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Abstract

Significant precipitation, thunderstorm, floods and other extreme weather events, which have caused
problems in Alagoas State, were investigated. NCEP reanalysis data, HYSPLIT model trajectories,
satellite images and adjacent Atlantic Ocean thermal conditions were used for the investigation. Wave
Disturbance in the field of Trade Winds (WDTW) on the northwest periphery of subtropical High were
associated with a different processes of clouds formation, which are possible to create both Cb and St-
clouds. Periphery of the frontal zones rest were one of the causes of the WDTW formation far from other
synoptic systems. The WDTW were associated with Mesoscale Convective Complex (MCC). Very height
air instability (CAPE=3936J/Kg and LI=-7) was typical for these events. Extreme events forecast were
elaborated by instability indexes and a convective available potential energy (CAPE) calculated by
forecasted vertical profiles using. These profiles were constructed by Air Parcels Trajectories of
HYSPLIT model. The ocean surface heating near Alagoas and baric trough at low levels were associated
with the thunderstorm development in some MCC events. In other MCC a very weak jet stream at high
levels near Alagoas was identified as a principal process for ascendant motion formation. The 12h-24h
antecedent forecasted vertical profiles were helped for extreme events forecast.

1. Introduction

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,
10°S approximately). Theses phenomena were associated with low level trough Gomes and Fedorova;
Levit et. al.; Fedorova, et al. [1-5]. These troughs geneses did not well known yet.

The wave can reflect a Intertopical convergence zone (ITCZ), or a cold Low in the upper
troposphere (known also as Upper Troposphere Cyclonic Vortex - UTCV), or may by associated with
equator extension of mid-latitude baroclinic trough. Also, a wave was defined by Simpson [6] 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 [7] ). 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; Tenorio et al. [8,9] ). 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; Barry and Chorley; Tenorio et al.; Molion and
Bernardo [7 - 10]). 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.
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2. Method

The conventional data were used for adverse phenomenon identification. The identification of
Mesoscale Convective Complex (MCC) was made according to description of Veltishev [11]. 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 [12]) 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.

3. Results

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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Figure 1 — (a) METEOSAT Satellite IR image and (b) streamline at 1000hPa level for 12 June
PE, NCEP.
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Figure 2 — Streamline at 500hPa level for 10-12 June 2002. Source: NCEP
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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).
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Figure 3 - Air Parcels Trajectories of HYSPLIT model in vertical and horizontal outline at about 1500,
3000, 5000 e 9000m.

The Air Parcels Trajectory 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 [13]). The positive CAPE values permitted to predict the strong convection with
12h antecedence.
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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
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Figure 5 - Forecasted vertical profiles calculated by Air Parcels Trajectories of HYSPLIT model with
12h (a), 24h (b), 36 (c) and 48h (h) antecedence.
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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™) was confirmed by streamlines at 200hPa level (Figure 7b). This atypical weak jet steam near
NEB had already identified before by Gomes [14] 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.

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

Source: NCEP
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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) (€) (d)

Figure 8 - Air Parcels Trajectories of HYSPLIT model in vertical and horizontal outline at about 1500,

3000, 5000 e 10000m.
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Figure 9 - Forecasted vertical profiles éaléﬂléted 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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Figure 10 — Vertical sections along 36°W: (a) u component wind vertical section, (b) divergence
vertical section, (c) omega vertical section for 15 June 2003 at 0OUTC. Weekly sea surface temperature

anomaly between June 8 and 15 2003 (d). Source: NCEP; ECMWF
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The third MCC was observed 4-5 March 2002. Extremely intensive precipitations, above 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.

Region precipitations
Day 3 Day 4 Day 5
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
Sertdo 0,24 1,2 27,0 48,0 54 27,0
Sertdo do Sdo Francisco 0,05 0,2 58 23,0 27,2 56,4
Agreste 1,1 2,2 499 95,8 34,0 68,0
2,65 5,2 46,95 93,6 5,17 12,6
Baixo Sao Francisco
Average in the State 2,07 7,43 42,80 85,57 15,50 37,83
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The MCC development was associated with WDTW, which was formed between both
hemispheres trade winds near the Intertropical Convergence zone (ITCZ) (Figure 11a). The WDTW was
observed only at the low levels (up to 850hPa) and above 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 the 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.

" (2 1000hPa "7 "ysoohPa
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.
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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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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

The wind direction variation with height increase, 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 has increase 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 have 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) have increased increases 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 useful to
forecast one extreme event with 12h-24h antecedent.
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I'eHe3uc ¥ MPOrHo3 Me30MaCIITA0HOI0 KOHBEKTUBHOIO
KOMILIEKca B miTare Ajsiaroac, bpasuinus

