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Abstract: The Alcantara Launch Center (Centro de Langamento de Alcantara, CLA) is the main launch site for the Brazilian aerospace
vehicles and located on the northern coast of Northeast Brazil. The 5-day cycle (C5d) is a variability in the 3-9 days band that is found
in the surface wind data at CLA during the dry quarter (September to November). This study aimed to characterize C5d and find out the
main atmospheric factors related to the C5d phases, VMAX (VMIN), which contains the more intense (weaker) winds. Surface wind
data measured at CLA and ERA-Interim reanalysis data for the dry quarter over the course of 9 years — 1996-1999, 2005, 2012-2015 —
were used. Wavelet transform was applied to the observed data to obtain C5d features, while reanalysis data for a number of cases were
used to obtain the average large-scale factors related to C5d phases. Results showed that C5d period is concentrated around 5 days, C5d
occurs frequently and its active periods occur in about 1/3 of dry quarter days. The distribution of wind speed and direction for C5d
phases showed that, from VMAX to VMIN, the surface wind over CLA weakens (reduction from 9-12 m/s to 9-6 m/s) and rotates
counterclockwise (from ENE to NE direction). To obtain the distinct features between the C5d phases, 35 cases that represent typical
cases of C5d during active periods were analyzed. Results showed that, from VMAX to VMIN, the South Atlantic Subtropical High
(SASH) weakens or propagates eastwards for all cases, while the North Atlantic Subtropical High (NASH) weakens or propagates
northwards for about 3/4 of cases. Therefore, SASH could be regarded as the main driver of C5d, while NASH could be considered as
an important complementary forcing of C5d.
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] precipitation (~1800 mm) distributed over the seasons
1. Introduction o .
with higher totals (~1000 mm) in austral autumn (wet
quarter, March to May, MAM) and lower (< 50 mm) in

The Alcantara Launch Center (Centro de

Langamento de Alcantara, CLA) is the main launch
site for the Brazilian aerospace vehicles'. Tt is located
on the northern coast of Northeast Brazil (NEB), in the
city of Alcantara, state of Maranhdo (Fig. 1). The
geographical position of CLA near the Equator is
favorable for launching geosynchronous satellites. The
climate in CLA is tropical humid, with high monthly
temperatures throughout the year (26-28°C) and annual
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austral spring (dry quarter, September to November,
SON) [1, 2].

Particular environmental conditions, such as the
absence of precipitation, lightning and strong surface
winds, are necessary for the successful launch of
Brazilian aerospace vehicles at CLA (Marques and
Fisch 2005). During the dry quarter, the limiting factor
for launch at CLA is usually the presence of strong
surface winds, because the average surface wind speed
is higher [1, 3] and precipitation events are infrequent
[2, 4]. Wind speed is an important factor because it
affects the flight trajectory of acrospace vehicles [5].
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Fig. 1 (a) The boundaries of Brazilian states are indicated by gray dotted lines. The state of Maranh&o is shaded in gray. (b)
The box-like region that includes CLA is zoomed in and the approximately location of CLA is shown. (c) The position of the
launch pad and the anemometric tower (AT) are indicated on the aerial view of CLA. Average winds blow from the ocean to

AT.

Numerous studies have addressed the wind
characteristics at CLA. They include the computation
of climatological means [1, 3], the characterization of
surface and internal boundary layers [6], the numerical
simulation of rocket exhaust clouds dispersion [7] and
the wind-tunnel simulation of the surface flow over
CLA [8]. For short-range weather forecasting (12 h to 3
days), Silva and Fisch (2014) [9] showed that
Weather
Forecasting model (WRF) driven by forecasts from the
Global Forecast System (GFS) were able to suitably
represent the observed wind profiles at CLA during
periods of the wet and dry quarters. Souza (2014) [10]

reported that simulations of this kind were useful to

simulations using the Research and

define the launch time during the operation at CLA
called Operagdo Raposa (12-Aug to 03-Sep-2014). A
comparison between the observed and simulated

surface wind during this operation was carried out by
Custodio et al. (2017) [11].

