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Abstract 9 
In the present study, a five-year follow-up was performed by remote sensing of the 10 
calcium carbonate precipitation in La Gitana karstic lake (located on the province of 11 
Cuenca, Spain). The important role that calcium carbonate precipitation plays in the 12 
ecology of the lake is well known for its influence on the vertical migrations of 13 
phytoplankton, the concentration of bioavailable phosphorus and, therefore, the 14 
eutrophication and quality of the waters. Whiting take place between the months of July 15 
and August, and it can be studied at this time through its optical properties, with the 16 
main objective of offering updated data on a phenomenon traditionally studied and 17 
establishing possible relationships between abiotic factors such as temperature and/or 18 
rainfall. The atmospheric temperature data collected by the meteorological station 19 
suggest a possible relationship between the appearance of the white phenomenon and a 20 
pulse of previous maximum temperatures. On the other hand, no apparent relationship 21 
was found between rainfall and water bleaching. 22 
 23 
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1. Introduction 27 

Inland surface waters form valuable ecosystems (Buchanan and Stubblebine, 1962) of 28 
great importance for global biodiversity (Wunder, 2015). Globally, there are more than 29 
100 million lakes (Verpoorter et al., 2014) that support up to 87% of the world's 30 
freshwater. (Gleick, 1993). These natural resources are particularly sensitive to climate 31 
change, so variables such as lake surface temperature, water level and lake color are 32 
characterized as Essential Climate Variables (ECVs), thus recognized by the Global 33 
Climate Observing System (GCOS) as contributing critically to the characterization of 34 
climate change. (Woolway et al., 2020). 35 
Karst lakes are lenitic ecosystems, with waters more or less rich in bicarbonates 36 
(Camacho et al., 2009), which develop on sedimentary rocks, mainly calcium 37 
(limestone), magnesium (dolomite), carbonates, but also calcium sulphate minerals 38 
(gypsum) (Casamayor et al., 2012).  Because they are associated with areas where 39 
karstification phenomena are very active (Camacho et al., 2009), these types of lakes 40 
frequently have rounded shapes, steep sides, no surface entrances or exits and a 41 
relatively high depth. Therefore, the waters are often thermally stratified, giving rise to 42 
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water compartments with different physicochemical and biological conditions. 43 
(Casamayor et al., 2012). 44 
Due to the oligotrophic characteristics of the waters, they allow the development of 45 
communities dominated by charophytes. This type of ecosystems are catalogued and 46 
named as: "3140 Oligomesotrophic calcareous waters with benthic vegetation of Chara 47 
spp" by the Habitats Directive 92/43CEE of Annex 1 (Camacho et al., 2009).  48 
Underwater meadows of Chara spp. are a good bio-indicator of water quality as their 49 
populations decline when water eutrophy increases. (Cirujano et al., 2007).   50 
The Cruz Lake, or Gitana Lake, is the water body on which this study is based. It has an 51 
approximate surface area of 1.4 ha, an average diameter of 132 m and a maximum depth 52 
of 25 m (CMADR, 2007).  Considering all the karstic area in the mountains of Cuenca, 53 
only two lenitic systems (Cruz Lake and El Tobar Lake) of 35 have meromictic 54 
characteristics. (Miracle et al., 1992). Laguna de la Cruz presents a biogenic meromixis, 55 
due to the enrichment of the monimolimnion water (the deep layer not mixed without 56 
any exchange with the upper waters, except for slow diffusion processes (Izhitskiy et 57 
al., 2016)) in calcium, magnesium, and iron bicarbonates (Miracle et al., 1992). These 58 
physicochemical changes are evident every summer, at the end of July, when the blue-59 
green waters of the lake acquire a milky appearance due to calcium carbonate 60 
precipitation (CMADR, 2007) favoured by high temperatures, high pH and/or an 61 
increase in primary production. (Vanderploeg et al., 1987; Homa and Chapra, 2011). 62 
The aim of the work is to carry out a short- and long-term monitoring of the whiting 63 
phenomenon of the karstic lake of Cañada del Hoyo through a thematic analysis of the 64 
optical properties of the lagoon using Sentinel-2 satellite images. In this way, it is 65 
possible to collect updated data on the whiting phenomenon of the Gitana lake, dates 66 
when it starts and check its duration in time. 67 
 68 

