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INTRODUCTION

The forest-atmosphere interaction is an important domain of the Nocturnal
Boundary Layer studies (Cava et al., 2004).

Low level jets (LLJ): relative maxima in the wind velocity vertical profiles in
regions less than 1 km distant from the surface (Poulos et al., 2002).

m They may contribute to intensify the mixture in the surface and in the region where
they occur (Mahrt, 1999).

Wind gust: relative maximum in the wind speed time series detected near the
surface.

m Considerable increase in the vertical and horizontal transports of CO2, humidity
and sensible heat.

Aspects that still need more investigation: the correct fluxes estimate, the
influence of low level jets on the surface-atmosphere exchanges and the
turbulence structure inside the forest canopy.

These aspects are very important for a precise determination of the CO2
balance in the Amazon Forest.




MATERIAL AND METHODOILOGY

Data collected in 2003 during Field Experiment CiMeLLA in Caxiuana
(October 27 to November 17 of 2003 - dry season):

Vertical soundings (06, 12, 18, 00 UTC - every 3 hours in the last 3
days);
= Wind measurements by cup anemometers “Vektor” (30s);

m Fast response measurements (16 Hz) of the three wind velocity
components, temperature, specific humidity and carbon dioxide
concentration.

Observational characteristics of the LLJs;
Numerical modeling of the LLJs;

Observational study of the wind gusts.
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RESULTS AND DISCUSSION
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Low Level Jet Time
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Observational Aspects of the Low Level Jets

Wind speed — Nov. 13 to 14 : radiosondes every 3 hours

15 m/s at 06 UTC 15 m/s at 06 UTC




Numerical Experiment Description

BRAMS = Brazilian developments on the Regional Atmospheric Modeling System
(RAMS) (Cotton et al., 2003) to evaluate the origin of the LL]J.

12 soil layers until the depth of 4m.
The vegetation distribution 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.

Models of surface and vegetation, radiation, Cloud microphysics.

Grell’s deep convective parameterization and shallow convection
parameterization.




. of points X = 37,38,44
.of points Y = 35,38,44
. of points Z = 32,32,45

. of points in soil = 12

Horizontal spacing of 45, 15, 5 km




LLJ of November 13 and 14 of 2003, at 06 UTC

The magnitude of the LLJs produced by BRAMS was about 2 and 3 m/s lower and
their height was higher than what was observed. This was possibly due to superficial
instability and roughness problems in the model.

Observed wind Simulated wind
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Wind at z = 632 meter Grid 1

Vento a 632 m (12/11/03 — 12 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (12/11/03 — 13 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (12/11/03 — 15 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (12/11/03 — 16 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (12/11/03 — 17 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (12/11/03 — 18 UTC) — Simulacao 5 — BRAMS
SNT== = ; ” S ; - ; - — " "

k & &«
v PR
N, el
& € € € «
AN < < <« <
< < 14
2N < € € .«
<« € €«
Y ce 13
INd < < ¢ ¢z« < < <
cc iz 12
EQ <« € <« ¢ ¢ < s € <
c << cic s << 11
€ € € € '€ € € € €
1S{c ¢ e <ve s e«
66‘66‘666‘66‘ 10
28- ér 76 76 < ‘,e, <« ,é, €, f,‘
R Bt R R 8
ceccc e e
S e et e . 6
& & &£ &k &k £ & &£ & £ £ & & €& « & &
4s_kkkkkkkrkrkkk‘kkk ‘(“,,éf’,‘,’ 4
L bk Lk b bk kb b kb bk ok ok ok kL bk 4L LTS
bk k kb £ &k £k &k £k £ & & k kb k k£ k b £ &£ £ € € € T T &«
5S4 L L L L £ &£k £ vk "é'e'%'é'é:é'éjéééik— 2
b bk bk bk k k £ £ k. £k £ k k kb L L k £ £ & &£ £ € € € € E € € <
§SA & b kb bk £ k£ Lk b b £ Lk £ L LSS S S ST O
k L bk kL' k k kb £ k' k & k£ £ £ &£ &£ £ & £ € © & &« € € € & € &«
P R T RS SR S
50 PR R DA A A DA AP DS S QU
L ok ok bk bk bk bk k£ L b L L EL L L ol e e
R R R R R R R R N N I R

58W 57W 56W 55W 54W 53W 52W 51W 50W 49W 48W 47W

(6,2%



Wind at z

= 632

v k.

4N

3N

251
KL DR

45 €« « c <« <

S PP

L

751

L b b £ &

85 & bbbk oL ok

&

N -
n

L T N N S T S S

ANON A A A A A A A A A A A AR

«

k.

R S S N S S N Y

- )
- 1}&

o <! .
9 < Ve e %
< “ Vo re e e e e
<! "'?kékl/'ké/'z/fé

& &« € & e &«
5:* ( :“,ﬁ’ﬁ,k ee
<« e, IR SR < <
s P T N P
AIPUECORREHOBEBR NN oy
& Lk b k£ bl b TEEE S -~ 4
Lk b £ £ £ L £ £ oS TSRS e 4
L& & L & &L & L € L e EE € PR
L& £ & € €. € € & € e e TEEE <
c e & <« D <
Ll &k L L L Ll L e e <
,,,,,,, e £ e ek < < 4

Lok b bk kb bk b e &

58W 57W

56W 550

54W 53W 48W 47W 46W 45W

meter Grid 1




Wind at z = 632 meter Grid 1

Vento a 632 m (12/11/03 — 20 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (12/11/03 — 21 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m
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4N

