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ABSTRACT: The Pampa-2016 experimental campaign was performed in a typical Pampa lowland South American region. It
consisted of both surface flux measurements (at 3 and 29 m) and a radiosonde launched every 3 h. The resulting meteorological
observations allowed for the analysis of turbulent properties associated with both a stable and a convective boundary layer.
The combined analysis of the surface data and vertical soundings has revealed some general characteristics of the atmospheric
boundary layer for both the nocturnal stable conditions and the daytime convective environment. The continuous surface
measurements showed that the nocturnal stable inversion, occurring in calm winds, is basically generated by the radiative
cooling mechanism that is established after the late afternoon transition. The analysis of night-time surface data also showed
that, under stable conditions in the case of vanishing wind speed, the friction velocity has unrealistic values that are very close
to zero. This situation is undesirable for numerical models that generally use this quantity as a lower boundary condition. The
analysis of night-time temperature profiles revealed two contrasting patterns in agreement with the classical classification of
radiative night (a very stable boundary layer) and a turbulent night (a weakly stable boundary layer). In contrast, the analysis of
the daytime temperature profiles provided an estimation of the convective time scale that is of the order of 10 min, in agreement
with experimental values. A spectral analysis and the consequent estimation of the spectral peaks under unstable and stable
conditions were in agreement with literature values.
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1. Introduction

The atmospheric boundary layer (ABL) is the lowest part of the
atmosphere in which a variety of complex motions, characterized
by turbulence, may be present. In a diurnal cycle, the different
manifestations of an ABL are generated by distinct forcing
mechanisms that originate from mechanical and thermal effects
which impart different depth scales and characteristic velocities
to the ABL. For instance, a convective boundary layer (CBL) is
defined by its depth zi, which is usually taken as the height of
the lowest inversion (Caughey, 1984), by a convective velocity
scale w* and by a friction velocity scale u*. On the other hand, a
stable boundary layer (SBL) is characterized by the depth of the
nocturnal surface inversion (NSI), usually denoted by hi (André
and Mahrt, 1982; Garratt, 1992), and u*.

During daytime, the positive turbulent heat flux establishes the
structure of the CBL. Conversely, in a night-time stable ABL,
the negative turbulent heat flux and clear-air radiative cooling,
on average, control the development of the NSI layer.

Relevant periods occurring during the existence of an ABL
concern transition situations, in which the turbulent heat flux
switches sign and assumes positive and negative magnitudes.
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Over land and after sunrise the surface is warmed and heat
is transferred upward by updrafts of warm air. Such a mech-
anism generates a deepening of the primitive CBL. In late
afternoon, during sunset when the external forcing, such as
the upward sensible heat flux and geostrophic forcing, varies
rapidly, clear-air radiative cooling occurs and the turbulent
heat flux decreases and becomes negative. In consequence,
the convective turbulence decays with an accelerating rate
(Rizza et al., 2013a) and starts the formation of the NSI. Above
the NSI, the convective energy-containing eddies start to lose
their strength and mixing capacity, and the CBL begins to
decay (Goulart et al., 2003; Carvalho et al., 2010; Rizza et al.,
2013aa, 2013b). This deep and near-adiabatic vertical region,
which is the remnant of the daytime CBL, is known as the
residual layer (Garratt, 1992). The use of precise information
on this residual layer in numerical models is of fundamental
importance when describing the evolution of the diurnal CBL
(Blay-Carreras et al., 2014).

Generally, experimental campaigns are important when used
to describe the physical characteristics of the ABL. These
observational studies usually employ automatic meteorological
stations and radiosounding to measure the distinct characteristic
parameters that allow for an understanding of the turbulent
patterns occurring in a diurnal cycle of the ABL (Reuder et al.,
2012). In this context, the objective of the present study, named
Pampa-2016, is to investigate the meteorological patterns and
physical features of the ABL in a Pampa ecosystem region which
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Figure 1. Experimental site in Santa Maria, RS, Brazil; the triangle shows the approximate location of the meteorological tower.

is a typical South American lowland. A micrometeorological
tower equipped with a full suite of sensors was used. Further-
more, these surface data were complemented with radiosounding
balloons that provided vertical profiles of the wind components
and temperature. The analysis of the experimental data for this
particular site reveals the turbulent characteristics of the daily
cycle.

