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Introduction

Glaciers represent important water reservoirs for downstream ecosystems, where glacier melt contributes to regulate the runoff during the dry season [START_REF] Kaser | Contribution potential of glaciers to water availability in different climate regimes[END_REF][START_REF] Jansson | The concept of glacier storage: a review[END_REF]. Glacier-fed streams are characterized by high diurnal variations during the annual peak in discharge corresponding to the snow and glacier melt season [START_REF] Hock | Glacier melt: a review of processes and their modelling[END_REF], while in snow-fed mountain streams these variations occur generally earlier and for a shorter period due to the snow melt, and the hydrological regime is more variable and precipitation-dependent afterwards.

Climate change triggers a global increase in mountain glacier shrinkage throughout the world, including the Alps and the tropical Andes [START_REF] Zemp | Global glacier mass changes and their contributions to sea-level rise from 1961 to 2016[END_REF]. Recent geodetic mass balance observations showed that between 1980 and 2010 the glaciers of the Swiss Alps lost on average 0.62m w.e. yr-1 [START_REF] Fischer | Surface elevation and mass changes of all swiss glaciers 1980-2010[END_REF]. During the same period in the tropical Andes, [START_REF] Rabatel | Current state of glaciers in the tropical Andes: a multi-century perspective on glacier evolution and climate change[END_REF] reported that glaciers lost on average between 0.6 and 1.2 m w.e. yr -1 . This considerable glacier mass loss will influence the downstream hydrology, thus there is a need for focused studies on water availability and runoff and not only sea level rise [START_REF] Milner | Glacier shrinkage driving global changes in downstream systems[END_REF].

Warmer air temperatures are predicted to modify the timing of glacier shrinkage, and the intensity of diurnal runoff oscillations [START_REF] Milner | Glacier shrinkage driving global changes in downstream systems[END_REF][START_REF] Jansson | The concept of glacier storage: a review[END_REF]. At the catchment scale, glacial meltwater runoff will first increase as a result of higher ice melt, then decrease until the disappearance of the glaciers, thereby triggering changes in the hydrological regime of mountain meltwater characterized by higher variability due to precipitation and snowmelt, as well as a higher sensitivity to droughts [START_REF] Jost | Quantifying the contribution of glacier runoff to streamflow in the upper Columbia river basin, Canada[END_REF][START_REF] Ragettli | Contrasting climate change impact on river flows from high-altitude catchments in the himalayan and andes mountains[END_REF]. Such changes will likely affect biogeochemical fluxes [START_REF] Hood | Storage and release of organic carbon from glaciers and ice sheets[END_REF], biodiversity (Cauvy-Fraunié and Dangles, 2019) and food web [START_REF] Milner | Hydroecological response of river systems to shrinking glaciers[END_REF], as well as human activities including water supply [START_REF] Rabatel | Current state of glaciers in the tropical Andes: a multi-century perspective on glacier evolution and climate change[END_REF][START_REF] Chevallier | Climate change threats to environment in the tropical Andes : glaciers and water resources[END_REF], irrigation [START_REF] Cheesbrough | Estimated wind river range (Wyoming, USA) glacier melt water contributions to agriculture[END_REF][START_REF] Wang | Glacier shrinkage in the Ebinur lake basin, Tien Shan, China, during the past 40 years[END_REF], hydropower [START_REF] Schaefli | Climate change and hydropower production in the swiss alps: quantification of potential impacts and related modelling uncertainties[END_REF][START_REF] Vergara | Economic Impacts of Rapid Glacier Retreat in the Andes[END_REF], fisheries [START_REF] Shugar | River piracy and drainage basin reorganization led by climate-driven glacier retreat[END_REF]) and water quality [START_REF] Bizzotto | Comparison of glacial and non-glacial-fed streams to evaluate the loading of persistent organic pollutants through seasonal snow/ice melt[END_REF].

