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1. INTRODUCTION 

In the context of global climate change, the use of models to 
project the impacts of evolving environmental conditions on the 

spatiotemporal distribution of plant species has garnered 
considerable attention in recent decades [1], [2]. These models 
often rely on climatological data obtained from standardized 
weather stations, the aim of which is to record regional 

ABSTRACT 
This research evaluates the influence of site conditions (altitude, slope, and exposure) on air temperature, relative humidity (RH), and 
vapor pressure deficit (VPD) across two distinct sites and four locations within these. Weather station registers were compared with 
regional estimates from the ERA5 global model. At two locations in one of these sites, microsite conditions were further analysed under 
varying thinning intensities, using thermohygrometers. To explore daily cycles, a 24-hour band-pass filter using a Gabor wavelet was 
applied, calculating weighted averages, amplitudes, and phase shifts. Confidence intervals were derived through Monte Carlo 
simulations to facilitate robust comparisons across treatments and locations. Observations from weather stations revealed significant 
discrepancies with ERA5 model estimates, highlighting the limitations of the ERA5 model in capturing fine-scale microclimatic variability 
driven by local topography and vegetation cover. In south-facing slopes, intensive thinning increased air temperature by 2.5 °C and 
decreased RH by 12 %, resulting in a midday VPD increase of 0.3 kPa. On north-facing slopes, these effects were less pronounced, with 
air temperature increases of 1.8 °C and RH decreases of 8 %. Thinning effects were amplified in steeper areas and during summer 
months. Daily cycle analyses revealed that thinning treatments not only increased amplitude but also caused phase shifts in air 
temperature and RH, particularly in open areas. These findings underscore the importance of integrating local topographic features, 
thinning-induced microclimatic changes, and the limitations of ERA5 data into adaptive management frameworks. 
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meteorological variations and not microclimatic perturbations 
[3]. Whenever site-specific meteorological data are unavailable, 
global reanalysis models, such as ERA5, are frequently employed 
[4], [5]. However, generalized data may misrepresent the fine-
scale variability critical for species inhabiting near-ground levels, 
topographically complex terrains, or forested environments, 
particularly during early regeneration stages [6]. Forest 
microclimates, distinct from external climatic conditions, play a 
pivotal role in shaping tree recruitment, sapling survival, and 
ecosystem functionality [7], [8], [9], [10]. Although the analysis of 
the mean values of a climatic series (e.g., temperature) provides 
valuable insights into general trends, the interpretation of the 
amplitude and phase of these variables is equally critical, as they 
reveal temporal and spatial variability patterns that influence 
ecological and physiological processes [11]. These additional 
layers of analysis are crucial for robust climate-ecology 
relationships and effective environmental management 
strategies. 

Deforestation, forest degradation, and fragmentation threaten 
these microclimatic conditions, exacerbated by climate change, 
which increases the frequency of severe droughts and alters 
forest dynamics [10], [12], [13], [14], [15]. Thinning practices, as 
a forest management tool, influence canopy structure and thus 
microclimate, offering a potential strategy to enhance forest 
resilience interactions [16], [17], [18], [19], [20]. 

Patagonian forests constitute an extensive reservoir of wildlife 
and a system with great productive potential [21], [22]. Originally, 
high forests have suffered profound anthropic disturbances and 
replacement by plantations of exotic conifers, without knowing 
in detail the impacts of such disturbances [23], [24], [25]. 
Although these systems have a great capacity for productive 
improvement, they nonetheless show a growing degradation 
associated with the lack of knowledge of their real potential [24], 
making it difficult to reach a consensus on the best practices to 
apply. In many cases, information regarding the functioning and 
dynamics of these forests at the community level, and even 
fundamental features of tree functioning at the individual level, 
is scarce – elements which are necessary to propose adequate 
management practices under current climate change. 

This study investigates global, regional, site-specific, and 
microsite climatic patterns in mixed-temperate forests of 
Northern Patagonia. We assess air temperature, relative humidity 
(RH), and vapor pressure deficit (VPD) across four sites with 
varying altitude, slope, and exposure, while analysing microsite 
conditions under four thinning intensities. By integrating global 
models with local observations, this research aims to unravel the 
complex interplay between climatic patterns and thinning 
practices, informing sustainable management under changing 
climate conditions. 

2. MATERIAL AND METHODS 

2.1. Study sites 

The study was carried out at two sites (Foyel and Chucao; 
Table 1) under a mixed low forest condition. The sites were 
located approximately 80 km south of San Carlos de Bariloche, 
in the province of Río Negro, Patagonia, Argentina (41º 9´0´´ S, 
71º 18´0´´ W). Each forest represents a different stage of the low 
mixed forest, resulting from the degradation of the high forests 
of Nothofagus dombeyi (coihue). In this region, the climate is 
temperate-cold, with the highest rainfall being in autumn and 
winter. The annual precipitation varied between 920 mm and 
1300 mm per year [26], [27]. Mean annual air temperature ranged 

from 8 °C to 9 °C, with mean annual maximum temperatures of 
15 °C and minimum of 1.5 °C, mean annual relative humidity 
was 65 %; frosts were present on average over 120 days a year 
[28], [29]. 

2.2. Silvicultural treatments 

During May of 2013, four increasing levels of thinning 
intensity were applied to eight plots (31.5 m × 45.0 m; two plots 
for each thinning intensity level) at the Foyel site, considering 
two slope aspects (north and south). The plots were aligned (east-
west), with approximately 30 m separating them. Treatments of 
thinning intensities were quantified as the percentage of basal 
area removed (30 %, 50 %, and 70 %). Thinning was conducted 
in strips of varying widths according to the thinning intensities, 
covering the entire plot. In the plot with 30 % intensity, the six 
strips had a width of 1.5 m (leaving a 3.0 m space for intact 
vegetation on the sides). In the plot with 50 % intensity, the six 
strips had a width of 2.5 m (with the remaining vegetation being 
2.0 m wide). Finally, in the plot with 70 % intensity, the six strips 
had a width of 3.5 m (with the remaining vegetation being 1.0 m 
wide). In the control plot, vegetation was left uncut (0 % 
removal). Within the strips, all trees and shrubs were cut with 
chainsaws and brush cutters at ground level, allowing them the 
possibility to regrow, as most of them are resprouting species. 
Thinning follows a scheme of extraction belts and interbelts, 
aligning more closely with a "mechanical thinning" approach, 
specifically "belt thinning” (sensu [30]). 

In Chucao, the historical thinning type has been constant 
selection thinning of low intensity. Based on preliminary studies, 
three events of medium/high extraction (from 1956 to 1961; 
from 1967 to 1977, and from 1990 to 1997) were recorded. The 
current vegetation consists of individuals of Nothofagus antarctica 
(ñire), N. dombeyi (coihue), Nothofagus pumilio (lenga), Diostea juncea 
(retamo), Schinus patagonicus (laura), Austrocedrus chilensis (ciprés de 
la cordillera), Discaria chacaye (espino negro), Lomatia hirsuta 
(radal), Embothrium coccineum (notro), and Maytenus boaria (maitén), 
among others. At this site, the thinning observed resembles a 
"selection thinning", primarily targeting the removal of dominant 
trees, either for harvesting large timber or for low-intensity wood 
extraction, consistent with "low thinning". 