Although numerical modeling has a promising
potential for wind forecasting, there is still a research
gap in understanding the surface wind signal variability
at scales relevant to short-range weather forecasting.
One such variability is a cycle with periodicity in the
3-9 days band that is found in the surface wind speed
data at CLA during the dry quarter. This cycle,
hereafter referred to as 5-day cycle (C5d), because its
average periodicity is about 5 days, can be split in
phase of maximum wind speed (VMAX), which
contains the more intense winds, and phase of
minimum wind speed (VMIN), which contains the
weaker winds and is thus more suitable for launch of
C5d had been noticed by
meteorologists who participated in launch operations at

aerospace vehicles.



86 Five-day Cycle of the Surface Wind in the Alcantara Launch Center During the Dry Quarter

CLA and used empirically by them to assist the surface
wind forecasting [12]. The existence of C5d was also
suggested by results from a field campaign called
“Murici-2” (Sep-2008): Marciotto et al. (2012) [13]
found 4-day cycle in wind speed at 10 m and Reuter
(2013) [14] found a similar cycle in surface pressure
measured by a microbarograph.

The presence of C5d (or cycles similar to C5d) has
also been reported for several regions around the world
[15-17] and, in particular, for a locality in the eastern
coast of NEB (Marechal Deodoro, state of Alagoas,
Brazil; [18]). These studies suggest, in general, that this
cycle could be driven by atmospheric systems whose
variability lies in the 3-9 days band, such as transient
synoptic systems in middle-latitudes and easterly wave
disturbances in low-latitudes. Diedhiou et al. (2010)
[19] showed that easterly wave disturbances can
propagate across the Atlantic Ocean towards NEB and
mainly affect its eastern coast [20]. Frontal systems
initiated from middle-latitude transient synoptic waves
in the Southern Hemisphere propagate southwesterly
over South America and can also affect NEB [21],
particularly its southern part [22]. Therefore, C5d in
NEB could be directly related to both systems.

Easterly waves or frontal systems affect CLA, but it
is not located in the main areas influenced by them.
Coutinho and Fisch (2007) [23] and Marques et al.
(2009) [24] showed that easterly waves affect CLA all
year round, with higher occurrence in July. Marques
(2004) [25] and Tavares (2008) [26] studied frontal
systems cases which affect the weather conditions
(including the surface wind) at CLA. Although these
studies suggest a possible relation between C5d in CLA
and easterly waves or frontal systems, there are
important aspects that do not fit into this relationship.
For instance, easterly waves affect higher levels (above
850 hPa) and are hardly detectable in the surface wind
signal [24], and only intense and infrequent frontal
systems are able to affect CLA [26]. These features do
not agree with the fact that C5d can be clearly
identified in the surface wind signal [13] and is

relatively frequent during the dry quarter (according to
empirical knowledge).

To contribute to the clarification of the above
mentioned issues, the present study focus on C5d in
CLA during the dry quarter and aims to 1) characterize
C5d and 2) find out the main atmospheric factors
related to the C5d phases (VMAX and VMIN). The
first objective includes the application of wavelet
transform (WT; [27]) on surface wind data collected at
CLA and expanding the C5d identification found in
previous works [13] by using a longer dataset. The
second objective consists of providing a reasonable
explanation about C5d phases, because those based on
the occurrence of easterly waves [24] or frontal
systems [26] have severe limitations. To achieve this
objective, reanalysis data for a number of cases are
used to obtain the average large-scale factors related to
C5d phases.

