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Abstract A better descriptions of the atmospheric boundary layer (ABL) properties in Amazonia, such as its time
evolution is necessary, especially for studies involving weather forecast and climatic simulation. The objective of this work
was integrate and comparing data of the ABL characteristics made by different techniques in RaCCI/LBA experiment, held in
southwestern Amazonia pasture site during the dry-to-wet seasons of 2002. For daytime it was possible to observe that there
is an abrupt growth of the Convective Boundary Layer (CBL) between 08 and 11 Local Time (LT) with a stationary pattern
between 14 and 17 LT. The maximum heights at late afternoon were around 1500 m. The onset of the Nocturnal Boundary
Layer (NBL) occurs before the sunset (18 LT) and its height is very stable during the whole night (typical values around
180-250 m). The erosion of the NBL lasts for 2 hours and it is complete at 08 LT.
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1. Introduction

In the last decades a great effort has been made by the
scientists from micrometeorology and boundary layer for a
better understanding of the dynamics and the description of
the properties of the atmospheric boundary layer (ABL). As
an example, the studies on the atmospheric transport and
diffusion of pollutants [1, 2], mountain-valley and land-sea
breezes [3], turbulence and wind regime [4] and parameters
of climate models and general circulation [5] can benefit
from the knowledge improvements about ABL.

An important feature of ABL is its height, which dictates
the volume where the source of pollutants can disperse,
being an important parameter for the modeling of
atmospheric dispersion. [6] describe the ABL as the layer
adjacent to the earth’s surface with significant turbulent
transfers of heat, mass and momentum occurring over a
period of the order of an hour. It has atmospheric processes
due to the thermal and mechanical convection during
daytime and suppressed turbulent conditions which persist
and evolves during the nighttime. The heights of the
atmospheric boundary layer during unstable atmospheric
stability (mainly daytime) are named CBL (Convective
Boundary Layer), whereas those obtained during the period
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of stable stability (mainly nighttime) will be denominated
NBL (Nocturnal Boundary Layer).

The observational evaluation of CBL and NBL is a broad
field of study, since those atmospheric processes in the
lower atmosphere have an important impact on society and
in the environment. Despite its importance, the logistics of
the observations of atmospheric boundary layer is usually
complicated [7] and with this problematic its height are
considered many times as fixed in some climatic and
forecast models. Also, this study different to the usual that
contributes for medium latitudes will contribute for both
scientific and practical applications [8-10] in lower latitudes
(tropics), as it gives some new information for
computational modelling and strategy designfor field
experiments. Thus, the objective of this work is to integrate
and compare data from the heights of ABL measured or
estimated by several different instruments as radiosonde,
tethered balloon and SODAR deployed on RaCCI/LBA
experiment. This data tends to be representative for the
daily cycle evolution of CBL and NBL over a pasture area
at southwest Amazonia during the transition of the dry to
the wet season.

2. Data and Methods

The measurements were made at Nossa Senhora
Aparecida farm (10° 45' S, 62° 22' W; 293 m), Figure 1, a
cleared/pasture area, which has been used in LBA's
micrometeorological field campaigns since the 90s [12].
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Figure 1.

The data-set was obtained during the RaCCI/LBA
(Radiation, Cloud and Climate Interactions in the
Amazonia/Large Scale Biosphere-Atmosphere Experiment
in Amazonia) experiment, conducted from September 6 up
to October 31, 2002, which occurred during the transition
between the dry and rainy seasons. In order to characterize
the soil moisture conditions and energy partition, the data set
was divided into two periods, represented by Phases I (dry)
and II (wet) as suggested by [13] and shown in Figure 2.
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Figure 2. Time series of the rainfall (daily and accumulated precipitation)
during the transition from dry (represented by Phase I) to rainy season
(Phase 1I)

The instruments used can be described as:

- SODAR: an instrument using the remote sensing
technique of the sonic waves (model REMTECH
PA2), with a maximum range of 1.5 km in height and
temporal wind profile measurements made every 30
min. This was practically a continuous operation
throughout the experiment. The equipment is

Site location

monostatic and works with a power of 10 W,
approximate frequency of 2 kHz and the transmitting
antenna/receiver has an area of 1.96 m? In this
analysis we have used the measurements of
windspeed (resolution of 0.2 m s-1) profile and
estimates of the thermal inversion height through
calculations made by the internal manufacturer's
software.

- Tethered Balloon (named TB): it has an in situ probe
attached to a balloon, which has a maximum vertical
height of 0.5 km. The equipment used was an ADAS
- "Atmospheric Data Acquisition System" from A. 1.
R. Inc. (USA) measuring air temperature, specific
humidity, pressure and winds profiles. There were 61
TB profiles during the period from 20 to 30 October
in several different launching times from 18 up to 10
LT (Local Time), only nighttime and early morning
periods. The values of potential temperature
calculated from air temperature and pressure were
used. As the profiles had a 10 m vertical resolution,
they thus create very detailed observations of the
NBL.

