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Dear Femke Jansen

Manuscript reference No. HESS-2020-283

We would like to thank you, for your insightful comments, which unquestionably con-
tributed to improve our manuscript. We believe that we were able to fully and ade-
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quately respond and address all your questions and recommendations by re-writing
important sections of the manuscript. In the following pages are our point-by-point
responses to each of your comments as well as your own comments.

Revisions in the text are shown using green colour font for [example] additions , and
strike through red font [example] for deletions.

General comments
- The quality control process of the Class A pan in section 2.2. Please elaborate
on what method this quality control process is based on.

The quality control process is based on the analysis of the existing data in order to
discard the values that, for any reasons, could not be considered adequate. Following,
we have discarded:

- The values obtained 3 hours after each refill of the pan;

- The values obtained when the water level in the pan is below a threshold value (10
cm), according to Allen et al., 1998 and WMO, 2018;

- The anomalous values.

We have provided more details for description the quality control process in section
2.2:

p5 line 110;

"...The daily pan evaporation was calculated by considering the starting time water-
level, the ending time water-level, and the upward (water out of the pan) and downward
(water into the pan) water level change during a day. The values obtained when the
water level in the pan is below a threshold value (10 cm), according to Allen et al. (1998)
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and WMO (2018), was discarded. It was also discarded the anomalous values. For
the study period (June to September 2014), 18% and 15% of the data was discarded
at hourly and daily scales, respectively, during the quality control process."

- The sensitivity analysis - I would like to read more on how the authors have
performed the sensitivity analysis. This does not become clear from the Method-
ology section, nor from the results in section 4.4.

The sensitivity analysis was done by determining the correlation between evaporation
(daily pan evaporation and daily EC evaporation) and the four meteorological param-
eters measured at Alquilha station (because this station will be used to obtain data in
the future).

We add some additional text to the manuscript in order to explain more clearly the
sensitivity analysis in section 4.4. We add also some text in Methodology and in Con-
clusions.

The text is now as follows: p7 line 151;

“. . .Second, the relationships were determined between pan evaporation measure-
ments and the same meteorological parameters, but as measured at Alquilha station
(at hourly and daily scales).

Third the correlation between EC evaporation and pan evaporation were determined
and the daily cycles of the normalised pan evaporation and normalised EC evaporation
are compared.

Forth a sensitivity analysis of pan evaporation and EC evaporation versus meteorolog-
ical variables were performed.. . ."

p10 line 212;
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“A sensitivity analysis of the daily pan evaporation and daily EC evaporation with air
temperature, relative humidity, wind speed, and solar radiation, was carried out and
the results are presented in Fig.9. Fig. 9a show a non-linear correlation between
evaporation (EC and pan evaporation) with wind speed. It can be seen that both evap-
orations have a positive linear correlation with air temperature, Fig. 9b, and radiation,
Fig. 9d. In Fig 9c it can be seen a negative correlation between evaporation and air
relative humidity. The value of R2 of pan evaporation with air temperature, air relative
humidity and radiation is greater than the R2 of the EC evaporation with the same pa-
rameters. On the contrary the R2 of EC evaporation with wind speed is greater than
the pan evaporation with the wind speed parameter. Based on this sensitivity anal-
ysis, the four parameters appear to cause influence in both EC evaporation and pan
evaporation, and strengthen the ability to establish a relationship between the open EC
evaporation and pan evaporation at the daily scale, as discussed in Section 4.5.”

p14 line 259;

"A sensitivity analysis of the daily pan evaporation and daily EC evaporation with air
temperature, relative humidity, wind speed, and solar radiation, strengthen the ability
to establish a relationship between the open EC evaporation and pan evaporation at
the daily scale.

The Kpan was parametrised as a function of the wind speed, air temperature, relative
humidity, and solar radiation measured at Alquilha station. The Kpan was 0.59, 0.57,
0.57, and 0.64 in June, July, August, and September, respectively..."

- The factors governing evaporation – it needs more clarity on how the factors
governing evaporation were determined. These factors are mentioned in the
Methodology section, and form the base of the pan coefficient function that is
developed. Are these governing factors identified based on literature or other
results that are not shown here?
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Yes, the factors governing evaporation were identified mostly based on literature (see
for instance Allen et al., 1998) but also, because they are the parameters measured in
the Alquilha meteorological station.