The study is organized as follows. In section 2,
observed and reanalysis data are described and the use
of WT is explained. Results are given in sections 3
(observed features of C5d), 4 (case studies to illustrate
the main large-scale factors related to C5d phases) and
5 (distinct features between the C5d phases). Results
are integrated and discussed in section 6 and

concluding remarks are provided in section 7.
2. Data and Methods

Observed surface wind data (wind speed and
direction) for the dry quarter (SON) over the course of
9 years — 1996-1999, 2005, 2012-2015 — are used.
Measurements are made by an aerovane installed in the
sixth level (70 m from the ground) of the anemometric
tower located close to the launch pad at CLA (Fig. 1c)
(see [28] for details). The measurement frequency is
0.5 Hz and 10-min statistics are stored in a datalogger.
The 10-min averages are aggregated to produce the
hourly time series of surface wind data. Then, moving
average is applied in the time series to filter out the
daily cycle.
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Zonal and meridional wind at 1000 hPa and sea level
pressure (SLP) from the ERA-Interim dataset [29], for
the same period of the observed data, are used.
Reanalysis data is available over a global 0.75° x 0.75°
grid at four analysis times (0000, 0600, 1200 and 1800
UTC). Daily fields are computed as the mean of these
four times.

To identify C5d, WT [27] is applied to the
normalized and detrended time series of wind speed for
the dry quarter of each year. The Morlet wavelet
(periodic function in time modulated by a Gaussian
function) is used as the basis function. The level of
statistical significance is prescribed as 95%.

The full WT output (using the software provided by
Torrence and Compo [27] for a single year (dry quarter
of 1999) is illustrated in Fig. 2. Given the normalized
and detrended time series of wind speed — called input
time series (Fig. 2a) — the WT decomposes the signal
in time and scale (period), and results in the wavelet
power spectrum (Fig. 2b). It shows the time intervals

when higher power values within a band (scale interval)
of interest are found.

For each scale, the time average of the wavelet
power produces the global wavelet spectrum (Fig. 2c¢),
which is equivalent to the Fourier transform spectrum.
The signal variability is concentrated on scales at
which power peaks (relative maxima) occur in the
global wavelet spectrum.

The average within a band of interest results in the
time series of the scale-averaged wavelet power
(SAWP; Fig. 2d). SAWP is a non-negative number that
measures the activity of the band-related variability.
Time intervals when SAWP is higher, i.e., above a
prescribed threshold, are called active periods.

The WT is also used to filter the signal by removing
(retaining) all variabilities on scales outside (inside) the
band of interest. This reconstructed signal is called
filtered time series.

For C5d, the band interval and SAWP thresholds are
prescribed as follows.
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Fig. 2 Illustration of the WT output for the dry quarter of 1999: (a) input time series, (b) wavelet power spectrum, (c) global

wavelet spectrum and (d) time series of SAWP in the 3-9 days band. Statistically significant values at 95% are enclosed by

black lines in panel b and above the red line in panels ¢ and d.
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*  The broader 3-9 days band is assumed as the
band of interest. This band is used for
computation of SAWP and obtaining the
filtered time series.

*  Occurrence of C5d means SAWP > the
threshold for statistical significance at 95%.

*  Active period of C5d means SAWP > 0.4.

These assumptions are addressed in the section 3 and

their application can be illustrated by analyzing Fig. 2.
For the dry quarter of 1999, the power peak at ~7 days
in the 3-9 days band corresponds to C5d period (Fig.
2¢). C5d occurs quite frequently, because SAWP is
significant most of time, but C5d active periods

(SAWP > 0.4) are restricted to two periods in SON:
second half of October and second half of November
(Fig. 24).