2.3. Environmental characterization at site and microsite levels 

To conduct a macro and microclimatic characterization at 
each study site, automatic weather stations (two Davis Vantage 
Pro 2 and/or HOBO Weather Stations) were installed with a 
temporal recording interval of 1 hour for the variables (see 
below) during the 2018–2019 season. The Davis Vantage Pro 2 
weather station operates reliably within a temperature range of –

40 °C to +65 °C, with a typical temperature accuracy of ± 0.2 °C 

and relative humidity accuracy of ± 2 % across the 0-100 % RH 
range. The HOBO Weather Station operates within a similar 

temperature range (–20 °C to +70 °C) and provides temperature 

accuracy up to ± 0.21 °C and RH accuracy of ± 2.5 % (10–90 % 
RH). 

Additionally, at the Foyel site, macro meteorological data were 
recorded at a third location (Ridge Foyel), situated on the ridge 
between the north and south slopes. In conjunction with the 
weather station measurements, during the mentioned seasons, 
data on ambient temperature and relative humidity 
(microclimate) were collected in at least one plot for each 
thinning treatment at North and South Foyel using thermo-

hygrometers (Hobo H8, Onset Computer Corporation, Bourne, 
MA). The internal temperature sensor provides an accuracy of ± 
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0.4 °C (in high-resolution mode) over the typical operating range. 

The relative humidity sensor offers an accuracy of ± 3 % RH 

from 0 °C to + 50 °C, with a full measurement range from 0 to 

100 % RH. The thermohygrometers were mounted at 1.5 meters 
above the ground, in the centre of the strip per thinning 
treatment, with a temporal recording interval of 1 hour for the 
variables. All sensors were factory-calibrated and installed 
following standardized microclimate monitoring protocols (e.g., 
[31]. 

Based on the location of the sampling sites within the 
available ERA5 grid cells for the study seasons (2017–2018 and 
2018–2019), one reanalysis dataset was used for all sites in Foyel 
and a second one for the Chucao site. One important aspect to 
consider is that ERA5 reanalysis data are referenced to 
Coordinated Universal Time (UTC), whereas local weather 
stations record data in official Argentine time (UTC–3). This 
three-hour difference can produce an apparent shift in the time 
of day when maximum or minimum temperatures are recorded. 
This offset was considered when interpreting differences in the 
daily temperature synchronization between the two datasets. 
Vapor pressure deficit (VPD, kPa) was estimated according to 
[32]. 

2.4. Statistical analysis 

The macro and micro meteorological time series underwent 
analysis employing the wavelet transform [33], with the complex 
Gabor atom [34] serving as the wavelet function (Supplementary 
material 1). The Gabor transform was selected over other signal 
processing methods (e.g., Fourier or low-pass filters) due to its 
ability to simultaneously preserve time and frequency resolution, 
which is essential for characterizing daily cycles of microclimatic 
variability. This transform reduces edge effects and maintains 
localized temporal features, making it suitable for detecting phase 
shifts and amplitude differences linked to forest thinning and 
microsite conditions. Additionally, it acted as a band-pass filter, 
extracting the 24-hour daily cycles while eliminating interference 

from seasonal or lower-frequency variations. Simultaneously, it 
was employed as a low-pass filter to estimate the mean of 
meteorological variables, excluding frequencies higher than 1/24 
hours. 
This approach is in line with previous studies using wavelet-
based techniques for environmental signal denoising and 
filtering, such as those described by [35]. Moreover, our attention 
to measurement frequency and instrument accuracy aligns with 
metrological practices on uncertainty evaluation in sensor 
calibration, as recently addressed by [36]. Comparisons of mean, 
amplitude, and phase estimations for daily air temperatures, 
relative humidity and VPD were conducted across 
meteorological weather stations and thermohygrometers, leading 
to conclusions about the representation of this variability in 
relation to treatments and the variability within and between 
meteorological data time series. The utilization of a Gabor atom 
with a wide window ensured that the estimated parameters were 
smooth, facilitating result interpretation. 

 To calculate confidence intervals, a series of Monte Carlo 
simulations was performed at each convolution step, varying the 
phase, amplitude, and mean values to estimate the standard 
deviation around the mean. In this procedure, samples were 
drawn from a normal distribution with four times the standard 
deviation of the previous time step (proposal distribution). 
Samples were then either accepted or rejected, based on 
comparisons with the target distribution. For each Monte Carlo 
iteration, a sample was drawn from the proposal distribution, and 
a random value was generated from a uniform distribution. The 
ratio of the probability density function (PDF) of the target 
distribution to that of the proposal distribution (evaluated at the 
proposed sample) was compared with the random value. If the 
ratio exceeded the random value, the sample was accepted; 
otherwise, it was rejected. This process continued until 300 
accepted samples were obtained, providing an approximate 
distribution for each parameter (mean, amplitude, or phase). 

Table 1. Main characteristics of the studied sites. References: Mean DBH= mean diameter at breast height (± standard deviation; cm); m. a. s. l. = meters above 
sea level. 

Site name Main species composition 
Mean basal area 

(m2 ha-1) 
Latitude Longitude 

Mean site altitude 
(m a. s. l.) 

Mean DBH 
(cm) 

Dominant height 
(m) 

North Foyel 

N. antarctica 
A. chilensis 
D. juncea 

S. patagonicus 
D. chacaye 
F. imbricata 

L. hirsuta 
E. coccineum 

M. boaria 

34.8 41° 38' 54.6'' S 71° 30' 31.4'' W 800 5.62 (4.92) 3.54 

South Foyel 

N. antarctica 
D. juncea 

S. patagonicus 
L. hirsuta 

E. coccineum 

46.7 41° 38' 49.7'' S 71° 30' 4.9'' W 760 6.08 (3.18) 4.38 

Chucao 

N. antarctica 
N. dombeyi 
N. pumilio 
D. juncea 

S. patagonicus 
A. chilensis 
D. chacaye 
L. hirsuta 

E. coccineum 
M. boaria 

21.9 41° 43' 41.9'' S 71° 26' 40.3'' W 862 14.5 (7.80) 6.90 
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These distributions were then used to compute the 95 % 
confidence intervals across the entire time series. 

Once the confidence intervals for each individual time series 
were calculated, the results were aggregated for the same 
treatment and location by computing the median. For each date 
with valid data, the minimum of the lower confidence intervals 
and the maximum of the upper confidence intervals were also 
compiled. This method allowed us to establish the confidence 
intervals for the median of each treatment by aggregating the 
extreme values across all dates with valid data. 

2.5. Comparison between sites, meteorological stations and 
thermohygrometers 

To identify potential differences between time series, we 
visually inspected the superimposed time series of the nine 
estimated variables: mean, amplitude, and phase for mean air 
temperature, air relative humidity, and vapor pressure deficit. 
This analysis aimed to pinpoint specific moments when the 
mean, amplitude, or phase of these variables differed among 
weather stations and/or thermohygrometers, determining when 
a time series exhibited significantly higher or lower values 
compared to others, and when these changes occurred. At each 
point in time, differences were deemed statistically significant if 
the median of a given time series for any treatment or location 
fell outside the confidence interval of the time series it was being 
compared to. 

To estimate the degree of similarity in temporal behaviour, 
the Pearson Correlation Coefficient (r) was calculated for each 
variable analysed. This analysis was conducted between 
meteorological stations, between treatments within the same site, 
between sites with the same treatments (using 
thermohygrometers), and between all weather stations’ time 
series and the global ERA5 reanalysis data per site (see below, 
[37]). Confidence intervals (CIs) for r were determined using the 
Fisher transformation [38]. Specifically, r values were computed 
for the meantime series, as well as for the upper and lower 
bounds of the intervals of each series, yielding a total of nine CIs 
per comparison. To ensure a conservative estimate, the highest 
of the nine upper bounds was taken as the upper limit of the final 
CI, and the lowest of the nine lower bounds was chosen as the 
lower limit. 