To study the impacts of glacier melt effect on glacier-fed streams, several methods of time-series analysis could be applied to stream hydrographs, water turbidity, temperature or electrical conductivity time series. A fundamental approach is the study of the time-series frequency spectrum using Fourier decomposition as the spectrum describes the contribution of periodic signals of different frequencies to the time series, and thus allows identifying periodicities [START_REF] Cazelles | Wavelet analysis of ecological time series[END_REF]. However, Fourier decomposition assumes time series are stationary, which is rarely the case with stream hydrographs, for which periodicity changes depending on the time of the year and the presence of diurnal melt water variations [START_REF] Lafreniere | Wavelet analysis of inter-annual variability in the runoff regimes of glacial and nival stream catchments, Bow lake, Alberta[END_REF][START_REF] Schaefli | Climate change and hydropower production in the swiss alps: quantification of potential impacts and related modelling uncertainties[END_REF]. When analyzing non-stationary time series, wavelet analysis is often preferred in environmental sciences as it decomposes a time series in timefrequency space and gives the evolution of the frequency spectrum of the signal as well as its changes of periodicity as a function of time [START_REF] Torrence | A practical guide to wavelet analysis[END_REF]. Wavelet analysis can also be used to examine the relationship between two signals and assess the phase shift between the signals at every frequency [START_REF] Grinsted | Application of the cross wavelet transform and wavelet coherence to geophysical time series[END_REF].

In this study, we aimed to estimate the effect of reduction in glacier cover on the evolution of different hydrological parameters of mountain streams. For this, we performed wavelet analysis on time series of stream water depth, discharge, turbidity, conductivity, and temperature, as well as air temperature in four catchments within the Swiss Alps. The study catchments covered a wide range of GCC ranging from 0 to 28%, which we used in a space-fortime substitution approach [START_REF] Blois | Space can substitute for time in predicting climate-change effects on biodiversity[END_REF][START_REF] Hood | Effects of changing glacial coverage on the physical and biogeochemical properties of coastal streams in southeastern Alaska[END_REF][START_REF] Currie | Projected effects of climate change on patterns of vertebrate and tree species richness in the conterminous united states[END_REF] to better understand and predict potential impacts of the reduction in glacier cover linked to climate change on the natural flow regime of mountain streams. Our aim was to assess the correlation between the hydrological quantities and estimate their evolution trends with glacier area loss.

We expected lower frequency and intensity of the diurnal variations of streamwater discharge, electrical conductivity, turbidity and possibly water temperature as GCC decreased. In addition, we compared our stream flow data with data previously published from streams in the Ecuadorian Andes to account for different climatic regimes and seasonalities (Cauvy-Fraunié et al., 2013).

Material and Methods

Study sites

We analyzed time series recorded in 11 streams in the Swiss Alps and 13 streams in the Ecuadorian Andes. GCC of the study catchments ranged from 0 to 23% in Ecuador and 0% to 28% in Switzerland, and the catchment area ranged between 0.05 and 23 km 2 (Table S.1 and S.2). All streams drained high-alpine catchments with steep slopes and rocky terrain. The sparse vegetation was dominated by low productive grassland and shrubs. Forest (less than 15% coverage) was only present in some of the Swiss catchments (4, 10 and 11 in Fig. 1).

In Switzerland, we used data from 11 streams (1200 to 2200 m a.s.l) in the cantons of Vaud and Valais (Fig. 1). Discharge in these catchments increases globally in May and June and decreases in August and September. We analyzed data from March to October 2017. Glacier coverage was measured using the 2012 CORINE Land Cover inventory [START_REF] Büttner | CORINE Land Cover and Land Cover Change Products[END_REF] and ranged from 0 to 28 %. There were five sites with no GCC, four sites with low (< 10%) GCC, no sites with medium GCC (10% < GCC < 20%) and two sites with high (> 20%) GCC (Fig. 1 and Supplementary Material, Table S.1). We also conducted a temporal analysis of snow cover using satellite images taken by Copernicus Sentinel 2 in 2017 with at least one cloud-free image available per month for our catchments, to highlight the seasonality (Fig. S.2). All the catchments were entirely snow covered in April (> 90 %). In May and June, snow melted and no snow was left in Champery (the lowest site, Fig. 1) by mid-June. Snow kept retreating more slowly in the other catchments until it reached its minimum between mid-July and beginning of August. From July to October, only snow and ice reservoirs of glaciers and small patches of permanent snow above 2500 m.a.s.l with close to constant area remained to contribute to the melt, while the elevation of the glacier terminus for the Swiss catchments ranges between 2200 (Vallon de Nant) and 2500 m.a.s.l (Val Ferret and Valsorey). In November 2017, the entire catchments were covered by snow again. ). Streams were located between 4000 and 4200 meters above sea level (m a.s.l) and fed by the "Los Crespos" and "Antisana" glaciers, except two streams with no GCC. Six streams had low (< 10%) GCC, four streams displayed a medium GCC (10% < GCC < 20%) while one stream had a high GCC (> 20%). Glacier extent was automatically derived from Landsat images from 2010 [START_REF] Cauvy-Fraunié | Technical note: Glacial influence in tropical mountain hydrosystems evidenced by the diurnal cycle in water levels[END_REF]. The Antisana volcano is located in the inner tropics with homogeneous air temperature and substantial precipitation throughout the year. Precipitation is globally higher between February and June and between September and November. Contrary to the Swiss catchments where there is a high seasonality in glacier ablation, accumulation and ablation occur all year round on inner-tropical glaciers and there is no permanent or seasonal snow cover outside the glaciers [START_REF] Favier | One-year measurements of surface heat budget on the ablation zone of antizana glacier 15, ecuadorian andes[END_REF][START_REF] Francou | New evidence for an enso impact on low-latitude glaciers: Antizana 15, Andes of Ecuador, 0°28′S[END_REF][START_REF] Rabatel | Current state of glaciers in the tropical Andes: a multi-century perspective on glacier evolution and climate change[END_REF]. In the studied catchments, discharge increases globally between October and May, and diminishes between June and August [START_REF] Favier | One-year measurements of surface heat budget on the ablation zone of antizana glacier 15, ecuadorian andes[END_REF]. Further information on the Antisana catchments is available in the Supplementary Material (Table S.2) and in Cauvy-Fraunié et al. (2013).