2. Materials and methods 69 

2.1. Context, Cañada del Hoyo karstic lakes 70 
The present study is developed on the site known as “Lagunas de Cañada del Hoyo”, 71 
catalogued as a natural monument in 2007. They are located southeast of Los 72 
Palancares, in the karst area called Los Oteros, in the central-eastern part of the province 73 
of Cuenca (Spain). It consists of a group of dolines, seven of which maintain water 74 
permanently and are known as: Cruz or Gitana, Tejo, Lagunillo, Parra, Llana, Tortugas 75 
and Cardenillas. (CMADR, 2007). 76 
 77 
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 78 
Figure 1. Location of the Cañada del Hoyo karstic complex in the Iberian Peninsula. 79 
The seven lakes are highlighted in a circle with their respective names near. Next to 80 
them there are other dolines with no water at the bottom (Source: modified from Google 81 
Earth). 82 
 83 
2.2. Monitoring the phenomenon 84 
The monitoring of the "whiting phenomenon", as the exclusive optical property of the 85 
Gitana lake, was carried out through the use of satellite images from the Sentinel-2 86 
platform of the European Space Agency, obtained from the Copernicus Open Access 87 
Hub repository and subsequently processed with the SNAP satellite image processing 88 
software.  89 
The Copernicus download platform holds images from the start of Sentinel-2 operation 90 
in 2015 to the present day. Therefore, the monitoring of the whiting phenomenon runs 91 
from the summer of 2015 to the summer of 2019, between the beginning of July and the 92 
end of August, as these are the dates when the whiting phenomenon occurs.  93 
The images were downloaded with level 1 processing (L1C).  Atmospheric correction 94 
was performed by means of the C2RCC SNAP module using C2X as the methodology. 95 
The images were resampled and cropped (10 m pixel resolution) using the geographic 96 
coordinates as the boundary area 40.00 N; -1.90 W; 39.97 N; -1.85 W. Bands 2, 3 and 4 97 
were selected to display in false color (RGB) the white phenomenon. 98 
At the same time, data on atmospheric temperature and rainfall were collected at the 99 
Cuenca weather station during the dates covered by the study period. 100 

 101 

3. Results 102 
A total of 59 Sentinel-2 images have been downloaded through the Copernicus Open 103 
Access Hub (see the list of downloaded images and their corresponding dates in the 104 
table in Annex A1). A first visual observation has been made (figure 2), as changes 105 
within the visible spectrum clearly indicate the absence or presence of the whiting 106 
phenomenon in the Gitana lake (figure 3). It can be seen how the increase in reflectivity 107 
in the blue and green bands is remarkable with respect to the normal image. 108 
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 109 
Figure 2. Comparison of optical properties of the Gitana lake in false colour: A) the 110 
view on Aug 22, 2018 during the whiting phenomenon and B) the lagoon on July 20, 111 
2018 in its normal state (view in false colour RGB from bands 2, 3 and 4). 112 
 113 

