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Abstract: The goal of this work is to compare the main air turbulence characteristics of two common
areas in the Amazonian landscape: a dense forest (rough surface) and a water surface (smooth
surface). Using wind components data collected at high frequency by sonic anemometers located
just above these surfaces, turbulence intensity and power spectra, temporal and length scales of the
eddies, as well as the main terms of the TKE budget (TKE = turbulent kinetic energy) were evaluated
for each surface type. The results showed that in general, the air turbulence intensity above the
forest was higher than above the lake during the daytime, due to the high efficiency of the forest in
absorbing the momentum of the turbulent flow. During the nighttime, the situation was reversed,
with greater air turbulence intensity above the lake, except in some periods in which intermittent
turbulence bursts occured above the forest.

Keywords: amazon forest; smooth and rough surfaces; TKE budget; turbulence

1. Introduction

It is known that the structure of atmospheric turbulence in the surface boundary layer
will depend on the degree of surface roughness [1]. In the Amazon, surface roughness is
quite heterogeneous, since, in addition to the presence of the exuberant densely forested
lands, the presence of aquatic environments is very common, and there is great diversity of
these ecosystems, such as flooded forests, floodplains, igap6s (blackwater flooded forests
that remain flooded even during the dry season), and open and closed fields. The region,
during the high-water period (May-June), has a flooded area of 350,000 Km?, or about 20%
of the volume of the mainstream Amazon River [2].

It is assumed that for different Amazonian soil types there will be different processes
of turbulent exchanges between the surface and the atmosphere [3,4]. In addition, it is
known that turbulence processes in the atmospheric surface layer play a major role in
the transport of momentum, sensible and latent heat fluxes [5], particularly in the surface
layer where the turbulent fluxes are essential for mediating the interactions between the
atmosphere and surface.

Although the turbulent structures in horizontally homogeneous surface layers are well
known [6], for rough surfaces, as is the case of the Amazonian forest, a better understanding
of such structures is still needed. Research on this subject has been conducted for over
30 years in the Amazon region [7-13], but there are practically no studies that attempt to
understand the structure of turbulence above water surfaces such as lakes in this region [14].
Such lakes have the peculiarity of being frequently surrounded by primary forests.
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Turbulent flow power spectra are an important tool for determining the spatial and
time scales of the component eddies [15,16]. The spectra at the top of the canopy differ from
the spectra found at surface due to wake and wave effects over the canopy [17]. Studies
show that the spectral curves are more peaked above the forest than in a canonical spectrum,
possibly indicating that some variance is being lost due to the interaction of the wind flow
with the canopy for frequencies in the inertial sub-range [18-20]. Fitzjarrald et al. [7]
observed the —2/3 inertial sub-range above and within the upper half (region between
h/2 and h, where h is the top of the canopy) of the Amazon forest canopy. In the lower
canopy (region between h/2 and the forest floor) the spectra showed a relative deficit of
power at mid-frequencies and an excess at the highest frequencies without showing a clear
decay of —2/3 [8].

Above lakes, there are few studies that have reported how atmospheric turbulence is
organized, and this is the case even for non-tropical regions. Studies of Sahlee et al. [21]
taken at a Swedish lake show that the turbulence structure was highly influenced by the
surrounding land during daytime and the variance spectra of both horizontal velocity
and scalars during both unstable and stable stratification displayed a low frequency peak.
Turbulence spectra obtained from water side measurements from ADV (Acoustic Doppler
Velocimeter) in a shallow estuary followed the general shape of the curves and turbulent
power laws [22], however, the curves were all shifted toward higher frequencies and
showed spectral lag effects [23].

The goal of this work was to compare the main characteristics of the air turbulence
of two common areas in the Amazonian landscape: a dense forest (rough surface) and
a water surface (smooth surface). Using data from wind components collected at high
frequency, turbulence intensity and power spectra, temporal and length scales of the eddies,
as well as the main terms of the turbulent kinetic energy (TKE) budget were evaluated
for each surface type. These areas contribute significantly to the total energy, mass and
momentum budget in this region. The differences highlighted in this study are very
useful for modeling processes involving parameterizations above surfaces with different
roughness in the Amazon region.