Hydrological measurements

In the Swiss streams, we measured every 10 min streamwater depth (Odyssey Capacitance Water Level, Dataflow Systems Ltd), turbidity (Cyclops-7 Turbidity, Turner Designs, Inc with PME Cyclops-7 Logger), electrical conductivity and temperature (HOBO U24-001 Conductivity, Onset), and air temperature (Barometric Track-It LB Logger, Monarch Instrument).

Daily precipitation data were extracted from the database of the automatic monitoring network of MeteoSwiss (Federal Office of Meteorology and Climatology, 2017) as recorded within 3 to 8 km from the streams. Rating curves between streamwater depth and discharge were established from discharge measurements using repeated (at least 4 for each stream) slug additions of chloride [START_REF] Gordon | Stream hydrology: an introduction for ecologists[END_REF]. Gaps in the hydrographs were interpolated using power law functions.

The Ecuador gauging stations were measuring streamwater depth every 30 min using Hobo water pressure loggers (Onset Computer Corp., USA). Another identical logger was used to measure air temperature and pressure (every 30 min) at 4100 m a.s.l. Precipitation was recorded (every 30 min) at the weather station located in the glacier foreland. The comparison of the wavelet analysis outputs for discharge and streamwater depth at site 7 of Antisana showed that the results were very similar (Cauvy-Fraunié et al. 2013). Therefore, we used depth as an approximation for discharge for the Ecuador streams. We also compared the hydrological parameters of depth and discharge for the Swiss streams and found very similar values, which comforted this approach (Fig. S.3).

Data analysis

Wavelet analysis is a time-dependent spectral analysis where a time series is decomposed in time-frequency space. Therefore, the wavelet transform expresses a time series in a three-dimensional space: time (x), scale/frequency (y), and power (z) (Cauvy-Fraunié et al., 2013). The wavelet transform decomposes a signal over a mother wavelet (function) that is localized in time and frequency and can have its width adapted to the features to be analyzed [START_REF] Daubechies | The wavelet transform, time-frequency localization and signal analysis[END_REF][START_REF] Cazelles | Wavelet analysis of ecological time series[END_REF]. Decomposing a time series into time-frequency space enables determination of both the dominant modes of variability and how those modes vary in time [START_REF] Daubechies | The wavelet transform, time-frequency localization and signal analysis[END_REF][START_REF] Torrence | A practical guide to wavelet analysis[END_REF][START_REF] Cazelles | Wavelet analysis of ecological time series[END_REF].

We applied the wavelet decomposition to our time-series, following Torrence and Compo (1998). Time-series were centered on zero and reduced by normalizing to their standard deviation so that they can be compared:

(1)

( ) = ( )
Where μ is the mean of the time series ( ) and σ its standard deviation.

A mother wavelet is a function of two parameters, the time position τ and the scale a, it can be expressed as , ( ) = √ ( ) . The wavelet transform of a time series ( ) with respect to a chosen mother wavelet is performed as follows [START_REF] Cazelles | Wavelet analysis of ecological time series[END_REF]):
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Where ω0 = 3.

