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1. INTRODUCTION 

 

 A particularly important research domain 

in the study of the atmospheric boundary layer is 

referred to the forest-atmosphere interaction 

(Shuttleworth, 1989), since the flow in the region 

immediately above the vegetation is complex 

and has characteristics still not well known. One 

of these characteristics is the existence, in some 

situations, of relative maxima in the wind velocity 

vertical profiles, the “low level jets” (LLJ), in 

regions less than 1 km distant from the surface 

(Poulos et al., 2002). They may contribute to 

intensify the mixture in the surface and in the 

region where they occur (Mahrt, 1999). It is 

possible that the presence of such phenomenon 

introduce additional difficulties in the 

parameterization of the forest-atmosphere 

exchange processes. Therefore, it is entirely 

reasonable the study of LLJs in order to 

determine the conditions of their occurrence and 

to investigate the consequences of their 

existence in the characteristics of the Nocturnal 

Boundary Layer (NBL) structure near the 

surface. 
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 The first experiments carried out in the 

Amazon Forest contributed considerably to the 

comprehension of many important processes 

that occur in the region’s atmospheric boundary 

layer (Shuttleworth, 1989; Gash and Nobre, 

1997; Silva Dias et al., 2002). Nevertheless, 

there are aspects referred to NBL processes that 

still need more investigation, such as the correct 

fluxes estimate (Howell e Sun, 1999; Von 

Randow et al., 2002), the influence of gravity 

waves and low level jets on the surface-

atmosphere exchanges and the turbulence 

structure inside the forest canopy (as proposed 

by Fitzjarrald e Moore, 1990). These aspects are 

very important for a precise determination of the 

CO2 balance in the Amazon Forest. 

 

2. MATERIAL AND METHODOLOGY 

 

The data were collected during the Field 

Experiment called CiMeLA (Mesoscale 

Circulations in the Eastern Amazonia), from 

October 27 to November 17 of 2003, at the 

ECFP (Ferreira Penna Scientific Station), located 

northeast from Caxiuanã bay, in the Forest 

Reserve of Caxiuanã, Pará. The width of this bay 

is about 2 km and it seems to have an important 

role in the occurrence of the observed 

phenomena. 

During this Experiment, the 

measurements were vertical soundings of the 
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atmosphere with radiosondes VAISALA RS 80, 

launched at four different times per day (06, 12, 

18, 00 UTC), except in the last three days of the 

Experiment, when there were soundings in every 

3 hours (keeping the times above). 

 
2.1. Numerical Experiment Description 

 

Recently, the atmospheric model RAMS 

(Regional Atmospheric Modeling System) 

(Cotton et al., 2003) was adapted to the Brazilian 

characteristics. Thus, it received the 

denomination of BRAMS (Brazilian 

developments on the Regional Atmospheric 

Modeling System). It includes prognostic 

equations for temperature, water vapor, liquid 

water (cloud and rain), the three wind speed 

components and 5 ice species (Tripoli and 

Cotton, 1982; Tremback, 1990; Walco et al., 

1995). Therefore, BRAMS was used to evaluate 

the origin of the LLJ. 

The numerical simulations presented 

contained 3 nested grids with a horizontal 

spacing of 45, 15 and 5 km. The horizontal 

matrices include 35x35x32 points for grid 1, 

38x38x32 points for grid 2 and 44x44x45 for grid 

3 (Figure 1). 

 

(a) Grid 1 (b) Grid 2  

  
(c ) Grid 3     

 

 

Figure 1 – Map of grids 1, 2 and 3, with the modeled region and the main rivers. The point represents 

the position of Caxiuanã. 
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The vertical resolution was variable with 

an initial spacing of 100m in the lowest layer of 

the model, increasing upward by the factor of 1,2 

until the vertical spacing reaches 1000m, which 

is then maintained to the top of the model 

(approximately 22 km). In the model, 12 soil 

layers were defined until the depth of 4m. The 

vegetation coverage distribution used was 

produced by CPTEC (Sestini et al., 2002).  