 114 
Figure 3. Comparison of the radiometric spectrum TOA (top of atmosphere) of the 115 
Gitana Lake in the presence of the whiting phenomenon (blue libe, image of Aug 22, 116 
2018) and in the absence of the whiting phenomenon (green line, image of July 20, 117 
2018). 118 
 119 
On the other hand, band 8, which covers the near-infrared spectral region, has been used 120 
as an indicator of the surface of the lagoon. 121 
In the five years studied, the year 2015, the whiting phenomenon could only be 122 
observed in one image in the Sentinel-2 images, on July 16; moreover, this was the 123 
earliest date of the year in which it appeared. In 2016, the whiting phenomenon was 124 
observed in three images over an 11-day period between August 9 and 19. In 2017, the 125 
whiting phenomenon was observed in four images from July 25 to August 7, 14 days in 126 
total. In 2018, the whiting phenomenon was recorded with the latest onset, from August 127 
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22 to September 1 (a total of 11 days) and was observed in five images. In 2019, the 128 
whiting was first observed in the images of August 9 and the disappearance on August 129 
19 in the Gitana lake, in total in four images. For each year, the figure has been made 130 
with a false colour image of the lagoon in its normal state and with the whiting, which 131 
are presented in Annex 2. 132 
Meteorological data have also been obtained for the months of July and August in order 133 
to study the relationships between recorded temperatures and rainfall and the whiting of 134 
the water. The temperature data for the five years, as well as the precipitation data, are 135 
presented in the tables in annex 1. Figure 4 shows, for the five years studied, the 136 
evolution of the maximum temperature observed and the dates of observation of the 137 
phenomenon.  138 

 139 
Figure 4. Four-day moving average of temperature in the period studied each year. On 140 
the 21st day of each year is the first observation of whiting and its duration is placed 141 
with a blue band. The dashed red line indicates the period of maximum recorded 142 
temperature. 143 
 144 
The appearance of the whiting is sudden and is observed in only three days, as is the 145 
case in the year 2016, where it begins on August 9 and is total on August 12. It can be 146 
seen how the start coincides with very high maximum temperatures some twelve days 147 
before (figure 4). In the case of 2018, where the process was the latest, these higher 148 
temperature values took place fourteen days earlier. In 2016 and 2017 they took place 149 
twelve and eleven days earlier. In 2015 the maximum temperatures were eight days 150 
earlier and in 2019 they were also fourteen days earlier. It is true that we are in the 151 
month of July and August and these are the periods of maximum temperatures of the 152 
year in this region. 153 
The decay of the white phenomenon is slower and takes a few days longer, as it is a 154 
process of sedimentation of particulate matter. In the case of the year 2019, the 155 
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meteorological conditions allowed us to have all the satellite images of the days of the 156 
phenomenon and this sequence can be seen perfectly in figure 5. It can be seen that on 157 
August 4 there is no phenomenon or in any case it is in its early stages, on August 9 the 158 
whitening is complete and on August 12 it continues; but on the 14th it already declines 159 
and on the 17th it is already a blue-green colour, on August 19 it is almost normal. 160 

 161 
Figure 5. Observation of the whiting phenomenon between August 4 and 19, 2019 162 
(RGB false colour processing from Sentinel-2 images). 163 
 164 