2. Materials and Methods
2.1. Study Area

The data were collected at two sites located in the Brazilian Amazon. The first site
was K34 located in the Cuieiras Biological Reserve - Manaus (AM) and the second at the
Curué-Una Hydroelectric Power Plant located in Santarém (PA) (Figure 1). The Cuieiras
Biological Reserve is located in the Rio Negro Environmental Preservation Area — south
sector. Cuieiras is approximately 80 km North of Manaus and comprises about 10 thousand
ha (02°36/33"” S and 60°12'33" W) [24]. It is an undisturbed area with primary lowland
vegetation and is in the Igarapé Asu watershed. This area is reserved for ecological,
botanical and meteorological surveys. The Curua-Una dam is located in the Lower Amazon
River Basin (41,531.51 km?) in the Curua-Una River, at the waterfall Palhio (02°50'00” S
and 54°18'00” W), 70 km southeast of Santarém, in Paré State. The Curud-Una hydropower
plant was the second to be built in the Amazon and the reservoir was filled in 1977,
occupying an area of 72 km? at the operational level, has 30.3 MW capacity, and is 68 m
above sea level [25].
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Figure 1. Map with the location of two study sites: Cuieiras (dense forest) near Manaus (AM) and
Curué-Una (lake) near Santarém (PA), both located in the Amazon region.

2.2. Data

At the K34 site, 10 three-dimensional sonic anemometers (CSAT3 model, Campbell
Scientific Inc., Logan, UT, USA) were installed at 1.5, 7, 13.5, 18.4, 22.1, 24.5, 31.6, 34.9, 40.4
and 48.2 m above the ground during the period from April 2014 to January 2015, as part of
the GoAmazon project [26]. The data used in this work corresponds to the three highest
sonic anemometers. The wind components and the virtual sonic temperature data were
collected at a rate of 20 Hz.

Data from the Curud-Una (CU) site were collected during June 2015 to June 2016 from
a floating micrometeorological platform with a shape of a regular pentagon, four anchor
points, and a nearby floating power supply platform [14]. This platform was equipped with
high and low frequency sensors for both water and air measurements. In this study we
used data from the high frequency system (10 Hz) to measure the flux (open path EC 150—
Campbell Scientific, Inc.). The system consists of a gas analyzer that measures the absolute
densities of CO, and H;O, a sonic anemometer (CSAT3A—Campbell Scientific, Inc.), which
measures the orthogonal components of the wind and the sonic temperature. The system
is 3 m above the surface of the water. Complementarily, data from 2 two-dimensional sonic
anemometers (WindSonic, Gill Instruments Ltd., Lymington, UK), which provide wind
speed and direction at a rate of 4 Hz, were used. These anemometers were installed at 1.5
and 4.5 m on the floating buoy structure.

2.3. Data Quality Control and Methodology

From the available data, 4 days from each site were chosen: 13-16 September 2014
for the K34 site and 15-18 September 2015 for the CU site. The objective was to find
consecutive days where there was no interruption for an external reason (lack of power,
for example) and also days with similar atmospheric conditions (no rain and low cloud
cover). Once selected, the raw data were subjected to a tilt correction by the planar-fit
method [27], as well as the removal of spikes according to [28].

To describe the atmospheric turbulent flow at the K34 and CU sites, data were
calculated in intervals of 30 min, and the following equations were used: the wind
speed U = vu? +v?, where u and v are the zonal and meridional wind components,

respectively; the vertical velocity (w) standard deviation, 0y, = 1/ (w’)?, friction velocity,
e = [(W'w')? + ('w')?]}/4, sensible heat flux, H = pcpw'8},, where p is the air density, cp
is the air specific heat of dry air at constant pressure; 6y is the virtual potential temperature;
and the prime symbol indicates the variable value minus its mean. The drag coefficient,
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Cp = u2/U?[29,30]; and Monin-Obukhov stability parameter, z/L, where z is the height
and L is the Obukhov length, defined as:

[ = —Gvui

 kgw'd), @

where k is the von Karman constant (we assume k = 0.4) and g is the gravity acceleration.
In addition, other variables described below were measured.
The linear correlation coefficient between any two variables was calculated as:

A'B’
0A0B

rAB = 2

In our case A = w and B = u; T, where T is the air temperature. From this point
forward u was align with the mean wind vector [27]

The horizontal (A,) and vertical (A ) integral scales of the largest eddies were also
calculated, based on the u and w correlograms, respectively. Figure 2 shows an example of
how such scales were obtained after obtaining the autocorrelation according to Equation (3)
(which is derived from Equation (2)):

