentelyin-airtemperature-contrast of the air temperature over the
land and water surfaces during the daytime induees-induce the formation of the lake breeze system. The development of the
lake breeze is illustrated en-in Fig. 9 —Wind-arrows-corresponding-to-(arrows that corresponds to the wind speed lesser than
0.5 m/s are not ploted—DBuring-nighttime-plotted). During the night, the large-scale circulation (Fig. 9 (a), (b)) targe-seale
e&eulﬂﬁma—éfweﬂ—byhﬂ%e—pemﬂ%dar—%a}e—%eﬂafeeze%eem—ls dominant in the areabut-after-the-sunrise-when-the-temperature
— After the sunrise (07:00
= 08:00 UTC) the air temperature over the water surface becomes lower than the air temperature over the surrounding areas,
reaching 6 m/s in some areas (Fig 9 (d), (¢))._

Daytime cross-sections e#-S1 in Fig. 10 (a, b, ¢) indicates that the direct lake breeze can be found on the-altitudes up to 300

meters above 1a

&Wr%mfmmmdepends on the local orography, but
usually the traces ef-it-can be found #-4-6 km away from the lake shores (Fig. 10 (c)). An-In altitude, a return flow is visible
in the eastward wind component over the west shore and a westward component in the east of the reservoir which causes an
upper-level eeﬂvefgaﬁef&fﬂ—e&eulﬂ&eﬂ—e&n—be—ﬂeﬁeed—(cmemﬂg 10 (a, b, c))-by—an-inerease

. We will return to this features
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Figure 10. East-WestEast-west direction cross-sectons along 38.215 °N (S1, crosses the lake near Montante platform, seuthernmoststraight
Hne-in-Fig. 9 (a)) of potential temperature (filled contours) and prejeetion-of-wind vectors in the plane of the cross-section (arraysarrows),

at different times-hours (indicated in the top of each figure) in LAKEI experiment at 250 m horizontal resolution. The wind vertical and

horizontal scales are indicated in the upper right corner of each figure. Blue line on the surface level indicates the location of the reservoir.
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Figure 11. 2 m relative humidity anomalies (in filled contours) on 22 of July 2014 on domain C.

later s-during-together with the discussion of the impaets-of-the-teserveireffects of the reservoir on the moisture field, shewing
another-eross-seetion;-in which the structure of the lake breeze system is more visible.
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This-breeze-wind-intensifesunti-In the late afternoon (Fig—9-(e))-when-the-wind-speed-canreach-7—When-18:00 UTC) the

negative temperature anomaly due to the presence of the mass-body-lake is getting weaker, and breeze system starts to wane

and dissipate. At 19:00 — 20:00 when-the ocean breeze arrives to the area -take-breeze-already-cannot-be-traced-and overlaps
the local circulations (Fig. 10 (d, e, )).

Infact;-eross-sections—presented-on-Cross-sections S1 and S2 presented in Fig. 12 (the-pesition-of-the-cross-sections-are

indicated-with-herizental-ines-enFig—9-(a)y-show that the lake breeze system includes a descending branch over the lake-area
reservoir that carries dry air from a height of about 2-2.5 km and redistribute it over the lake surface. Fwo-differentlocations-of

ake—This dry downstream effeetis confirmed
by the fe%u}fs—ef—mea%ufemeﬁt—mw of water vapor mixing ratio at Meﬁe&n{&plﬂffefm—&ﬁmm
can be seen in Fig. 13 +
observed and the simulated mixing ratio of water vapor have a daily minimum with average values of about 8-8.5 g kg ™' every
day-after-noon-around 14:06-15:60-and-reaches-a-mintmum-00-16:00, During the afternoon of July 22, the day with a strong

lake breeze, the minimum reached a value lower than 6 g kg~ ' during the-afternoon-of the-day-of stongertake breeze-(Fuly22).
Out of the period in which the air subside-over the lake -the-subsides, the water vapor mixing ratio returns te-previeus-values-of

beck t0 9-10.5 g kg L. The presence of this dry downstream was proposed as a hypothesis by Potes et al. (2017) and is proved

through the st —performed simulations. In the same Fig. 13 it is clearly seen that the model tends to

overestimating the mixing ratio, except in the afternoon of July 22.
On the other hand, Fig. 12 also shows that outside the reservoir there exist-are zones of low-level convergence and up-
ward motion whieh-that increase the moisture of the boundary layer —this—zenes-eorrespond-te-and form some kind of lake

breeze fronts. The complex shape of the reservoir implies an also complex 3D structure of the breeze system. Towards the

Seuthernmost-southernmost part, near the dam, the low level divergent breeze circulation is very clear, but the convergence
upper-level return current is weaker (Fig. 12 (a, b, ard-c)). In contrary, near the miete-middle of the reservoir (cross-section S2
in Fig. 12 (d, e, and-f)) where two water branches exist, the circulation near the surface is more complex due to the presence
of a land band-area inbetween, but the subsidence motion is more proeminentprominent, inducing a decrease in mixing ratio
through the boundary layer, which reaches a magnitude of about 4 g kg~! at 16:00 (Fig. 12 (f)).