4. Discussion 165 
Through the processing of satellite images, it has been possible to monitor the annual 166 
phenomenon of the whitening of the Gitana lake on an annual and almost daily basis in 167 
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search of any kind of irregularities or new data that could guide future linmological 168 
studies to find out in more detail what exactly are the triggers of the white phenomenon 169 
since, to date, numerous investigations point in similar directions but these data are not 170 
sufficient to make exact predictions of when the next event of whitening of the lagoon 171 
will take place. The availability of the combined Sentinel-2A and 2B high frequency 172 
images allows up to five images of the phenomenon as in 2019, when in 2015 only one 173 
image was observed. 174 
 175 
4.1. Duration of the phenomenon.  176 
In the five years studied, the white phenomenon has not appeared more than once per 177 
year. Nor is it mentioned in the work carried out since 1980 on the Gitana lake that there 178 
have ever been two periods. This should indicate that the whitening of the lagoon is on 179 
an annual cycle. 180 
A remarkable fact is the length of time the lagoon remains white. In the table Annex A1 181 
shows that in these years, the phenomenon lasts at least approximately one week 182 
(Miracle et al., 1992; Rodrigo et al., 1993) and the maximum would be 18 days, 183 
considering that Sentinel-2 images have been collected every three to five days. It is 184 
important to note that the lack of satellite images available for some years makes it 185 
difficult to count the exact days when the lagoon presents the phenomenon as in 2015.  186 
According to Rodrigo et al. (1993), by comparison with other lagoons that also present 187 
a calcium carbonate precipitation phenomenon, the Gitana lake has the shortest water 188 
bleaching period. This short period of approximately 15 days contrasts with processes 189 
that take months, such as in the case of Lake Powell, located between Arizona and Utah, 190 
which has a six-month bleaching process (Reynolds, 1978), two months in Lake 191 
Michigan (Strong and Eadie, 1978), one month in Lake Pyramid, in Nevada (Galat and 192 
Jacobsen, 1985) and, as an extreme case, Lake Balaton, which remains like this 193 
throughout the year (Dobolyi and Herodek, 1980). 194 
 195 
4.2. Beginning of the white phenomenon 196 
The results obtained indicate that there is no exact date of onset of the phenomenon, it 197 
can only be limited to the months of July and August (and exceptionally to the 198 
beginning of September); more specifically, during the last week of July or the first 199 
week of August (Miracle et al., 1992) being the hottest period of the year. This may 200 
indicate that the white phenomenon requires high temperatures to be triggered directly 201 
or indirectly.  202 
It is known that the processes of carbonate mineralization in lakes and lagoons depend 203 
to a great extent on a series of geochemical and biological factors. (Reddy, 1995). 204 
According to Miracle et al. (1992) high temperatures favor CaCO3 saturation, thus 205 
triggering precipitation and whiting. In addition, there are prokaryotic organisms that, 206 
due to their metabolic activity, can trigger the bioprecipitation of calcium carbonate in 207 
the aquatic environment they inhabit (Seifan and Berenjian, 2019) but the effectiveness 208 
of this process depends largely on abiotic factors such as the concentration of dissolved 209 
inorganic carbon, nucleation point, pH, temperature and redox potential (Eh) (Barton 210 
and Northup, 2011; Hammes and Verstraete, 2002). Studies by Müller et al. (2016) on 211 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 August 2020                   doi:10.20944/preprints202008.0192.v1

https://doi.org/10.20944/preprints202008.0192.v1


8 
 

biogenic precipitation of calcium carbonate in lakes also attribute this phenomenon to 212 
an increase in pH caused by algae growth and by the nucleation of calcite crystals on the 213 
surface of microalgae. 214 
In this study, the atmospheric temperature data collected by the Cuenca weather station 215 
indicate, although vaguely, a possible relationship between the white phenomenon and a 216 
previous pulse of maximum temperatures close to 40 ºC (figure 4). The proof is that in 217 
2018 the start of the phenomenon was delayed until the end of August, as the maximum 218 
temperatures were not reached in July. On the other hand, the precipitation data does not 219 
seem to be an important factor in the beginning of the target phenomenon, as well as the 220 
relation with the reflectivity of the 8 NIR band used in this study as a possible indicator 221 
of the water temperature of the Gitana lake.  222 
Studies on this phenomenon offer great contributions to the branch of ecology, 223 
limnology and geology since the whitening of the waters has an important role in the 224 
ecology of the lake. Traditionally, the precipitation reaction of calcium carbonate is 225 
considered to serve as a buffer against eutrophication of karstic lakes (Kleiner, 1988; 226 
Robertson et al., 2007; Hamilton et al., 2009). Phosphorus (P) is incorporated by 227 
coprecipitation into the calcium carbonate crystals, thus reducing the bioavailable P and 228 
with it, the abundance of phytoplankton, and the formation of crystals on the 229 
phytoplankton induces sinking and senescence. (Stabel, 1986; Koschel, 1987; Mullins, 230 
1998). 231 
For all these reasons, lenitic systems that periodically present calcium carbonate 232 
precipitation phenomena are commonly associated with transparent waters that are low 233 
in nutrients (Wiik, 2014). In addition to buffering eutrophication, the white 234 
phenomenon plays an important role in the vertical migration of phototrophic organisms 235 
by significantly decreasing the penetration of light (Rodrigo et al., 1993).  236 
By means of remote sensing, it is possible to carry out these detailed follow ups of 237 
almost any type of natural phenomenon, as long as it can be investigated through its 238 
optical properties (as the cyan colour of the Gitana lake indicates the presence of the 239 
whiting phenomenon, figure 5). Studies of natural phenomena by remote sensing do not 240 
require high travel costs to the area of study and heavy or expensive laboratory 241 
equipment, as it simply requires desk work. Future lines of research will focus on the 242 
study of water surface temperature and trophic status from the reflectivity of 243 
photosynthetic pigments, as well as on the revision of the Landsat-5 and Landsat-8 244 
archive to have a much longer study period. 245 
 246 

