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Desenvolvimento e Evolução de 
Convecção Profunda e Chuva Intensa

O domínio espacial e temporal 
do fenômeno observado conduz 
as necessidades espectrais da 
observação como função da 
resolução temporal e espacial.

A previsão imediata da 
convecção necessita de imagens 
e sondagens que somente podem 
ser obtidos através de satélites 
geoestacionários

Somente 2 minuto de Intervalo

Ondas de Gravidade
Nuvens Penetrativas
Alta variabilidade
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Presentation Notes
This animation is from the first ever one minute interval GOES imagery.  It is only 5 minutes in length but clearly reveals the dynamic nature of convection. It will be discussed in more detail later in this lecture.

Notice the overshooting top and gravity waves moving spreading out from it across the anvil.  At this point is valuable to point out viewing perspective (notice the growing convection at the top of the movie).  It is also useful to point to the variability in the cloud field and ask, Why?  The area covered is only a few hundred miles on a side.  In this rapid interval movie, notice how cloud motion can be followed at all levels.





Foco
• O Maior Foco desta palestra é o entendimento da 

organização, desenvolvimento e organização da convecção 
profunda – tópicos a serem apresentado irão cobrir desde 
de massas de ar até convecção profunda.
– Informações detalhadas sobre furacões, ciclones e tempestades 

tropicais veja as aulas no Virtual Resource Library (em inglês) 
(http://rammb.cira.colostate.edu/visit/mission2.html)

• No fim do capitulo uma apresentação sobre a estimativa de 
precipitação
– Informações detalhadas sobre furacões, ciclones e tempestades 

tropicais veja as aulas no Virtual Resource Library (em inglês) 
(http://rammb.cira.colostate.edu/visit/mission2.html) como 
também no link do International Precipitation Working Group –
onde ciência e algoritmos são discutidos.
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Session Goals
You should be able to:
Understand conceptual models of convective development 
Recognize the intrinsic linking between vertical forcing and instability in convective development and evolution
Recognize the underlying importance of differential heating and vorticity generation in the development and evolution of convection
Understand the importance of precipitation and storm outflow to the generating and sustaining convective development and evolution
Recognize the importance of surface heating and the various factors that influence it in the development of instability and the atmosphere’s ability to support convection 
Recognize the underlying importance of boundary interaction in severe storm development and evolution
Understand the interaction between the storm and its environment as that interaction influences storm lifecycle
Understand the role of vorticity on the local scale in tornado development
Increase the forecasters skill in incorporating satellite data in nowcasting convection and severe convective weather



Objetivo
• Entender os modelos conceituais de desenvolvimento da 

convecção;
• Reconhecer a importância do aquecimento diferencial e a geração 

de vorticidade no desenvolvimento e evolução da convecção;
• Reconhecer a importância do aquecimento na superfície e vários 

outros fatores que influenciam o desenvolvimento da instabilidade 
e na capacidade da atmosfera em manter o desenvolvimento e 
evolução da convecção;

• Entender a importância da precipitação e da divergência em altos 
níveis na geração e sustentação do desenvolvimento e evolução da 
convecção;

• Entender a interação entre a tempestade e o ambiente e como essa 
interação determina o ciclo de vida da convecção;

• Aumentar a previsibilidade e acerto através da incorporação de 
dados de satélite na revisão imediata de tempestades
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Presentation Notes
These are the goals.  While this lecture is abbreviated, there are extensive resources within the Virtual Resource Library that address the topic.



Recursos de Apoio 
• As apresentações podem ser também acompanhadas pelos 

artigos, ou pela apresentação ambos em  inglês do Dr. 
Purdom.

• As versões eletrônicas destes documentos “Local Severe 
Storm Monitoring and Prediction” Detection of low-level 
thunderstorm outflow boundaries at night
– Podem ser encontradas
– http://www.cira.colostate.edu/ramm/visit/lto.html

• Essa apresentação ficará disponível no laboratório Virtual 
do CoE Brasil no seguinte endereço.
- http://www.coe-brasil.cptec.inpe.br
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Other resources available on this topic.
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Os fenômenos meteorológicos cobrem uma vasta gama de 
escalas. Em meteorologia a conexão entre a escala sinótica e 

a mesoescala é, muitas vezes,o fator chave que controla 
intensidade e a localização do evento.

A única 
ferramenta de 

observação 
capaz de 

monitorar o 
tempo através 
das diferentes 

escalas (e a 
interação entre 
as escalas) é o 

satélite 
geoestacionário

18:31

19:46

23:31
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Presentation Notes
This GOES 2 km resolution visible animation is a good example of squall line development across the Great Plains of the USA.  Several scales/phenomena are at play here - on the synoptic scale they are: a warm and cold front, a polar jet and the sub-tropical jet.  Each can be determined from their type of cloud fields and movement as shown in the animation.  On the mesoscale, individual storms form and interact with their local environment.
Later, other movies from this case can be used to see storm relative motion, the effect of storm growth on jet stream flow (blocking of flow), overshooting tops with downwind cirrus plumes and a variety of other features.



Modelo Conceitual
• Modelos Conceituais são 

importantes para análise de 
imagens de satélites e para 
previsão imediata.

• Os domínios espaciais e 
temporais de observação do 
fenômeno determinam o tipo 
de modelo conceitual a ser 
usado.

Conceptual model: of 
warm and cold conveyors 
(From Bader et al)

Conceptual models are useful in 
linking  physical processes to image 
analysis and interpretation

Imagem Vapor d´água (6,7 μm)
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This is a 6.7 micron IR water vapor image showing large scale flow that basically fits the conceptual model that is also presented.  Conceptual models relating to thunderstorms are presented later in this lecture.  However, it is the interaction between the large scale dynamics and local scale factors such as instability and boundary layer discontinuities that often determine the type convection that will develop.  Many times it’s the deepening low pressure system associated with upper level dynamics that causes the increased flow of warm and moist low level air into the warm sector – the intrinsic link between the synoptic scale and mesoscale scale is very important.