The ERA5 reanalysis dataset, with its high spatial (~ 31 km) 
and hourly temporal resolution, offers consistent and reliable 
data on key climatic variables, such as air temperature, relative 
humidity, and vapor pressure deficit, enabling analysis across 
scales, from global to site-specific, and supporting the study of 
climatic impacts on forest thinning practices. 

3. RESULTS 

3.1. Climatic patterns across sites, and their relationship with in 
situ measurements and global models 

3.1.1. Temperature 
Mean temperature across the different sites (Figure 1 a) 

showed significant differences. Chucao exhibited the highest 
mean temperature and a more consistent pattern compared to 
the Foyel site/locations. Within Foyel, the highest mean 
temperatures were recorded at the Ridge, followed by the North 
and South locations. These differences were more pronounced 
during January and February, when temperatures at Ridge Foyel 
were clearly higher. After this period, South and North Foyel 
consistently showed higher temperatures than Ridge Foyel. 

ERA5 reanalysis slightly underestimated the mean 
temperatures in Chucao and, except for mid-January, generally 
overestimated the values in Foyel, with the largest discrepancies 
in Ridge Foyel. However, these differences remained within the 
range of variations observed among the Foyel weather stations 
(Figure 1 a). 

Correlation analysis (Supplementary material 2) confirmed 
significant correlations across all-time series, with confidence 
intervals clearly different from zero. In the case of Foyel, 
correlations were exceptionally high (> 0.99) among the three 
locations, reflecting strong internal consistency. Correlations 
between these locations and Chucao were much weaker (~ 0.27). 
It is worth noting that the ERA5 time series for the different sites 
(Foyel and Chucao) were highly correlated with each other 
(0.9988), but their correlations with in situ data were very weak 
(~ 0.26), highlighting greater heterogeneity in locally recorded 
temperatures compared to ERA5 predictions. 

Temperature amplitude (Figure 1 d) was highest and nearly 
constant during summer (January and February). Amplitude 
values were more variable in Foyel than in Chucao. Within the 
Foyel locations, North and Ridge showed significantly higher 
amplitudes than South, which had the lowest amplitudes, 
indicating a more thermally stable environment. Amplitudes in 
Chucao were the highest and most homogeneous between mid-
January and mid-February, coinciding with the driest period 
(Figure 1 b). 

The ERA5 model consistently underestimated temperature 
amplitude for all sites and conditions, failing to capture the 
observed extremes. Correlation analysis (Supplementary material 
2) showed significant correlations across all-time series. 
However, unlike mean temperature, several amplitude 
correlations were negative. Within the Foyel locations, 
correlations remained high (> 0.99), but correlations between 
these and Chucao were weaker (~ 0.34). 

Temperature phase (Figure 1 g) showed site-dependent 
variation in the timing of the daily maximum temperature, with 
differences of 1–2 hours between sites and locations, and up to 
3 hours between weather station data and ERA5. North Foyel 
consistently exhibited the latest daily maximum temperature, 
followed by Chucao, South Foyel and Ridge Foyel. This pattern 
remained stable throughout the study period. 

ERA5 showed significant discrepancies in the timing of the 
maximum temperature compared to the weather station data, 
which is consistent with Argentina’s time zone being 
approximately two hours ahead of solar time in the region, 
similar to the average phase difference observed in the station 
data. 

Correlation analysis of phase shifts (Supplementary material 
2) indicated significant correlations across all-time series, with 
confidence intervals clearly different from zero. However, as 
with amplitude, some correlations were negative. Correlations 
within the Foyel locations were consistently high (> 0.99), while 
correlations between these locations and Chucao were weaker 
(0.27). ERA5 time series across sites were highly correlated with 
each other (0.9988), but showed predominantly negative 
correlations with in situ data. Moderate negative correlations were 
observed for Foyel (–0.42), while Chucao showed weaker 
positive correlations (0.2724). 

3.1.2. Air relative humidity 
Mean relative humidity (Figure 1 b) was generally higher in 

Foyel (regardless of the specific location) than in Chucao. Within 
Foyel, North Foyel recorded the highest values, followed by 
Ridge Foyel and South Foyel, except in early February, when 
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Ridge Foyel registered the highest humidity. A notable decrease 
in mean relative humidity occurred from mid-January to early 
February, followed by a subsequent increase. Chucao 
experienced a more pronounced decline during March compared 
to the other site/locations. 

ERA5 overestimated mean relative humidity at Chucao, but 
underestimated it at all Foyel locations. Discrepancies were 
smaller for North and South Foyel from mid-January to early 
February. 

Correlation analysis (Supplementary material 2) showed 
significant correlations in all-time series, with confidence 
intervals clearly distinct from zero. Within Foyel, correlations 
among the different weather station records were exceptionally 
high (> 0.99), but much lower when comparing different sites 
(~ 0.27). ERA5 data were highly correlated between sites 
(0.9988), but showed weaker or even negative correlations with 
in situ data (−0.20 for Foyel and ~ −0.12 for Chucao). 

Relative humidity amplitude (Figure 1 e) was highest at North 
Foyel, followed by Ridge Foyel and South Foyel. North and 
Ridge Foyel showed similar and higher amplitudes than South 
Foyel, which consistently exhibited the lowest values. Chucao 

had intermediate amplitude values between those of North and 
Ridge Foyel, with its highest values observed from mid-February 
onward. Amplitudes in Chucao were lower than at the Foyel 
locations. 

ERA5 predictions were closest to in situ observations in 
North Foyel, but it overestimated amplitudes for Ridge and 
South Foyel. Differences between ERA5 and weather station 
data were less pronounced in Chucao. 

Correlation analysis (Supplementary material 2) confirmed 
significant correlations across all-time series, with confidence 
intervals clearly different from zero. Within each site, 
correlations remained high (> 0.99), while correlations between 
sites were much lower (~ 0.34). ERA5 time series were highly 
correlated across Foyel locations (0.9988) but showed mostly 
negative correlations with in situ data. The strongest negative 
correlations were observed between ERA5 reanalysis data and 
the different Foyel locations (−0.74), compared to ERA5 and 
Chucao (−0.51). 

Relative humidity phase (Figure 2 h) followed a similar 
pattern to temperature phase, with differences among the Foyel 
locations. Maximum relative humidity occurred earlier (~ 3:30 

 

Figure 1. Filtered time series of temperature, relative humidity, and vapor pressure deficit measurements from the Foyel (North, South, and Ridge) and Chucao 
weather stations, compared with ERA5 reanalysis global model data for the same location. The first row (Panels a, b, c) displays the moving average of the 
daily mean, calculated using the Gabor wavelet. The second row (Panels d, e, f) shows the amplitude, and the third row (Panels g, h, i) illustrates the phase, 
represented as the hour of the day when the maximum occurs. The blue and yellow lines represent ERA5 estimations for each location. 
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A.M.) at Ridge Foyel, followed by South Foyel, Chucao, and 
North Foyel, with differences of approximately three hours. 
ERA5 estimated maximum relative humidity times to be 1–3 
hours earlier than the weather station data, regardless of the site. 