5. Conclusions 247 

The use of the SNAP tool as the processing software for Sentinel 2 satellite images and 248 
the processing of satellite images resulted in a relatively simple and efficient desktop 249 
work, since, in spite of presenting a multitude of different applications, its interface is 250 
intuitive and hardly generated any problems or doubts during its use. The availability of 251 
Copernicus' images is an essential factor for research work of this type, which combines 252 
remote sensing and limnology. The results obtained show the usefulness of the 253 
application to a practical case of basic science somewhere between geochemistry and 254 
ecology, which is very difficult to do under field conditions. It is important to promote 255 
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the use of remote sensing applications in future studies for the monitoring of natural 256 
phenomena or for any other reason since the results in the field of research are 257 
conclusive with other field works. 258 
 259 
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Annex 378 
 379 
Annex 1. 380 
Table A1. Daily maximum and minimum temperature and precipitation data for the year 381 
2015. Underline date indicates image of satellite. * Date whiting phenomenon observed. 382 
Date Max. 

Temp 
Min. 
Temp. 

Rainfall 
l/m2 

 Date Max. 
Temp. 

Min. 
Temp. 

Rainfall 
l/m2 

01/07/2015 34,8 21,2 0  24/07/2015 34,4 18,7 0 

02/07/2015 34,1 20,4 0  25/07/2015 33,3 18,2 0 
03/07/2015 33,3 19,6 0  26/07/2015 34,9 19,5 0 
04/07/2015 36,2 21,1 0  27/07/2015 36,1 18,0 0 
05/07/2015 38,1 23,4 0  28/07/2015 36,6 19,3 0 
06/07/2015 38,4 22,6 0  29/07/2015 36,2 20,3 0 
07/07/2015 38,0 21,1 0  30/07/2015 33,6 19,4 0 
08/07/2015 38,1 19,7 0  31/07/2015 30,6 19,5 0 
09/07/2015 37,1 19,9 0  01/08/2015 30,5 15,5 3,0 
10/07/2015 36,3 19,4 0  02/08/2015 33,1 18,0 0 
11/07/2015 35,4 17,0 0  03/08/2015 36,0 19,8 0 
12/07/2015 36,1 18,6 0  04/08/2015 34,4 20,2 0 
13/07/2015 37,1 18,4 0  05/08/2015 36,5 19,1 0 
14/07/2015 38,3 20,6 0  06/08/2015 37,7 19,1 0 
15/07/2015 37,8 20,3 0  07/08/2015 34,9 22,3 0 
16/07/2015* 37,7 20,7 0  08/08/2015 25,7 19,5 0 
17/07/2015 36,3 22,2 0  09/08/2015 32,5 16,5 0 
18/07/2015 31,8 21,2 2,0  10/08/2015 34,6 15,1 0 
19/07/2015 33,1 18,8 0  11/08/2015 33,5 19,2 0 
20/07/2015 35,3 18,3 0  12/08/2015 34,4 18,4 0 
21/07/2015 35,9 21,3 0  13/08/2015 27,0 17,5 0 
22/07/2015 33,1 19,9 5,4  14/08/2015 26,5 13,9 0 
23/07/2015 34,6 16,8 0  
 383 
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Table A2. Daily maximum and minimum temperature and precipitation data for the year 385 
2016. Underline date indicates image of satellite. * Date whiting phenomenon observed. 386 
Date Max. 

Temp. 
Min. 
Temp. 

Rainfall 
l/m2 

 Date Max. 
Temp. 

Min. 
Temp. 