In analogy to Fourier analysis, the local wavelet power spectrum can be defined as the squared absolute value of the wavelet transform and calculated as:

(4) , ( , ), " = ( , ) * ( , )

The main periodicity found in our time-series occurred at 24 hours (Fig. 2), thus we were mainly interested in the daily variations of the power and thus we focused on scales corresponding to the 20 to 28 h period. For this purpose, we calculated the scale-averaged wavelet power spectrum " , defined as the weighted sum of the wavelet power spectrum (over the wanted range of scales sj 1 ... sj 2) over the whole measurement period:
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where 67 is the spacing between discrete scales, 6 the time step of the time series, and C the reconstruction factor, specific to the mother wavelet. It can be shown that for the Morlet wavelet, there is a direct relationship between the period (or Fourier wavelength) λ and the scale s, given by: (

) * ;2 < 0 2 Thus, the following results were all given as a function of period.

The Cone Of Influence (COI) is the region of the wavelet spectrum in which edge effects become important and is defined as the e-folding time for the autocorrelation of wavelet power at each scale. For the Morlet wavelet this e-folding time is equal to 2s. It is chosen so that the edge effects are negligible beyond this point (Fig. 2). Some of our time-series also included gaps, mostly due to issues with the sensors. In this case, we also used the e-folding time to define the zone where the edge effects due to the padding are non-negligible. These zones were ignored in the quantitative study of our results.

To determine which diurnal variations were significant or not in the power spectrum, we compared it with a red-noise power spectrum using lag-1 autocorrelation, which defines a 95% significance level above which the values of the power were considered significant. Further information on lag-1 autocorrelation and red-noise background power spectra can be found in the work by [START_REF] Torrence | A practical guide to wavelet analysis[END_REF].

Wavelet analysis can also be used to compare the power spectra of two time series (previously normalized and centered on zero to be comparable). For this purpose, we use the wavelet transform coherence, defined as [START_REF] Grinsted | Application of the cross wavelet transform and wavelet coherence to geophysical time series[END_REF]):
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Where S is a smoothing operator, given by Torrence and Webster (1999) and EF = E F * . This definition of the wavelet coherence makes it similar to a localized correlation coefficient in time frequency space [START_REF] Grinsted | Application of the cross wavelet transform and wavelet coherence to geophysical time series[END_REF]. However, when applying the wavelet 13 transform coherence to the raw time-series, only the larger scales remained significant. In order to exploit the signal over all scales, including at 24 hours, we normalized the wavelet power of the time-series before calculating the wavelet transform coherence and the phase shift, thus giving the same weight to all scales. We then inverted the wavelet transform; the resulting signal was the same as the initial one but the oscillations with smaller period (including in the 24-hour range) were amplified. We re-applied the wavelet analysis and calculated the wavelet transform coherence. The significance level was then estimated using Monte Carlo methods [START_REF] Grinsted | Application of the cross wavelet transform and wavelet coherence to geophysical time series[END_REF]). The significant diurnal variations correspond to high coherence between the two time-series at the corresponding time and frequency. The phase shift between the two signals could also be obtained from the wavelet transform coherence at each point of the timefrequency space when it was significant (Fig. 2). Phase shift can be interpreted as the time between diurnal variations of the two studied variables. When looking at 24-hour oscillations, there is a direct relationship between time and phase difference, π/2 corresponding to a 6/hour and π to a 12-hour time lag. The results of the phase shift could be confirmed each time by comparing them with the raw signals. To quantify the variations in the scale-averaged wavelet power spectrum around 24 hours, we calculated two hydrological parameters (HP) (Cauvy-Fraunié et al. 2013):

1. The diurnal variation power (DVP), which is the area delimited by the scale-averaged power curve divided by the significance level and 1 every day (it can only be positive, if the value is negative, the diurnal power is brought to 0). This represents the daily amplitude of the 24-hour period oscillations. It can be expressed as:
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Where t is the time and [20; 28] the range of time scales over which the power and the significance level are averaged. The significance level does not depend on time.

2. The diurnal variation frequency, which is the number of days when the averaged power curve at the 24-hour scale is significant, divided by the total number of days of the period of interest. It gives the amount of days with significant diurnal variations during the period of interest. In all what follows, we measured this diurnal variation frequency over a sliding 30-day period to get a monthly value.