A vantagem da Imagem do satélite geoestacionário na 
previsão imediata do desenvolvimento e evolução da 

Convecção
Antes do Satélite Geoestacionário a 

Mesooescala era muito pouca 
conhecida,

Os meteorologistas eram forçados e inferir os 
fenômenos de mesoescala através das 

observações em escala sinótica.

Hoje os satélites geoestacionários 
disponibilizam imagens multiespectrais e 
sondagens em alta freqüência temporal. 

Esses dados fornecem informações e 
mesoescala sobre a as condições 

atmosféricas para manter ou dissipar a 
convecção profunda.  

Esse exemplo mostra a 
dificuldades em utilizar 
somente dados de 
superfície para identificar 
linhas de convecção 
organizada.
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Forecasting the development and evolution of convection is one of the most difficult tasks in meteorology today.  There are a variety of reasons for this, one being the lack of observations on the mesoscale and the other being the highly non-linear aspects of convective evolution.  For purposes of this presentation, it is assumed that there is a situation where convection is anticipated and that data from satellites will be used as an aid in the required nowcasting tasks.  Mandatory for this activity are basic conceptual models that are used as guides for understanding (Browning, 1982, Bader, et al, 1995).
In this image, notice how well convergence lines can be located in satellite imagery and then confirmed by the surface observations (blue arrow).  In some cases, it is not possible to locate the convergence zones (outflows) because of the lack of a surface observation (yellow arrow).  Recall that a satellite image represents ongoing dynamic and thermodynamic processes in the atmosphere, as reflected by their cloud patterns.



A cobertura de nuvens vista de diferentes perspectivas:

0

50

100

1st
Qtr

3rd
Qtr

East
West
North

superfície avião

geoestacionárioÓrbita baixa
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Clouds appear differently due to viewing perspective.  This often influences how one thinks about clouds and their development and evolution.  From the ground we see the bottom and sides of clouds.  From aircraft we see the sides, and perhaps bottom and top depending on the aircraft height.  From low orbiting satellites we clearly see the side of the bottom, the side and top of clouds.  From the geostationary satellite, as with low earth orbiting satellite imagery, as we move away from the view at sub-point (immediately beneath the satellite) we see more of the sides of cloudiness, including the side of their bases (especially at extreme viewing angles).  With the geostationary satellite and continuous viewing at high spatial and temporal resolutions, we have the ability to view clouds and cloud pattern evolution at a scale representative of their life cycles and thus better understand them.  With more spectral bands, we are going to be able to better understand their properties.
Upper left: Note the stable layer at the top of the small cumulus as well as apparent effects of entrainment on clouds shape.  This cloud shape is actually counter intuitive, since air expands as it rises and one might expect the cloud to become wider at the top as it grows.  This obviously does not happen, and reveals the effect of entrainment on cloud growth.  The important thing is that this entrainment, while leading to cloud erosion locally moistens that portion of the atmosphere, making it more favorable to new cloud growth.  Also note the clear regions dominate!  This is most likely due to broad gentle subsidence in response to the areas of cloud growth (air can’t go up everywhere).
Upper right: Picture illustrating variability across a convective cloud field, taken by the author from an aircraft window.  In the convective atmosphere rarely, if ever, is there uniform instability across an area.  Gray (1973) showed that on large scales there must be compensating downward motion in the vicinity of convection, envisioned in the form of gradual broad-scale sinking.  In the case of deep convection this may be envisioned in the form of subsidence around the convective storm as well as downward moving air associated with the storm’s precipitation area (Zipser, 1977).  Further, one needs but observe cloudiness outside an aircraft window (or satellite image) to observe the variability in the atmosphere’s instability as reflected through its cloud cover, as in this example.  This is not new to forecasters, indeed as was pointed by Schereschewsky (1946) long before the beginning of the satellite era: “Clouds are now considered essential and accurate tools for weather forecasting. Every feature of the air masses (discontinuity, subsidence, instability and stability, etc.) is reflected in the shape, amount, and structure of the clouds.” 





A Perspectiva do campo de visada é uma consideração 
importante. Tempestades e nuvens observas pelo GOES-E 

na Florida. Há convecção abaixo da encluma?

GOES 
East is at 

75 W  
above the 
equator.  

Florida is 
at around 
85 W and 

35 N.
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Thunderstorms and clouds observed by GOES East over Florida.  Is there active convection beneath the anvils?  The question posed here will be easily answered using the following slide.  However, this image is also useful to introduce the concept of convective development and the sea breeze that develops due to differential heating (among many other factors).  




Nuvens sobre a Florida 15 minutos ap’s a imagem 
precedente, mas para o GOES-W.  Note que devido o angulo 

de visada pode ser visto a base e o topo da tempestade

GOES 
West is at 

135 W  
above the 
equator.  

And has a 
very 

different 
view of 
Florida 

than GOES 
East (but a 

very 
interesting 

one!)
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Clouds over Florida 15 minutes after the previous figure, but from GOES-West.  Notice how because of viewing angle you can see the side, base and top of thunderstorms.  Viewing angles can be used to great advantage when assessing whether or not there is active convection beneath an anvil.  Different views from two satellites can also be used to determine cloud height very accurately using stereographic techniques.




Algumas considerações sobre o vapor d ‘água: 
O combustível para a convecção profunda

• Simulações numéricas e experimentos de campos de 
campo sugerem que  pequenas  mudanças na razão de 
mistura, como por exemplo de  1 g /kg, tem impacto 
significativo no desenvolvimento da convecção.

• O vapor d ‘água é uma potente fonte de energia através 
da liberação de calor latente: 1 gm de vapor d ‘água 
condensado em 1 kg de ar (1 metro cúbico ao nível do 
mar) aumentará a temperatura em 2.5 K. 