3N

<
g < < e <<
L s cces 11
r & & € '€ © =
1S4 ~ ¢ ¢ e e
kké€‘€$$‘ 10
25 A S
P R R 8
(/é‘é(»‘éé*é“
KRR PR Py 6
NI L R e P N AR e Y
PP IR IR A TR L St g g g A A 4
cl i cccld et b icieei W Y
L & L L& & & L bk ke & & KK vy vy e v e Y
Sl ciidcccciciviiiiiiceccdcriiiiiey ) 2
I R I A bl o S PP S
65 ¢« ¢ttt st st tic s s o s SRR SRS CCC ey 0
< < ((‘<€€€€€(>€6éG6(—66‘(—6*@(’—@@R\'\&&‘(—,eé,,gZ‘z
< ftrTssssssSfssssfec et eNSRES S,
78] s f e T s R R F r v s e e e e CeNNNRREL L L 2L Y
< € T T FFTETE TS F Py €€ e ST TS TS €< iy
851 ¢ F X T ESS S SIS Sl LLb L E RS SRS Se e i

58W 57W 56W 55W 54W 53W 52W 51W 50W 49W 48W 47W 46W 45W

>
5



Wind at z = 632 meter Grid 1

Vento a 632 m (12/11/03 — 23 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — OO UTC) Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 01 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 02 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 03 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 04 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Gri

Vento a 632 m (13/11/03 — 05 UTC) — Simulacao 5 — BRAMS
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Wind at z =

4N
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32 meter Gri

Vento a 632 m (13/11/03 — 06 UTC) — Simulacao 5 — BRAMS
5N : ” ; ; ; - ” ;



Wind at z = 632 meter Gri

Vento a 632 m (13/11/03 — 07 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 08 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 10 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 11 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 12 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 13 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 14 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 15 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 16 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 17 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 19 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 20 UTC) — Simulacao 5 — BRAMS
5N 1= . nu
KK%/A/&/;e/a : . x . . ' ' : . )

¥ K, ~
PV (o, DRSO . ) \ NN I

©
3N -

. 14
IN{ <

254

»
I

33-9%?%1”' e ST ST Sl "3 Py 6
e <. W ww e ey ey

4S54 L L L L e b b rrreweae S & b VY NNYNVEEEEECE 087 4
£ b b b S S C e kY NN NNY VL e e r o
£ L L LS C S C bt rrr e ¥ VY NANY VY EE ey

55 i i i e e e L NN v i e e e 2
L L b L bbby oy oy Y NNV Ll bbb oL

BSH ¢ ¢4 L L L bk bbv iy Yy VY b e e e Y 0
€ K < €€ € & & L L L L b Ly oy bk £ &EEECr ey s Y
TOY T € £ € <€ < X< €< & bLorp bk b LEEE ey oy

781 LR R I B T e I T A I D N
FREREYCSCSE ST NN NN NY < L L L kL ke oy

854 TPt < T e e e N R A AN Y Vv b e Lo vy

58W 57W 56W 55W 54W 53W 52W 51W 50W 49W 48W 47W 46W 45W

>
5



Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 21 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (13/11/03 — 23 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 — 00 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 — 01 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 — 02 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 — 03 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 — 04 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 05 UTC) Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 — 06 UTC) Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 — 07 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 08 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 — 10 UTC) — Simulacao 5 — BRAMS
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Wind at z = 632 meter Grid 1

Vento a 632 m (14/11/03 — 11 UTC) — Simulacao 5 — BRAMS
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CONCLUSIONS

B The numerical simulations with this high resolution
model indicated the occurrence of low level jets.

However, 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 1s associated
to canalization phenomena of the flow above zones
where there are some of the great rivers in the
Northeast of Para.




RESULTS AND DISCUSSION

Wind gusts: wind speed relative maxima, identified in cup and sonic
anemometers data.

They have minimum wind speed of 4 m/s and last from 2 to 14 minutes.

Their occurrence begins, generally, after 8 pm (LT).

They show characteristic patterns in the evolution of statistical parameters
associated to turbulent micrometeorological variables.




Scalars Turbulent Time Series

Scalars like water vapor and CO2 concentration had a sharp increase,
while temperature decreased during the gust event.

Ramp-like coherent structures are observed. These structures occur
synchronically in CO2, water vapor and temperature time series, with
“inverted” ramps for temperature.

Their variability pattern shows a decrease in the oscillations amplitude
and an increase in their frequency, which suggests the existence of a
non-linear dynamics and phenomena associated to feedback
processes.




Turbulent time series of sonic anemometer data
during the gust of 11/03/2003: (a) CO2 concentration.

CO, Concentration - During the gust event - Day 11/03/2003
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Turbulent time series of sonic anemometer data
during the gust of 11/03/2003: (b) temperature.

Temperature - During the gust event - Day 11/03/2003
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Equivalent Potential Temperature

m Wind gusts direction: Northeast.

B Observed thunderstorms: Northeast.

m Considerable drop of Oe after the occurrence of the
wind gusts.

m This fact may be associated to the convective activity,
with outflows acting as density currents in the NBL.




Vertical profiles of equivalent potential temperature
before and after the gust event of 11/04/2003, which
represent the typical drop in Oe after the episode.

Temperatura Potencial Equivalente - Rajada do dia 04/11/2003
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CONCLUSIONS

The wind gusts occur between 8 pm and 12 am and may reach more
than 10m/s at the top of the S6m-height tower.

They are from Northeast and last about 10 minutes.

These events are associated to strong turbulence in the scalars time
series, which present ramp-like coherent structures during their
OCcurrences.

During the wind gusts, the momentum, sensible heat, water vapor and
CO2 fluxes show a pronounced increase and are responsible for a
considerable fraction of the forest-atmosphere exchanges relative to
the whole night period.

There 1s a drop in temperature and equivalent potential temperature
after the gust events. This suggests that descending air currents
(outflows) participate in the gusts generation process.