3. Observed Features of C5d

The global wavelet spectrum for the dry quarter
(SON) of each year, obtained from the observed wind
data, is shown in Fig. 3. In most years, the 3-9 days
band lies between two relative minima of power (one
minimum below 3 days and the other between 9 and 12
days) and shows one or two relative maxima of power
within the band. Therefore, C5d is suitably delimited
by the assumed band limits at 3 and 9 days (section 2).

d

b| - C

Fig. 3 Global wavelet .Sp(-',‘-CtI:L.Jm: for 'the-'dr"y quar-ter-('Jf é-acﬁ ye:ér: '('a) 1996 (b) -199-7', (E) 1998 (d')'1§99,"'(e) 2005, (f) 2012, (g)

2013, (h) 2014 and (i) 2015.
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In the 3-9 days band, there are significant peaks
about 5 days and, in about half of years, two significant
peaks (1996, 1997, 1998, 2012). Power values in the
peaks show marked interannual variability. Outside the
3-9 days band, significant peaks also occur around 15
days (e.g., 1997) and non-significant peaks around 22
days (e.g., 2015), but they are beyond the scope of this
study.

To obtain the period around which the variability in
the 3-9 days band is concentrated, the cumulative
frequency distribution of periods related to power
peaks (in global wavelet spectra in Fig. 3) within the
3-9 days band is shown in Fig. 4. The mode occurs
between 5 and 6 days, and the median corresponds to

the period of 5.4 days. This result justifies the use of the
term “5-day cycle” for this variability and ratifies the
periodicity identified by previous studies from more
limited data [12, 13].

Statistically significant values of SAWP (= 0.06 to
0.35 depending on the year) indicate C5d occurrence.
However, to select the active periods of C5d, i.e., the
time intervals when C5d dominates the wind speed
signal, a more restrictive threshold of SAWP, 0.4, is
assumed (section 2). It is obtained subjectively by
comparing the input with the filtered time series. For
instance, for the dry quarter of 1996 (Fig. 5), when
SAWP > 0.4, both series show similar high values of
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wavelet spectra shown in Fig. 3.
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Fig. 4 Cumulative frequency distribution of periods related to the power peaks within the 3-9 days band found in the global
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Fig. 5

Input (black line), filtered (blue) and SAWP (red) time series for the dry quarter of 1996. Filtered and SAWP time

series refer to the 3-9 days band. Time intervals when SAWP > 0,4 (active periods) are shaded.
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amplitude. For lower values of SAWP, eventual
moderate/high amplitudes in the input time series may
not be related to C5d: for instance, the moderate wind
speed drop between 21 and 23-Nov in the input time
series is greatly smoothed in the filtered time series.
The threshold value of 0.4 is similar to that used by
Souza and Oyama (2017) [29] for breeze potential
occurrence.

For each year, the fraction of dry quarter days in
which there is occurrence or active period of C5d is
shown in Fig. 6. On average, C5d occurs in 85% of dry
quarter days. It ratifies the empirical knowledge (from

Significant SAWP (occurrence)

meteorologists who participated in launch operations at
CLA) that C5d is relatively frequent. C5d active
periods correspond, on average, to 28% of dry quarter
days. This
corresponds to about 1/3 of the dry quarter, and

fraction is expressive, because it
explains the usefulness of the method of empirically
adjusting a periodic function to the daily surface wind
data for short-range forecasting purposes [12]. The
smallest fraction of days in active periods (about 10%)
occurred in 2005, which is consistent with the less
pronounced peak in the 3-9-days band for this year (Fig.

3e).

HESAWP > 0.4 (active period)
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Fig. 6 Fraction of dry quarter days for each year in which there is occurrence (gray bar) or active period (blue bar) of C5d.

The distribution of wind speed and direction for C5d
phases is shown in Fig. 7. In VMIN, higher frequency
is found in ENE (40%) and NE (44%) directions, and
wind speed is 6-9 m/s. These features are similar to
those found for the whole dry quarter [3, 30]. In
VMAX, the highest frequency is found in ENE (60%)
direction and wind speed increases to 9-12 m/s.
Therefore, from VMAX to VMIN, the surface wind
over CLA weakens (reduction of about 3 m/s) and

rotates counterclockwise (from ENE to NE direction).