Figure 14 illustrates this process in a horizontal plane. At midnight (Fig 14 (b)) the reservoir does not directly affect vapour

mixing ratio in the air. In the morning hours, when the sun has risen, but the breeze system has not yet formed, a positive
impact on the moisture over the lake can be seen due to the increase of the evaporation. This anomaly affects the air above
central and southern part of the reservoir and is advected to other nearby areas (Fig 14 (¢)). Later in the afternoon, with the
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Figure 12. East-West-East-west direction cross-sections S1 along 38.215 °N (a,b,c) and S2 along 38.274 °N (d, e, f) thorizental-dines-on
Fig—O-«ap-with the difference (LAKE1 and LAKEO simulations) of water mixing ratio (filled contours), and prejeetion—of-wind vectors in
the plane of the cross-section (arraysarrows) in LAKEI experiment at 250 m horizontal resolution at different times (indicated in the top of

each figure). Blue line on the surface level indicates the location of the reservoir.
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Figure 13. Water-Observed and simulated water vapor mixing ratio over the Montante platform.

formation of the lake breeze, a negative impact can be traced over the water surface due to the descending branches of the local
circulation (Fig. 14 (d, e)). This explains the afternoon decrease of the water vapour mixing ratio observed at the Montante
platform as seen in Fig 13. The localization of the area of this negative anomaly changes in time, but predominantly it is over
the larger southern part of the reseryoir, With the dissipation of the local lake breeze system and the arriving of the stronger
large scale northwestern wind, the negative moisture anomaly over the reservoir disappears and a positive effect is visible on
the downwind region (Fig. 14 (a, f)), due to the increase of evaporation (note that Fig. 14 (a) corresponds to the night of July.

21 to 22, when the effect was more noticeable).

During daytime, the water temperature is lower than the air temperature, which is associated to a very weak air circulation

over the water surface which leads to very low evaporation from the lake (refer to low latent heat flux values in Fig. 7 (a)). At

this time period evaporation over the land is even higher that over the water. By late afternoon when the dominant sea breeze
system reaches the region, the northwestern wind accelerates significantly, passing over the smooth surface of the lake. As
result, evaporation from the lake becomes very intense.

7 Conclusions

tn-this-work—westudied-This work is dedicated to the studies of the formation and magnitude of the summer lake breeze at
the Alqueva reservoir, South Portugal, and-the-tmpact-one of the impacts of the artificial lake on the local weather. The study
was based on Meso-NH simulations of an-a well documented case study of 22-24 July 2014. This period was taken for several
reasons. First, a large volume of meteorological data was collected during these days, which allowed for a validation of the
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Figure 14. Observed and simulated water vapor mixing ratio anomalies in filled contours on 22 of July 2014 on domain C for selected hours

The model allowed to conduct the simulation with horizontal resolution of 250 meters which is fine enough to figure-out
resolve such relatively small scale lake breeze and to spot the impact of the reservoir on the detailed local boundary layer

structure.
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Due to the “youth” of the Alqueva reservoir it is possible to run atmospheric model with the surface conditions prevailing

before the filling of the reservoir. Two simulations, one with the-Alqueva and another one without it, allow to evaluate the

We-deseribed the formation-of Formation and dissipation of the daytime breeze system induced by the reservoir are described
in the work. On hot summer mornings the difference between air temperatures above water and neighbouring land surfaces
induces the radial movement of air from the lake. The breeze system starts to form in the morning and the fake breeze system

the Portuguese-west-Atlantic coast—The magnitude-of peak of the wind speed reaches 6 m/s in the late afternoon. Simulation
results show that the lake breeze eanreach-6—ttean-betraced-ataboutcould be detected at a distance of more than 6 km away
from the take-shore-the shores and on altitudes up to 300 m above thetake-surface—Daytime lake regime-can-be-characterized
by-water surface. In late afternoon the dissipation stage of the lake breeze system anticipated with the arrival of the larger scale
sea breeze from the Portuguese west Atlantic coast, In early evening (19:00 — 20:00 UTC) the local lake breeze system can not
be detected anymore, No reverse land breeze is detected during the night.

During daytime, the simulation testify the observed very low evaporation rate-from water surface -white-at-nighttime-major

atmospheric surface layer. A night-time, the strong winds associated with the Peninsular larger-scale circulation induced b
the sea-land contrasts, induce a very high evaporation rate (200 — 250 Wm~?2).

Cooling-The cooling effect of the ssed- i s—reservoir can decrease the air temperature up

to 7y-but- °C, nevertheless is limited by the lake borders and normally ret-can not be seen farther than few kilometers away
from the shore mostly in Seuth-East-direction—Adtitade-effect-of-the-southeast direction. The cooling can be found at-the-up to

1200 m above the lake surface.

Lake breeze system brings dry
air from the-upper-atmospherietayerupper atmospheric layers (2-2.5 km) to near surface levels above the reservoir. This effect
leads to the fact that the air above the surface of the lake becomes more dry in terms of water vapor mixing ratio, in spite of its
relative humidity can increase up to 50% due to the decrease in air temperature.

Further work implies two directions. The first is tuning the lake model and its initialization in order to obtain more accurate
results and reduce validation biases. The second is to carry out a longer experiment, which would cover a 12-month period.
Such simulation could reveal seasonal aspects of the impact of Alqueva on local weather.
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