/ !
ra(g) = TOXUED) ©
UX
where x = u, w; ¢ is the time lag with respect to time, and the values of the integral scales
will be numerically equal to the area under the curve in the interval between t = 0 and t for
the first r root, i.e., where the curve touches the abscissa axis for the first time [16,17].
Therefore,

Av= [ @) d ()

Using the Taylor hypothesis we obtained the length scales of the largest eddies,
Ly = UA,.
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Figure 2. Vertical velocity correlogram. Autocorrelation was calculated for 30 min of data from each
site with a time lag every second. The circles represent the Ay values for both CU (red) and K34
(blue) sites. Such values are numerically equal to the areas formed under the curves of each site.
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Using the fast fourier transform (FFT) the w power spectra of the wind vertical (Sy)
and horizontal (S,) velocities were obtained. From S, and assuming the applicability of the
Taylor’s hypothesis as well as the spectral properties established by Kolmogorov, the TKE
dissipation rate was calculated according to the equation:

o 27‘[f5/252/2
 Uad/2

©)

where f is the frequency; S, is the u power spectra; and « = 0.55 is Kolmogorov’s con-
stant [17,22]. In order to select only values of S, that were inside the inertial subrange, we
used values of the frequency range 1.0 < f < 2.5 Hz[10,31].

In addition to €, two other TKE budget equation terms were calculated: buoyancy,
(g/0v)8},w', and wind shear production, (1/w’) %—g, where z is the height.

3. Results and Discussion

In general the turbulence intensity in the atmospheric boundary layer (ABL) presents
its highest values close to the surface [15], since momentum is extracted from the flow
at this surface. The results presented in Figure 3 show that the way the flow interacts
with the surface differs greatly between the rough surface, above the K34 forest canopy,
and the smooth surface, above the CU Lake. The figure also shows that the w values are
higher during the day and lower at night (Figure 3a,b), in both investigated sites. The same
behavior is observed for the horizontal wind speed (Figure 3c). The behaviors of the diurnal
cycles of U and w are expected in ABL since they present low values during the night, due
to the negative net radiation, and increase gradually during the day following the radiation
diurnal cycle.

When comparing the w values for K34 and CU it is observed that they were higher
above the forest during the day. However, during the night the behavior is reversed,
except for some short periods where the w values above the forest were very high. This is
characteristic of locations in the night phase of the ABL [10,11,32,33], including the Amazon
rainforest [34]. The interesting result is that these turbulence bursts are not present above
the lake, even when analyzing data from other nights not included in the current study.

The oy, values, which are associated with the turbulence intensity, are shown in
Figure 3d. It is observed that the 0y, values follow a similar trend to the w values, that is,
above the forest, they were higher for the daytime when compared to the lake. During the
night, although the turbulence intensity above the lake is weak, it is greater than above
the forest, except in those moments of intermittent turbulence mentioned above. Far from
these events the oy, values were very close to zero above the forest during the nighttime
period, but there was an increase of oy, values above the lake as the night progressed. It is
noted that the turbulence intensity is relatively high above the lake during the night-day
transition, and this behavior will be better explained in the next sections.

The U cycles were quite regular and presented a behavior that was repeated over time
with higher values during the daytime above the lake than over the forest canopy (Figure 3c).
This occurred even though the measurement height of this variable on the lake was closer to
the surface (3 m above CU surface and 5 m above the K34 canopy), and considering that the
wind is expected to increase with height in the surface layer [17,35-37].

Figure 3e shows the 1, time series. The behavior of this variable shows that although
the wind speed is higher above the lake during the day the u, values are much higher over
the forest in this period. This behavior may be related to the different capacities that each
surface presents in absorbing momentum and producing wind shear from the atmospheric
flow. During the night the u, values are close to zero for both sites.
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Figure 3. Time series of the w wind component (a,b), mean wind (c), w standard deviation (d) and
friction velocity (e) for K34 (blue) and CU (red) sites. The variables shown in (a,b) are sampled at 20
and 10 Hz, respectively. The variables shown in (c—e) correspond a 30 min average.