This region of South America has relatively few observational
studies on meteorological and micrometeorological aspects. The
evaluation and knowledge of these parameters, characterizing the
ABL structure, can be applied in air pollution modelling, wind
energy and numerical simulation at both a turbulence-resolving
scale (large-eddy simulation) and mesoscale circulation (numer-
ical weather prediction).

2. Method

The Pampa is a region located in southern Brazil, but which
also covers large areas of Argentina and Uruguay (Figure 1).
Its surface is mostly covered by natural grasslands, herbaceous
plants and sparse trees. The experimental site was located in
an area of 24 ha belonging to Biome Pampa in Santa Maria,
RS, Brazil (29.7241 ∘ S, 53.759 ∘ W). There are no records or
evidence that the field has suffered any kind of soil preparation
for agricultural purposes, so it was assumed to have been a natural
pasture for many centuries.

2.1. Instrumentation

At this experimental site, a flux tower of height 30 m instru-
mented with micrometeorological and soil sensors has collected
data since 2013. These observed data are part of the SULFLUX
(see http://www.ufsm.br/sulflux/) project, which was designed to
help understand the interactions taking place between the atmo-
sphere and the surface in south Brazil.

Sensor characteristics are described in Table 1. In the
Pampa-2016 project, data on sonic anemometers situated at
heights of 3 and 29 m, which were sampled at a frequency of
10 Hz, as well as integrated radiosounding meteorological data
were used to evaluate the dynamic patterns of the ABL. The
observations were made between 29 April and 1 May 2016. Dur-
ing the experiment, 17 radiosondes were launched, as described
in Table 2.

The first radiosounding started at 1800 Local Time (LT)
(UTC-3) on 29 April 2016; the last was taken at 2100 LT on 1
May 2016. The interval between soundings was 180 min.

2.2. Large-scale meteorological synoptic conditions

The experiment was carried out in a mid-latitude austral region.
During the year, several synoptic transient systems reach south-
ern Brazil, and in wintertime, the cold fronts arrive almost
weekly. In the absence of synoptic transient systems, the weather
is generally affected by a semi-permanent South Atlantic high
pressure system. In addition, in summertime cold fronts are not
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Table 1. Installed instruments at the experimental site.

Parameter Manufacturer Model Height (m)

Wind speed Campbell Scientific CSAT3 29.0
Wind direction Campbell Scientific CSAT3 29.0
Air temperature Campbell Scientific CS215 30.0
Relative humidity Campbell Scientific CS215 30.0
Air temperature Campbell Scientific CS215 9.5
Relative humidity Campbell Scientific CS215 9.5
Wind speed Campbell Scientific IRGASON 3.0
Wind direction Campbell Scientific IRGASON 3.0
Air temperature Campbell Scientific CS215 3.0
Relative humidity Campbell Scientific CS215 3.0
Carbon dioxide
concentration

Campbell Scientific IRGASON 3.0

Water
concentration

Campbell Scientific IRGASON 3.0

Data logging Campbell Scientific CR1000 1.5

Table 2. Some basic features obtained from the radiosondes (Vaissala
RS92).

Date in 2016 Start time (LT) Maximum height (m)

29 April 1800 22 661
29 April 2100 24 892
30 April 0000 20 405
30 April 0300 24 059
30 April 0600 23 280
30 April 0900 23 062
30 April 1200 24 204
30 April 1800 23 451
30 April 2100 24 887
1 May 0000 25 527
1 May 0300 27 160
1 May 0600 27 310
1 May 0900 16 897
1 May 1200 25 050
1 May 1500 27 490
1 May 1800 6188
1 May 2100 14 220

as common (Grimm et al., 2000). In particular, the PAMPA-2016
experiment occurred days after the first cold front of the year
reached the experimental site. Furthermore, other weather sys-
tems acting in this region, such as mesoscale convective systems,
are more frequent in spring and summer due the Chaco low pres-
sure system (Anabor et al., 2009).

