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Some meteorological adverse 

phenomena, such as, significant precipitations, 
thunderstorms, stratus clouds, floods, etc, have 
caused a lot of problems in Alagoas State (North- 
East coast of Brazil, 10oS approximately). Theses 
phenomena were associated with low level trough 
(Gomes e Fedorova, 2004; Levit et. al., 2004; 
Fedorova,  et al, 2004; Fedorova et al, 2005; Levit 
et al, 2005). These troughs geneses did not well 
known yet. 
  The wave can be associated with 
Intertopical convergence zone (ITCZ) or with cold 
Low in the upper troposphere (Upper Troposphere 
Cyclonic Vortex - UTCV) or with equator extension 
of mid-latitude baroclínic trough. Also, the tropical 
waves were defined by Simpson (1968) as a 
trough or cyclonic curvature maximum in the trade 
wind. The barotropic wave may reach maximum 
amplitude in the low or middle troposphere. 
 The first kind of wave, which was 
described in the Tropics, was Easterlies Waves in 
the Caribbean area (Barry and Chorley, 1982). 
There are some weak barotropic troughs in the 
tropical regions. These troughs axis are usually 
inclined eastward with height. Frequently, 
Cumulonimbus clouds develop and thunderstorm 
occur in these weak troughs behind their axis 
passage. This pattern is associated with vertical 
and horizontal motion in the easterlies. An air 
convergence has occurred behind of the low-level 
weak trough axis and a divergence have detected 
in front of it.   
 One of the wave study problems is the 
detection difficulty of exact beginning of the wave 
formation. This is especially true in the tropic 
regions because of restrict meteorological data, 
insufficient knowledge of a synoptic systems 
development and absence of the numerical 
meteorological models suitable for this region 
(Riehl, 1954; Tenorio et al, 2003). It is sure that 
many waves in the Atlantic Ocean are formed over 
the African coast or near. Another factor, which 
can initiate waves in the easterlies, is a 
penetration of cold fronts into low latitudes (Riehl, 
1954; Barry and Chorley, 1982; Tenorio et al, 
2003; Molion and Bernardo, 2002). This is a 
common phenomenon in the section between two 
subtropical anticyclones.  
 This work aim is an investigation of 
intensive convection development in troughs near 

the Alagoas State to support the short-term 
weather forecast.  

The conventional data were used for 
adverse phenomenon identification. The 
identification of Mesoscale Convective Complex 
(MCC) was made according to description of 
Veltishev (1990). The vertical profiles were 
constructed by NCEP reanalysis data for Maceio 
city. The radiosonde data were used to 
complement the NCEP profiles. The synoptic 
situation before and during adverse events were 
analyzed using satellite images and different 
products of NCEP reanalysis: streamlines (at the 
levels of 1000, 925, 500 and 200hPa), surface 
pressure, omega, temperature and relative 
humidity at the 925, 850, and 1000hPa levels, 
thermal advection at the low levels. The software 
“Grads” (Doty, 2001) was used to elaborate all 
maps.  

Air Parcels Trajectories of HYSPLIT model 
was used to calculate forecasted trajectories for 
Maceio city (Alagoas State), with 12-48 h 
antecedence. These trajectories were used to 
construct of the forecasted vertical temperature 
and humidity profiles. The strong convection 
forecast was made using K, TT, LI indexes and 
positive CAPE (Convictive Available Potential 
Energy), calculated by forecasted vertical profiles. 