The characterization of C5d is also carried out using
the ERA-Interim reanalysis data for the grid point
closest to CLA. For all years, there is a good agreement
of periods of C5d activity between observed and
reanalysis data [31]. For instance, a comparison of
SAWP computed from both datasets for two
contrasting years, 1996 and 1999, is shown in Fig. 8. In
1996, when there are more days in C5d active periods
(Fig. 6), the timing of observed peaks is well
represented by reanalysis data, although the observed

power is underestimated in the first two peaks. In 1999,
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Fig. 7 Distribution of wind speed and direction for C5d phases: (a) VMAX and (b) VMIN.
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Fig. 9 Atmospheric circulation at 1000 hPa and SLP: 20 (a, b), 21 (c, d), 22 (e, f) and 23-Nov-1999 (g, h). Panels a, c, g:
streamlines with wind speed (left color bar); two isobars are also plotted (continuous and dashed back lines). Panels b, d, f, h:
SLP is shaded (right color bar) and wind vectors with magnitude above 8 m/s are plotted.
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when there are less days in C5d active periods (Fig. 6),
reanalysis data is able to reproduce the observed lack of
C5d activity in the first half of the dry quarter. For all
years, C5d features — global wavelet spectrum in the
3-9 days band, median of periods related to power
peaks and distribution of wind speed and direction for
C5d phases — are similar for both datasets (Ramalho
2018).

4. CaseStudies

In this section, 3 cases in active periods of C5d are
briefly analyzed to illustrate the main large-scale
factors related to C5d phases.

The first case occurred from 20 to 23-Nov-2013 and
illustrates the transition from VMAX to VMIN (Fig. 9).
In both phases, southeast trades from the northern
border of the South Atlantic Subtropical High (SASH,;
[32]), after
counterclockwise rotation over the northern coast of
NEB (where CLA is located).

e In 20-Nov (VMAX), more intense southeast

trades occur over a large area that includes the

crossing the ocean, undergoes a

South Atlantic and the eastern and northern
coast of NEB. SASH is intense and extends
over the entire South Atlantic.

*  From 21 to 23-Nov (VMIN), southeast trades
weaken and the area with higher wind
velocities shrinks and disappears. The

counterclockwise rotation over the northern
coast of NEB becomes more pronounced,
which agrees with the higher frequency in the
NE direction for VMIN mentioned in section 3
(Fig. 7b). SASH weakens and is pushed
eastward by the northward propagation of the
trough and the migratory anticyclone (behind
the trough) associated to a frontal system
affecting Southern Brazil [33].
Therefore, for this case, the transition between C5d
phases is explained by changes in the intensity of

southeast trades that are related to changes in SASH

features (intensity and zonal position) driven by the
passage of a cold front in Southern Brazil.
* The other two cases — 10-Nov-1996 and
12-Sep-2013 — illustrate the influence of the
North Atlantic Subtropical High (NASH; [34])
on C5d phases (Fig. 10), because NASH also
influence the intensity of southeast trades winds
[35]. For both cases, SASH features are similar
to those of 20-Nov-1996; therefore, conditions
in South Atlantic are favorable to the
establishment of VMAX.
10-Nov-1996, NASH is

displaced to the south, and these conditions

e In intense and
intensify northeast trades over the North
Atlantic. Combined the intense southeast trades
from SASH, the result is a large continuous
area with intense winds in both Hemispheres
that advances inland over NEB. This area is
much larger than that of 20-Nov-1996. This
leads to the establishment of an unambiguous
VMAX.

* In 12-Sep-2013, Hurricane Humberto is found

20°N [36]. It NASH

and northeast become

at about pushes

northwards trades
confined to higher latitudes of the Northern
Hemisphere. The hurricane also acts as a sink
of southeast trades and shifts the southeasterly
circulation over the ocean in 10°S-Equator
slightly eastward. It reduces the wind speed
over the northern coast of NEB and leads to the
establishment of VMIN,

expected from conditions in South Atlantic.

contrary to the

These results confirm that NASH features (intensity
and meridional position) could also affect southeast
trades and, therefore, C5d phases.