During the experiment, transient anticyclones were acting over
southern Brazil, and their centres moved from the southwest to
the northeast between 29 April and 2 May, as seen in the reduced
sea level pressure field (the continuous line) in Figure 2.

The general synoptic aspects (Figure 2) on 29 April show a
small high pressure centre positioned close to the experimental
area (triangle), and its weak pressure gradient resulted in calm
conditions. The dashed lines in Figure 2 are the atmospheric layer
thickness between the levels of 500 and 1000 hPa, given by the
difference between the geopotential heights at these levels. As
the thickness parameter is directly correlated with mean tem-
perature in the atmospheric layers, there is no large-scale ther-
mal advection because the thickness gradient is small. Thermal
advection changes after the formation of a new anticyclone cen-
tred over Argentina during the next day, 30 April. The pressure
gradient formed between the anticyclone centre and an extra

tropical cyclone in the South Atlantic promotes cold advection to
south Brazil, mainly over the coastal region. A cold tongue in the
thickness field is formed, pushed by the southern large-scale flow.
The cold advection over the south Brazilian coast persisted on 1
May, when the anticyclone centre was located over the experi-
mental area, and again the pressure gradient and wind were weak.
On 2 May, the anticyclone started its dissipation phase and the
pressure gradient was reduced. This synoptic environment guar-
anteed cold weather, large-scale stability and calm winds during
the experiment period.

3. Results

This section presents the analysis of the planetary boundary layer
(PBL) structure in distinct stability conditions.

3.1. Surface parameters

Figure 3 presents the temporal evolution of the parameters that
characterize the meteorological conditions occurring during the
observational field campaign at a height of 3 m on the flux tower.

The magnitude of the wind speed was generally weak
(Figure 3(a)), with 30 min averages below 3.5 m s–1 during
daytime and magnitudes lower than 1.0 m s–1 during night-time.
The temperature evolution (Figure 3(b)) exhibits a large ampli-
tude, with values between 275 and 295 K. Such a large variation
is a typical phenomenon for this period in southern Brazil. The
solar irradiance (data not shown) reveals that 29 and 30 April
were almost cloud free, while 1 May was completely cloud free.
During night-time and the sunset transition, the wind speed was
generally weak, causing a significant reduction in turbulence,
which was responsible for the variations occurring in the low
values of the turbulent kinetic energy (TKE) (Figure 3(c)). For
daytime, the experimental turbulent fluxes, friction velocities,
TKEs, flux Richardson numbers (Ri) and Obukhov lengths (L)
were calculated with EddyPro software (Licor, 2015) using
measured data at height 3 m obtained from 30 min time series.
On the other hand, due to the low turbulence occurring at
night-time, Ri and L were calculated using 5 min time series.
Figure 4 shows the variation of the sensible heat flux (H) during
the observational period. As a consequence of low TKEs, the
sensible heat flux assumed negative and positive values (Hoover
et al., 2015).

Table 3 exhibits the means for the day- and night-time values
for L and Ri. As a consequence of the low wind magnitudes,
during the night L is small. The friction velocity (u*) is defined
in terms of the kinematic momentum flux. This flux can be
expressed in terms of state variables:

u∗ =
kU (z)

ln
(

z
z0

)
–𝜓m

(
z
L
,

z0

L

) (1)

where 𝜓m is a stability correction function; U is the mean wind
speed at a given height (3 m); and z0 is the roughness length.
There are several expressions for the stability correction func-
tion in the literature: the classic formulation of Businger (1971)
(hereinafter ‘B71’) and a more recent from Beljaars and Holt-
slag (1991) (hereinafter ‘BH91’) have been chosen. These for-
mulations analysed experimental data collected at Cabauw, the
Netherlands, and informed a different formulation for stability
function during stable conditions.