Three extremely adverse meteorological 
events with different formation processes are 
presented below. Significant precipitations, 
thunderstorms and floods were associated with 
these MCCs development.  
 The first MCC was observed 12 June 
2002. An infrared satellite image (Figure 1a) 
shows a convective cloud system (MCC) near 
Northeastern of Brazil (NEB). The trough at the 
low levels, which is a wave disturbance in the field 
of trade winds (WDTW), near Alagoas State, was 
an important reason for the MCC devolvement 
(Figure 1b). The trough motion to westward at 
500hPa level is presented at the Figure 2. This 
trough axis was over Alagoas State on 11 June, 
00 UTC; its rearguard was over Alagoas State on 
12 June, 00 UTC, on the MCC developed day. 
Therefore, a weak trough at the low and middle 
levels was considered as the first cause for very 
strong convection and consequently MCC 
development.  
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 (a)  (b) 
Figure 1 – (a) METEOSAT Satellite IR image and (b) streamline at 1000hPa level for 12 June 
2002 at 12UTC. Source: CPTEC/INPE, NCEP. 
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Figure 2 – Streamline at 500hPa level for 10-12 June 2002. Source: NCEP 
 

The trajectories show the connection 
between the MCC development and the trade 
winds at the low levels and the trough at the 
middle levels (Figures 2 and 3). Also, some warm 

thermal wave at low levels and cold thermal wave 
at the middle levels were detected by the 
trajectories analyses (Figures 3 and 4). 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 3 - Air Parcels Trajectories of HYSPLIT model in vertical and horizontal outline at about 1500, 
3000, 5000 e 9000m.  

 
The Air Parcels Trajectories with 12 

antecedence superimposed on temperature field 
show an influence of positive thermal advection 
from the warm wave at 850hPa level, from the 
warm center at 700hPa level and negative 
advection at 500hPa (Figure 4a, b and c, 
respectively). This thermal advection vertical 
distribution creates the perfect conditions for the 
instability development and the MCC formation. In 
this MCC case, the sea surface temperature was 
cold and did not influence to the latent heat 
liberation (Figure 4d).   

The forecasted vertical profiles for the 
Maceio City are presented (Figure 5). The K 
(K=29 and 26, to 12 and 24hr forecasted profiles, 
respectively) and LI (LI= -4,5 and -3,5, to 12 and 
24hr forecasted profiles, respectively) indexes 
were used to showers forecast with 12 and 24h 
antecedence (indexes interpretation by Djuric, 
1994). The positive CAPE values permitted to 
predict the strong convection with 12h 
antecedence.  
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 4 – Air Parcels Trajectory with 12h antecedence inside temperature field for 12 June 2002 at 
00UTC at the levels: 850(a), 700(b) and 500hPa(c); (d) weekly sea surface temperature anomaly 
between June 10 and 16 2002. Source: NCEP; ECMWF   

 
 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5 - Forecasted vertical profiles calculated by Air Parcels Trajectories of HYSPLIT model with 
12h (a), 24h (b), 36 (c) and 48h (h) antecedence. 

 
The second MCC was developed on 15 

June 2003. Satellite images show the MCC near 
the Alagoas State and jet steam cloudiness 
(Figure 6). This very weak jet steam (with wind 
velocity near 30ms-1) was confirmed by 
streamlines at 200hPa level (Figure 7b). This 
atypical weak jet steam near NEB had already 

identified before by Gomes (2003) near the UTCV. 
In this present case this jet stream causes a very 
strong ascendant motions and MCC formation 
(Figure 6b). The WDTW near NEB at the low 
levels (Figure 7a) and direct ageostrophic 
circulation around the jet stream contributed to 
ascendant motion development.    

 

(a)  
(b) 

Figure 6 - METEOSAT Satellite IR image for 15 June 2003: (a) 00 and (b) 12UTC. Source: 
CPTEC/INPE 
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(a) (b) 
Figure 7 - Streamline for 15 June 2003 at 00UTC: (a) 1000 and (b) 200hPa.  
Source: NCEP 

 
 

The Air Parcels Trajectories (Figure 8) 
were used to elaborate the forecasted vertical 
profiles (Figure 9). By the using of the K, TT, LI 
indexes and positive CAPE values it was not 
possible to forecast the intensive convection 

development: the positive CAPE were less than 
1000 J/Kg and LI index was more than -2 for 12-
48h antecedence. Therefore, the strong 
convection could not be forecasted by theses 
vertical profiles.  