5. Features of C5d Phases

To obtain the distinct features between the C5d
phases, the following procedure is carried out for 35
cases (on average, about 4 cases per year) that represent
typical cases of C5d during active periods. Sampling
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10-NOV-1326

BOW

5
Fig. 10 Atmospheric circulation at 1000 hPa and SLP: 10-Nov-1996 (a, b) and 12-Sep-2013 (c, d). Panels a, c: streamlines
with wind speed (left color bar); two isobars are also plotted (continuous and dashed back lines). Panels b, d: SLP is shaded
(right color bar) and wind vectors with magnitude above 8 m/s are plotted.

criteria include the clear (unambiguous) presence of
C5d phases in the input time series of both observed
and reanalysis data. For a given case, from VMAX to
VMIN, changes in three features of SASH are
subjectively identified:
* intensity: intensification (+), no change (0) or
weakening (—);
*  zonal position: eastward displacement (E), no
change (0) or westward displacement (W); and
*  meridional position: northward displacement
(N), no change (0) or southward displacement
(S).
The same procedure is carried out for NASH.
Frequencies for each category are shown in Fig. 11.
The transition from VMAX to VMIN is generally
related to weakening of SASH and NASH (74% and 49%
of cases, respectively), eastward displacement of
SASH (86%) and northward displacement of NASH

(60%). These features agree with those found in section
4. Meridional displacement of SASH or zonal
displacement of NASH is not found for the majority of
(69% and 97%,
displacement of SASH does not occur for all cases.

cases respectively). Westward
These results motivate defining, in the transition from
VMAX to VMIN, the “influence” of SASH when it
weakens or propagates eastwards, and the “influence”
of NASH when it weakens or propagates northwards.
The frequencies of “influence” defined in this way are
also shown in Fig. 11.

For all cases (“YES” in Fig. 11a), there is influence
of SASH. This is an important and robust result,
because it shows a common feature for all cases:
VMAX (VMIN) is related to higher (lower) intensity of
SASH or more (less) zonal proximity of SASH to
South America. Therefore, SASH can be regarded the
main forcing of C5d.
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For the majority of cases (74%; “YES” in Fig. 11b),
there is influence of NASH. This is also an important
result, because for about 3/4 of cases VMAX (VMIN)
is related to higher (lower) intensity of NASH or more
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complementary forcing of C5d.

(less) meridional proximity of NASH to the Equator.
Therefore, NASH can be regarded as an important
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Fig. 11 For SASH (a) and NASH (b), frequency of categories — intensity (+1: intensification, 0: no change, -1: weakening)
zonal position (W: westward displacement, 0: no change, E: eastward displacement), meridional position (S: southward
displacement, 0: no change, N: northward displacement) and influence (YES: the is influence, NO: there is no influence) — in
the transition from VMAX to VMIN. For SASH, influence means weakening or eastward propagation in the transition; for
NASH, weakening or northward propagation. In each category, gray bar refers to the highest frequency.

6. Discussion

The connection between SASH and surface wind in

NEB is well known, particularly for longer temporal

(eastward)

scales (e.g. intraseasonal and interannual) [32, 37]. For
instance, Degola (2013) [38] showed that when SASH
displaced  westward

from its
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climatological position, more (less) intense winds
occur over NEB. Recently, Gilliand and Keim (2018)
showed that this relation also holds for shorter temporal
scales, such as the daily scale. Therefore, the influence
of the zonal position of SASH on C5d phases obtained
here agrees with previous studies. The contribution of
the present study consists of showing that the intensity
of SASH and NASH, as well as the meridional position
of NASH, are additional factors that influence C5d
phases.