Figure 5 reports the comparison between the friction velocity
calculated using B71 (dashed line) and BH91 (continuous line)
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Figure 2. Synoptic conditions experienced during the experimental campaign: (a) 29 April at 2100 LT, (b) 30 April at 2100 LT, (c) 1 May at 2100 LT
and (d) 2 May 2016 at 2100 LT. The black continuous line is the reduced sea level pressure (hPa); the grey dashed lines are the atmospheric layer

thickness between 500 and 1000 hPa (in decametres). The triangle shows the location of the meteorological tower.

with the experimental data at 3 m (asterisks). Results are shown
for each day of the experimental campaign, that is, (a, b) for
April 29, (c, d) for April 30 and (e, f) for May 1. The B71 and
BH91 functions in the left panels (a, c, e) are calculated using
z0 = 0.05 m, while the right panels (b, d, f) are calculated with
the roughness parameter equal to 0.30 m. Note that during the
daily hours of each experimental day, the best fit is obtained
when using z0 = 0.30 m. On the contrary, after sunset and before
sunrise, the best fit is obtained using z0 = 0.05 m. These results
show the difficult in selecting an average roughness parameter
for the whole experimental period. Note, too, that both B71 and
BH91 give comparable results for the central daily hours, when
the PBL is under unstable conditions, and as expected there are
some slight differences for the stable hours probably caused by
the intermittent nature of the stable PBL.

The overall statistical analysis computed with R-software (R
Core Team, 2015) is reported in Table 4, from which it can
be deduced that the BH91 formulation has a lower deviation
(–9.90%) from the experimental mean. Note that under stable
conditions (night-time) for wind speeds close to zero, that is, for
the periods denoted P1–P3 in Table 5, the prediction obtained
using Equation (1) gives values close to zero for both formula-
tions. This singularity on friction velocity may lead to infinite
values for similarity functions (B71). As a consequence, stability
scaling parameters such as friction velocity become ill-defined
and therefore the classical similarity theory (Vickers and Mahrt,
2006; Trini Castelli et al., 2014), describing the turbulent transfer

processes in the surface layer, should be revised under these con-
ditions. Thus, it is a necessary new parameterization that prevents
the surface stress and scalar fluxes from tending towards zero
under low wind conditions (Andreas et al., 2015).

3.2. Night-time temperature profiles

The surface data were complemented with radiosonde data that
provided vertical profiles for wind components and temperature.
The radiosondes were launched every 3 h, starting from 29 April
at 1800 LT. The preliminary analysis concerns the potential tem-
perature profile, which provides interesting information about the
NSI and the ABL stable structure.

Figure 6 shows the potential temperature profile for distinct
launch times in the SBL from 29 April 1800 LT to 30 April
0600 LT. The transition from the CBL to the SBL, which
occurred close to 1800 LT, is also shown.

Two contrasting patterns were observed during the night of
29–30 April. In the first half of the period, from sunset to mid-
night, weak wind speeds, lower than 1.0 m s–1 (Figure 3(a)),
were associated with reduced turbulent activity and an almost
negligible downward sensible heat flux (Figure 4). As a conse-
quence, the period was dominated by radiative processes, caus-
ing strongly curved potential temperature profiles during this
first half of the night (1800/2100/0000 LT profiles of Figure 6),
in agreement with the characterization proposed by André and
Mahrt (1982). After midnight, on the other hand, wind speeds

© 2018 Royal Meteorological Society Meteorol. Appl. (2018)
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Figure 3. Meteorological parameters at a height of 3 m at the experimental site in Santa Maria, RS, Brazil between 29 April and 1 May 2016:
(a) wind speed, U (m s–1); (b) air temperature, T (K); and (c) turbulent kinetic energy (TKE) (m2 s–2).