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 8 - Air Parcels Trajectories of HYSPLIT model in vertical and horizontal outline at about 1500, 
3000, 5000 e 10000m. 

 
 

    
Figure 9 - Forecasted vertical profiles calculated by Air Parcels Trajectories of HYSPLIT model with 
12h (a), 24h (b), 36 (c) and 48h (h) antecedence. 

 
 

At the same time, the jet stream and 
intensive vertical ascendant motions were 
registered by vertical sections (Figure 10a, b, and 
c). This jet stream was shallow, localized at high 
levels up to 400hPa and formed by a very deep 
and strong latitude jet stream component. The jet 
stream and low levels trough near NEB have 

formed two circulations: one at the high and 
another at low levels, respectively (Figure 10b). 
Both circulations have created an ascendant 
motion column close to Alagoas State and 
sequentially were responsible for the MCC 
formation on 15 June 2003.    
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 10 – Vertical sections along 36oW: (a) u component wind vertical section, (b) divergence vertical 
section, (c) omega vertical section for 15 June 2003 at 00UTC. Weekly sea surface temperature 
anomaly between June 8 and 15 2003 (d). Source: NCEP; ECMWF   

 
The third MCC was observed 4-5 March 

2002. Extremely intensive precipitations, more 
than average values, have been registered from 4 
to 5 March 2002 in the State of Alagoas and were 
associated with MCC development. The 
precipitations of more than 100mm/24h were 
observed by four meteorological stations, more 
than 70mm/24h by 11 stations and more than 
50mm/24h by 19 stations on 4 March. The highest 
precipitations of 130 mm/24h and average 

precipitations of 42,8 mm/24h were detected on 
the same day. The maximal precipitation intensity 
was 6.2 mm/1h on 4 March, 16h and 8.6mm/1h on 
5 March, 1h (local time). The conventional 
meteorological 10 min observations show that the 
maximal precipitation intensity on 5 March was 
registered at 16h (local time) immediately after 
maximal solar radiation increase and relative 
humidity decrease.   

 
Table 1 – Average and maximal (max) precipitation (mm/24h) in the ambient regions of Alagoas State on 
3, 4 and 5 March 2002. 
 

precipitations 
Day 3 Day 4 Day 5 

Region 
 

average max average max average max 
Litoral 2,08 13,0 66,71 123,0 12,5 36,0 
Zona da Mata 6,27 22,8 60,2 130,0 8,83 27,0 
Sertão 0,24 1,2 27,0 48,0 5,4 27,0 
Sertão do São Francisco 0,05 0,2 5,8 23,0 27,2 56,4 
Agreste 1,1 2,2 49,9 95,8 34,0 68,0 
Baixo São Francisco 2,65 5,2 46,95 93,6 5,17 12,6 
Average in the State 2,07 7,43 42,80 85,57 15,50 37,83 

 
The MCC development was associated 

with WDTW, which was formed between trade 
winds of both hemispheres near the Intertropical 
Convergence zone (ITCZ) (Figure 11a). This 
WDTW was observed only at the low levels (up to 
850hPa) and above it the anticyclonic air current 
was predominated (Figure 11b). The divergence 
current in ITCZ near equator and air convergence 

to south from Alagoas State at the high levels 
were accompanied by MCC development. These 
synoptic scale currents have created the 
convergent air current at the low levels and the 
divergent current at the high levels and as a 
consequence have created favourable conditions 
of ascendant motions and MCC formation. 

.     
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(a) 1000hPa 

 
 

(b) 500hPa 
Figure 11 - Streamlines for 4 March 2002 at 12UTC at the levels 1000 (a) and 200hPa (b).  
Source: NCEP 

 
The intensive convection development 

was observed in cloudiness by infrared satellite 
images above the whole Alagoas State (Figure 

12). Also, theses images show that this convection 
is associated with the south part of the ITCZ 
cloudiness. 