It is worth remembering that an important property of the roughness sub-layer above
the forest is the dependence of the organization of turbulence as a function of tree ar-
rangement [17,38]. Forest heterogeneity influences canopy efficiency in absorbing momen-
tum [31]. A good parameter for measuring the absorption rate of atmospheric momentum
flow through the forest is the correlation coefficient r,,,. When 7,4, has low values little
TKE is being converted to momentum flow. In contrast, if 7., has high values, then TKE is
being transformed into momentum flux quite efficiently. The values of r,, also indicate
the efficiency of the TKE transformation, but now, into H. Low values of ;7 indicate
low efficiency in transforming TKE into H and vice versa. Positive values of H and con-
sequently r,,1 indicate a heat flux whose direction is from the surface to the atmosphere,
while negative values indicate the opposite direction.

Thus, it can be seen from Figure 4a that the values of r,; (in modulus) were almost
always higher above the forest than above the lake, that is, the forest is more efficient
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in turning TKE into momentum flux. This result corroborates the higher values of u,
(momentum flux) above the forest (mainly during the day), where the horizontal wind
speeds were lower than above the lake.

075 T T T T T T T T T T T T T T T
05
0.25
0

rllW

06 12 18 00 06 12 18 00 06 12 18 00 06 12 18
Hour (Local Time)

Figure 4. (a) Correlation coefficient between 1 and w and (b) correlation coefficient between w and T
for K34 (blue) and CU (red) sites.

Figure 4b shows the correlation coefficient values between vertical wind speed and
temperature (r,r), and shows that the r,r values above the lake were almost always
positive (except for at 18 LT), unlike for the forest where they were positive during the day
and negative at night. During the day the 1 values were higher above the forest than
above the lake, as a consequence there is a considerably larger turbulent sensible heat flux
above the forest (Figure 5b). Over night times the behavior is exactly opposite, i.e., above
the lake the values of 7,7 (in module) are often higher than above forest and consequently
the sensible heat flux above the lake is greater.

Figure 5 shows the daily average values of the Monin-Obukhov stability parameter
(Figure 5a) and the sensible heat flux (H, Figure 5b) above the forest and lake. Overnight the
z/ L values show opposite signs above the lake and the forest. For the forest the z/ L values
were positive, indicating atmospheric stability, while for the lake z/L was negative, that
is, the atmosphere on this surface is unstable. During the day the z/L values are negative
and close to zero for both sites, indicating an atmospheric situation close to neutrality
(mechanical turbulence in equilibrium with thermal turbulence).

The H values (Figure 5b) corroborate the z/L values, i.e., above the lake they are
almost always positive (except at 18 LT), indicating that the lake was almost always
warmer than the air above it. While above the forest H values are positive during the day
and negative (close to zero) at night, as shown by several other studies [31,39]. One issue
that draws attention to H above the forest is the increase in this flux from the atmosphere
to the surface over time between 19-20 LT, the same time period for which intermittent
turbulence was noted (Figure 3). We believe that such intermittent events have the ability
to considerably increase sensible heat flux. According to Dias-Junior et al. [10] during
episodes of intermittent turbulence in the Amazonian nocturnal boundary layer, the H
values increased 5 times compared to the average values.
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Figure 5. Diurnal cycle of the Monin-Obukhov Stability Parameter (a) sensible heat flux (b) for K34
(blue) and CU (red) sites.

Many parameterizations of atmospheric models or questions involving turbulence
closure make it necessary to know the time and length scales of the eddies in the ABL,
and Table 1 lists these scales which were calculated during the daytime and nighttime
period at the K34 and CU sites. One variable that is used to precisely quantify surface
drag in a fluid environment is the drag coefficient (cp). This variable had values eight
times higher above the forest than above the lake during the day, and two times higher
during the night. In fact, the values of cp above the lake are practically the same during the
day and the night, unlike the cp values above the forest, which drastically reduce when
daytime values are compared with nighttime values. Since cp = u2/U? it is noted that
above the lake the u, values decrease similarly to the decrease of the U values, but above
the forest the decrease of 1, is greater than U from day to night.

The horizontal and vertical integral scales of the wind components were measured at
a single point during a certain period of time in this study, and represent the time in these
series needed to maintain a significant correlation with themselves [40,41]. The integral
scales presented higher values at the forest than those observed at the lake for both daytime
and nighttime conditions (see Table 1)

From the values of the time scales the length scales of eddies were obtained assuming
the validity of Taylor’s hypothesis, with the recognition that this hypothesis is not always
valid for forest areas, where, for the standard deviation of the mean wind velocity (cy,),
the relation o, < 0.5U is rarely observed. Shaw et al. [41], using a two-point measurement
system with varying spatial separation, hence being independent of Taylor’s hypothesis,
showed that single-point calculations match those using the two-point measurement in the
region z/h = 2-3 (where h is the canopy height).