• Se uma tempestade adiciona 1.6 gramas de vapor d’água 
na corrente ascendente, a energia será praticamente 
dobrada.
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Field experiments using ground based mesonets, Doppler radar, fixed and mobile rawinsondes, satellite imagery, and research aircraft equipped with specialized measurement devices continue to show that large variations in the atmosphere’s ability to support strong convection exists over scales of 25 km or less.  These moisture fields evolve rapidly as circulations develop and as low level moisture is advected into a region.




Algumas considerações sobre o vapor d ‘água: 
O combustível para a convecção profunda

• Grandes variações na habilidade da atmosfera 
em forçar a convecção profunda via convergência 
de umidade existe em escalas menores que 25 km  
– Os campos de umidade variam rapidamente quando 

as circulações se desenvolvem e umidade nos baixos 
níveis é advectada para a região

• Imagens de satélites geoestacionarios sao capazes 
de mapear com alta resolução temporal e espacial 
a evolução e o estado da convecção e do ambiente 
convectivo nas escalas necessárias e em escala 
sinótica.

Presenter
Presentation Notes
Field experiments using ground based mesonets, Doppler radar, fixed and mobile rawinsondes, satellite imagery, and research aircraft equipped with specialized measurement devices continue to show that large variations in the atmosphere’s ability to support strong convection exists over scales of 25 km or less.  These moisture fields evolve rapidly as circulations develop and as low level moisture is advected into a region.




A umidade 
disponível para 

manter a 
convecção 

profunda pode 
variar 

dramaticamente 
em curtas 

distancias em 
função do 

desenvolviment
o da camada 

limite.
Neste exemplo pode-se 

ver variações de ate 2 
g/kg em uma distancia 
de 10  km (estudo na 
Florida usando 
radiossondas).

Presenter
Presentation Notes
The yellow colored portion of the above slide is used to illustrate the difference in moisture amounts between air in the upward motion portion of the convective roll (more moist) and downward portion of the convective roll. From Weckwerth et al, 1996, Convective Variablity within the Convective Boundary Layer Due to Horizontal Convective Rolls, MWR, 769-781.




Diferenças na umidade o fator determinante na energia 
potencial disponível

Presenter
Presentation Notes
From the boxes, notice that the less the moisture, the higher the cloud base after either lifting the present sounding or heating the surface until you get free convection; there is also greater convective inhibition and lower values of CAPE (thunderstorm intensity related).  By adding 2 to 2.3 gm per kg of moisture to the lower levels of the sounding, CAPE increases dramatically – CAPE (coupled with vertical windshear) relates directly to the storms intensity. Q is mixing ratio in gm/kg, CIN is convective inhibition, CAPE is Convective Potential Energy, LI is Lifted Index, LCL is cloud base upon lifting, LFC is level of free convection (max sfc T). . From Weckwerth study mentioned previously. 



Ilustração da 
pequena escala e 
o forte aumento 

da umidade a 
formação da 

tempestade ao 
longo da linha de 

convergência.
Note  o aumento da 
altura da camada de 
umidade as 1215 até 
o momento em que a 
linha de cumulus se 
tornou visível 3 horas 
mais tarde.

Presenter
Presentation Notes
This figure illustrates how moisture deepens and becomes greater along organized convergence zones.  In this case the resultant thunderstorm formation resulted in tornadic storm formation.  Notice how the narrow band of increased moisture is only 10-12 km wide.  These measirements were from a special experiment named CINDE for Convective Initiation and Downburst Experiment.  The figures are from an article in the Bulletin of the American Meteorological Society, 1988, by Wilson et al, pages 1328-1348.
The next slide shows the orientation of the convergence line and soundings simultaneously released at DVR (Denver), BYR (Byers) and M3 (Mobile).  The final slide shows the cloud line evolution, Doppler signature with hook echo and the tornado.
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Presenter
Presentation Notes
In these soundings, the parcels were lifted from the surface to where the surface mixing ratio and surface potential temperature intersected, giving a lifting condensation level.  In reality, only the BYR sounding would behave this way.  The sounding at DVR dries dramatically above the surface, which would result in a much higher cloud base for that sounding, while the sounding at M3 increases to above 10 gm/kg slightly above the surface.  Indeed, cloud base should be at about 650 mb versus the higher in the vertical value of 600 mb which is shown in the analysis.  This helps explain why such vigorous storms formed (the actually higher moisture above the surface).




Note o aumento da umidade em pequena escala que participa da 
formação da tempestade ao longo da linha de convergência

Presenter
Presentation Notes
This figure illustrates how moistur3 deepens and becomes greater along organized convergence zones.  In this case the resultant thunderstorm formation resulted in tornadic storm formation.  Notice how the narrow band of increased moisture is only 10-12 km wide.  These measirements were from a special experiment named CINDE for Convective Initiation and Downburst Experiment.  The figures are from an article in the Bulletin of the American Meteorological Society, 1988, by Wilson et al, pages 1328-1348.



Variabilidade do conteúdo Integrado de 
vapor d ‘água (IWV) na Amazônia

 

Transition period Wet period Dry period 

(a) (b) (c) 

Transition period Wet period Dry period Transition period Wet period Dry period 

Time (dd/mm) Time (dd/mm) Time (dd/mm) 

Level 12 decomposition by Daubechies wavelet of order 10 Level 12 decomposition by Daubechies wavelet of order 10 Level 12 decomposition by Daubechies wavelet of order 10 

IWV-GPS Temporal series from ABRA station IWV-GPS Temporal series from GJMI station IWV-GPS Temporal series from PTVE station 



Correlação entre oscilações do IWV e 
eventos de precipitação

 

IWV-GPS Temporal series from ABRA station 

Data precipitation from radar: percents of area above 30 dbz 

Data precipitation from radar: median values in 7x7 area 

Time (day of year) 



Variabilidade de um campo de cumulus.  Os cumulus se apresentam em 
vários estágios desenvolvimento, desde cumulus de bom tempo até 
tempestades maduras (clique ao lado para ver a evolução diurna )

x

Presenter
Presentation Notes
Because of the inherent stability of the atmosphere, the growth from cumulus to cumulonimbus along within convergence zone is normally a process taking a few to several hours. It would be a rare thunderstorm indeed that formed without precursor cumulus clouds. Thus, using sequential geostationary satellite imagery to monitor cumulus developing in convergence zones represents one of the primary uses of those data to nowcast deep convective development. 

