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Presenter
Presentation Notes
Esta lição trabalhará com o entendimento das várias bandas espectrais disponíveis nos satélites meteorológicos, assim como com seus usos. Ela acompanha a lição A, e vários dos exemplos utilizados são os mesmo que naquela lição. Conjuntamente com ela, fornece embasamento conceitual para as lições C e D.

For space based remote sensing systems four critical questions must be addressed.  They all deal with resolution and by their very nature are focused and driven by a variety of user needs, the desire for advanced applications and a continuing quest for knowledge.  Those resolutions are: 1) spatial – what picture element size is required to identify the feature of interest, what is its spatial variability, and over what scale must it be observed; 2) spectral - each spatial element has a continuous spectrum that may be used to analyze the earth’s surface and atmosphere, what portions of the spectrum and what spectral resolutions are needed for a particular application; 3) temporal – how often the feature of interest needs to be observed; and, 4) radiometric – signal to noise, or how accurately does an observation need to be;  

Each of the above resolution questions must be addressed in the context of an evolving space based observing system within which the satellite(s) exists, or will exist.  For some applications, optimal resolutions may not be attainable from any one satellite, but may be approached using data from a series of satellites.  Similar reasoning may be applicable for many of the requirements that satellites are designed to meet[2] – requirements are normally for an observation of a certain phenomena, within resolutions similar to those above (spatial, temporal and acceptable accuracy).  
� [2] How a requirement is satisfied, or conceptualized, may take on an entirely different meaning if it is addressed from a satellite system concept, rather than a single satellite viewpoint.  The approach of using various satellite assets was addressed by TRMM during the later portion of its life where combinations of active and passive microwave data and visible and infrared data from different polar orbiting and geostationary satellites were used to derive daily global rainfall.  Combining observations from a specialized constellation of satellites is part of the planning for the Global Precipitation Mission.



Foco
• O tópico principal da Lição B são os dados no visível,

infravermelho próximo e no infravermelho, porque esse é
o tipo de dado que a maioria dos Serviços de Meteorologia
e Hidrografia recebe rotineiramente.

• No final, tem comentários sobre dados e produtos no
espectro de microondas, assim como sobre sensores
ativos.
– Para informação mais profunda concernente à faixa espectral de

microondas e suas aplicações, vide as lições na parte de tutoriais da
Biblioteca de Recursos Virtuais
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Presentation Notes
Metas da Sessão
Você deveria ser capaz de:
Entender a diferença entre radiação visível, do infravermelho próximo, e infravermelha (canais)
Entender a influência da superfície e das propriedades atmosféricas sobre o que é visto pelos sensores de um satélite
Entender os princípios básicos subjacentes na seleção de canais, e os fatores que influenciam a seleção:
-  Resolução espectral
-  Resolução espacial
-  Resolução temporal
-  Resolução radiométrica
-  Propriedades da superfície 

Entender que informação pode ser obtida usando a variedade de canais disponíveis em satélites operacionais e de pesquisa
Entender como interpretar … 
	
Understand how to interpret data from various channels individually and in combination with other channels
Understand the difference between multi-spectral and hyper-spectral data

Resources
Information from Virtual Resource Library
	Text,  several tutorials and PowerPoint lectures that together cover this topic in detail
Links to imagery and products from the VRL as well as Sponsor and Center of Excellence sites
Lecture materials to accompany presentation 
Accompanying hydra lab for inspection and manipulation of multispectral  data 




Metas
• Entender a diferença entre as radiações nos canais do visível,

do infravermelho próximo, e do infravermelho termal
- Entender a influência da superfície e das propriedades atmosféricas no
sinal que observamos com um sensor de satélite

• Entender os princípios básicos subjacentes na escolha de
canais e os fatores que influenciam essa escolha

• Compreender qual a informação que pode obter-se usando os
diferentes canais disponíveis nos satélites operacionais e
científicos

• Entender como interpretar dados de vários canais,
individualmente e por combinação com outros canais

• Entender a diferença entre dados multi-espectrais e hiper-
espectrais

Presenter
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

• Informação da Biblioteca Virtual de Recursos 
(Virtual Resource Library: VRL)
– Textos, alguns textos guiados, a lições em PowerPoint 

que, em conjunto, cobrem detalhadamente este tópico 
– Links a imagens e produtos da VRL, assim como sítios 

do Patrocinador e de Centros de Excelência 

• Notas de aula aompanhando a apresentação
• Hydra lab para observação e manipulação de 

dados multiespectrais

Presenter
Presentation Notes
Other resources available on this topic.
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Corpos negros a 6000K (Sol) e a 300K (Terra): Radiância X 
comprimento de onda (observe a região de 3.9 μm !)