Figure 4. Turbulent heat flux, H (W m–2), at the experimental site between 29 April and 1 May 2016.

greater than 1.0 m s–1 occurred (Figure 3(a)), and the down-
ward turbulent sensible heat flux reached –10 w m–2 (Figure 4).
This finding means that surface cooling is more efficiently
transported to higher levels in the SBL, reducing the curva-
ture of the potential temperature profile in the second half of
the night (0300/0600 LT profiles of Figure 6). Therefore, the

first regime from sunset to midnight lies within the classifi-
cation of a radiative night, as proposed by André and Mahrt
(1982), or as a ‘very stable boundary layer’ (Mahrt, 1998). From
midnight to sunrise, however, a ‘turbulent night’ (André and
Mahrt, 1982) or a ‘weakly stable boundary layer’ (Mahrt, 1998)
occurs.

© 2018 Royal Meteorological Society Meteorol. Appl. (2018)
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Table 3. Mean magnitudes of the Obukhov length (L) and Richardson numbers (Ri) for the night-time and daytime periods.

29 April 2016
(0900–1700) LT

29–30 April 2016
(2000–0400) LT

30 April 2016
(0900–1700) LT

30 April–1 May 2016
(2000–0400) LT

1 May 2016
(0900–0700) LT

1 May 2016
(2000–0000) LT

L (m) –9.90 5.26 –26.99 1.74 –24.08 1.41
Ri –0.15 0.05 –0.11 0.14 –0.23 0.14

Figure 5. Comparison between the experimental friction velocity (asterisks) and the similarity expressions obtained using the B71 (continuous line)
and BH91 (dashed line) stability correction functions for 29 April (a, b), 30 April (c, d) and 1 May 2016 (e, f). The left panels (a, c, e) are calculated

using z0 = 0.05 m, while the right panels (b, d, f) are calculated using z0 = 0.30 m.

Table 4. Statistical analysis using R Package for the B71 and BH91
functions.

B71 BH91

PBIAS –22.2% –9.90%
R 81.0% 81.00%

PBIAS, percentage bias; R, correlation co-efficient.

During the first period, the surface inversion heights are of
the order of 300 m. Between this surface inversion and the free
atmosphere lies the residual layer. This layer can be seen in
Figure 6 as a quasi-neutrally stratified vertical region originating
from the decay of turbulence of the previous diurnal CBL. As
a consequence of the effect of the turbulence acting between
0300 LT and 0600 LT, the height of the NSI thickens.

3.3. Daytime temperature profiles

Figure 7 shows the vertical profile of the potential temperatures
for 1 May at 0900, 1200 and 1500 LT. This daytime period was
completely cloud free, and therefore the turbulent characteristics

Table 5. Critical periods with extremely low wind speed conditions.

Period From (LT) To (LT) Day

P1 0000 0600 29 April 2016
P2 1800 0600 29–30 April 2016
P3 1800 0600 30 April–1 May 2016

follow the patterns of a typical CBL with a potential temperature
gradient near the surface and a well-defined inversion height.

At 0900 LT, a quasi-adiabatic thermal profile is observed to
200 m, suggesting that this is the thickness of the newly formed
CBL. Above that height, a stable layer is observed between 200
and 500 m. At 1200 LT, the CBL has grown over the entirety of
this fossil neutral layer, such that the first lowest inversion can be
identified at a height of approximately 900 m. The same persists
at 1500 LT. By employing these observational data and the means
of the sensible heat flux for this period, it is possible to evaluate
the convective velocity scale as:

w∗ =
(

g

𝜃
w′𝜃′zi

)1∕3

(2)
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Figure 6. Potential temperature profiles in a stable boundary layer from 29 April at 1800 LT to 30 April 2016 at 0600 LT.