The Ly, values ware higher for daytime than nighttime conditions, both above the
lake and above the forest. In addition, the L;, values above the forest were higher than the
values found above the lake, but the difference between them is relatively small. The L,
values also were higher for daytime than nighttime conditions, both above the lake and
above the forest. However, during the day the L, values were higher above the lake than
above the forest, unlike that observed for L.

The values of L, and L, found in this work indicate that even though the lake has
a lower surface roughness than the forest (Figure 3 and Table 1), and therefore less shear,
eddies above it have relatively similar lengths to eddies that populate the forest region.
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Table 1. Time and length scales of the turbulent flow in the atmospheric boundary layer for the K34
and CU site. The variables are: drag coefficient (Cp), integral scale of the horizontal (A,) and vertical
(Aw) component of the wind and length scale of the eddies for horizontal (L,) and vertical wind
component (Ly).

K34-Daytime CU-Daytime K34-Nighttime CU-Nighttime
Cp 0.08 +0.03 0.01 £ 0.005 0.02 £ 0.07 0.01 £ 0.007
Ay (s) 18.3 £ 15.6 16.6 +20.9 4.5+ 15.0 29 £111
Ay (s) 6.0+27 35+24 6.1+52 52+35
Ly (m) 35.24+28.2 48.0 + 60.8 53+17.3 23+93
Ly (m) 11.1£32 93+54 52 +8.6 46 £2.6

So far we have not found studies showing L, and L, values above lakes. This must be
related to the difficulty of making measurements using the eddy covariance technique over
this surface [42]. Above the forest the L, and L, values found here were comparable to
those found by [8] for forest canopy in the Amazon. Taking the average height of the forest
canopy at K34 as 35 m [26], the values of these length scales fit the pattern observed by [43],
who observed L, ~ h and Ly, ~ h/3 just above the canopy, studying different canopies.

The time and length scales calculated above refer to scales of eddies [17,40]. However,
the turbulent flow in the ABL encompasses different sized eddies, which distinctly con-
tribute to total kinetic energy of the flow [15], and to the power spectrum in function of
the frequency, which is a variable that describes such characteristics [15]. Figure 6 shows
composites of the w power spectra for the K34 and CU sites obtained during the daytime
and nighttime periods at each site. The behavior of these spectra present considerable
differences between the sites and even between the periods studied in a given site.

It is well documented and consolidated in the literature that the spectra of the wind
velocity components when plotted as a function of frequency have a linear decay region
with a coefficient of —5/3, called Kolmogorov’s five-third law of spectrums [6]. In this
region, called inertial sub-range, energy is neither produced or dissipated but transferred
to smaller and smaller scales [17]. At the K34 site this region is well defined during
the daytime and starts at f ~ 107! ~ 0.013 Hz, thus continuing to higher frequencies
(Figure 6a); in contrast, during the night period this decay only appears from f > 1 Hz
(Figure 6b).

Moraes et al. [20] studying the turbulence spectra and co-spectra in two areas in the
Amazon (one with forest and another deforested) observed that many of these spectra
obtained in wind conditions lower than 1 ms~! during the nighttime did not show the
decay of —5/3 in the inertial subrange. Kruijt at al. [8] found relative deficit of power at
mid-frequencies and an excess at the highest frequencies under conditions of atmospheric
stability above the canopy of two forest sites in the Amazon. During the 4 days of data
chosen for the analyses of the present study, 50% of the time the wind speed was below
1 ms~! during the nocturnal period (Figure 3c). As the result shown in Figure 6b is a
composite with all periods of the night, the decay of —5/3 still appears in a region of
high frequencies due to the contribution to the spectrum of periods in which wind speed
exceeded 1 ms~!. According to [20], in this condition the turbulence spectra presented
canonical behavior, with decay of —5/3.