These two parameters were calculated every day for each variable and each stream.

They informed, at each time of a time series, on the proportion of days with significant 24-hour oscillations as well as the "intensity" of these diurnal variations. The diurnal variation power was not calculated for days without data. The diurnal variation frequency ignored the days with gaps and it was not calculated if there was more than 50% of gaps within the 30-day period.

To avoid singularities, we chose to group our streams in four categories: non-glacierized catchments (GCC = 0), catchments with a low glacier coverage (0% < GCC ≤ 10%), catchments with a medium glacier coverage (10% < GCC ≤ 20%), and catchments with a high glacier coverage (GCC > 20%). No Swiss site had a drainage area with a GCC between 10 and 20%, therefore we only used the three other categories for Switzerland. For each group we took the average GCC and average diurnal variation power or frequency. We analyzed the relationship between the hydrological parameters and GCC by applying a linear regression given by:

(9) `a = b cdd e c
Where b and c are the parameters of the linear regression. A positive slope means higher intensity and/or frequency of significant diurnal variations as GCC increases. High slope values mean a higher contribution of GCC in these diurnal variations and thus a stronger impact on the parameter as glaciers lose area (Fig. 3). 

Results

Influence of rain

Annual precipitation was similar in the Swiss and Ecuadorian catchments during the respective study periods (Table 1). Rain events differently influenced the dynamics of the various parameters. During or following a rain event, the wavelet power of streamwater discharge, electrical conductivity and turbidity, was usually significant within the 20 to 28 h period, but also at shorter periods (Fig. 4). Here we focus on the 20 to 28 h period unaffected by minor rain events as suggested by no immediate influence on the main daily discharge. Major rain events could affect the wavelet analysis at the 24-h scale (Cauvy-Fraunié et al. 2013) by increasing the significant power at 24 h. Five to 15 % of all rain events during the respective study periods were classified as significant (i.e., more than 10 mm of rain per day). The total number of days with precipitation ranged from 40% in some of the Swiss catchments to 70% in Ecuador. The average daily rainfall for each catchment ranged within 2.1 and 3.9 mm/day. Each of our study catchments had a similar proportion of days with significant rain (> 10 mm/day), close to 10% of the study period. Thus, we assumed that the effects of rainfall were limited, as the occurrence of significant rain events remained low and similarly affected the study catchments. 

Country

Relationships between hydrological variables

In Switzerland we observed similar increase in the diurnal variation power and frequency slopes of both discharge and conductivity from end of May to early July (Fig. 5). In July, slope values were close to their maximum, the diurnal power slopes were at 40 for the discharge and 80 for electrical conductivity while the diurnal frequency slopes were at 0.04 for discharge and 0.04 for electrical conductivity. Slope values for electrical conductivity remained high during the melt season and started to decrease at mid-August. For streamwater turbidity, slopes were positive from end of May to end of July (up to 4 for power and 0.02 for frequency), with several peaks recorded during the melt season from June to end of August (Fig. 5). We calculated the wavelet transform coherence and the phase difference between discharge and conductivity from March 15 to October 5, 2017 (Fig. 6). When the phase difference has real values, this means that the two time series are correlated at 24h-periods, while gaps in the phase difference correspond to periods when the time-series are not coherent. Furthermore, the timing of the peaks of discharge and conductivity is given by the angle; a positive angle means that the discharge peak comes before the conductivity peak and it is the contrary when the angle is negative. The correlation between electrical conductivity and discharge was generally higher for catchments with glacier coverage. When the coherence between discharge and electrical conductivity was significant, the phase difference was mostly close to -π or π, corresponding to a phase opposition. There is an exception for stream 8 in the Val Ferret catchment where electrical conductivity peaks between 6 and 12 h before discharge peaks (π/2).

Figure 6: Phase difference between discharge and conductivity at all Swiss sites between

March 15th and October 5th, 2017. The grey zones correspond to days with more than 10 mm rainfall in 24 hours. Blue and red rectangles correspond to zones with gaps in the data (blue for discharge, red for conductivity), where the effects of discontinuities on the results cannot be neglected.