The land-sea breeze, formed due to differential heating will be discussed later.  The Florida coast can be seen in the lower right of the picture (photograph from Manned Spacecraft is from north at bottom to south).  Notice the different stages of cumulus development over land.  One can also note the clear areas off shore (sea breeze subsidence zone) and clear skies over lake Okeechobee (x).   The value of viewing perspective is evident when looking at the thunderstorms in the picture.

By clicking on the letters FC along the right hand boarder, one can see a one minute interval movie illustrating convective development over South Florida.  Note that as the sea breeze regime organizes that there remains great variability in the cumulus field.



• Sabemos que a 
convecção existe mas 
temos idéia o que [é 
necessário para que ela 
se desenvolva

• Veja o diagrama 
termodinâmico
– Parcela
– Inibição
– energia

Skew-T Log-P 
Diagram

Presenter
Presentation Notes
Skew-T Log-P diagram:  When convection forms under conditions of weak synoptic scale forcing, two factors exert a major influence on its development: instability and low-level convergence.  It is informative to inspect a thermodynamic diagram and envision deep convection as it grows.  This is a typical early morning Skew-T Log-P diagram, shows a moist and stable boundary layer with the potential to fuel deep convection.  In the simplest sense, to realize that convective potential: 1) surface heating and mixing can bring the sounding to an unstable state by reaching a convective temperature; 2) through lifting, low level air reaches a lifting condensation level (LCL) where convection will form, then through further lifting reach a level of free convection (LFC); or, 3) a combination of the two.  



Organização da Circulação 
Vorticidade - Em escala local

• Convergência de vorticidade pré existente.
• Vorticidade criada por Tilting entre um plano e 

outro
• Advecção de vorticidade de um lugar para outro
• Aquecimento diferencial (não requer 

vorticidade pré existente – a única forma de 
criar vorticidade)

• Fricção (dissipação da vorticidade)

Presenter
Presentation Notes
Vorticity -  On the local scale.  When considering this, it is appropriate to drop the coriolis effects since it can be assumed constant across the region of interest (a land and sea breezes, a thunderstorm, cloud lines in the tropics, and other small scale phenomena).  There are basically five ways to change vorticity locally, let’s look at each.  If you want to look at the vorticity equation, the terms break down into the following components: 
Convergence on preexisting vorticity:  this can be thought of most easily in terms of an ice skater who begins a slow spin, then pulls their arms in to increase the spin and extends them again to decrease spin.  Meteorologically you might think of o slowly rotating thunderstorm’s updraft, where upon increasing its vertical strength stretches the rotating column causing it to spin faster.  Similarly, isentropic potential vorticity can be seen to increase spin dramatically when air within an isentropic surface above the tropopause descends into the troposphere in a fold region and then increasing its spin dramatically due to the much less tight packing of the isentropic surfaces. 
Tilting of vorticity from one plane to another:  Let us consider a thunderstorm low level environment interaction.  Consider low level environmental air (air that will feed into the thunderstorm updraft) that is rotating in the horizontal plane, like a large helical roll feeding into the thunderstorm.  As the rotating air meets the vertically moving updraft it will be pulled in and up, while still rotating, but now in the vertical plane.
Advection from one place to another.  This is an easy one.  Just think of a tornado moving from one place to another, or a whirl in a river moving downstream.
Differential heating.  Consider a land sea interface region that is calm and at the same temperature.  Then land heats while the ocean doesn’t and air moves inland and upward with compensating sinking over the se and a return flow from land to sea at some higher level (thus rotation due to differential heating – the land sea breeze.  Similarly, but on a much faster time frame, cool air from a thunderstorm hits the ground and spreads out into the warm environment and a similar circulation (known as solenoidal).
Friction:  friction slows air down locally but not so much above, thus creating a circulation due to drag.  In the atmosphere, friction becomes realized easiest over land when surface heating causes mixing of air from the surface layer (which is generally slower moving) aloft.  Over the ocean friction in the boundary layer is not as changing as over land.  Over land at night, with the formation of low level inversions friction is diminished dramatically.
Now, take a look at the process of vorticity again.  Three of the components require pre-existing vorticity and just change its form.  Friction can dissipate vorticity.  The only real creation term is differential heating, and as we look at how convection manifests itself over land and water, we will see how important that mechanism becomes, and how differences in friction between land and water surfaces becomes important.  Here’s a thought:  Once air starts rotating due to differential heating (particularly over water) it’s difficult to stop that process.