- Radiosonde (named RS): an equipment DIGICORA
(MW12) system from Vaisala (Finland) using
radiosondes model RS80-15G. The radiosondings
occurred at 02, 08, 11, 14, 17 and 20 LT from the
period of September 15-30 (Phase I) and from
October 15-31 (Phase II). The radiosondes measured
the temperature, humidity, pressure and winds
(determined by the GPS windfinding).
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In order to estimate the CBL’s height, 3 different
procedures were used and showed in the Figure 3: i) profile
method (after Profile) is based in the height of the top of a
well mixed structure (of neutral stability) observed in the
profiles of potential temperature and specific humidity,
because it is generate by strong convections produced by the
surface heating the profiles is almost completely constant
with the height. Over this mixed layer is found an inversion
(stable to temperature/unstable to humidity) that represents
the interaction with the free atmosphere, identified by the
entrainment zone; ii) Parcel method (after Parcel) is a
method which uses the dry adiabatic curve, starting from the
surface potential temperature until the intersection with the
radiosonde potential temperature. Determining the height
through the equilibrium level of a hypothetic rising parcel of
air representing a thermal [6]; iii) Richardson number
method (after Richardson), uses the parameterization of the
wind shear production by the turbulence in the surface layer
and the consideration of an excessive temperature, over
convective conditions [13].
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Figure 3. Schemes of the methods to obtain the convective boundary layer
height. As an exemple was used the day sept/20 at 17 LT
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Figure 4. Schemes of the methods to obtain the nocturnal boundary layer
height. As an exemple was used the day sept/20 at 02 LT

The SODAR’s data provided by the commercial software
were not used due to the misrepresentation of the CBL [14].

To the nocturnal period (Figure 4), the heights were
computed by: i) profile method using a data-set of
radiosonde (after RS) and tethered Balloon (TB); and ii) with
the SODAR using the height of maximum wind speed (as
suggested by [15] and used by [14].

3. Results and Discussions

Figure 5 shows the hourly average ABL’s heights for the
Phase I (which represents the end of the dry season). The
daytime (convective) and nighttime (stable) conditions were
separated by vertical lines in 06 and 18 LT as well a dashed
line was included to identify the end of NBL erosion.

During the daytime, the CBL calculated by the method of
the profiles using radiosondes showed an initial height of
403 + 108 m at 08 LT and a subsequent growth rate about
231.3 m h-1 up to 11 LT due to surface heating. At late
afternoon due to the lower solar radiation flux, this rate
reduced to approximately 25.3 m h-1 however reaching a
maximum height of 1685 + 266 m at 17 LT. The profile
method has traditionally been used as an indicator of the
height of the CBL [11]. According to [12], the parcel method
has tendencies to overestimate CBL especially in areas with
high incidence of solar radiation and superadiabatic
gradients, which is the case of the pasture areas in the
Amazon, and it showed a growth rate of 242.5 mm h-1
between 08 and 14 LT. The final height of the CBL by this
method is 1595 £ 439 m at 17 LT after reaching a maximum
about 1968 £ 421 m at 14 LT. The values obtained from the
method of Richardson number are very similar to the profile
method at 17 LT, only 7 m of difference, although with an
underestimation of 182 m for the entire daytime,
representing a growth rate of 134.6 m h-1 (from 08 up to 17
LT). The values obtained by SODAR’s software for the
CBL's heights virtually do not present a daily cycle, with a
constant value around 780 m. These estimations do not
represent the classical knowledge on the evolution of the
CBL height [15] and are quite different from those observed
by other methods and previous work. This fact leads to the
confirmation that the heights determined internally by the
SODAR are not compatible with the physical processes
occurring at this site.

During Phase I, no TB measurement was made. Although
the radiosondes are not the ideal instruments for determining
the height of the NBL, their estimated values can provide a
broader view of the NBL and showed a maximum
development of 341 = 100 m at 08 LT, associated with an
average rate growth of 14.1 m h-1 from 20 LT to 08 LT. The
SODAR’s estimates, through the identification of the
thermal inversion by an internal calculation (named RL),
overestimated the heights measured by the RS (508 + 121 m).
Mean height of the RL was 781 £ 300 m. [14] evaluating the
values of evening atmospheric profiles, had noticed that this
heights is not representative of the NBL top, but of a residual
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layer resulted from the previous day. Using the methodology
proposed by [14], named Vmax, based on the concept that
the height of the NBL and the level of occurrence of
maximum wind are coincident [15], these heights were
re-computed and has an average of 288 + 134 m. The heights
of the NBL between 02 and 08 LT obtained by the Vmax
method and by the estimates from RS are very close, with an
average difference of only 21 m. At the evening (20 LT) the
height of the NBL was underestimated by -90 m.
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Figure 5. ABL heights during the Phase I of LBA/RaCCI 2002
experiment