Correlation analysis of phase shifts (Supplementary material 
2) showed significant correlations in all-time series, with 
confidence intervals clearly distinct from zero. Correlations 
within the Foyel locations were consistently high (> 0.99), while 
correlations between these locations and Chucao were lower 
(~ 0.41). ERA5 time series across sites were highly correlated 
(0.9972), but correlations with in situ data were weaker, with 
moderate correlations for Foyel (~ 0.42) and virtually no 
correlation for Chucao (0.0037). 

3.1.3. Vapor pressure deficit (VPD) 
Mean VPD (Figure 1 c) was consistently higher in Chucao 

than at the Foyel locations throughout the entire study period, 
with particularly pronounced differences during January and 
February. Within Foyel, VPD values were similar across all sites. 

ERA5 underestimated the mean VPD in Chucao and 
overestimated it at the Foyel locations, with the greatest 
discrepancies in North and South Foyel, while Ridge Foyel 
showed better agreement. 

Correlation analysis (Supplementary material 2) revealed 
significant correlations in all-time series, with confidence 
intervals clearly distinct from zero. Correlations within the 
different Foyel locations were very high (> 0.99), indicating 
strong internal consistency, while correlations between Foyel 
(regardless of location) and Chucao were much lower (~ 0.27). 
ERA5 time series were highly correlated across sites (0.9988), but 
correlations with in situ data were weaker, with slightly higher 
(though still low) correlations for Foyel (~ 0.231) than Chucao 
(0.1485). 

VPD amplitude (Figure 1 f) was higher at the Foyel locations 
than in Chucao throughout the study period, although the 
highest absolute values were recorded in Chucao. North and 
Ridge Foyel showed similarly high amplitudes compared to 
South Foyel, which consistently displayed the lowest amplitude, 

 

Figure 2. Filtered time series of temperature, relative humidity, and vapor pressure deficit measurements from the North Foyel thermohygrometers. The first 
row (Panels a, b, and c) presents the moving average of the daily mean, calculated using the Gabor wavelet. The second row (Panels d, e, and f) depicts the 
amplitude, and the third row (Panels g, h, and i) shows the phase as the hour of the day when the maximum occurs. References: 1.5 m = plots with 30 % of 
thinning intensity, leaving a 3.0 m space for intact vegetation on the sides; 2.5 m = plots with 50 % of thinning intensity, with the remaining vegetation being 
2.0 m wide; 3.5 m = plots with 70 % of thinning intensity, with the remaining vegetation being 1.0 m wide; C = control plot, vegetation was left uncut (0 % 
removal). 
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consistent with a more stable and sheltered environment. ERA5 
underestimated the VPD amplitude at all Foyel locations and 
showed larger discrepancies in Chucao than in Foyel. 

Correlation analysis (Supplementary material 2) confirmed 
significant correlations across all-time series, with confidence 
intervals clearly distinct from zero. Correlations among the Foyel 
locations remained high (> 0.99), while correlations between 
these locations and Chucao were around 0.34. The ERA5 time 
series between the sites (Foyel vs. Chucao) were strongly 
correlated (0.9988), but correlations with in situ data were 
predominantly negative, with stronger negative correlations for 
Foyel (−0.73) than for Chucao (−0.2412). 

The phase of Vapor Pressure Deficit (VPD) (Figure 1 i) 
followed similar trends to the temperature phase, showing 
variation in the time of day when the VPD maximum occurred. 
Differences of 1–2 hours were observed between locations/sites, 
and approximately 3 hours between weather station data and 
ERA5 reanalysis. During the study period, North Foyel exhibited 
the latest daily maximum VPD, followed by Chucao (with similar 
timing), South, and Ridge Foyel. This pattern remained 

consistent across sites and locations. ERA5 consistently 
predicted earlier maximum VPD (1–3 hours earlier) than those 
observed by the weather stations, regardless of locations/site. 

Correlation analysis of phase shifts (Supplementary material 
2) showed significant correlations across the time series, with 
some negative values. Correlations within the Foyel locations 
were consistently high (> 0.99), while correlations between sites 
were lower (~ 0.28). ERA5 time series across sites were highly 
correlated (0.9975), but correlations with local data were weaker, 
with moderate correlations for Foyel (~ 0.41) and low 
correlations for Chucao (~ 0.2354). 

3.2. Effect of thinning treatments on microclimatic conditions 

Thermohygrometric data across the different thinning 
intensity treatments in North and South Foyel showed significant 
differences in mean air temperature, relative humidity, VPD, and 
their respective amplitudes and phases (Figure 2 and Figure 3). 
Despite these differences, variation patterns were consistent 
across all treatments and locations, as visually observed in the 
aforementioned figures and supported by the correlation analysis 

 

Figure 3. Filtered time series of temperature, relative humidity, and vapor pressure deficit measurements from South Foyel thermohygrometers. The first row 
(Panels a, b, and c) presents the moving average of the daily mean, calculated using the Gabor wavelet. The second row (Panels d, e, and f) depicts the 
amplitude, and the third row (Panels g, h, and i) shows the phase as the hour of the day when the maximum occurs. References: 1.5 m = plots with 30 % of 
thinning intensity, leaving a 3.0 m space for intact vegetation on the sides; 2.5 m = plots with 50 % of thinning intensity, with the remaining vegetation being 
2.0 m wide; 3.5 m = plots with 70 % of thinning intensity, with the remaining vegetation being 1.0 m wide; C = control plot, vegetation was left uncut (0 % 
removal). 
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(Supplementary material 3) between treatments within the same 
location and between identical treatments across locations. The 
results for each meteorological variable are described below. 

3.2.1. Temperature 
In North Foyel, mean air temperature (Figure 2 a) was higher 

and more stable across dates (narrower confidence intervals) in 
the Control treatment (C) compared to the thinning treatments. 
In the intermediate thinning treatment (2.5 m strip width), wider 
confidence intervals were observed, indicating greater variation 
between dates. All treatments followed a similar general pattern, 
with the largest discrepancies between the Control and the 
thinned treatments occurring during the warmer months (mid-
January and March). 

Daily temperature amplitude (Figure 2 b) was lower in the 
Control than in other treatments, particularly from mid-January 
to March. Regarding the temperature phase (Figure 2 g), peak 
temperatures varied by treatment, with the highest thinning 
intensity (3.5 m strips) reaching the daily temperature peak 
earliest (around 4:30 PM), and the intermediate thinning (2.5 m) 
peaking latest (around 5:30 PM). 

In South Foyel, the lowest thinning intensity (1.5 m strips) 
showed significantly higher mean temperatures, differing 
significantly only from the Control (Figure 3 a). The other 
treatments exhibited similar mean temperatures. Temperature 
amplitude (Figure 3 d) was highest in the highest thinning 
intensity treatment (3.5 m), followed by the narrower strip 
widths, which were similar to each other. As in North Foyel, the 
Control had the lowest amplitude. Regarding temperature phase 
(Figure 3 g), the different treatments showed similar values until 
mid-January, when the 3.5 m treatment showed a delay of 30 
minutes to 1 hour, relative to the 1.5 m treatment. That is, on 
this site, the highest thinning intensity treatment had the latest 
daily temperature peak, opposite to what was observed in North 
Foyel. The intermediate (2.5 m) and Control treatments had 
intermediate peak timing between the two extremes of thinning 
intensity. 
Correlation coefficients indicated significant variability in 
temperature metrics between treatments and sites 
(Supplementary material 3). In North Foyel, strong positive 
correlations were observed between the Control and the highest 
thinning intensity (3.5 m), while correlations between the Control 
and intermediate intensities (1.5 m and 2.5 m) were moderate to 
low. In South Foyel, correlations between treatments were 
generally higher, with particularly strong values between the 
Control and 3.5 m, similar to North Foyel. For temperature 
amplitude, the highest correlations in North Foyel were found 
between the two lowest thinning intensities (1.5 m and 2.5 m). 
For temperature phase, correlations were moderate to high 
within each site, with the highest values between the Control and 
the 2.5 m treatments in South Foyel. 