Exemplos de Aquecimento 
Diferencial

• Quando se pensa em aquecimento 
diferencial logo se lembra dos fenômenos 
de brisas. (marítima – terrestre- vale 
montanha)  

• Outro mecanismo de aquecimento 
diferencial é a própria tempestade (através 
da evaporação da chuva que resfria o ar 
criando um aquecimento diferencial)



Exemplo de desenvolvimento da brisa marítima 

River 

lake

Rio

lago

Presenter
Presentation Notes
This picture and accompanying movie provide excellent examples of cumulus formation along a sea breeze front.  When explaining this use the concept of differential heating and the formation of a solenoid with upward motion over land and sinking off shore (note the clear region in the off shore subsidence zones).  This is also a good example of the effect of coast line curvature on where the sea breeze convection is concentrated (a comparison to lenses in optics may help people understand).  Thus where there is a concave shaped coast (relative to the sea) the movement of air inland tends to diverge resulting in the sea breeze forming further inland than with a straight or convex coastal shape.  The extreme of a convex coast is a peninsula where breezes from opposite directions merge, giving rise to earlier and deeper convection than surrounding areas.  Notice these principles in the image where there is a strong cell developing over Eastern Florida peninsula with the convection penetrating further inland to its South (the picture is oriented with east on the left and south to the top).  This picture can also be used to note the effect of prevailing low level flow on sea breeze location.  With the Bermuda ridge across central Florida the off shore prevailing wind in northern Florida holds the sea breeze closer to the coast line (note the smoke plume blowing off shore near Jacksonville).  The picture is also good for showing the effect of lakes and rivers on cumulus formation (they develop their own breeze regimes when the flow is light or for a river parallel to it).  The accompanying movie presents convection developing over land when there is weak instability, thus the movement and orientations of the sea breeze front can be readily followed.  To start the movie move the cursor over the dark region on the right hand side and click the mouse button.
Because of the inherent stability of the atmosphere, the growth from cumulus to cumulonimbus along within convergence zone is normally a process taking a few to several hours. It would be a rare thunderstorm indeed that formed without precursor cumulus clouds. Thus, using sequential geostationary satellite imagery to monitor cumulus developing in convergence zones represents one of the primary uses of those data to nowcast deep convective development. 
Click on picture to the right to see an animation showing development of clouds along a sea-breeze front under a case of easterly flow.  Note the down wind clearing from the various lakes.




Exemplo de imagem GOES ao amanhecer mostrando 
convecção organizada durante a noite pela Brisa terrestre..

Presenter
Presentation Notes
At nighttime the situation reverses with cooling over land relative to the warmer water and a night time land breeze develops leading to the formation of offshore organized convection and general clearing over land (where is heavy rains during the day and clear skies at night may lead to stable cloud or fog formation later in the night).  The same holds true for convex and concave regions, however, you must be careful to distinguish between day and night since there is a reversal of meaning because of the curvature influence being relative to the low level flow.  Generally the nighttime breeze is not as strong as the daytime breeze because of heating rates over land being stronger and more pronounced than their nighttime cooling counterpart.




Exemplo do desenvolvimento de convecção devido a brisa vale 
montanha (observe que os cumulus se situam sobre os picos e as 
área de subsidência.

Presenter
Presentation Notes
Mountains and higher terrain are also areas of favored cumulus development due to differential heating.  The sun heats the side of the mountain relative to the air at the same level, resulting in a type of chimney effect.  As with the sea breeze, the air away from the mountain crests subsides leading to clearer skies in that region (until often becoming covered with afternoon anvil debris).



Exemplo do efeito da brisa de rio na 
organização da conveccao.

Da mesma 
forma que a 
brisa marítima, 
a brisa de rio 
gera um 
aquecimento 
diferencial que 
pode organizar 
a convecção, 
neste caso o 
tamanho do rio 
bem como o 
fluxo em 
baixos níveis é 
um fator que ira 
determinar a 
severidade da 
conveccao.

Presenter
Presentation Notes
As was noted earlier, river systems have effects on cumulus development.  As they set up their convergence zones, the flow of air relative to the narrow convergence zone becomes important in whether or not seep convection will form.  Low level air moving parallel to the river mayl remain in the convergence zone for a sufficient time to reach a level of free convection, while air flow perpendicular to the convergence zone will move in and out of it rapidly and most often not develop into deep cumulus.

Again the point: to support deep convection when synoptic scale forcing is weak requires substantial low level forcing.  Such forcing is most often confined to organized convergence zones that develop due to differential heating.  A number of such convergence zones will be readily recognized by the reader: land-sea breezes (Figure 2), mountain breezes, urban effects, (op cit, 1984), and cloudy versus clear boundaries (Segal, et al, 1986). 



Em condições de vento fracos, áreas de cobertura de nuvens pela manha 
pode influenciar o desenvolvimento da convecção no período da tarde, 
devido um aquecimento diferencial.

Presenter
Presentation Notes
To support deep convection when synoptic scale forcing is weak requires substantial low level forcing.  Such forcing is most often confined to organized convergence zones that develop due to differential heating.  A number of such convergence zones will be readily recognized by the reader: land-sea breezes, mountain breezes, urban effects, and cloudy versus clear boundaries (Segal, et al, 1986).  This example shows the effect of early morning cloudiness on afternoon thunderstorm development, again due to differential heating between the cloudy and clear regions.  One must be careful in generalizing in this instance, because an area that is cloudy in the morning, upon clearing can be very moist and with heating can become exceptionally unstable, just waiting for the right trigger mechanism to move into that area (such as outflow boundaries from the storms that might have formed earlier in the day due to the original differential heating between early cloudy and clear regions).



Climatologia obtidas a partir imagens de 
satélite ajudam a entender os efeitos que 
se pretende observar. Por exemplo, neste 

caso vemos o efeito da Brisa sobre a 
Flórida

Presenter
Presentation Notes
Forecasters have long understood the importance of various climatological regimes in weather forecasting.  Over a number of years various satellite products have been developed that may be used to anticipate convection and rainfall locations when certain climatological signals are strong. Recently, scientists have begun to develop mesoscale convective climatologies from geostationary satellite data.  Such climatologies serve as valuable aids for anticipating where convection will develop and grow and are normally stratified by time of day, month and direction of boundary layer flow (Connell, et al, 2001).  However, be aware that there is year to year and season to season variability, and conditions such as el Nino and la Nina can change the amount of convection dramatically.  HOWEVER, the location of convergence zones and their effects under various flow directions will remain.
The particular climatology images above are for summer over Florida and some of the surrounding Southern States of the USA. Local satellite cloud climatologies are often useful in helping understand the effect of local terrain on convective development and evolution.  This is the subject of an entire lecture within the Virtual Resource Library.  
Top left: Early morning over Florida: note the clear area over the peninsula and convection being focused by the coastal curvature off the West coast.  Also notice the cloudiness over Georgia and South Carolina (north of Florida and along Atlantic Coast; should this be convective in the early morning?  The infrared composite (colder than -32 C) for the same time in the upper right shows this not to be the case; thus the preference for low level stable cloudiness over land in that area. Note that early morning convection is largely over water, with the most persistent region being where the off shore breeze if focused by Coastal curvature. 
Lower left is Visible imagery composite for weak flow at 1700 GMT, with the lower right its companion infrared composite for cloudiness colder than -32 C. The IR composite will reveal where deeper convection is favored.  Also note that there is a favored region for the nighttime breezes off shore.