Hoje, os satélites medem energia em 
regiões espectrais que vão da porção 
visível até o infravermelho termal e de 
microondas

• Para comprimentos de onda além de
10 μm, a radiação é apenas radiação
terrestre. Nessa região, a Terra apenas
reflete radiação solar.

• Na região próxima de 3,9 μm, a
energia medida por satélites durante o
dia é uma mistura da radiação solar
refletida e da emitida pela Terra.

• Um corpo a 300K não emite
radiação apreciável em compri-
mentos de onda inferiores a 3 μm.

Radiação 
termal de 
um corpo 
com 
300K

radiação 
solar 
que 
chega à 
Terra

Presenter
Presentation Notes
Satellites measure energy in spectral regions ranging from the visible portion of the electromagnetic spectrum to the far infrared. At visible wavelengths, that energy is only reflected solar radiation (radiation from the sun which is reflected by the earth's surface and clouds); at far infrared wavelengths, that energy is only emitted terrestrial radiation. However for the short wavelength infrared channel, the 3.9 um spectral band, energy measured by the satellite can be a mixture of solar radiation that is reflected by the earth's surface or clouds and radiation that is emitted by the earth's surface or clouds.   

Figure 2a shows the Planck blackbody radiance curves for the sun (6000 K) and the earth (300 K). The energy received from the sun at the top of the atmosphere is represented by the area under the left-hand curve, and energy emitted by the earth is represented by the area under the right-hand curve. If all the sun's energy reaching the earth were reflected back to the satellite, a satellite detector would sense the values represented by the solar curve (the left side of Fig. 2a). However, as shown on the next slide, about 50% of the sun's energy is selectively absorbed by various atmospheric constituents (ozone, water vapor, molecular oxygen, carbon dioxide, certain aerosols) and the earth's surface. The remainder is scattered back to space by aerosols and reflected by clouds and the earth's surface. That scattering and reflection is a function of wavelength and the particular constituent (cloud phase/droplet size, soil type, etc.) with which the interaction is occurring. This reflected and back scattered solar energy can be detected by a satellite sensor. The vertical lines in the figure locate the spectral region sensed by GOES in the 3.9 um band (as will be seen later, most satellites have a spectral band in this region, but with slightly different centering and width). Satellite detectors do not measure energy at a single wavelength, the GOES imagers' 3.9 um channel extends from 3.78 - 4.04 um. In the figure, notice that satellite measurements in the 3.9 um band are a combination of earth emitted and solar reflected radiation.




As propriedades atmosféricas e da superfície afetam o que vemos com um 
sensor de satélite (esquerda: radiação solar, direita: IR emitida)

Presenter
Presentation Notes
Refer to discussion with previous slide to track radiation in the visible to near infrared portion of the spectrum through the daytime atmosphere (left), and infrared portion of the spectrum (night and day, right). Note that all radiation is either absorbed, reflected or emitted.  It is instructive to realize that at different wavelengths (visible, near infrared, and infrared) that there are differences in surface, atmospheric and cloud properties (absorption, reflection, emission) that lead to differences in appearance of imagery in the various spectral bands .  



Hoje, somos digitais e multiespectrais!

224 imagens 
simultâneas

SENSOR: AVIRIS vegetação

água

solo nu

atmosfera

Cada elemento espacial (pixel) 
tem um comportamento espectral 
que se usa para analisar tipo de 
superfície e atmosfera

Espectro de 
transmitância (atmosfera) 
e refletância (superfície)

Presenter
Presentation Notes
Each spatial element has a continuous spectrum that may be used to analyze the earth’s surface and atmosphere; which portions of the spectrum and what spectral resolutions are needed for a particular application are among the most basic questions that must be answered when utilizing data from a composite space based observing system.  The multispectral nature of today’s imagers allow us to use different combinations of the digital data to derive information about the earth and its atmosphere.
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Uma vantagem dos dados digitais: O realce de imagens 
ajuda o olho na detecção