3.2.2. Air relative humidity (RH) 
In North Foyel, the Control treatment (C) consistently 

showed lower relative humidity compared to the thinning 
treatments, with statistically significant differences for most of 
the study period (Figure 2 b). Thinning treatments did not differ 
significantly from each other in terms of the mean relative 
humidity. The amplitude analysis (Figure 2 e) revealed 
comparable values across treatments, except for the Control, 
which showed lower amplitudes. A steady decrease in humidity 
amplitude was observed during January, followed by a brief 
increase and a gradual decline through April. Regarding phase, 
the highest thinning intensity treatment (3.5 m strips) reached its 
humidity peak one hour earlier than the 2.5 m treatment, with 

the 1.5 m and Control treatments showing intermediate values, 
statistically distinct from the extremes. 

In South Foyel, the mean relative humidity values were similar 
across the treatments, except for the 3.5 m treatment, which 
showed a more variable pattern. Significant differences were 
observed during January and from mid-February to April, with 
this treatment showing a notable reduction in mean humidity 
toward the end of the study period. Overall, the 1.5 m and 
Control treatments were more similar to each other than to the 
others. Relative humidity amplitude was highest for the 3.5 m 
treatment until early February, after which it showed the lowest 
amplitude (Figure 3 e). For phase (Figure 3 h), the 3.5 m 
treatment showed a statistically significant delay in its humidity 
peak compared to the other treatments until the end of January. 
Toward the end of the study, both the 3.5 m and 1.5 m 
treatments reached their peak one hour later than the Control 
and 2.5 m treatments. 

Correlation analysis showed strong correlations for mean RH 
values in several treatment pairs, particularly between the Control 
and the 3.5 m treatment in North Foyel. Amplitude correlations 
were also highest between the Control and the 3.5 m treatment 
at this site, while phase correlations were generally moderate to 
high within each site. 

3.2.3. Vapor pressure deficit (VPD) 
Driven by higher temperatures, in North Foyel, the Control 

treatment (C) showed the highest mean VPD, followed by the 
2.5 m, 1.5 m, and 3.5 m thinning treatments (Figure 2 c). All 
treatments displayed similar variation patterns. The amplitude 
analysis showed clear differences between all thinning treatments 
and the Control, with the latter displaying higher amplitudes at 
the beginning and the end of the study period. All treatments 
reached peak VPD amplitudes during February (Figure 2 f). 
Regarding phase, the 2.5 m treatment exhibited a significant delay 
(~ 1 hour) compared to the 3.5 m treatment, while the 1.5 m and 
the Control treatments also differed significantly, though with 
smaller delays (Figure 2 i). 

In South Foyel, mean VPD values were similar across 
treatments (Figure 3 c), with comparable variation patterns. The 
amplitude analysis (Figure 3 f) revealed that the 3.5 m treatment 
had the highest amplitudes, while the 2.5 m treatment showed 
the lowest and most variable amplitudes, with no significant 
differences from the 1.5 m and the Control treatments. These 
two treatments showed only slight amplitude differences over 
the course of the study. No significant differences were observed 
in VPD phase values (Figure 3 i), except for the 3.5 m treatment, 
which exhibited a slight delay compared to the 2.5 m and the 
Control treatments in mid-February. The most pronounced 
discrepancy was observed in the lowest thinning intensity 
treatment (1.5 m), which reached the daily VPD peak 
approximately one hour later than the other treatments, from late 
January to the end of the study. 

Correlation analysis indicated strong correlations for mean 
VPD values between treatments within each site, with the highest 
correlation observed between the Control and the 2.5 m 
treatments in South Foyel. Amplitude correlations were 
strongest among the lower-intensity thinning treatments, such as 
between 1.5 m and 2.5 m in North Foyel, while phase 
correlations were moderate but consistent across treatments 
within each site (Supplementary material 3). 
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4. DISCUSSION AND CONCLUSIONS 

This study demonstrates the significant influence of local 
topography, vegetation structure, and thinning practices on 
microclimatic conditions in mixed temperate forests of Northern 
Patagonia. The key findings highlight the interplay between 
climatic patterns and site-specific factors, such as altitude, slope 
exposure, and forest structure. Differences in temperature, 
relative humidity, and vapor pressure deficit across sites illustrate 
the critical role of these variables in shaping local climatic 
variability. 

Clear and consistent differences were observed between the 
South, North, and Ridge Foyel, and the Chucao sites, attributable 
to altitude and exposure. Ridge Foyel exhibited higher 
temperatures and thermal amplitudes, with higher VPD values 
during summer, likely reflecting greater solar exposure. It also 
showed higher mean temperatures and lower RH, indicating a 
warmer and drier microclimate. Contrary to expectations, the 
VPD in Chucao was not consistently lower, despite the dense 
canopy typically associated with more humid environments [12]. 
This suggests that factors such as altitude and slope exposure 
may override canopy effects on VPD under certain conditions, 
highlighting the complexity of climatic interactions and the need 
for site-specific investigations. These results are consistent with 
previous studies documenting temperature and moisture 
retention variations driven by elevation [39], [40]. 

The hourly phase differences in maximum air temperature, 
relative humidity, and VPD among sites further support the 
influence of topography and orientation, confirming that terrain 
and exposure strongly shape climate, which is key to 
understanding vegetation dynamics patterns. 

The comparison between climatic reanalysis data and site-
specific field measurements revealed that ERA5 underestimated 
the mean temperatures at some sites (e.g., Chucao) and 
overestimated them in some Foyel locations, showing low 
correlation with local station data. ERA5 consistently 
underestimated both temperature and VPD amplitudes. The 
hourly phases of the different variables also differed between 
ERA5 and in situ measurements, confirming the model’s lack of 
accuracy at the site scale. Additionally, ERA5 showed high 
coherence between sites but low sensitivity to real topographic 
differences. This demonstrates that widely used global reanalysis 
models have limitations and do not adequately reflect local 
climatic heterogeneity, especially in mountainous and structurally 
complex forest environments, in line with findings by [41]. 
Reanalysis products, such as ERA5, which combine observations 
with numerical climate models, have a fixed spatial resolution 
(~ 30 km for ERA5), limiting their ability to capture complex 
climates driven by topography, altitude, exposure, and vegetation 
cover. Authors like [42] emphasized that global models generally 
smooth climatic gradients in mountainous regions, and that 
interpolation based on weather stations performs better locally 
only when station density is high, which is often not the case in 
remote areas such as Northwestern Patagonia. 

Consistent with the observations of this study, [43] validated 
ERA5-Land (with higher spatial resolution than ERA5), using 
observations in various mountain regions, and found that, while 
average temperature aligned reasonably well, relative humidity 
and VPD showed greater deviations, especially in areas with 
strong topographic heterogeneity. Likewise, in environments 
such as the Patagonian Andes, [44] observed that ERA5 captured 
regional trends adequately but failed to reflect intra-site 
variability and differences between understory and open areas. In 

such cases, combining ERA5 with in situ sensors at selected 
geographic points is key. Another relevant example is the study 
by [45], where ERA5 was combined with field measurements to 
model water stress in European temperate forests, highlighting 
the need to adjust ERA5 VPD estimates to reflect real conditions 
under the canopy. 