The model’s initialization was variable, 

each 6 hours, with the analysis of CPTEC’s 

global model, the radiosondes and the available 

surface data. The integration period was 48 

hours, initiating on November, 12, 2003, at 12 

UTC. The simulation used the models of surface 

and vegetation, radiation, cloud microphysics, 

Grell’s deep convective parameterization (Grell e 

Dévény, 2002) and shallow convection 

parameterization (Souza e Silva, 2003). 
 

3. RESULTS AND DISCUSSION 

 

3.1. Observational aspects of the Low Level Jets 

 

The vertical profiles of wind, mixing ratio 

and virtual potential temperature for one of the 

most intense LLJs events can be observed in 

Figure 2. The LLJs show their influence in the 

mixing ratio profile, in the region below the 

maximum speed level. However, the virtual 

potential temperature profile seemed to be less 

influenced by their presence. Furthermore, it is 

interesting to emphasize that the jets direction is 

always northeast. This suggests that the origin of 

the high humidity concentration observed below 

the jet may be associated to a water vapor 

advection from the bay (located in the Northeast 

from ECFP, Caxiuanã) to the Forest Reserve. 

Additionally, the jet action would be responsible 

for a mixture of humidity from the surface to the 

jet height. As a consequence, there would be a 

reduction in the radiative loss near the surface, 

in order to avoid that the lower part of the 

surface boundary layer increases its nocturnal 

stability indices. 

Another interesting result was that the 

equivalent potential temperature indicated the 

arrival of thermodynamically different air possibly 

associated to the LLJ, because the decrease 

level of θe coincides with the maximum wind 

speed. The θe profile is similar to the mixing ratio 

profile. Both present a decrease in the same 

level, which indicates the arrival of drier air.
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Figure 2 – Vertical profiles (from the left to the right) of the following variables: wind speed (m/s); 
mixing ratio (g/kg); virtual potential temperature (K); equivalent potential temperature (K) in 
Caxiuanã on October, 29 of 2003. 
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3.2. Discussion about BRAMS results 

 

 The temporal vertical distribution of the 

wind speed obtained from the radiosondes 

launched at each 3 hours in Caxiuanã and that 

produced by the BRAMS model are presented in 

Figure 3. The numerical simulation reproduced 

both LLJs of November 13 and 14 at, 06 UTC.  

However, their magnitude was about 2 and 3 m/s 

lower and their height was higher than what was 

observed. For the coast of Pará, Souza (2005) 

observed that BRAMS super estimated the 

selected LLJ speed in 3%. This was possibly due 

to superficial instability and roughness problems 

in the model. 

 

(a) Radiosondes 

 

(b) BRAMS 

 

 

Figure 3 – (a) Observed wind magnitude and (b) simulated wind magnitude by the model BRAMS, 

with the presence of LLJs on November 13 and 14 of 2003, at 06 UTC.  
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The non-exact reproduction of the 

observed data by the simulations may be due to 

many factors, such as: the imperfection of the 

surface processes parameterizations and the 

imperfection of the clouds parameterizations. 

This is particularly considerable in the NBL 

above complex terrain or above regions that 

present important horizontal heterogeneities. 

Monti et al. (2002) discussed the problems not 

still solved related to the turbulent diffusivities 

parameterizations above complex terrain and 

they reported that this problem becomes more 

difficult in nocturnal conditions.  

In order to verify the origin of the LLJ, 

the variability of the wind at the jet level, during 

the numerical simulation in grid 1, was analyzed. 

In the afternoon, it was observed the increase in 

wind speed at the Atlantic Coast associated to 

sea breeze circulation. Nonetheless, at 00 UTC, 

this maximum speed center penetrated the 

continent and reached the region of Caxiuanã. 

Indeed, this circulation was under a canalization 

effect due to the rivers distribution. On 

November 13, the sea breeze formed again. 

However, the circulation on this day was 

relatively weak. 
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Figure 4 – Horizontal wind magnitude temporal evolution generated by BRAMS, at 632 m, near the 
LLJ level. 
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4. CONCLUSIONS 

 

The numerical simulations with this high 

resolution model indicated the occurrence of low 

level jets. Nevertheless, it did not reproduce in 

detail some of the observed characteristics of the 

flow. An important aspect revealed by the 

simulations with BRAMS was the origin of the 

jets, which is associated to canalization 

phenomena of the flow above zones where there 

are some of the great rivers in the Northeast of 

Pará. 
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