Figure 6 represents the hourly average values of the ABL
height to the data obtained in Phase II (beginning of rainy
season). The analysis done for the CBL, calculated from
radiosonde data by the profile method, shown at 08 LT a
height of 465 + 89 m, greater than that found in CBL phase I.
This may be due to combination of the Sun’s position
(astronomical factor) associated with a lower absorption of
solar radiation by the aerosols (washed out by the rain),
producing a higher surface heating. The other values of CBL
heights (11 and 14 LT) in Phase II are very similar to Phase I,
although the final height (17 LT) was between 1322 + 251 m
and 1361 =231 m, respectively for the methods of the Profile
and the Richardson number. The method of Parcel showed
the same pattern described at Phase I, representing a height
of 1791 £ 477 m at 14 LT and later decreased to 1573 + 442
m at 17 LT, also demonstrating that the value determined by
the method of the number of Richardson was even closer to
that represented by profile (1361 + 231 m) at the end of the
day. The growth rates for the CBL, in the Phase 11, had lower
average about 190.3 m h-1, due to the lower sensible heat
and highest latent heat release attributed to higher moisture
in the soil. Between 14 and 17 LT, the growth rate decreases
to an order of -7.0 m h-1 reaching a maximum height of 1343
+238 mat 14 LT. The methods of parcel and Richardson had
growth rates very similar to the 14 LT, approximately 147.7
m h-1, however the method of Richardson was the only one
which has shown a decrease after the 14 LT, even if it was
small (0.3 m h-1). Again, the parcel method overestimated
the other methods.

The SODAR estimated an average height of 873 £ 276 m
for CBL in Phase II, representing a small improvement in the

trend of growth of the layer, but still cannot be considered as
representative of the CBL height. It was noted that between
08 up to 14 LT, the SODAR presents an increase of the CBL
height although the nominal values are lower than the
observations. This fact was not observed for the Phase I.

The tethered balloon (CB) showed hourly average lower
than other methods and instruments. The comparison of the
TB with the others instruments is not statistically
representative because of the quantity of measurements, but
it is here presented as additional information obtained. The
average height of the NBL was 155 + 54 m, with a growth
rate of 12.6 m h-1. Compared with the results of radiosonde
and maximum wind obtained by SODAR, the difference
with the results of TB were respectively +93 m and +1058 m,
respectively. Estimated by the RS during the night showed
an average increase of 152 m h-1 and a maximum
development of 342 + 100 m at 08 LT. Between 02 and 08
LT, the results obtained with the RS are close to those
estimated by the SODAR through the Vmax. The differences
found in these zones (02 and 08 LT) were on average 40 m, a
value lower than the standard deviation (90 m). In the early
evening (20 LT) the height of the NBL was overestimated by
the SODAR by 126 m. The heights estimated by the method
by SODAR again did not represent the NBL, with an average
height of 756 + 287 m. The heights given by the Vmax
method (average of 261 + 29 m), featured a smaller growth
compared with Phase II to Phase I. This fact may be
associated with a higher quantity of water vapor in the
atmosphere due to the onset of rain.

In the estimates obtained through the Vmax it was also
observed that there is growing rate about 0.3 m h-1 which is
lower than that the dry phase, which explains by the increase
of the precipitation in the Phase II (Figure 2).
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Figure 6. ABL heights during the Phase II of LBA/RaCCI 2002

experiment

Performing a general analysis for the entire experiment
(Figure 7), it was possible to observe that there is an abrupt
growth of the CBL between 08 and 11 LT with a stationary
pattern between 14 and 17 LT. The maximum heights at late
afternoon were around 1500 m. The onset of the NBL occurs
before the sunset (18 LT) and its height is very stable during
the whole night (typical values around 180-250 m). The
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erosion of the NBL lasts for 2 hours and it is complete at 08
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Figure 7. ABL heights during the LBA/RaCCI 2002 experiment

4. Conclusions

The daily cycle behavior of the Atmospheric Boundary
Layer heights in a deforested area (pasture site) in
south-western Amazonia (Ronddnia) was derived using
different instruments/methods (radiosondes, tethered balloon
and sodar measurements). Typical values for the daytime /
convective (CBL) and nocturnal / stable (NBL) boundary
layer depth were determined for a field campaign held during
the transition period from the dry to wet season in the region
(LBA/RACCI 2002 Experiment): for the CBL is around
1500 m and ranged from 180-250 m for the NBL. An
additional result is that the commercial software from
REMTECH for the height of the boundary layer for
nighttime does not represent the true depth but instead the
height of the residual layer. An alternative method (height of
the maximum windspeed) was proposed using the SODAR
data-set and the results are compatible with the estimates
using radiosonde and tethered balloon.

According to [15], he presents a classical figure of the
ABL development in his book, which even referring to a
development mean of the atmospheric boundary layer it was
very similar to the Figure 7. Although, as can be seen in [16],
the pattern changes due to local characteristics, reforcing the
idea of ABL’s height study as important. Also, different
parameterizations can be created using different
measurements and observations methods, resulting in
significant model errors [17]. These errors may be produced
mainly by lack of local average (observational) knowledge.
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