Haraabsa H. ®egoposa, Bnagumup U. Jlesut, Jlyns P.JI. Poapurec, Cay.io
b. Kocra

Pe3rome

[IpoBeneHo w3ydeHHE OOWJIBHBIX OCAJKOB, I'pO3, HABOJHEHHH M JPYTUX 3KCTPEMAIIbHBIX
SBJICHUH IOTOJBI, KOTOPBIC BBI3BaNM NpobieMbl B mTare Asaroac. [lpu wmcciemoBaHHsX ObUIH
ucnonb3oBanbl gaHaele NCEP, monens Tpaektopum Bozaymnbix vactun HYSPLIT, cnyTHHKOBBIE
n300paXeHUs1 W TPaHWYHbIE TEMIepaTypHble 3HaueHWs ATIaHTHYECKOro OKeaHa. BoiHoBBIE
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Bo3MyIeHUsT B obOmactu maccata (WDTW) B ceBepo-3amanHoi mepudepud CyOTpPOMHUECKOro
AQHTHUIIMKIIOHA CBS3aHbBI C PA3IMYHBIMHU IpoleccaMu (OpMHPOBaHUs 001aKkoB, 1 Bo3MoxkHO, Ch 1 St.
Ilepudepuiinas obaacTs PpOHTATBHON 30HBI TTOKOS ObUTa OMHON M3 puuuH Gopmupoanus WDTW,
Janekod oT apyrux cuHonthdeckux cucteM. WDTW Obutm cBszaHbl ¢ Me3oMaciTaOHbIM
KongektuBubiM Kommiekcom (MCC). Bpicokas HEyCTOWYHMBOCTH BO3MAYIIHBIX Macc (CBOOOmHAs
noTeHnuanbHas sHeprus kousekun CAPE=3936]x/ kr u ungekc LI = -7) Obuta THIMYHA IS STHX
coObrTuii. [IporHo3 3KCTpeMalbHBIX COOBITUH OBLI pa3pa0doTaH C HCIOJIL30BAHHEM WHJICKCOB
HeycToiunBocTd M JaHHbIMU O CAPE, BBIUMCIICGHHBIMM TIO TPOTHOCTHYECKHM 3HAUCHHSIM HX
BEPTHKAJIbHBIX Mpoduiacii. It mpoduian ObUIM HOCTPOCHBI ¢ HCHOjb30BaHneM moxean HYSPLIT.
Harpes nmoBepxHocTn okeaHa BOMM3M Amaroaca u Oapwdeckas JT0KOWHA CBSI3aHBI C Pa3BUTHEM TPO3
npu HekoTopbix ciayuasx MCC. B mpyrux cinywasx MCC ouenp cnaboe cTpyiiHOe TeueHHE Ha
0OoNBIIMX BBICOTaX pAOOM C Asaroac ObUIO HWASHTH(OHUIMPOBAHO KaK OCHOBHOW IIpOIECC s
(hopMUPOBaHUS BOCXOSIIETO JBMKECHUSI.

12- u 24-4acoBbie MPOTHO3BI yKa3aHHBIX BEPTUKAIBHBIX MPO(HICH HCIIONB30BATUCH IS
MPOTHO3UPOBAHUS IKCTPEMAIBHBIX METEOPOJIOTUYCCKHUSI SIBICHHUM.

39BmAsL3ESOMMo 3mb39dB Mo 3MmI3emgdLol
3969Bolo s 3MMabmBo s¢saMsliol dGo@EHTo, dMSBOEE0S

Bs@oeos b. gomm®m™mgs, 3¢sodgd 0. g30@0, oD G.om.
OmM039L0, Lsrmmm 3. 3mbGs

M9bowdg

Bo@o®mgdmos «bgo Boergdgdol, 9w 3Fgdol, §Ysewomdgdol ©s 3496980l 0d Lbgs
99bG®g0se Mo Bmzmgbgdol dglfogws, MMIMdTs3 3MHMdGIGO0 2530300 dEogmoliols
dBoG0. 250M33093900L5L godmygbgdme 0dbs NCEP dmbs3gdgdo, 359600l bofowrszgdol
A®59d3mMool HYSPLIT 9m@gwo, 0bsdgHogdvyeo  900mbobrmemmadgdo s s@Gasb@ol
™39960L  LoboBzmm  39339Mo@IOH o 3609369wmdgdo.  GHowmmgzsbo  Jgdxnmm9dgd0
UOGHOM303M0  9bBHOE03WMbol AOHOoEMm - L3Ol 3sLoGol (WDTW) ségdo
5353006090990 ©OMBEGOOL  BMOT0MYIOL  3OMEgLYdMD s Fgodwgds Cb s St
1033300008 BOHMBEHMWO BMmbol 39MH0xYIHOMEO 569 9hm - ghmo dobgbo ogn WDTW - s
R}OIoMYO0Ls,  GM@Igwoi  Jmebss  bbgs  Lobm3d@ozm®o  LobEgdgdowsb.  WDTW
5353006090990  0943b9b  FgbmIsldEdMG  30639JGHE  3mI3egdbosb. (MCC). 35960l
3obgdol OO 5M5FYMOMBS (530LvRsw0 9BMYos 3mbggdsools CAPE = 393 x/3y o
obgdbo LI = -7) &odnmo oym 58 9m3wgbgdolsmzgol. gdudMmgdscr®mo d9dmbzgzqdol
36mabmbo 8999995390100 0gm 56MH58YM9Md0L 0bgdugdols s CAPE - s dmbsigdgdols
3°dmygbgdom,  OHMIWdog  IIMM3owos om0 390G035OH0  3OMBOEgdol
360MmabmlEGMwo  360d369wmdgdom. gl 3OMmBowgdo Fgygbowos HYSPLIT dmgerols
3900mg9bgd0m. 5oLl BobEIMBdWI®E  ™m39560L  BYI30MOL  FoMOdMDS @S BIMOYWO
OO 935300609005 9 F)Jadol  gobgz0matgdslomsb MCC - ol bmyoghHom
d90mbgggsdo. MCC - ob Ubbgs 9930bgq390d0 5esgmobol dobeomds doseosh Lnlido
65350M0 06905 O L0 ggdby 0WIbGHOROEFOMGOMEO 0gm, OIMAMEOF JOMOMSPO
36m39L0 5085350 E067gdOL BMHToMYOOLMZOU.

12 s 24 ULosm0sbo  3MHmybmbgdo  s0bodbmmwo 39M@GH035MO  3OHMBOWGdIOLS
390mygqbgdyem 0gbs 99bG®gdsemEo 3939MOHMWMY0MEOHO dm3m9bgdol
366 B0MYO0LIMNZ0U.
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