In Switzerland, the patterns of the slopes of both hydrological parameters for air and streamwater temperature differed from the trend observed for discharge (Fig. 7). The diurnal power slope for air temperature decreased from its maximum value of 220 in early April to nearly zero in June; and then increased to 100 in August-September. The diurnal power slope for streamwater temperature increased from 200 in April to 600 in June, decreased to 0 end of July, and increased again to 300 mid-September. The pattern of the diurnal frequency slopes of air and streamwater temperature was similar and values were relatively low (with a maximum of 0.01 for air temperature and 0.03 for water temperature) due to significant 24-h oscillations recorded for all stream. These patterns showed that streamwater temperature was dependent on air temperature for the frequency slope but was not related to discharge. Wavelet transform coherence applied to air temperature and discharge (Fig. 8) for the Swiss streams showed that, when correlated (no gaps in the phase), peaks in air temperature occurred a few hours before discharge peaks. This time shift tended to decrease during the melt season. When applying the same approach to streamwater temperature and discharge, patterns were exactly the same, while for all catchments and for the whole period, air and streamwater temperature were completely correlated and in phase (Fig. 9). the water temperature and it is the contrary when the angle is negative. The grey zones correspond to days with more than 10 mm rainfall in 24 hours. Blue and red rectangles correspond to zones with gaps in the data padded with zeros (blue for air temperature, red for water temperature), where the effects of discontinuities on the results cannot be neglected. The sampling time is 2 days.

Swiss Alps versus inner-tropical Andes

The slopes of the linear regression of diurnal variation power were more variable in the inner-tropical (0 to 200) than in the Swiss (0 to 50) streams (Fig. 10A). The slopes of the linear regression of diurnal variation frequency for the Swiss and the Ecuadorian streams spanned a similar range (0 to 0.04) (Fig. 10B). Therefore, over the respective study periods, streams in Ecuador and Switzerland exhibited similar diurnal frequency slope maxima while the amplitude of the diurnal variation power slope was higher in Ecuador.

Discussion

Based on similar and low (~10% of the study period) significant rainfall occurrence at all our sites, we assumed the impact of rainfall to be negligible (Cauvy-Fraunié et al., 2013). The results of wavelet analysis indeed showed that for all variables, rainfall had an impact on the 24hour period signal only when there was more than 10 mm/day, which happens rarely and in similar amounts at all our sites. This might be different for other sites such as the eastern slopes of Antisana, where precipitation rate is higher, even though the rain signals might not be diurnal.

In the Swiss catchments, discharge and streamwater conductivity variability were highly correlated (wavelet coherence), with a 24h phase opposition (Fig. 6) for streams with a high (>20%) GCC. The diurnal variation power and frequency of both discharge and conductivity increased with increasing glacial influence, suggesting that both discharge and conductivity were highly dependent on the diurnal glacial runoff, occurring during the melt season [START_REF] Lafreniere | Wavelet analysis of inter-annual variability in the runoff regimes of glacial and nival stream catchments, Bow lake, Alberta[END_REF]. Indeed, in Alpine catchments snow and ice meltwater, characterized by very low conductivity, increase stream discharge and decrease conductivity by diluting the groundwater base flow [START_REF] Weijs | Could electrical conductivity replace water level in rating curves for alpine streams?[END_REF][START_REF] Gurnell | Spatial and Temporal Variations in Electrical Conductivity in a Pro-Glacial Stream System[END_REF]. This correlation was thus lower for streams with lower GCC (<10%; with the exception of stream 8), linked to lower diurnal variations in stream with more groundwater influence. Stream 8 showed a shifted phase relationship, which could imply a more complex link between the two quantities. We expected the discharge and turbidity to be related during the melt season, as glacier-fed streams usually exhibit high turbidity values due to the release of sediment particles located sub-glacially and pro-glacially [START_REF] Delaney | Regional and Annual Variability in Subglacial Sediment Transport by Water for Two Glaciers in the Swiss Alps[END_REF][START_REF] Milner | Glacial rivers: physical habitat and ecology[END_REF]. In addition, diurnal peaks in discharge would often remobilize fine material within the riverbed [START_REF] Hood | Effects of changing glacial coverage on the physical and biogeochemical properties of coastal streams in southeastern Alaska[END_REF][START_REF] Milner | Glacial rivers: physical habitat and ecology[END_REF]. However, low slope values for turbidity indicated no link, or more complex link between turbidity pattern and glacial influence, contrary to discharge and conductivity. This lack of significant correlation might be due to gaps in the turbidity data of the snow-fed catchments leading to uncertainties in the results. There was a high correlation between air and water temperature for periods close to 24 hours (Fig. 9). Thus, air temperature impacted directly water temperature as they followed the same pattern for the diurnal frequency (Fig. 7B), which led to the observation that all streams, whatever their GCC, recorded significant oscillations with a period of 24 hours (Blaen et al., 2012). The peaks in water temperature, in phase with the peaks in air temperature (Fig. 9) occurred before the peaks in discharge, showing that water temperature responded more rapidly to air temperature variations than changes in discharge for all streams (Blaen et al., 2012). However, the higher values of the diurnal power slope of water temperature during the melt periods showed that diurnal water temperature oscillations were enhanced by glacier or snowmelt, which led to higher values of the diurnal power for higher GCC. No relationship with the distance of the site from the glacier terminus was found, as would have been expected [START_REF] Fellman | Stream temperature response to variable glacier coverage in coastal watersheds of Southeast Alaska[END_REF]Blaen et al., 2012), probably due to too few sites covering a too little range of distances from glacier.