A importância do fluxo em baixos 
níveis no desenvolvimento da 

convecção.
• O fluxo de ar na camada limite com respeito a 

orientação da zona de convergência é importante 
no sentido de permitirem as parcelas de ar se 
moverem verticalmente para formar as nuvens.

• Se o fluxo de ar move-se muito rapidamente 
através da zona de convergência ela não permitira 
que as parcelas ascendam a altura suficiente para 
gerar a nuvens convectivas profundas.



Zona de Convergência- Niamey

MIT Radar – AMMA Experiment

Photo B. Russell



Desenvolvimento de Cumulus e fluxo em baixos níveis com 
respeito a zona de convergência sobre uma ilha

Presenter
Presentation Notes
The flow of the air in the boundary layer with respect to the orientation of the convergence zone is important in allowing the parcels to realize their potential to move vertically and eventually form storms.
In the context of conceptual models, Betts (1973) showed the importance of cumulus growth and decay in destabilization of the atmosphere through moistening of the cloud layer, thus reducing entrainment as sequential cumulus grew in the same region. This points to the importance of vertical wind shear with respect to the convergence zone: if the flow above the convergence zone is parallel to that zone then as cumulus penetrate into dry air above and die a favorable moist regime will develop, where as if that flow is perpendicular to the zone that will not be the case. 
In the picture, develop where convergence zones will form under no flow.  Obviously the peninsulas will be favored.  Here the flow is from the bottom of the picture toward the top.  How can we tell? The clouds grow from small to larger as they move through the convergence zone and then die as they move back over water.  If the flow were from left to right, we might expect a larger storm on the downwind side of the flow. 






Interação
Relevo 

e a zona de convergência



Desenvolvimento e Evolução da Tempestade

Presenter
Presentation Notes
This manned spacecraft image shows a beautiful thunderstorm over the open ocean.  Notice its three dimensional perspective.  Also notice the ring of cumulus cloudiness (arrows) with a clear interior that is associated with it and some deeper convection along its edge.  We will come to realize that this is a common appearance associated with thunderstorm activity; it is a reflection of the cold dome of air produced by evaportion of rain from the storm, attendant subsidence (thus clearing) and cumulus along its edge (mini cold front).



Note que a convecção é confinada as linhas de convergência, Note também como 
nas regiões no interior das linhas o céu é claro.

Presenter
Presentation Notes
See text with images.  This is over the ocean.  The important points are that stronger convection is greatly favored along convective lines, and generally more developed where two convective lines intersect.
The favored place for convection over the ocean is along lines.  What mechanism, or mechanisms, can hold lines like this together for long time periods (very very long with respect to the lifetime of cumulus clouds. The mechanism is likely vorticity in the vertical plane produces through rain cooling due to the thunderstorms as well as light rain along the arc cloud line.  Once this circulation is in place it will be very hard to destroy over water where friction is weak.




Animação de um minuto da imagem do GOES ilustrando a 
formação de linhas devido o outflow da tempestade

Presenter
Presentation Notes
Before the GOES-9 satellite became operational it was placed in a super rapid scanning mode to allow scientists to study a variety of phenomena.  This movie, made from one minute GOES imager clearly demonstrates the role of the sea breeze and lakes, pre-existing convective regions, and thunderstorm outflow boundaries in determining the development and evolution of deep convection.  Because the movie was made early in the satellites checkout period, navigation is not very good – but the convection sure is!!!
Recognition of outflow boundaries and understanding their role in triggering new convection is important for nowcasting.  It is precisely this non-liner aspect in the development and evolution of convection that makes it so difficult to nowcast.  Obviously the initiation of convection, timing of its outflow production and characteristics of the convective field and instability ahead of it are required for precise nowcasting.  This is one of the major reasons that precision forecasting ability for of this type convection decreases so rapidly as a function of time (Wilson et al. 1998). Purdom (1976) introduced the concept of convective scale interaction and discussed its role in controlling the development and evolution of deep convection through the intersection of arc cloud lines with other convective areas, lines and boundaries.  It would be five years later before the importance of such interactions were first recognized by Doppler radar (Wilson and Carbone, 1984). 

To repeat from the previous slide: Referring back to the discussion associated with the Skew T diagram (slides 16 and 17) we can recall that where there is preexisting cumulus that the atmosphere can be forced to deep convection easier than an adjacent clear regions which are more stable. When nowcasting convection, use of the cumulus cloud field as an indicator of the atmosphere’s ability to support deep convective development is very important. The arc cloud line appears as a line of cumulus and cumulus congestus clouds, not as thunderstorms, precisely because as the boundary moves into clear skies there is insufficient vertical motion along it to couple with environmental instability and cause a thunderstorm to develop.  It is where instability ahead of the arc cloud line is manifest by cumulus development that less vertical forcing is required and the outflow boundary may successfully force that air to a level of free convection: thus the preferred region for thunderstorm development.  In the early evening, thunderstorm activity often decreases and cloudiness along the thunderstorm’s outflow boundary decays as the atmosphere into which it moves stabilizes. 