Figure 7. Potential vertical temperature profiles for 1 May 2016 at 0900, 1200 and 1500 LT, and estimation of the height of the planetary boundary
layer (PBL) (horizontal lines).

where w′𝜃′ is the turbulent sensible heat flux; g is the acceleration
due to gravity; and 𝜃 is the mean potential temperature. There-
fore, for the afternoon period in convective conditions, the mag-
nitude of w* was estimated to be of the order of 1.5 m s–1. This
magnitude agrees with the values suggested by Garratt (1992,
p. 247). The characteristic time given by the ratio between zi
and w* is in the order of 10 min and represents the time for a
fluid particle undergoing the action of convective circulation to
travel from the surface to the height of the first inversion. Addi-
tionally, Obukhov lengths in this convective period of the PBL
assumed magnitudes between –10.8 and –42.5 m. The intensity
of the convective effect in the unstable PBL can also be evaluated
by the ratio zi/L. The ratios range from –76.8 to –21.8, with

friction velocity varying between 0.24 and 0.35 m s–1. These
micrometeorological parameters indicate that a large extension
of the PBL is dominated by large convective eddies.

3.4. Turbulent spectra

The turbulent velocity energy spectrum directly demonstrates
the distribution of energy with respect to frequency (Caughey
and Palmer, 1979; Panofsky and Dutton, 1984). In particu-
lar, the identification of the frequencies associated with the
spectral energy peaks merits closer examination. These peak
frequencies f m describe the spatial and temporal scales of the
energy-containing eddies, which are responsible for the turbulent

© 2018 Royal Meteorological Society Meteorol. Appl. (2018)
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Figure 8. Turbulent convective energy spectra for the (a) u and (b) w wind components.

Figure 9. Turbulent stable energy spectra for the (a) u and (b) w wind components.

transport of scalar and vector species in the PBL. Figure 8
shows the turbulent convective energy spectrum for the u and
w velocity components at heights of 3 and 29 m at 1200 LT.
On the other hand, Figure 9 represents the averaged spectral
curve at 3 m for the SBL at 2300 LT. Both stable and con-
vective spectra were calculated for 1 May. Note that the sta-
ble spectra of the wind velocity components are dominated by
low-frequency motions located in spectral regions that are nor-
mally not occupied by turbulent motion. Therefore, to filter
out these large-scale movements, it is common to evaluate the

spectra using shorter series (Vickers and Mahrt, 2006). In the
present analysis, a 1 h time series is divided into twenty 3 min
intervals.

Figures 8 and 9 show that the spectrum for the u horizontal
component is larger at low frequencies than that for the w vertical
component. The presence of the surface inhibits the manifesta-
tion of large eddies in the vertical plane. As a consequence of
this surface impedance of the velocity components, in a convec-
tive case the w spectrum exhibits the largest variation with height
(Panofsky and Dutton, 1984).

© 2018 Royal Meteorological Society Meteorol. Appl. (2018)
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The peak values for the convective u spectrum associated
with the non-dimensional peak frequencies (f mzi/U) for heights
of 3 and 29 m are 0.76 and 0.53, respectively, yielding the
following peak wavelengths of (𝜆m)u : 1.3 and 1.8 zi. These
results for the horizontal plane are in agreement with the 1.5 zi
obtained from measurements taken in a well-developed CBL
(Caughey and Palmer, 1979). These results also indicate a ten-
dency for the peak wavelengths of the horizontal velocity to
be the same, independent of height. On the other hand, the
peak frequencies for the convective w spectrum at heights
of 3 and 29 m are 62.45 and 7.67, respectively, resulting in
(𝜆m)w = 0.016 and 0.13 zi. These magnitudes of (𝜆m)w are of
the same order as those observed in the Kansas data, and
conform with free-convection behaviour (Kaimal et al., 1972).
The stable u and w spectra peak frequencies are 0.59 and
2.23, respectively, yielding(𝜆m)u = 5.36 m and(𝜆m)w = 1.36 m,
respectively. Knowledge about these wavelengths can be used
to provide dispersion parameters, such as eddy diffusivities and
integral time scales, in Eulerian and Lagrangian diffusion mod-
els to evaluate the concentration fields originating from distinct
contaminant sources.