Rainfall 
l/m2 

09/07/2016 34,8 16,2 0  01/08/2016 33,2 15,8 0 
10/07/2016 36,2 18,2 0  02/08/2016 35,7 19,1 0 
11/07/2016 35,7 21,0 0  03/08/2016 36,0 20,0 0 
12/07/2016 32,8 18,0 0  04/08/2016 35,1 18,3 0 
13/07/2016 29,7 17,1 0  05/08/2016 33,4 18,8 0 
14/07/2016 29,5 12,5 0  06/08/2016 34,7 17,1 0 
15/07/2016 30,0 12,2 0  07/08/2016 34,6 17,3 0 
16/07/2016 32,6 15,6 0  08/08/2016 34,3 16,4 0 
17/07/2016 34,3 15,8 0  09/08/2016* 33,8 16,3 1,8 
18/07/2016 35,6 16,3 0  10/08/2016 27,3 16,0 1,0 
19/07/2016 36,8 18,7 0  11/08/2016 29,8 13,3 0 
20/07/2016 32,4 22,8 0,2  12/08/2016* 30,4 15,8 0 
21/07/2016 34,0 20,5 0  13/08/2016 32,7 15,0 0 
22/07/2016 32,2 16,1 0  14/08/2016 32,6 15,2 0 
23/07/2016 31,4 16,2 0  15/08/2016 32,7 15,9 0 
24/07/2016 31,5 17,3 0  16/08/2016 29,1 19,4 0,2 
25/07/2016 35,2 17,7 0  17/08/2016 32,2 16,3 0,2 
26/07/2016 35,9 18,6 0  18/08/2016 32,5 15,7 0 
27/07/2016 35,3 22,1 0,2  19/08/2016* 33,8 16,0 0 
28/07/2016 36,0 19,4 0  20/08/2016 31,7 17,2 0 
29/07/2016 36,2 20,5 0  21/08/2016 31,7 17,6 0 
30/07/2016 34,4 20,6 0  22/08/2016 34,7 17,8 0 
31/07/2016 32,4 17,1 0  23/08/2016 35,4 17,9 0 

 387 
388 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 August 2020                   doi:10.20944/preprints202008.0192.v1

https://doi.org/10.20944/preprints202008.0192.v1


14 
 

Table A3. Daily maximum and minimum temperature and precipitation data for the year 389 
2017. Underline date indicates image of satellite. * Date whiting phenomenon observed. 390 

Date 
Max. 
Temp. 

Min. 
Temp. 

Rainfall 
l/m2 

 
Date 

Max. 
Temp. 

Min. 
Temp. 

Rainfall 
l/m2 

01/07/2017 24,8 11,9 0  24/07/2017 31,5 16,6 0 
02/07/2017 30,5 9,5 0  25/07/2017* 31,0 14,0 0 
03/07/2017 32,7 13,7 0  26/07/2017 32,8 13,9 0 
04/07/2017 32,5 16,6 0  27/07/2017 35,9 17,8 0 
05/07/2017 33,7 18,8 1,2  28/07/2017* 36,6 18,8 0 
06/07/2017 29,7 18,8 1,6  29/07/2017 36,3 18,3 0 
07/07/2017 27,3 13,2 46,0  30/07/2017 36,2 18,7 0 
08/07/2017 24,3 14,0 52,6  31/07/2017 34,8 20,7 0 
09/07/2017 30,5 13,1 0  01/08/2017 33,0 19,0 0 
10/07/2017 32,6 16,9 0  02/08/2017 31,6 21,0 3,8 
11/07/2017 33,9 17,5 0  03/08/2017 36,3 17,8 0 
12/07/2017 36,5 16,4 0  04/08/2017* 37,9 17,4 0 
13/07/2017 39,0 18,4 0  05/08/2017 38,0 21,0 0 
14/07/2017 38,9 21,2 0  06/08/2017 34,8 20,9 0 
15/07/2017 35,5 20,2 0  07/08/2017 35,9 19,5 0 
16/07/2017 34,8 20,2 0  08/08/2017 30,3 16,5 0 
17/07/2017 34,1 21,3 0  09/08/2017 29,8 14,3 0 
18/07/2017 35,2 19,5 0  10/08/2017 27,0 10,4 0 
19/07/2017 32,5 20,3 0  11/08/2017 29,2 11,0 0 
20/07/2017 31,3 16,1 0  12/08/2017 31,7 13,1 0 
21/07/2017 31,0 19,4 0  13/08/2017 32,0 15,9 0 
22/07/2017 32,4 17,0 0  14/08/2017 33,8 16,4 0 
23/07/2017 33,1 17,1 0  15/08/2017 34,6 20,5 0 
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Table A4. Daily maximum and minimum temperature and precipitation data for the year 393 
2018. Underline date indicates image of satellite. * Date whiting phenomenon observed. 394 
Date Max. 