In previous studies that identify C5d in NEB, such as
Marciotto et al. (2012) [13] for CLA and Moura et al.
(2014) [18] for a locality in the eastern coast of Brazil,
SASH (or NASH) was not mentioned as a possible
driver of C5d. The reason might be the idea that C5d
would result from the direct action of an atmospheric
system over NEB. Results obtained here show that the
influence is mostly indirect: for instance (limiting the
discussion to SASH), frontal systems affect SASH,
which in turn affects the southeast trades that reach the
northern coast of NEB. Therefore, the frequent
occurrence of C5d in CLA during the dry quarter is not
related to the infrequent direct influence of frontal
systems on CLA [26], but to the frequent influence of
frontal systems on SASH.

Ito (1999) [39] showed that daily changes of SASH
position reveal a periodicity similar to that of frontal
systems. Therefore, the frequency of frontal systems
occurrence could explain the period of C5d, which is
about 5-6 days. For the dry quarter, Pampuch and
Ambrizzi (2015) [40] showed that the mean time
interval between the passage of successive frontal
systems over Southern Brazil is 6-8 days. This interval
is similar to the period of C5d and explains the
occurrence of peaks in the 6-9 days band in the global
wavelet spectrum (Fig. 3). However, since there are
also peaks at periods < 6 days (such as 4 days), other
factors affect the period of C5d. Further studies are
necessary to unravel these factors.

Results were obtained addressing the transition from
VMAX to VMIN. How is VMAX established from

VMIN? Focusing only on the Southern Hemisphere,
the question means how an intense SASH extending
over the South Atlantic could follow VMIN. As a
frontal system propagates, the trough that separates
SASH from the migratory anticyclone gradually
weakens (as illustrated by comparing Fig. 9f with Fig.
%h). When it disappears, SASH and the migratory
anticyclone merges, which results in the expansion of
SASH over the South Atlantic. It gives rise to VMAX.
Merging between the migratory anticyclone and SASH
after the frontal system passage, which is the key
process to the establishment of VMAX, is well known
[41, 42].

One observational feature obtained here was the
more pronounced counterclockwise rotation of the
surface circulation over the northern coast of NEB in
VMIN. For cases when the counterclockwise rotation
is even more pronounced, northerly winds can occur at
CLA and this high rotation can be related to the
formation of a low-level mesoscale anticyclone over
NEB. One such case occurred from 23 to 25-Nov-1999
during the launch operation called Operacéo Almenara
and was reported by Marques (2004) [25].

7. Concluding Remarks

The main features of C5d during the dry quarter in
CLA were obtained from observed data over the course
of 9 years. The cycle consists of a variability in the 3-9
days band concentrated around the period of 5 days.
C5d occurs frequently and its active periods occur in
about 1/3 of dry quarter days. There is large interannual
variability of C5d activity. The distribution of wind
speed and direction for C5d phases shows that, from
VMAX to VMIN, the surface wind over CLA weakens
(reduction from 9-12 m/s to 9-6 m/s) and rotates
counterclockwise (from ENE to NE direction).

To obtain the distinct features between the C5d
phases, 35 cases subjectively sampled to represent
typical cases of C5d during active periods were
analyzed. Results showed that, from VMAX to VMIN,
SASH weakens or propagates eastwards for all cases,
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while NASH weakens or propagates northwards for
about 3/4 of cases. Therefore, SASH could be regarded
as the main driver of C5d, while NASH could be
considered as an important complementary forcing of
Csd.

Previous studies [39] showed that the southwesterly
propagation of frontal systems over South America
drives the zonal displacement of SASH. The frontal
system trough pushes SASH eastwards, and this
displacement leads to wind velocity reduction in CLA
(VMIN). Behind the trough, the migratory anticyclone
intensifies and, after the trough weakening and
dissipation, merges with the SASH [41]. Expansion of
SASH over South Atlantic due to this merging process
results in wind velocity increase in CLA (VMAX). The
cycle is repeated when a new frontal system comes up.
This conceptual model integrates aspects obtained in
this study and could be useful for short-range wind
forecasting during launch operations at CLA.
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