Unlike the forest, the spectra calculated above the lake showed the decay region
during both daytime and nighttime. Moreover, the inertial sub-range of the night spectrum
seems clearer than the daytime spectrum (Figure 6¢,d). The behavior of these two spectra
differs subtly in the region of low frequencies of the spectrum, evidencing the presence
of larger eddies during the daytime period compared to the nocturnal period above the
lake. The fact that the nighttime w spectrum above the lake resembles canonical behavior
indicates that turbulence is well developed in this period, which does not occur in the forest
in at least 50% of the nighttime period. An important fact which may help to explain this
turbulence above the lake is that the atmosphere almost always has unstable conditions
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or is close to neutrality over the CU lake (Figure 5), favoring the vertical mixing of the
atmosphere above [14].
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Figure 6. Power spectra of the vertical wind component at the K34 (a,b) and CU (c,d). The dotted
vertical lines indicate the values of the frequency where the power spectrum starts to follow the
—5/3 law.

An important question about the air turbulence on the surfaces studied in this work
(smooth and rough) is to know how the terms of the TKE budget equation vary during
their diurnal cycles. Figure 7 shows the cycles of buoyancy, shear production and TKE dis-
sipation rate (€), during the day and the night for the k34 (Figure 7a,b) and CU (Figure 7c,d)
sites. For both forest and lake, shear production was greater than buoyancy during the
daytime, a result expected for measurements very close to the surface. However, the possi-
ble explanation for the difference between these two terms at each site should be different.
As previously seen, wind speed above the lake is higher than above the forest during the
daytime, but as the surface is inefficient in absorbing momentum from the atmospheric
flow this does not translate into greater turbulence intensity (Figure 3). Even so, shear
production dominates during the day due to the lake’s great thermal inertia. In the forest
this occurs due to the high efficiency in absorbing momentum from the atmosphere.
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Figure 7. Diurnal cycle of the terms of the TKE budget for the K34 ((a,b) for daytime and nighttime,
respectively) and CU ((c¢,d) for daytime and nighttime, respectively) sites.

Comparing the shear production during the diurnal period at each site, the curves of
these variables are closer to each other in the forest than in the lake. This result shows that
a surface that is efficient in “generating” turbulence is also efficient in dissipating it [15,44].

During the night at the k34 site (Figure 7b) the shear production and curves were very
close to zero, except during 19 LT, where there is a prominent peak in shear production. This
peak is a result of intermittent turbulence bursts which, curiously, occurred preferentially
early in the night at the forest. On the other hand, turbulence over the lake is continuous
and maintained by the buoyancy term in the TKE budget equation.

4. Conclusions

In this work the characteristics of the atmospheric turbulence on a smooth surface
(lake) and a rough surface (forest) were compared. At each site turbulence intensity,
temporal and length scales of the largest eddies, turbulence power spectra, as well as the
main terms of the TKE budget (TKE = turbulent kinetic energy) were measured. During the
daytime the turbulence intensity above the forest was greater than above the lake. The o,
values calculated for the forest were approximately twice as high as those calculated for
the lake, close to mid-day. In the nighttime period the situation was reversed, and the
turbulence above the lake was practically continuous, with higher values of ¢y, than the
forest, except for periods in which intermittent turbulence bursts occur in K34. These bursts
occurred primarily in the early evening on the days studied here.

The time and length scale of the largest eddies in the horizontal and vertical directions
were calculated. The values obtained for the forest were close to those found in the
literature for this surface, for example, the values of L, and L, were related to canopy
height (L, = 35.2, Ly, = 11.1 and / = 35 m), as indicated by [43]. The scales obtained
for the lake were probably the first on this surface in tropical regions. These scales had
lower values than at the forest, except for the horizontal length scale (L, = 48.0 m, above
the lake).

The composites of the w power spectra showed a very similar behavior to the canonical
ones above the lake. The region of the inertial subdomain with decay of —5/3 appears in
both in day and nighttime periods above this surface. Above the forest this spectrum is
well defined only during the daytime. In the nighttime period spectrums obtained during
the performance of weak winds, below 1 ms !, contributed to the deformation of the
spectrum in the region of medium frequency.
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The buoyancy, shear production and TKE dissipation rate (¢), which are terms of
the TKE budget equation, were calculated. Shear production was the term that most
contributed to the generation of turbulence on both surfaces during the daytime. In the
forest the buoyancy values were comparable to those of shear production from 12 to
16 h (local time). On the other hand, at the lake, the buoyancy values were very close to
zero during the whole diurnal cycle. The behavior of € follows the same trend as shear
production. All terms calculated in this work had values very close to zero on the lake at
night, indicating that other terms that could not be calculated, such as TKE advection, may
have contributed to the turbulence overnight at this site.
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