4. Conclusions

The Pampa-2016 experimental campaign was performed in a
typical Pampa lowland South American region. The campaign
consisted of both surface flux measurements (at heights of 3
and 29 m) and radiosondes launched every 3 h. The resulting
meteorological observations allowed for the analysis of turbulent
properties associated with both stable and convective boundary
layers.

The analysis of surface data has proven that under unstable con-
ditions (daytime), the micrometeorological quantities, such as
Obukhov length and friction velocity in the noon and afternoon
periods, have the typical magnitudes of a well-developed con-
vective boundary layer (CBL). Furthermore, the ratio zi/L shows
that convective turbulent structures dominate the major part of
the atmospheric boundary layer (ABL). On the other hand, the
analysis of night-time surface data shows that under stable con-
ditions, for wind speeds close to zero, the prediction of friction
velocity using the Monin–Obukhov theory (Garratt, 1992) pro-
vides unrealistic values that are very close to zero. This is an
undesirable situation for numerical models which requires fur-
ther investigation.

Furthermore, this experimental field campaign has provided
meteorological profiles of temperature and wind. The combined
analysis of the continuous surface measurements of the flux
tower and temperature vertical soundings have shown that the
nocturnal surface inversion (NSI), which occurs in calm wind
situations, is basically generated by the radiative cooling mecha-
nism that is set up after the late afternoon transition. The present
analysis noted that the NSI height is close to 300 m at 1800 LT.
Above this height, there is a deep residual layer, characterized
by the near-adiabatic temperature profile. Therefore, in the first
half of the night (between 1800 and 0000 LT), the height of the
surface inversion has a smooth variation. At later times (after
0000 LT), when mean wind speed magnitudes increase, the tem-
perature vertical profiles present positive curvatures in some spe-
cific levels of the stable boundary layer (SBL), demonstrating the
fact that turbulent effects begin to cool the stable boundary layer
(Figure 6).

The analysis of the convective temperature profiles was per-
formed by considering radiosounding data launched on 1 May at

0900, 1200 and 1500 LT. This day presented a clear-sky envi-
ronment which is favourable for the development of a typical
CBL. The temperature profiles at 1200 and 1500 LT showed a
near-surface unstable layer. Above this layer in the mixed layer,
the strong convective turbulence homogenizes the temperature
gradients which become negligible. The resulting adiabatic layer
extends vertically to the base of the lowest inversion. This char-
acteristic depth defines the height of the CBL and allows for the
estimation of the convective velocity scale w*. At noon and in the
mid-afternoon, the CBL height is of the order of 900 m, result-
ing in a convective velocity scale of the order of 1.5 m s–1 and a
convective time scale close to 10 min which is a typical value in
a CBL (Sorbjan, 1997).

The observed spectra of the velocity components have provided
important information regarding the spectral peak wavelengths.
The magnitudes of the peak wavelength for the convective u com-
ponent, measured at heights of 3 and 29 m, show a tendency for
(𝜆m)u to assume a value close to 1.5 zi. This magnitude character-
izes the horizontal dimension of long-lived convective structures
that almost entirely fill the vertical space of the ABL. Conversely,
the peak wavelengths for the convective w component notice-
ably increase with height, meaning that in the vertical plane in
higher regions of the CBL, larger convective eddies find space to
develop. Furthermore, the values for the convective (𝜆m)w follow
the free-convection prediction. The observed peak wavelength
magnitudes for the stable u and w components sampled at height
3 m show that (𝜆m)u assumes a value four times larger than (𝜆m)w.
These peak wavelengths, estimated from the observed spectra,
are generally used in equations that provide the turbulent param-
eters (eddy diffusivities and integral time scales) for distinct types
of diffusion models.

The Pampa-2016 field campaign has provided useful
information on the turbulent features of a lowland South
American site for which there are relatively few observational
studies concerning meteorological and micrometeorolog-
ical aspects. Future studies can address important issues,
such as air pollution modelling, wind energy and numerical
simulation at both a turbulence-resolving scale (large-eddy
simulation) and mesoscale circulation (numerical weather
prediction).
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