Despite the aforementioned limitations, ERA5 remains a 
useful tool in mountainous areas when combined with local 
sensors for calibration or bias correction, when used to identify 
regional patterns and climatic anomalies (e.g., heatwaves or 
droughts), or when employed in eco-physiological or 
dendroclimatic models requiring continuous climatic variables 
over time. According to [46], temperate mountain forests in the 
Andean region of South America represent one of the largest and 
most continuous areas of natural deciduous forest globally. Due 
to their pronounced disturbance regimes and various 
successional stages, climatic zoning combined with meso- and 
microclimatic characterization is important for identifying 
occurrence thresholds of different species. 

The results provide partial support to affirm that high 
vegetation cover generates more stable microclimatic conditions. 
In general, unthinned (Control) treatments in both sites showed 
lower daily thermal amplitude, less variability in temperature 
between dates (confidence intervals around the mean), and 
greater RH stability compared to thinned treatments. These 
findings align with previous studies in temperate forests 
emphasizing the role of closed canopies in buffering temperature 
and humidity fluctuations [12]-[47]. However, VPD in the 
Control treatment also showed high confidence intervals around 
the mean (comparable to thinned treatments) and greater daily 
amplitudes at certain points in the growing season (beginning 
and end). 

Additionally, variations in the daily phase of climatic curves 
were observed, especially for temperature and VPD, suggesting 
differentiation in daily patterns under different canopy 
conditions. This pattern was also documented by [48], who 
observed shifts in the timing of the daily thermal peak following 
thinning treatments. 

An important aspect to consider is that the size and shape of 
canopy openings can influence the degree of microclimatic 
modification. In this regard, [49] demonstrated that elongated or 
circular shapes and gaps of 150 and 300 m² generate distinct—
though moderate—microclimatic effects in mature forests. 
While gap shape was not explicitly evaluated in this study, the 
more intense thinning treatments, equivalent to larger openings, 
produced greater microclimatic fluctuations, reinforcing the 
importance of these structural variables. 

Nevertheless, the behavior of some treatments was not 
consistent between sites, providing support to affirm that the 
interaction between management practices and regional climatic 
patterns is influenced by topography. Specifically, the 1.5 m 
treatment in South Foyel exhibited higher mean temperatures 
and later thermal phases than expected, in contrast with North 
Foyel. This difference likely reflects factors such as solar 
exposure and altitude, which have been widely reported as 
modulators of microclimate in mountainous regions [50], [51]. 
Consequently, these results reinforce the need to implement 
adaptive forest management approaches that account for both 
regional climatic context and microsite-specific conditions. 
Experiences in temperate regions such as the European Alps and 
the Pacific Northwest of the U.S. demonstrate the applicability 
of this approach, integrating silvicultural practices with 
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objectives of climate resilience, biodiversity conservation, and 
climate change mitigation [52], [53]. 

Finally, this study underscores the importance of advancing 
research that explores the long-term microclimatic effects of 
thinning, incorporating broader ecological gradients, different 
sizes, shapes, and spatial orientations of interventions, and 
technologies such as remote sensing, to develop more effective 
and scalable management strategies for the conservation and 
sustainable use of temperate forest ecosystems. 
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Supplementary material 1  

Gabor atoms transform detail 
The Gabor atom consists of a trigonometric sinusoidal 

function multiplied by a sliding Gaussian window function 
(Gabor, 1946), so the estimated amplitude is the result of the 
convolution between the vector with data and the complex 
Gabor function: 

𝑔(𝑡) = 𝑎 e
− 

(𝑡−𝑡0)2

2 𝜎2  ei 2 π 𝑓(𝑡−𝑡0) , A(1) 

where 𝑎 is the amplitude, 𝑡 is the time variable in days, 𝑡0 is the 

centre or mean time of the function, 𝜎 is the standard deviation 

controlling the spread of the function, 𝑓 is the frequency, and i 
is the imaginary unit. At each position in time (𝑡), the amplitude 

(𝑎) can be estimated as the inner product between the time series 

𝑅, and the Gabor function (𝑔(𝑡)), divided by the square of the 
norm of the Gabor function: 

𝑎(𝑡) =  
< 𝑅, 𝑔(𝑡) >

‖𝑔(𝑡)‖2
 . A(2) 

The phase (𝜑), on the other hand, is the arctangent of the 

quotient between the imaginary (𝑎𝑖) and the real (𝑎𝑟) part of the 
sinusoidal function: 

𝜑(𝑡)  =  arctan (
𝑎𝑖

𝑎𝑟

) . A(3) 

The trigonometric functions were cosines for the real part and 
sines for the imaginary, with a frequency of 1/day. To transform 
the phase into day hours, the phase must be divided by 2 π and 
multiplied by 24. So, the peak of each variable in time was: 

𝑀(𝑡) =
24 𝜑(𝑡)

2 π
 . A(4) 

To smooth the results, the sliding Gaussian window of the 
Gabor function had a standard deviation of three days and was 
slid 15 minutes in each step of the convolution to keep a good 
time resolution. The mean was computed by applying a low-pass 
filter, retaining low-frequency variability by removing wavelet 
components with frequencies exceeding 1/15 days. For the 
circadian cycle analysis of temperature, relative moisture, and 
VPD, a 24-hour bandpass Gabor filter was employed, preserving 
only wavelet components with a frequency of 1/day [1/(24 
hours)] throughout the entire time series. 
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Supplementary material 2  
Mean, amplitude and phase Pearson’s correlation coefficients (minimum, maximum values) for IC between different 

meteorological stations and/or ERA5 model for each one of the studied variables (Temperature, Air Relative Humidity and Vapor 
Pressure Deficit = VPD) at each site.  

Meteorological stations 
Temperature 

Mean Amplitude Phase 

Foyel ERA5-Chucao ERA5 0.9988 (0.9985, 0.9989) 0.9979 (0.9977, 0.9981) 0.9988 (0.9981,0.9989) 

Foyel ERA5- Ridge Foyel  0.2567 (0.2218, 0.2908) -0.6089 (-0.6316, -0.5852) -0.4038 (-0.4502, -0.3698) 

Foyel ERA5- North Foyel 0.2567 (0.2219, 0.2908) -0.6104 (-0.6330, -0.5867) -0.4043 (-0.4483, -0.3676) 

Foyel ERA5-South Foyel 0.2568 (0.2220, 0.2909) -0.6134 (-0.6359, -0.5899) -0.3971 (-0.4433, -0.3622) 

Foyel ERA5-El Chucao 0.1903 (0.1546, 0.2254) -0.1581 (-0.1935, -0.1224) 0.3061 (0.1785,0.3387) 

Chucao ERA5-Ridge Foyel  0.2404 (0.2057, 0.2745)  -0.5803 (-0.6042, -0.5554) -0.4193 (-0.4651, -0.3874) 

Chucao ERA5- North Foyel 0.2404 (0.2057, 0.2745) -0.5821 (-0.6059, -0.5573) -0.4202 (-0.4632, -0.3853) 

Chucao ERA5-South Foyel  0.2405 (0.2057, 0.2746)  -0.5856 (-0.6092, -0.5609) -0.4126 (-0.4580, -0.3797) 

Chucao ERA5-El Chucao 0.1775 (0.1418, 0.2128)  -0.1367 (-0.1723, -0.1007) 0.2814 (0.1520,0.3145) 