Manipulando as 
cores, podemos dar 

contraste aos topos de 
nuvens de tormenta e 

à temperatura do 
topo

Barra de cores com 
escala desde quente 
(esquerda) até frio 
(direita)

Presenter
Presentation Notes
Most basic is obtaining information from a single channel.  One advantage of digital imagery is illustrated here.  The picture above is enhanced imagery of a thunderstorm from a GOES satellite that was taken late in the daytime.  Because the data are digital, they may be selectively enhanced to highlight certain features as above.  In the visible image (bottom) the black to white contrast has been maximized over the thunderstorm anvil so that the overshooting turrets stand out with their corresponding shadows, while in the infrared image the color enhancement is confined to anvil temperatures which results in highlighting the colder regions, mostly associated with the overshooting domes apparent in the enhanced visible image. 



Pesquisando com combinações 
multi-espectrais
• O comportamento espectral (spectral 
signature) das superfícies permite 
identificar comportamentos espaciais e 
temporais

• O método é aproveitar que duas ou mais 
partes do espectro são diferentes para 
refletância ou absorção

refl

0.72 μm

0.65 μm

0.85 μm

Grass & vegetation

Exemplo: reflexão da grama e coberturas 
vegetais em geral (linhas verticais na figura: 
posição de canais MODIS)

• Se em 0.85 μm a refletância é bastante maior 
do que em 0.65 μm, então a superfície poderia 
ser vegetação; 

• Se os canais em 0.65 μm e 0.85 μm vêem a 
mesma refletância, então a superfície não é 
vegetal. Exemplos: neve; água

Presenter
Presentation Notes
Multispectral digital imagery allows for discrimination of various features depending on the wavelength combinations chosen for analysis due to differences in spectral signatures at the different wavelengths.  For example, many of today’s satellite imagers, particularly MODIS,  have spectral bands that are either above or below step function increases or decreases in the reflectivity of vegetation (note increases above 0.72 um) or snow/ice (note decreases above 1.4 um).  The same is true for many of today’s operational polar satellites, and is true for METEOSAT Second Generation which is in geostationary orbit. Multispectral data can be used to reveal the extent of vegetation and snow/ice in the various regions of the globe.




refl

0.72 μm

0.65 μm

0.85 μm

Grass & vegetation

• Índice de Vegetação por Diferenças
Normalizadas: 
NDVI = (R0.85 – R0.65) / (R0.85 + R0.65)

• Se NDVI > 0.5 tem-se vegetação; 
• verde: vegetação;  pardo: escassa ou nenhuma 
vegetação 

Africa do Sul

Canal 1

Canal 2

(Canais AVHRR/NOAA)

Presenter
Presentation Notes
Exemplo de Indice de Vegetação por Diferença Normalizada (Normalized Difference Vegetation Index: NDVI) para um período de 10 dias (sensor AVHRR/NOAA) sobre África do Sul.  O período de 10 dias auxilia na obtenção de uma cobertura extensa de  pixels de céu claro. O esquema de cores ilustra vegetação com tons de verde; os tons de amarelo e marrom representam nenhuma ou escassa vegetação. 



Resoluções de canais:
• AVHRR 1 km 
• MODIS 250 (500) metros
• SPOT, LANDSAT 10-30 m 

“Cor 
verdadeira”

NDVI

Grânulos 
MODIS

NDVI  MODIS/AQUA

NDVI construido com base em 10 dias de imagens 
para fins de mascaramento adequado de nuvens. 
Abaixo: diferença com o decêndio anterior.

As variações entre decêndios indicam evolução do 
estado da vegetação para melhor ou pior.

Presenter
Presentation Notes
The small boxes at the bottom left are the areas covered by the two MODIS granules.  The data were gotten from the NASA rapidfire site that has both current and retrospective MODIS data available.  The site can be linked to through the Virtual Resource Library’s Product section. 