Presenter
Presentation Notes
Upper panels: From Fujita 1955 (left) showing the importance of rain-cooled air in the production of the mesoscale high pressure system. Note the mesohigh can be thought of as a small scale air mass with convergence along its associated mini cold front (pressure surge line). The earlier work by Fujita (right) can be used to illustrate why skies become so clear within the interior of an arc cloud line.  Note the sinking air warms while maintaining its mixing ratio, sinking and clearing, just the opposite of lifting and convective formation!
The two lower slides provide a conceptual model of how a storm changes the boundary layer through the rain process, which also effects how vertical mixing and friction may be decreased in the rain cooled air, resulting in a different interaction between the storm and its environment. 
It was from satellite images that the importance of convective scale interaction, manifested through thunderstorm outflow boundary interaction, became recognized. Purdom (1973) first pointed out that in satellite imagery, the leading edge of the meso-high [thunderstorm outflow boundary] appears as an arc shaped line of convective clouds associated with thunderstorm activity, and that the majority of new convective activity would form along that boundary.  




Dados de avião em uma zona de convergencia

Presenter
Presentation Notes
This figure, aircraft data from one of many research flights made by the author beneath an arc cloud line, reveals a narrow band of strong vertical motion, approximately 7 km wide exists above the narrow convergence zone associated with the outflow boundary (arc cloud line).  In the figure, the thunderstorm that produced the outflow is 10s of kilometers to the west (left in figure) of the arc cloud line.  Particularly interesting is the cool moist negatively buoyant air that exists within the arc cloud’s sub-cloud updraft (left of vertical motion maximum): due to mixing of rain-cooled air from the thunderstorm with environmental air.  This mixed updraft region is evidence of a solenoidal circulation confined to the leading edge of the outflow boundary (Sinclair and Purdom, 1984), and under the right conditions is an important factor in severe storm development.  The confinement of upward vertical motion to a narrow region beneath arc cloud lines was typical of flights beneath them, with the vertical motions becoming weaker the older and more remote the arc cloud line was from its source (Sinclair and Purdom, 1983). 



Modelo Conceitual, baseado em vôos de 
avião sobre um arco de nuvens

Presenter
Presentation Notes
Schematic illustration of the development of an arc cloud line.



Frente de Rajada – Limites do 
Outflow Tempestade

• Elas aparecem como uma fina camada de 
nuvens se deslocando da tempestade 
geradora do outflow

• O que pode ser determinado sobre a atividade da 
convecção que se forma ao longo das linhas.

• O que controla a convecção formando em alguns 
lugares novas células e em outras não?

Presenter
Presentation Notes
What can you determine from the state of  the convection that forms along an outflow boundary
What causes new thunderstorm development along some parts of an outflow boundary but not others?
             This is addressed conceptually in the following two slides.



Modelo Conceitual da interação 
de arco de nuvens e o 

desenvolvimento da conveccao.

Presenter
Presentation Notes
A favorable environment allows for vertical forcing and new thunderstorm formation, and then the cycle continues.
When nowcasting convection, use of the cloud field as an indicator of the atmosphere’s ability to support deep convective development is very important. The leading edge of the thunderstorm outflow boundary appears as an arc shaped line of convective clouds associated with thunderstorm activity.  The majority of new convective activity forms along that boundary. through the intersection of arc cloud lines with other convective areas, lines and boundaries. Purdom (1976) used these observations to introduced the concept of convective scale interaction and discussed its role in controlling the development and evolution of deep convection



Idade das zonas de convergência

• O que acontece com as bandas de 
convergência no tempo?

• Como elas podem se manter?    
• A vorticidade e novas tempestades?

• O que acontece quando as bandas de 
fundem?

Presenter
Presentation Notes
These are important questions and their answer will be illustrated in the slides that follow.



Arco de nuvens movendo para o norte a partir de uma tempestade

Presenter
Presentation Notes
Part of a two slide series.  Notice the cloud line north of the convective region.  When going back and forth between this picture and the next it will be obvious that this cloud line is moving slowly north.  The line represents the leading edge of the cold air outflow from the storm system.  Note the direction of the surface winds and watch what happens when the line passes a surface station.



Duas horas mais tarde o arco de nuvens se distanciou da 
tempestade e formou novas tempestades em lugares preferenciais.

Presenter
Presentation Notes
Note convective scale interaction where the new thunderstorms are forming.  So what happens to an outflow boundary over time and its ability to trigger new convection.



Note a mudança nas distâncias entre os arcos de nuvens

Múltipla exposição do sistema

Presenter
Presentation Notes
This multiple exposure, taken over about three hours can be used to illustrate the decrease of vertical forcing along an arc cloud as it moves further and further away from its parent source.  Notice that the apparent wave length decreases over time as does the amount of cloudiness along the arc cloud.  The decrease in wave length means it’s slowing down, thus less convergence, and the decrease in cumulus is clear evidence that vertical forcing produced by the arc is decreasing.  Recall it’s the coupling of vertical forcing and instability that leads to cumulus and cumulonimbus development.



Frente de rajada observada por radar



Photo B. Russell







1000 km

Gust Front Boundary





Convecção Forçada por fenômenos de escala 
sinótica 

• A Convecção muitas vezes é relacionada a sistemas de 
escala sinótica, tais como linhas de estabilidade que se 
formam forcadas pelas ondas de leste ou pela 
penetração de frentes frias
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Presentation Notes
Organized thunderstorm activity is often associated with frontal zone or pre-frontal squall lines (Miller, 1972).  The front or squall line most often is associated with organized surface low pressure, a surface convergence zone, and with highly unstable air within the warm sector.  Upper level support in the form of a short wave trough and jet-streak is often present (Uccellini, 1980).  Synoptically, the upper level features are normally revealed by conventional upper air analyses with their future positions fairly well forecast by numerical weather prediction models.  The major use of satellite data in diagnosing the upper air system is to verify the initial upper air analysis and monitor the movement of the jet-streak or vorticity center into the expected storm outbreak area and as necessary make modifications to the timing of the outbreak.  As the upper level trough moves toward the outbreak area, the upper level wind and mass fields may become so far out of balance that gravity waves are shed by the system and move across the convective region triggering thunderstorm activity and influencing severe storm development (Tepper, 1950) – such triggers have been observed using frequent interval GOES satellite data.  It is common for the low level winds to increase in response to an approaching trough and deepening low pressure system, thus generating a strong low level jet that transports moist unstable air into the outbreak area – the necessity of using rapid interval geostationary satellite imagery to track such a strong low level cumulus flow has been documented (Velden, et al, 2000).  Most often, the organized convergence along the front or developing pre-frontal squall line is readily detected in satellite imagery and along with the warm sectors stability can be monitored to nowcast storm genesis.