Ridge Foyel- North Foyel 0.9999 (0.9999, 0.9999) 0.9972 (0.9970, 0.9974) 0.9972 (0.9970,0.9974) 

Ridge Foyel – South Foyel 0.9998 (0.9997, 0.9998) 0.9916 (0.9910, 0.9922) 0.9916 (0.9910,0.9922) 

Ridge Foyel filo-El Chucao 0.2736 (0.2396, 0.3069)  0.3442 (0.3118, 0.3759) 0.2724 (0.2384,0.3564) 

North Foyel – South Foyel 0.9998 (0.9998, 0.9999) 0.9944 (0.9940, 0.9948) 0.9943 (0.9939,0.9948) 

North Foyel -El Chucao 0.2735 (0.2395, 0.3068) 0.3442 (0.3118, 0.3759) 0.2724 (0.2384,0.3565) 

South Foyel -El Chucao 0.2733 (0.2393, 0.3066) 0.3442 (0.3118, 0.3759) 0.2734 (0.2394,0.3567) 
 Air relative humidity 

 Mean Amplitude Phase 

Foyel ERA5-Chucao ERA5 0.9993 (0.9988,0.9993) 0.9989 (0.9988,0.9990) 0.9964 (0.9957,0.9966) 

Foyel ERA5- Ridge Foyel  -0.2060 (-0.2406, -0.1708) -0.7415 (-0.7574, -0.7247) 0.4197 (-0.4165,0.4492) 

Foyel ERA5- North Foyel -0.2060 (-0.2406, -0.1708) -0.7433 (-0.7591, -0.7266) 0.4152 (-0.4270,0.4449) 

Foyel ERA5-South Foyel -0.2061 (-0.2407, -0.1709) -0.7469 (-0.7626, -0.7304) 0.4112 (-0.4092,0.4410) 

Foyel ERA5-El Chucao -0.1227 (-0.1584, -0.0865) -0.5306 (-0.5563, -0.5039) -0.0517 (-0.0879,0.3804) 

Chucao ERA5-Ridge Foyel  -0.2013 (-0.2361, -0.1660) -0.7282 (-0.7448, -0.7106) 0.4744 (-0.4678,0.5021) 

Chucao ERA5- North Foyel -0.2014 (-0.2361, -0.1660) -0.7300 (-0.7466, -0.7125) 0.4701 (-0.4783,0.4980) 

Chucao ERA5-South Foyel  -0.2014 (-0.2361, -0.1660) -0.7337 (-0.7501, -0.7164) 0.4659 (-0.4607,0.4939) 

Chucao ERA5-El Chucao -0.1170 (-0.1531, -0.0806) -0.5132 (-0.5396, -0.4859) 0.0037 (-0.0327,0.3330) 

Ridge Foyel- North Foyel 0.9999 (0.9999,0.9999) 0.9972 (0.9970,0.9974) 0.9972 (0.9963,0.9974) 

Ridge Foyel – South Foyel 0.9998 (0.9997,0.9998) 0.9916 (0.9910,0.9922) 0.9917 (0.9908,0.9923) 

Ridge Foyel filo-El Chucao 0.2736 (0.2396,0.3069) 0.3441 (0.3116,0.3758) 0.4137 (0.2015,0.4434) 

North Foyel – South Foyel 0.9998 (0.9998,0.9999) 0.9944 (0.9940,0.9948) 0.9945 (0.9930,0.9949) 

North Foyel -El Chucao 0.2735 (0.2395,0.3068) 0.3441 (0.3116,0.3758) 0.4132 (0.1999,0.4429) 

South Foyel -El Chucao 0.2733 (0.2393,0.3067) 0.3441 (0.3116,0.3758) 0.4126 (0.2033,0.4424) 
 VPD 

 Mean Amplitude Phase 

Foyel ERA5-Chucao ERA5 0.9992 (0.9988,0.9993) 0.9998 (0.9998,0.9998) 0.9975 (0.9966,0.9977) 

Foyel ERA5- Ridge Foyel  0.2312 (0.1963,0.2655) -0.7352 (-0.7515, -0.7180) -0.4126 (-0.4721, -0.3723) 

Foyel ERA5- North Foyel 0.2313 (0.1963,0.2656) -0.7365 (-0.7527, -0.7193) -0.4161 (-0.4703, -0.3703) 

Foyel ERA5-South Foyel 0.2314 (0.1964,0.2657) -0.7390 (-0.7551, -0.7219) -0.4060 (-0.4638, -0.3632) 

Foyel ERA5-El Chucao 0.1587 (0.1226,0.1943) -0.2388 (-0.2729, -0.2041) 0.2799 (0.1604,0.3131) 

Chucao ERA5-Ridge Foyel  0.2213 (0.1857,0.2563) -0.7323 (-0.7487, -0.7149) -0.4584 (-0.5158, -0.4201) 

Chucao ERA5- North Foyel 0.2214 (0.1857,0.2564) -0.7335 (-0.7499, -0.7161) -0.4620 (-0.5139, -0.4182) 

Chucao ERA5-South Foyel  0.2215 (0.1858,0.2565) -0.7358 (-0.7521, -0.7186) -0.4519 (-0.5076, -0.4112) 

Chucao ERA5-El Chucao 0.1485 (0.1124,0.1841) -0.2412 (-0.2753, -0.2065) 0.2354 (0.1144,0.2695) 

Ridge Foyel- North Foyel 0.9999 (0.9999,0.9999) 0.9972 (0.9970,0.9974) 0.9971 (0.9969,0.9974) 

Ridge Foyel – South Foyel 0.9998 (0.9997,0.9998) 0.9916 (0.9910,0.9922) 0.9918 (0.9910,0.9924) 

Ridge Foyel filo-El Chucao 0.2736 (0.2396,0.3070) 0.3444 (0.3120,0.3761) 0.2801 (0.2462,0.3587) 

North Foyel – South Foyel 0.9998 (0.9998,0.9999) 0.9944 (0.9940,0.9948) 0.9943 (0.9939,0.9948) 

North Foyel -El Chucao 0.2735 (0.2396,0.3069) 0.3444 (0.3120,0.3761) 0.2800 (0.2461,0.3588) 

South Foyel -El Chucao 0.2734 (0.2394,0.3067) 0.3444 (0.3120,0.3761) 0.2810 2472,0.3590) 
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Supplementary material 3 
Mean, amplitude and phase Pearson’s correlation coefficients (minimum, maximum values) for IC between thermohydrometers 

of different locations within North and South Foyel sites for each one of the studied variables (Temperature, Air Relative Humidity 
and Vapor Pressure Deficit = VPD). References: 1.5 m = plots with 30 % of thinning intensity, leaving a 3.0 m space for intact 
vegetation on the sides; 2.5 m = plots with 50 % of thinning intensity, with the remaining vegetation being 2.0 m wide; 3.5 m = plots 
with 70 % of thinning intensity, with the remaining vegetation being 1.0 m wide; C = control plot, vegetation was left uncut (0 % 
removal); North = North Foyel; South = South Foyel. 