Pesquisando combinações 
multi-espectrais no 

infravermelho

Dependendo do fenômeno 
(na superfície; na 

atmosfera):

observe a parte do espectro 
onde muda a absorção com 

o comprimento de onda

Exemplo: transmissão através de 
nuvem de poeira ou cinzas vulcânicas

•Se o canal em 12 μm vê TB bastante 
maior que em 11 μm,  então a atmosfera 
talvez contenha poeira ou cinzas 
vulcânicas; 

•Se em 11 μm vê TB igual ou maior que 
em 12 μm, a atmosfera não contém esses 
componentes.

Presenter
Presentation Notes
Multispectral infrared data can also be used to identify various land and atmospheric features.  The method is similar to that used in the vegetation example previously shown.



Exemplo

Dados MSG-SEVIRI:  tormenta 
de poeira extensa sobre África

• TB(12 μm) >> TB(11 μm): pode conter
poeira ou cinzas vulcânicas;

• TB(11) >≈ TB(12): não contém
nuvem de poeira ou de cinza vulcânica. 

Presenter
Presentation Notes
False color images from MSG channels. Left: 12.0-10.8 (R), 10.8-8.7 (G), 10.7.  The addition of information from the 8.6 micron channel highlights the dust and ground features even more, as will be shown later.



• Filme Meteosat 
tormenta sobre africa

(poeira cor-de-rosa)

Presenter
Presentation Notes
Animação de tormenta de poeira sobre a África



Informação espectral 

• Agora observemos com mais detalhe nas 
regiões espectrais do visível, infravermelho 
próximo e infravermelho termal.

• Nosso objetivo: obter uma idéia melhor de 
suas características especiais e de como essa 
informação pode ser utilizada para analisar o 
solo, o oceano e a atmosfera. 

Presenter
Presentation Notes
Agora observemos com mais detalhe nas regiões espectrais do visível, infravermelho próximo e infravermelho termal. 
Nosso objetivo: obter uma idéia melhor de suas características especiais e de como essa informação pode ser utilizada para analisar o solo, o oceano e a atmosfera. 




Radiação solar: visível e infravermelho próximo
esta radiação é transmitida (atmosfera) e refletida (superfície)

Transmitância da 
atmosfera para
radiação solar 
direta: efeito das 
bandas de O3, O2. H2O, 
CO2, CH4

dispersão 
(scattering)

Landsat Thematic Mapper (6 bandas)

Comprimento de onda (nanometros: 1 μm = 1000 nanometros)

224 canais contíguos do AVIRIS

Presenter
Presentation Notes
This figure shows atmospheric transmittance from 400 to 2500 nanometers (0.4 and 2.5 microns), and channel widths from Landsat Thematic Mapper.   The region extends from the ultraviolet into the near infrared portion and encompasses the visible portion of the spectrum.  The spectral resolution of the AVIRIS instrument (red bar at top), for which this figure was originally made, is approximately 10 nanometers with the spectrum sampled at 224 small spectral intervals.  Notice how various atmospheric constituents such as water vapor selectively absorb radiation across portions of the spectrum. The various Thematic mapper channels were designed to view surface properties by avoiding sampling in regions with atmospheric contamination.



Fumaça 
partículas grandes

Nuvem
Area 
Quente

Fumaça -
parts. peqs.

Fogo

Sombra

Pastura
Lago

Solo

Informação espectral do AVIRIS:
cena mostrando nuvem, fumaça e áreas com 

queimadas ativas
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Smoke (lg. part.)
Shadow

Imagem AVIRIS - Linden Califórnia       
20 agosto 1992

224 bandas espectrais: 0.4 - 2.5 μm
pixel: 20m x 20m cena: 10km x 10km

Assinatura espectral de vários tipos de pixel

Presenter
Presentation Notes
This picture is from the movie in the previous slide.  In this picture three channels (out of a possible 224) have been used to create a near natural color image.  Each pixel in the image represents an IFOV of 20 m as viewed from an ER-2 flight altitude of 20 km.  The full scene covers an area of approximately 10 km x10 km.  The image depicts a mixture of smoke, clouds, active burn and burn scarred areas.  The lower left corner is relatively cloud and smoke-free such that surface features (grass, lake and river) can be seen.  Various size smoke particles were observed as well as areas under shadow from the cloud and smoke.  