Ondas de Leste



Tempestade desenvolvendo ao longo da penetração da frente fria

Presenter
Presentation Notes
Note the well defined cumulus line along the cold front.  It is here that thunderstorms are forming as they feed off of moist unstable air within the warm sector.  The vectors on the picture were developed relative to storm motion (215 degrees at 35 knots).  The yellow vectors are for cirrus level and clearly show diffluence across the region.  Low level flow relative to the storms show that the storms are actually overtaking the unstable air to their east, although the cumulus flow relative to the earth is from the south (see on following two movies).  Next to the northern storm and extending southeast are stable wave form stratus clouds.  These clouds are forming in more stable air that may be north of the surface warm front, or can reflect stabilized air from the large Mesoscale Convective Complex whose anvil can be seen at the extreme right side of the image.  The transition of cloudiness from wave form to cumulus is an indicator of a change from a more stable to more unstable boundary layer air: it is this particular interpretation where care must be given; the wave cloud air can be very unstable, but may require very strong lifting for that stability to be realized.  
Furthermore, in some cases cumulus will align into rolls that are parallel to the mean flow in the boundary layer; this usually happens when there is a strong low level (capping) inversion in the warm sector – these streets should not be confused with stable wave form clouds north of a warm front.  The broad scale movie that follows will show the various flow fields and organization of the thunderstorm activity.



Chaco Jet Event 
(CJE)

SALLJ also extends
south of 25S

No Chaco Jet Event 
(NCJ)

SALLJ does not  
extend south of 25S



A previsao imediata requer informações a cerca da estrutura 
termodinâmica em mesohescala, tipo de nuvem e cisalhamento do vento

Importância para a previsão imediata de Tempestades 
Severas

• Cisalhamento vertical do vento
•Instabilidade

• Histórico da evolução do Sistema
• divergência do vento em altos níveis – fluxo de massa 

no interior da nuvem
• Características do Anvil

• Campo de nuvens associadas e a rotação

Presenter
Presentation Notes
Winds and Vertical shear 
cloud motion relative to the severe storm
moisture motion (6.7 microns) for location of jet stream axis
Evolving instability field
surface heating and destabilization
instability and moisture field as revealed by satellite sounding and organization of cumulus field
Cold pool production
revealed in imagery
Updraft strength
IR anvil top temperature
overshooting tops
Anvil characteristics & storm environment interaction
growth and detailed upper level atmospheric motion and water vapor behavior
multispectral analysis of anvil
Rotating overshooting top
Rapid scan visible imagery
Storm damage
High resolution land observing satellites 





Nuvens Baixas

Nuvens Altas

Cisalhamento Associado com 
a Convecção Profunda



Imagem e sondagem

Campo de Instabilidade 
sobre uma tempestade 
obtida pelo sondador do 
GOES
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Presentation Notes
Satellite sounder data can provide information on instability and possible intensity of thunderstorm activity.  Notice how the storm leaves its rain cooled air behind as it moves southward.  This locally modified air can effectively decouple the boundary layer behind the storm allowing for accelerated inflow into the rear of the storm.  Further, notice how the storms anvil spreads out from the overshooting top area against the prevailing northwesterly flow – as has been discussed, this is important in setting the stage for a rear flank downdraft.



Diferentes características do 
anvils e overshooting topos 
podem ser reveladas usando 
diferentes canais. Essas figuras 
mostram uma imagem AVHRR 
visível (acima a esquerda), 3.7 
microns (acima a direita) e 
10.7 micron IR

Presenter
Presentation Notes
Different characteristics of anvils and overshooting tops are revealed by using different channels.  Shown here are AVHRR visible (upper left), 3.7 micron IR (upper right with special enhancement across anvil top) and 10.7 micron IR.  This storm produced an intense tornado at Plainfield, Illinois.  Strong overshooting tops are seen in the major storm’s anvil at A and B in the 10.7 micron IR data. Two other very strong storms are seen in the image.  Notice the difference in brightness across the anvils in the 3.7 micron imagery (reflection as well as temperature) – this is likely due to differences in ice sizes over the anvil and may well give clues to storm severity (perhaps updraft characteristics since undiluted ascent would likely have less turbulence and mixing and thus smaller particles (a more intense updraft??)).  Research with MODIS and METEOSAT 8 should shed light on this.  BUT, be careful going blindly looking for “signatures” at cloud top.  A storms top characteristic is dependent on both the storm’s updraft character and strength as well as the structure of the tropopause into which it peretrates.




Menores cristais – maior W
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Presentation Notes
See text with slide.



GOES-12 Channel 3 (WV) – Channel 4 (IR)





Caso de Linha de Instabilidade e a passagem da zona de nuvens
Niamey – 2006 – AMMA experiment



Caso de Linha de Instabilidade e a passagem da zona de nuvens
Niamey – 2006 – AMMA experiment



Niamey – 2006 – AMMA Experiment
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Selecionando Área de Observação



INFORMAÇÕES DO SISTEMA CONVECTIVO

Trajetória do Sistema
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