We have provided more details for describing how the governing factors were deter-
mined in section 3:

p7 line 148;

“. . .First, relationships were determined between the EC measurements and meteoro-
logical parameters (air temperature, relative humidity, wind speed, and solar radiation)
measured at Alqueva-Montante station. These four meteorological parameters were
chosen mainly because, they are the factors governing evaporation usually describe in
bibliography (see for instance Allen et al. 1998) and because they are the parameters
measured in the Alquilha meteorological station. The daily cycle of evaporation and
normalised meteorological parameters were analysed to assess their behaviour during
the day. A sensitive analysis at the hourly scale was also performed for the factors
governing evaporation from Alqueva Reservoir. . .”

- The multivariable nonlinear pan coefficient function - could the authors explain
how they came to the form of the multivariable nonlinear pan coefficient func-
tion, apart from the explanation that a linear function would not describe the
correlation between EC evaporation and pan evaporation well.

We add in section 1, some explanation and several bibliographic references which
use the Kpan as a function of meteorological parameters. In our case, we can say
that, based on the four meteorological parameters measured at Alquilha station we try
several functions and the best function (which leads to the minimum residual sum of
squares and the better coefficient of determination) was the one that is presented in
the paper. In this function, for instance, we take the logarithms of the radiation and the
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relative humidity as the range of values of these two parameters is quite superior of
the other two (temperature and wind speed), and when taking the logarithms, we can
reduce the scale of the former parameters.

The text is now as follows:

p3 line 70;

“. . .The relationship between pan evaporation and lake evaporation must be a function
of meteorological parameters. The pan evaporation method remains the cheapest and
simplest method; hence, this evaporimeter remains the most commonly used instru-
ment to quantify reservoir evaporation. The application of a pan coefficient to convert
measured pan evaporation to reservoir evaporation is a method frequently applied in
reservoir studies and this pan coefficient is often calculated as a function of meteoro-
logical parameters (Allen et al., 1998; Pereira et al., 1995; Pradhan et al., 2013).”

- A clear description of the figures that are presented as results is sometimes
lacking in my opinion. This is the case for figures 3, 7 and 9. What do we see
in this figure, how do we read it, what is the main message that the reader can
take from it? I think this will help your story to come across more direct and
focussed, and will improve the guidance of the reader towards the conclusions
that are well supported by the results.

Regarding figure 9, we already add some text when responding to the second general
comments, above. Regarding figure 3 and 7, we add some additional explanation to
the manuscript in order to make those figures more clearly to the readers.

p5 line 140;

“. . .daily cycle with a 180◦ filter and without a filter (R2 = 0.985) and between the daily
cycle with a 100◦ filter and without a filter (R2 = 0.993) are presented in Fig. 3b and
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3c. Analysing these figures we can concluded that the platform does not affect the
wind direction and based on this results, the wind direction filter applied in Potes et al.
(2017) was not consider in this study.”

p9 line 193;

The correlation between daily eddy covariance evaporation and daily pan evaporation
were determined for the study period (June-September). In Fig. 7 these correlations
are presented. Figure 7a shows a poor linear correlation between the EC evaporation
and pan evaporation during the entire study period (R2 = 0.37). This was also the
case when observing the plots for each month: R2 = 0.1882 in June, R2 = 0.0458 in
July, R2 = 0.3345 in August, and R2 = 0.4693 in September. These results show that
the relation between the both evaporations could not be considered linear and reveal
the importance of finding a nonlinear function to correlate EC evaporation and pan
evaporation (Fig. 7b–e; R2 = 0.05–0.47). These results reveal the importance of finding
a multivariable nonlinear function to correlate EC evaporation and pan evaporation.

- Another general comment that I would to make is to see if a better balance
can be achieved between the size of the sections. Sections 3 and 4.4 are rela-
tively short and misses information. Probably this can already be improved by
applying the two comments mentioned above.

Yes, when applying the comments mentioned above, we have re-written the section 3
and section 4.4, and consequently a better balance of the size of the sections were
obtained.