 

 
(a) 4 March, 00 UTC  

 
(b) 4 March, 19:30 UTC 

 
(d) 5 March, 20:30 UTC 

Figure 12 - GOES Satellite IR image for 4 and 5 March 2002. Source: CPTEC/INPE 
 
The intensive instability was calculated by 

vertical profiles, constructed by NCEP reanalysis 
for Maceio city, and by radiozond data in Natal 
(Table 2, Figure 13). The highest values were 
obtained for intensive precipitation time in Maceio 
and reached LI = -3 e CAPE = 1139J/Kg. The 
convection in Natal was more intensive and 
instability parameters by radiozond have reached 
extremely high values (CAPE = 3936J/Kg e LI = -

7). It is important to note, that calculated instability 
parameters by NCEP reanalysis were 3 times less 
than calculated by radiozond data. The highest 
vertical temperature gradient at the low level up to 
970hPa and high humidity at all troposphere levels 
up to 350hPa were responsible for extremely 
intensive convection development. The 
precipitation stopping was associated with 
superficial instability decreasing.  

 
Table 2 – Instability parameters (indexes K, TT, LI and CAPE, J/Kg) by NCEP reanalysis for days 3, 4 e 5 
March 2002 in Maceio city and by radiozond in Natal.  Source: NCEP, CPTEC/INPE. 
 

Day   / hour / city K TT LI CAPE 
03/ 00UTC / Maceio 27 40 -1 344 
03/ 12UTC / Maceio 27 41 -2 847 
04/ 00UTC / Maceio 30 43 -2 542 
04/ 12UTC / Maceio 25 40 -1 990 
05/ 00UTC / Maceio 34 44 -3 1139 
05/ 12UTC / Maceio 32 43 -3 1078 
03/ 12UTC / Natal 29 45 -7 3380 
04/ 12UTC / Natal 25 44 -7 3936 
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(b) 

 
(c) 

Figure 13 - Vertical profile calculated by NCEP reanalysis data for Maceio city, 4 March, 12UTC (a) 
and vertical profile by radiosonde in Natal, 4 March, 12UTC (b). Source: NCEP, CPTEC/INPE 

 
Height variation of the wind direction 

obtained by radiozond and NCEP reanalysis 
profiles, promoted the convection intensification.  
All these data show the wind direction variation 
to left at low levels and to right at the high levels 
(Figure 13). Theses wind variations are 
associated with warm advection at the low levels 
and with cold advection at the high levels. 
Consequently, this thermal advection height 
distribution increased instability and convection.  

The principal results of this investigation 
show that difficulties of such events forecast are 
the result of restrict meteorological data, 
insufficient knowledge of a synoptic systems 
development and absence of verification of the 
numerical meteorological models suitability over 
this region. The WDTWs on the north-western 
periphery of subtropical High were associated 
with all events of MCC development. Peripheries 
of the frontal zones rest were one of the causes 
of WDTW formation which were localised far 
from other synoptic systems. The weak jet 
stream near NEB created the direct ageostrofic 
circulation, which intensified vertical motions and 
MCC formation in other case. At the third case, 
the vertical distribution of thermal advection 
(warm advection at the low levels and cold 
advection at the high levels) increased instability 
for extremely intensive MCC development. 

Very high air instability (up to 
CAPE=3936J/Kg and LI=-7) was typical for two 
MCC events and in one MCC the high instability 
(CAPE ≤1000 J/Kg and LI ≥-2) didn’t identified. 
The instability parameters, calculated by NCEP 
reanalysis profiles, were less than calculated by 
radiozond data. The ocean surface heating near 
Alagoas State and thermal air advection at the 
low levels were associated with the thunderstorm 
development only in some MCC events. In other 
MCC a very weak jet stream at high levels near 
Alagoas area was identified as a principal 
process for ascendant motion formation. The 
vertical profiles, elaborated by Air Parcels 
Trajectories of HYSPLIT model, were available 
to forecast of one extreme event with 12h-24h 
antecedent.  
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