Temp. 
Min. 
Temp. 

Rainfall 
l/m2 

 Date Max. 
Temp. 

Min. 
Temp. 

Rainfall 
l/m2 

01/07/2018 28,0 15,6 0  02/08/2018 37,8 19 0 
02/07/2018 28,3 13,1 0  03/08/2018 38,6 19,8 0 
03/07/2018 31,5 12,8 0  04/08/2018 37,9 17,6 0 
04/07/2018 28,5 15,0 0  05/08/2018 36,6 20,4 0 
05/07/2018 28,0 12,1 0  06/08/2018 38,0 21,0 0,2 
06/07/2018 30,6 14,0 0  07/08/2018 36,5 20,0 0 
07/07/2018 31,9 19,7 0  08/08/2018 34,0 19,9 0 
08/07/2018 32,6 18,1 0  09/08/2018 31,2 19,0 0 
09/07/2018 33,8 18,8 0  10/08/2018 29,7 17,9 0 
10/07/2018 33,2 18,0 0  11/08/2018 32,8 19,4 0 
11/07/2018 33,0 18,0 0  12/08/2018 34,3 19,5 2,0 
12/07/2018 31,1 17,4 0  13/08/2018 32,5 18,0 0 
13/07/2018 32,3 18,7 0  14/08/2018 32,4 16,4 0 
14/07/2018 32,1 17,0 0  15/08/2018 32,5 18,8 0 
15/07/2018 30,0 14,8 0  16/08/2018 23,5 17,8 2,4 
16/07/2018 28,8 15,7 0  17/08/2018 30,6 16,0 0,2 
17/07/2018 32,9 15,5 0  18/08/2018 27,7 16,6 0 
18/07/2018 32,1 19,4 0  19/08/2018 30,6 15,9 0 
19/07/2018 33,1 15,6 0  20/08/2018 31,5 15,1 0 
20/07/2018 31,5 14,3 0  21/08/2018 32,2 15,9 4,8 
21/07/2018 30,1 14,5 0  22/08/2018* 32,1 15,4 0 
22/07/2018 31,1 19,1 0  23/08/2018 32,6 16,0 3,6 
23/07/2018 33,8 16,8 0  24/08/2018 32,0 13,2 0 
24/07/2018 33,1 16,7 0  25/08/2018 32,0 13,9 0 
25/07/2018 35,0 15,6 0  26/08/2018 32,6 16,6 0 
26/07/2018 34,5 18,0 0  27/08/2018* 34,6 14,8 0 
27/07/2018 34,5 17,0 0  28/08/2018 33,6 19,7 4,6 
28/07/2018 33,5 15,4 0  29/08/2018* 31,6 17,2 0 
29/07/2018 32,5 14,1 0  30/08/2018 30,3 16,8 0 
30/07/2018 34,3 13,9 0  31/08/2018 32,2 18,5 0 
31/07/2018 35,4 15,5 0  01/09/2018* 32,1 17,7 3,8 
01/08/2018 36,6 20,3 0  02/09/2018 34,2 18,2 0 
 395 
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Table A5. Daily maximum and minimum temperature and precipitation data for the year 397 
2019. Underline date indicates image of satellite. * Date whiting phenomenon observed. 398 

Date 
Max. 
Temp. 