- The conclusions section somewhat misses a concluding statement and is now
presented more as a summary. Furthermore, some new numbers are shown in
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this section, which is not the appropriate place to present new results. Referring
to p.13 l.253.

Yes, we agree, and we have re-written the entire conclusions and the text is now as
follows:

p12 line 242

The aim of this study was to develop a method to evaluate the evaporation from Alqueva
Reservoir, south-east of Portugal, based on Class A pan measurements, thus provid-
ing an evaluation tool for water management within the Multipurpose Alqueva Project
(MAP) and for other reservoirs with a Mediterranean climate.

Water fluxes were continuously measured from June to September 2014 by the EC
method at Alqueva-Montante station to obtain accurate reservoir evaporation measure-
ments. The total EC reservoir evaporation from June to September 2014 was 450.1
mm, and the mean daily evaporation in June, July, August, and September was 3.7 mm
d−1, 4.0 mm d−1, 4.5 mm d−1, and 2.5 mm d−1, respectively. Considering the most
important atmospheric factors controlling evaporation we observed, at the hourly scale,
a positive correlation between the EC evaporation and wind speed and air temperature
whereas a negative correlation was found for the relative humidity and no correlation
between evaporation and solar radiation.

The Class A pan installed at Alquilha station provided hourly and daily pan evaporation
values. The total pan evaporation from June to September 2014 was 797.9 mm, and
the mean daily evaporation in June, July, August, and September was 6.9 mm d−1,
7.7 mm d−1, 7.3 mm d−1, and 4.3 mm d−1, respectively. Positive correlations were
observed between the hourly pan evaporation and air temperature and solar radiation,
whereas a negative correlation was found between the hourly pan evaporation and
relative humidity. There was a weak correlation between the hourly pan evaporation
and wind speed.
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A sensitivity analysis of the daily pan evaporation and daily EC evaporation with air
temperature, relative humidity, wind speed, and solar radiation, strengthen the ability
to establish a relationship between the open EC evaporation and pan evaporation at
the daily scale.

We found that the daily pan evaporation coefficient could be expressed by a multi-
variable function of wind speed, air temperature, relative humidity, and solar radiation
measured at Alquilha station, and the model validation were performed for the same
four summer months in 2017. The modelled pan coefficients (Kpan) were 0.59, 0.57,
0.57, and 0.64 in June, July, August, and September, respectively. Consequently, the
modelled daily mean ERes was 3.9 mm d−1, 4.2 mm d−1, 4.5 mm d−1, and 2.7 mm d−1

in June, July, August, and September, respectively. The total modelled evaporation was
455.8 mm, remarkably similar to total output from EC measurements, and corresponds
to 101.3% of the measured EC evaporation from the reservoir.

The evaporation model proposed in this study can assist and improve water manage-
ment in the MAP. Moreover, the methodology could also be applied to other reservoirs,
and the equation developed for Alqueva Reservoir could act as a first evaluation for the
management of other reservoirs in the region.

Specific comments

- p.2 lines 46-48; how was the total reference evapotranspiration calculated? Us-
ing Penman-Monteith as mentioned at p.12 line 236?

Yes. We add this information on the text:

"In the case of Alqueva Reservoir, with an average reference evapotranspiration of
∼ 1270 mm per year (calculated by Penman-Montheith method), the evaporation can
be..."

- p.3 lines 77-82; I would like to suggest to describe at what timescales the study
C9

focusses.

The study is performed at daily scale. We add this information on the text:

“The study was undertaken using daily data for the period from June to September
2014, and was...”

- p.5 lines 134/135; please check if the negative latent heat fluxes found are in-
deed erroneous, or is there condensation happening?

Negative latent heat fluxes can be found in the Irgason system. As it is an open-path
the water vapour concentration is obtained through infrared absorption in the optical
path. Condensation in the optical windows can happen (that the system is able to
reverse) and still the strength of the signal is within the acceptable range (0.7 - 1.0).

- p.5 lines 137-141; it does not become clear how the authors have applied this
filter. Does the wind direction filter have a range of 180o and 100o respectively,
or is there a filter from 180o and 100o towards 360o? Please clarify from which
to which wind direction the filter is applied.