Termohygrometers 
Temperature 

Mean Amplitude Phase 

North C-North 1.5 m 0.6106 (0.4697,0.6330) 0.6624 (0.4929,0.6823) 0.511 (0.4828,0.5460) 

North C-North 2.5 m 0.4102 (0.3249,0.5470) 0.6089 (0.4929,0.6313) 0.5105 (0.4824,0.5460) 

North C-North 3.5 m 0.9601 (0.9165,0.9954) 0.9952 (0.9700,0.9955) 0.995 (0.9941,0.9954) 

North C-South C 0.3921 (0.2617,0.5199) 0.6266 (0.4702,0.6482) 0.5015 (0.4702,0.5282) 

North 1.5 m-North 2.5 m 0.9203 (0.9145,1.0000) 0.9971 (0.9377,1.0000) 1 (0.9992,1.0000) 

North 1.5 m-North 3.5 m 0.6268 (0.4542,0.6484) 0.6676 (0.4805,0.6873) 0.5114 (0.4840,0.5460) 

North 1.5 m-South 1.5 m 0.6463 (0.4449,0.6670) 0.6566 (0.4838,0.6769) 0.5113 (0.4840,0.5460) 

North 2.5-mNorth 3.5 m 0.4269 (0.3967,0.5470) 0.6131 (0.4805,0.6353) 0.5108 (0.4834,0.5460) 

North 2.5 m-South 2.5 m 0.8765 (0.7411,0.9627) 0.9638 (0.8864,0.9663) 0.96 (0.9561,0.9627) 

North 3.5 m-South 3.5 m 0.3742 (0.2161,0.5259) 0.633 (0.4702,0.6544) 0.7214 (0.7017,0.7421) 

South C-South 1.5 m 0.4105 (0.3798,0.5199) 0.6225 (0.4614,0.6443) 0.5019 (0.4697,0.5286) 

South C-South 2.5 m 0.9244 (0.7218,0.9907) 0.9888 (0.9029,0.9981) 0.9979 (0.9969,0.9981) 

South C-South 3.5 m 0.9819 (0.8165,0.9926) 0.9985 (0.9317,1.0000) 0.6444 (0.6073,0.6652) 

South 1.5 m-South 2.5 m 0.5714 (0.3624,0.5954) 0.7225 (0.4713,0.7395) 0.4912 (0.4619,0.5259) 

South 1.5 m-South 3.5 m 0.3739 (0.2182,0.5259) 0.6249 (0.4702,0.6466) 0.7129 (0.6917,0.7333) 

South 2.5 m -South 3.5 m 0.9152 (0.8232,0.9981) 0.9886 (0.9303,0.9981) 0.6378 (0.6087,0.6589) 

 
Air Relative Humidity 

Mean Amplitude Phase 

North C-North 1.5 m 0.4907 (0.4337,0.5470) 0.5544 (0.4929,0.5791) 0.4691 (0.4162,0.5460) 

North C-North 2.5 m 0.9824 (0.9811,0.9969) 0.5664 (0.4929,0.5906) 0.4812 (0.4336,0.5460) 

North C-North 3.5 m 0.9767 (0.9749,0.9954) 0.9962 (0.9796,0.9965) 0.9953 (0.9801,0.9961) 

North C-South C 0.5109 (0.4512,0.5373) 0.579 (0.4702,0.6027) 0.4787 (0.4214,0.5249) 

North 1.5 m-North 2.5 m 0.4888 (0.4606,0.5470) 0.9995 (0.9559,1.0000) 0.999 (0.9807,1.0000) 

North 1.5 m-North 3.5 m 0.4847 (0.4563,0.5470) 0.5538 (0.4847,0.5785) 0.475 (0.4463,0.5456) 

North 1.5 m-South 1.5 m 0.494 (0.4660,0.5470) 0.5533 (0.4841,0.5780) 0.4807 (0.4522,0.5460) 

North 2.5-mNorth 3.5 m 0.996 (0.9868,0.9985) 0.5656 (0.4847,0.5898) 0.4856 (0.4573,0.5456) 

North 2.5 m-South 2.5 m 0.5623 (0.5228,0.6056) 0.9619 (0.8957,0.9645) 0.9531 (0.9221,0.9625) 

North 3.5 m-South 3.5 m 0.6091 (0.4713,0.6315) 0.5413 (0.4426,0.5666) 0.6676 (0.6036,0.7415) 

South C-South 1.5 m 0.5162 (0.4593,0.5424) 0.5784 (0.4618,0.6021) 0.4934 (0.4570,0.5249) 

South C-South 2.5 m 0.8266 (0.8147,0.8544) 0.9886 (0.9149,0.9981) 0.992 (0.9686,0.9981) 

South C-South 3.5 m 0.7378 (0.6972,1.0000) 0.7752 (0.5441,1.0000) 0.6902 (0.5726,0.7088) 

South 1.5 m-South 2.5 m 0.5742 (0.5330,0.6143) 0.6767 (0.4713,0.6959) 0.4192 (0.3541,0.5259) 

South 1.5 m-South 3.5 m 0.6156 (0.4713,0.6377) 0.536 (0.4362,0.5615) 0.6753 (0.5942,0.7333) 

South 2.5 m -South 3.5 m 0.572 (0.5315,0.8544) 0.7525 (0.5447,0.9981) 0.6224 (0.5739,0.6526) 

 
VPD 

Mean Amplitude Phase 

North C-North 1.5 m 0.5727 (0.2054,0.5967) 0.6854 (0.4929,0.7042) 0.5123 (0.4842,0.5460) 

North C-North 2.5 m 0.9484 (0.6840,0.9969) 0.6473 (0.4929,0.6679) 0.5042 (0.4759,0.5460) 

North C-North 3.5 m 0.5491 (0.3350,0.5740) 0.9916 (0.9741,0.9961) 0.9959 (0.9951,0.9962) 

North C-South C 0.7545 (0.3785,0.7697) 0.584 (0.4702,0.6074) 0.4915 (0.4623,0.5249) 

North 1.5 m-North 2.5 m 0.6808 (0.3503,0.6998) 0.998 (0.9141,1.0000) 0.9999 (0.9992,1.0000) 

North 1.5 m-North 3.5 m 0.5521 (0.1983,0.5769) 0.7078 (0.4816,0.7255) 0.5122 (0.4848,0.5456) 

North 1.5 m-South 1.5 m 0.7232 (0.3230,0.7401) 0.691 (0.4874,0.7095) 0.5128 (0.4855,0.5460) 

North 2.5-mNorth 3.5 m 0.6984 (0.3381,0.7165) 0.6688 (0.4816,0.6884) 0.5039 (0.4763,0.5456) 

North 2.5 m-South 2.5 m 0.8626 (0.5295,0.8716) 0.9579 (0.8370,0.9625) 0.9588 (0.9550,0.9625) 

North 3.5 m-South 3.5 m 0.3566 (0.2956,0.3925) 0.6162 (0.4698,0.6383) 0.7217 (0.7018,0.7415) 

South C-South 1.5 m 0.8794 (0.2488,0.8874) 0.5877 (0.4649,0.6110) 0.4921 (0.4641,0.5249) 

South C-South 2.5 m 0.8633 (0.3767,0.8723) 0.9474 (0.8458,0.9981) 0.9977 (0.9970,0.9981) 

South C-South 3.5 m 0.6479 (0.3680,0.7820) 0.9962 (0.9378,1.0000) 0.6398 (0.6074,0.6608) 

South 1.5 m-South 2.5 m 0.878 (0.5165,0.8861) 0.7829 (0.4713,0.7966) 0.4834 (0.4540,0.5259) 

South 1.5 m-South 3.5 m 0.4281 (-0.0111,0.4574) 0.6046 (0.4702,0.6272) 0.7147 (0.6926,0.7333) 

South 2.5 m -South 3.5 m 0.5321 (0.2560,0.5992) 0.9578 (0.9362,0.9981) 0.6277 (0.6051,0.6526) 
 