Min. 
Temp. 

Rainfall 
l/m2 

 
Date 

Max. 
Temp. 

Min. 
Temp. 

Rainfall 
l/m2 

03/07/2019 33,1 18,5 0,8  25/07/2019 36,1 22,8 0 
04/07/2019 31,8 18,6 0  26/07/2019 32,0 20,7 0 
05/07/2019 33,6 17,9 0  27/07/2019 27,0 15,3 0 
06/07/2019 34,4 16,7 0  28/07/2019 29,9 12,8 0 
07/07/2019 34,3 18,1 0  29/07/2019 32,4 15,0 0 
08/07/2019 31,3 17,3 0  30/07/2019 33,0 14,5 0 
09/07/2019 29,0 14,5 0  31/07/2019 29,8 17,4 0 
10/07/2019 32,1 14,6 0,8  01/08/2019 33,6 16,9 0 
11/07/2019 36,9 17,5 0,8  02/08/2019 35,3 16,9 0 
12/07/2019 39,0 19,2 0  03/08/2019 35,3 19,7 0 
13/07/2019 37,0 23,8 0  04/08/2019 35,5 18,9 0 
14/07/2019 32,1 18,2 0  05/08/2019 36,0 18,3 0 
15/07/2019 33,8 17,5 0  06/08/2019 35,5 18,6 0 
16/07/2019 34,9 20,7 0  07/08/2019 31,8 17,7 0 
17/07/2019 32,9 17,9 0  08/08/2019 33,6 16,3 0 
18/07/2019 34,4 17,5 0  09/08/2019* 33,7 17,7 0 
19/07/2019 35,0 19,6 0  10/08/2019 32,7 18,2 0 
20/07/2019 36,7 21,1 0  11/08/2019 30,9 19,4 0 
21/07/2019 35,1 22,5 0  12/08/2019* 29,2 15,8 0 
22/07/2019 35,2 20,7 0  13/08/2019 29,3 15,9 0 
23/07/2019 36,0 21,0 0  14/08/2019* 32,5 15,2 0 
24/07/2019 36,5 20,6 0 
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Annex 2.  401 
Lake views before and during the white phenomenon over five years. 402 
 403 

  404 
 405 

 406 
 407 
Figure A1. Satellite image in false colour of the Cañada del Hoyo karstic lakes. Up, 408 
image on July 06, 2015; the Gitana lake is in its normal state. Down. Image on July 16, 409 
2015; the lake can be seen during the whiting phenomenon in blue cyan. 410 
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 411 
 412 

 413 
 414 
Figure A2. Satellite image in false colour of the Cañada del Hoyo karstic lakes. Up, 415 
image on July 30, 2016; the Gitana lake is in its normal state. Down. Image on Aug. 12, 416 
2016; the lake can be seen during the whiting phenomenon in blue cyan. 417 
 418 
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 419 
 420 

 421 
 422 
Figure A3. Satellite image in false colour of the Cañada del Hoyo karstic lakes. Up, 423 
image on Aug. 14, 2017; the Gitana lake is in its normal state. Down. Image on July 25, 424 
2017; the lake can be seen during the whiting phenomenon in blue cyan. 425 
 426 
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 427 
 428 

 429 
 430 
Figure A4. Satellite image in false colour of the Cañada del Hoyo karstic lakes. Up, 431 
image on July 20, 2018; the Gitana lake is in its normal state. Down. Image on Aug. 22, 432 
2018; the lake can be seen during the whiting phenomenon in blue cyan. 433 
 434 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 August 2020                   doi:10.20944/preprints202008.0192.v1

https://doi.org/10.20944/preprints202008.0192.v1


21 
 

 435 
 436 

 437 
 438 
Figure A5. Satellite image in false colour of the Cañada del Hoyo karstic lakes. Up, 439 
image on July 25, 2019; the Gitana lake is in its normal state. Down. Image on Aug. 12, 440 
2019; the lake can be seen during the whiting phenomenon in blue cyan. 441 
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