Yes, regarding the orientation of the anemometer, the wind direction filter has a range of
180◦ and 100◦, respectively. But, in this study no filter was applied as, now, explained,
in the end of section 2.2.

- p.7 lines 146/147; What conditions surrounding a site can influence the pan
coefficient? Could the authors further explain if indeed those conditions can be
ignored because the fetch in the wind direction was found not to be relevant.

The condition that can influence the pan coefficient are, for instance: the ground cover
in the station, its surroundings as well as the general wind and humidity conditions.
(see for instance, Allen et al., 1998, pag.79) The Alquilha station is installed in an
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island, located in the middle of the Alqueva reservoir. This island is small enough
allowing to considerer that there is no influence of land in pan evaporation. In another
words, we can considerer that the pan is surrounding by water.

- p.7 line 161; How did the authors deal with the data that was filtered out in
calculating the total evaporation amount?

We have considered a period of 122 days (Jun-Sep) and to calculate the total evapo-
ration amount we considered the average of the existing data multiplied by 122 days.
In other words, we considered that value of the missing days was equal to the average
value.

- p.7 lines 173/174; The authors mention that the delay of evaporation is related to
the variation in the energy storage in the water body, however this is not shown
in figure 5. Do the authors have data on this that could be presented?

No. In fact, the heat storage was not considered in this study, so we corrected the
sentence to:

“Incoming solar radiation contributed to evaporation with a delay corresponding to that
could be explained by the variation in the energy stored in the water column. ”

- p.7 lines 174/175; I think this argumentation could be written down more clearly.
The increase in energy storage in the water body by solar radiation is not de-
pending on the gradient of air-water temperature. The solar radiation will pene-
trate the water surface in any case.

Yes, we re-written the sentence and add some references.

"Increased The increase solar radiation may lead to an increase in the stored energy
in the water column (Potes et al, 2017, Nordbo et al, 2011) . when the air temperature
was higher than the water temperature."
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- p.7 lines 176-178; at line 166 it is presented that there no correlation was found
between open water evaporation and incoming solar radiation. However, in line
176-178 it is presented as if there is a direct correlation between the variables.
Please elaborate.

Yes, at hourly scale, there is no correlation between open water evaporation and in-
coming solar radiation (Fig. 4d) but when the mean daily cycle is analyzed it can be
found a direct correlation. (Fig. 5).

- p.10 lines 205-207; which results support this statement? As far as I can see
there is no data presented on heat storage.

As we mentioned above, the heat storage was not considered in this study, but we think
that could be one of the explanations, so we corrected the sentence to:

“These results agree with a previous study by (Salgado and Le Moigne, 2010) for the
same reservoir, whereby the authors evaporation measurement had similar times for
their mean daily value (between 12:00 LT and 13:00 LT), the considerable dissimilarities
over the day resulted from the large difference between the size of the pan and the size
of the reservoir as these may lead to different heat storage capacities.”

- p. 12 lines 243/244; it would be interesting to know whether the method pre-
sented in this study can indeed be applied to other reservoirs with a Mediter-
ranean climate. Could the authors discuss further on this?

Yes, you are absolutely right. This study is focusses on only one reservoir, Alqueva
reservoir, which is the largest reservoir in Portugal. We believe that Alqueva reservoir
could represent quite well the conditions of most reservoir located in Mediterranean
climate. We have conscience that furthers studies are needed but meanwhile the con-
clusion of this study could help water managers in reservoir evaporation calculation, as
now they use a basic approximation of 1000 mm as the reservoir annual evaporation.
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Technical corrections

- p.2 line 28, 29; not sure if hm3 is a common unit to use. Consider changing.

We change hm3 to m3.

- p.2 line 31; (Kohli and Frenken, 2015) -> Kohli and Frenken (2015).

Corrected as suggested.

- p.2 lines 55/56; This sentence seems not in the right place in this location in
the paragraph. Consider bringing it forward.