Thus, water temperature was predominantly affected by air temperature but also by meltwater [START_REF] Williamson | Meltwater temperature in streams draining Alpine glaciers[END_REF].

Following a space-for-time substitution approach, the slopes of the hydrological parameters provided a benchmark of the evolution of the hydrological variables in time when GCC decreased [START_REF] Blois | Space can substitute for time in predicting climate-change effects on biodiversity[END_REF][START_REF] Hood | Effects of changing glacial coverage on the physical and biogeochemical properties of coastal streams in southeastern Alaska[END_REF]). In the Swiss catchments, the diurnal hydrological parameters of discharge and conductivity were similarly affected by the glacier melt effect with high slopes in July and August. The slopes were lower during the melt for turbidity, especially for the diurnal variation power, suggesting a lower impact of glacier melt effect on turbidity. Several peaks were recorded during the melt season, which corresponded to significant rainfall events resulting in very significant peaks in turbidity, but over very short periods, which could explain that the diurnal frequency slope was less affected. This could be a consequence of unstable substrate on mountain slopes not affected by erosion from the glacier flow. Turbidity should depend on the geomorphology of the catchment; indeed, as the glaciers lose area, they should also leave unstable moraine, with a high erosion potential, which could favor an increase in the diurnal turbidity peaks, at least in the short term, depending on the new catchment configuration [START_REF] Milner | Glacier shrinkage driving global changes in downstream systems[END_REF][START_REF] Geilhausen | Sediment discharge from glacier forefields (pasterze and obersulzbachkees, hohe tauern, austria)[END_REF]. This lack of correlation could also partly be explained by the uncertainties on the turbidity data for snow-fed catchments. Water temperature proved to be more sensitive to air temperature daily oscillations, although the impact of discharge could also be seen. As a result, there should always be significant 24-hour oscillations in water temperature of Alpine streams due to air temperature, even as glaciers lose area. However, the intensity of these diurnal variations should decrease when glaciers lose area.

The evolution of the diurnal power and frequency slopes as a function of time depended on the climatic zone in which the catchment was located. From our comparison between the Ecuadorian and Swiss catchments it appeared that in terms of discharge, slope values were higher in Ecuadorian streams, suggesting they would be more affected by changes in glacier cover during the melt season. For Switzerland glacier melt period occurred between June and October; while snowmelt occurred between April and May by affecting all mountain catchments equally (low slope values). For Ecuador, higher slope values corresponded to the October -May season with slightly more precipitation but most importantly increased melting [START_REF] Vuille | Interannual climate variability in the central andes and its relation to tropical pacific and atlantic forcing[END_REF][START_REF] Favier | One-year measurements of surface heat budget on the ablation zone of antizana glacier 15, ecuadorian andes[END_REF], enhanced by warm episode of El Niño event in 2010 [START_REF] Rabatel | Current state of glaciers in the tropical Andes: a multi-century perspective on glacier evolution and climate change[END_REF]. The seasonality was different for the two regions but in both cases then higher slopes of the hydrological parameters during the main ablation season showed that the hydrology of the catchments would be more affected by glacier melt effect at this time of the year.

Conclusion

The results of this analysis provided us with a first insight into the hydrological future of mountain streams in both the tropical Andes and the Alps, in which diurnal power and frequency of variations in discharge, conductivity and, to a lesser degree, turbidity decrease with glacier melt effect, and diurnal power of variations in water temperature is also impacted.