The figure on the right depicts the apparent spectral reflectance (from 0.4 to 2.5 mm) for the features shown in the AVIRIS image. The unique characteristics of the spectral signatures provide a way to identify and characterize each feature and to derive other useful information about the scene.  Note the dip in reflectance for the various features in the absorption regions.
Water displays its characteristic low reflectance at most all wavelengths, being basically black from 0.9 to 1.9 microns.
Water clouds are highly reflective across the spectrum.  
Smoke plumes show moderately high spectral reflectance with differences in the visible region due to particle size variations.  
Grass areas display the characteristic reflectance rise near 700 nm due to the effects of chlorophyll.  

The high resolution of this particular image allowed detection of the fire in the scene because of its emission.  The fire area is relatively large, and it is difficult to know the exact portion of each pixel is on fire, but studies have shown that forest fire temperatures generally measure in the 800 to1000 degrees C range.  Using Wein’s displacement law (lmaxT=2879), where lmax is wavelength in microns and T is temperature in degrees Centigrade with 2879 being a constant with units of microns degrees Centigrade, gives the maximum wavelength of emission for the fire to be around 2.8 to 3 microns!  Recall the shape of a blackbody curve (as shown earlier) and it is no wonder that hot regions begin showing up at around 1 micron and continue to get larger as wavelength increases in this image (with the exception of the apparent shrinking in size when viewed in the water vapor absorption region around 1.85 microns.



Valor potencial das observações com alta resolução espectral: 
AVIRIS (224 canais entre 400 e 2500 nm). 

Canal: 498 nm
Começando em 400 
nm, as feições da 
imagem não são 
claras devido à 
dispersão (scattering) 
principalmente.
Este efeito diminui 
com o comprimento 
de onda.

Canal: 1014 nm
Em 1000 nm a 
dispersão Rayleigh é 
desprezível. Não há 
bandas de absorção: 
são vistos detalhes do 
solo (lago, rio, pasto).
Fumaça de partículas 
pequenas ainda 
visível; a das grandes 
não é mais visível)

Canal: 1382 nm
Banda de absorção 
de vapor d’água. 
Para qualquer 
refletância dos 
objetos, o vapor 
d’água absorve 
fortemente o sinal 
que chega ao 
sensor.

Canal 2251 nm
Boa transmitância 
atmosférica. O 
sinal de fumaça 
não é visível, mas 
agora percebe-se 
uma área com 
focos ativos de 
queimada (mais 
brilhante)

Presenter
Presentation Notes
Quatro exemplos de distinção espectral entre alvos



Aqui vem sequencia de canais AVIRIS

Presenter
Presentation Notes
Animação de imagens em 224 canais AVIRIS



VIIRS, MODIS, FY-1C, AVHRR, ABI, GOES, MSG

H2O

H2O
H2O

H2O

O2

CO2

CO2

H2O

O2

O3

H2O

O2

ABI

MSG
GOES 8-P

Presenter
Presentation Notes
Spectral widths of channels for AVHRR, MODIS, MSG’s SEVIRI, the Chinese FY-1C imager and the planned NPOESS VIIRS and GOES-R ABI.  (note that the latest version of AVHRR has a channel at 1.6 microns similar to VIIRS and FY-1C; this channel is shared with the channel at 3.7 microns with the AVHRR). 
One might ask “why the various satellite imager channel widths and spectral locations?”  The answers are complex, but basically relate back to the resolutions described earlier (Lecture A) and specifically the tradeoff between desired spectral resolutions versus the practicality of spatial resolution versus obtaining a high enough signal to noise ratio so that the instrument’s data may be used to describe the feature of interest to a desired accuracy level. The very narrow bands below 1000 nanometers, particularly on MODIS and VIIRS, are used primarily for measurement of ocean color, as was shown in the aircraft picture comparison earlier.  The broad bands in the vicinity of the two AVHRR bands below 1000 nm are used for surface vegetation indexing, cloud detection, location of melting ice and various other applications, while the bands above 1000 nm may be used in conjunction with those below 1000 nm to characterize cloud phase �



• a resolução espectral desejada, 
• a praticidade da resolução espacial, e 
• uma relação sinal/ruído alta,

para que os dados do instrumento possam ser usados para descrever as 
feições de interesse no nível de acurácia desejado. 

Podemos perguntar: 

“por que essa variedade de 
posição espectral e largura dos 
imageadores de satélites?”