Yes. The sentence was moved to the beginning of the paragraph:

"The turbulent fluxes over the water surface, which can be obtained with direct and
continuous measurements, evaluate the exchange of water and energy between the
surface and the atmosphere (Arya, 2001; Potes et al.,2017). The EC method is usually
applied in research because it is a non-invasive technique and provides the most ac-
curate and reliable method for estimating evaporation (Stull, 2001; Allen and Tasumi,
2005; Tanny et al., 2008; Rimmer et al., 2009). The method is theoretically based on
the correlation between the vertical wind speed and air moisture content fluctuation,
which is a reliable and accurate way to measure open-water evaporation in the loca-
tion where it is installed (Blanken et al., 2000; Tanny et al., 2008; Nordbo et al., 2011;
Richardson et al., 2012; Vesala et al., 2012; Liu et al., 2015; Ning et al., 2015; Ma et al.,
2016). The turbulent fluxes over the water surface, which can be obtained with direct
and continuous measurements, evaluate the exchange of water and energy between
the surface and the atmosphere (Arya, 2001; Potes et al.,2017). However, it requires
sophisticated instrumentation that is capable of accurately recording the minimum vari-
ations in wind speed, air temperature, and humidity with a high sampling frequency.
Furthermore, the equipment is quite expensive and requires continuous maintenance,
which means that is not possible to perform regular measurements..."
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- p.3 line 59; add ‘it’ to the sentence: ‘which means that it is not possible. . .’

Corrected as suggested.

- p.3 line 64; waterbodies -> water bodies

Corrected as suggested.

- p.3 lines 83-85; This paragraph might be redundant. Especially mentioning
about section 1, which the reader at that moment has just read.

We eliminated the part referring to section 1 and he have re-written the paragraph:

Section 1 of this paper introduces the aims of the study, and The paper outline is as
follows. Section 2 presents the measurement site, instrumentation, and data. The
methodology used in this study is detailed in Section 3, and the results are presented
and discussed in Section 4. Finally, Section 5 summarizes the major conclusions.

- p.7 line 164 and other lines; trend should be correlation?

Yes. We replaced trend for correlation whenever it applies.

- p.7 line 166; open evaporation -> open water evaporation

Corrected as suggested.

- p.8 line 187; The most importance differences with what?

Corrected in the next comment.

- p.8 lines 187/188; The dominance of wind speed over solar radiation in relation
to open water evaporation? Please clarify.
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What we want to say is that in the morning period the variable that most fit the evapo-
ration curve is the wind speed. Nevertheless, for clarity sake we rewrite the sentence
as follows:

“The daily cycle of evaporation and the four normalised meteorological parameters
(wind speed, air temperature, relative humidity, and solar radiation) measured at
Alquilha station are presented in Fig. 6. In the morning period, the solar radiation
begins at 8:00 LT and with that an increase in air temperature and a decrease in rel-
ative humidity. At 11:00 LT wind speed starts to increase and around 12:00 LT occurs
the trigger of the evaporation pan. The trend of the pan evaporation followed the trend
of solar radiation but with a delay of about 3 hours, whereby the maximum value was
at 16:00 LT when the relative humidity was at the minimum. Pan evaporation reduced
as the air relative humidity increased. The most important differences that were ob-
served are the dominance of the wind speed over solar radiation in the morning period
(until 11:00 LT), even with the reduction of the relative humidity. When the wind speed
increased, the trend of pan evaporation followed the trend of solar radiation but with a
delay, whereby the maximum value was at 16:00 LT when the relative humidity was at
the minimum. Pan evaporation reduced as the air relative humidity increased.

- p.12 line 230; (Rodrigues, 2009) -> Rodrigues (2009).

Corrected as suggested.

- p.12 line 239; please clarify what is meant with ‘high measured evaporation’?
High evaporation rates? High measurement frequency?

Yes, we mean evaporation rates, so we corrected the text to:

"The model’s ability was tested for the period from June to September 2017 (Fig. 11; R2

= 0.68); thus, the model could estimate the ERes despite the high measured evaporation
rates and the reduced number of available daily pan evaporation measurements."
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- p.13 line 257; significative -> significant. Or should it be ‘weak’ instead of ‘no
significant’ following from section 4.2.

Yes, we mean weak correlation, so we corrected the text to:

"...There was no significative trend a weak correlation between the hourly pan evapo-
ration and wind speed."
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