We found that the impact of the reduction in glacier cover on stream hydrology would be greater in the Andes than in the Alps. However, our conclusions result from a space-for-time substitution approach that has captured differences in the hydrology of catchments with varying GCC, making it a predictive tool to study the changes that the catchments will undergo as the glaciers lose area. Now that the methodology has been proven reliable, the next steps would be to apply the wavelet analysis to longer time series (including several years) to assess whether these predictive results would be confirmed. 
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 1 Figure 1: Location, catchment boundaries and glacier coverage of the 11 stream sites located in

  , * ( ) Where * denotes the complex conjugate form. The wavelet coefficients, ( , ), represent the contributions of the scales (the values) to the signal at different time positions (the τ values). The mother wavelet φ(t) has a unitary variance ( ‖!( )‖ " = 1) and it verifies ( ) = 0 (Daubechies, 1990; Cazelles et al., 2008). Here, we chose the Morlet wavelet, a non-orthogonal, continuous and complex wavelet function, as it was particularly well adapted for hydrological time-series analyses (Lafreniere and Sharp, 2003; Cauvy-Fraunié et al., 2013). It had a high resolution in frequency compared to other continuous wavelets (Cazelles et al., 2008), which was relevant for our study as we intended to detect repeated water level variations at a diurnal scale (Cauvy-Fraunié et al., 2013). The Morlet wavelet consists of a plane wave modulated by a Gaussian distribution:

Figure 2 :

 2 Figure 2: Wavelet transform coherence of air temperature and discharge time series at

Figure 3 :

 3 Figure 3: Hydrological parameters of depth for the Swiss catchments as a function of GCC

Figure 4 :

 4 Figure 4: Wavelet analysis of the discharge measured at station 1, Switzerland. The grey bars

Figure 5 :

 5 Figure 5: Slope of the diurnal variation power (A) and frequency (B) of discharge, conductivity

Figure 7 :

 7 Figure 7: Slope of the diurnal variation power and frequency of discharge, air

Figure 8 :

 8 Figure 8: Phase difference between air temperature and discharge at all Swiss sites

Figure 9 :

 9 Figure 9: Phase difference between air and water temperature at all Swiss sites between

Fig. 10 shows

 10 Fig. 10 shows the comparison between the slope values of the diurnal variation power

Figure 10 :

 10 Figure 10: Slope of the diurnal variation power (A) and frequency (B) of depth as a

  570

Figure S. 1 :

 1 Figure S.1: Location, catchment boundaries and glacier coverage of the 13 stream sites

Figure S. 2 :

 2 Figure S.2: Percentage of snow cover in the Swiss catchments from April to November

Figure S. 3 :

 3 Figure S.3: Slope of the diurnal variation power and frequency of discharge and water

Table 1 :

 1 Rainfall at the different automatic stations of MeteoSwiss between March 15th

		Study Area	Average daily	Days with	Days with more
			rainfall	precipitation	than 10 mm
					precipitation
			(mm/day)	(%)	(%)
	Switzerland	Valsorey	2.1	41	6.3
		Val Ferret	3.0	44	9.8
		Champery	3.9	51	14
		Vallon de Nant	2.7	40	11
	Equator	Antisana	3.1	71	9.0
	and October 5th, 2017 (205 days) and at the Antisana glacier weather station between February
	9th and November 1st 2010 (266 days).		

Table S .

 S 2: Location and glaciological attributes of Antisana stream sites. GCC

		Station ID	UTM coordinates	Altitude	GCC	Distance from	Catchment area Data collected
							glacier
			Y (m)	X (m)	(m a.s.l)	(%)	(km)	(m 2 )
		1	9945332	811605	4195	17	5.9
		2	9945289	811594	4193	11.3	6.2
		3	9944016	809811	4093	10.7	8.3
		4	9943950	809767	4095	7.5	8.6
		5	9943330	809666	4056	7.3	9.4
		6	9943120	809677	4050	7.3	9.6
							Water depth
		7	9943761	810959	4109	23.2	6.5
		8	9943673	810914	4105	18.5	6.7
		9	9943651	810825	4093	9.5	6.8
		10	9943076	809777	4042	8.6	8.5
		11	9944039	809778	4090	0	-
		12	9943120	809800	4050	0	-
		13	9943629	810970	4108	1	-
	566					
	567					
	568	corresponds to Glacier Coverage in the sub basins; the values were obtained using SAGA
		(2.0.8). UTM coordinates refer to stream site coordinates in UTM-WGS84 zone 17S
						33

569

expressed in degrees.
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