As respostas são complexas, 
mas basicamente se remetem 
às questões já mencionadas na 
Lição A, e especificamente ao 
compromisso entre:



Vista diurna de nuvem 
baixa (líquida) e da bigorna 
de uma nuvem de tormenta 
(gêlo) em diferentes canais 
MODIS (sinal refletido)

Presenter
Presentation Notes
MODIS Bands 3 (0.466 microns), 6 (1.63 microns) and 7 (2.11 microns) of clouds and thunderstorm over eastern How water clouds and cirrus clouds (ice) appear at different reflective channels. While ice clouds are reflective at visible wavelengths, in the near IR at 1.63 and 2.11 they are poorly reflective (thus their darkness in those two images).  



As combinações de cores estão apoiadas na interpretação do tipo de nuvem (nefanálise)

Red (banda 3: 0,465 μm) GreenGreen (banda 6: 1,63 μm)

Blue (banda 7: 2,11 μm)

Presenter
Presentation Notes
MODIS Bands 3 (0.466 microns), 6 (1.63 microns) and 7 (2.11 microns) of clouds and thunderstorm over eastern Missouri, along with color combination (lower right) made from 0.466 (red), 1.63 (green) and 2.11 (blue).  While ice clouds are reflective at visible wavelengths, in the near IR at 1.63 and 2.11 they are poorly reflective (thus their darkness in those two images).  When the RGB combination is made, the absence of reflection in Green and Blue over the ice clouds results in their reddish hue due to the reflection at 0.466 microns.  As mentioned earlier water clouds are reflective at longer wavelengths resulting in their white appearance in the RGB combination.



Observem agora a reflexão 
do canal MODIS em 1.38 
micron, no centro de uma 
región espectral absorvente 
do vapor d’água

Presenter
Presentation Notes
Now we will look at the MODIS band at 1.38 microns where water vapor absorption is strong (as shown in the center diagram). 



Presenter
Presentation Notes
Because of the strong water vapor absorption at 1.38 microns, most of the signal comes from high in the atmosphere.  In this case the thunderstorm top is high and more energy is reflected from it back to the satellite than the surrounding area where water vapor absorbs much of the radiation at 1.38 microns before it can reach the lower level cumulus  and then absorbs again that radiation at 1.38 microns which is reflected from the cumulus back to the satellite!  



1.38

0.64 1.64

11.01

esteira

Absorção elevada pelo H2O vapor

Vegetação: mais brilhante que 
no canal VIS

Solo vegetado em três canais do MODIS (sensor: MAS)

Presenter
Presentation Notes
Frequentemente, cirrus não são detectados na janela do IV assim como em canais do visível. Assim como no slide prévio, um canal em 1,38 μm facilmente detecta cirrus (no caso, esteiras de gases de turbina de avião). Observe que a superfície terrestre é mais brilhante em 1,64 μm mais do que em 0,64 μm, devido à cobertura vegetal, como foi evidenciado na animação hiperespectral.



Bandas
402-422 nm 
433-453 nm 
480-500 nm 
500-520 nm 
545-565 nm 
660-680 nm 
745-785 nm 
845-885 nm

Características da Missão
Heliossíncrona 705 km 
Cruza o Equador ás 12:20 PM        

(descendente)  
Período orbital 99 minutos 
Largura de varredura 2801 km 
Resolução espacial 1,1 km 
Tempo de retorno 1 dia 
Digitalização em 10 bits

Cor do Oceano tal como ilustrada pelo  SeaWifs

Presenter
Presentation Notes
We often hear about the importance of measuring ocean color.  There is an excellent tutorial on the topic at 

http://oceancolor.gsfc.nasa.gov/SeaWiFS/TEACHERS/

In the slide above, note the locations and spectral widths of channels for AVHRR, MODIS, MSG’s SEVIRI, the Chinese FY-1C imager and the planned NPOESS VIIRS and GOES-R ABI; it is the channels below 1 micron that are used for ocean color work.  To do the job effectively, these channels must have exceptionally good signal to noise since the water leaving radiances are very small.  For example note the locations and spectral widths for the SeaWifs channels above.  Measuring ocean color is difficult because the signal reaching the satellite sensor has undergone interactions with the atmosphere, as well as scattering, absorption and flourescence within the water column, sea bed reflection (if shallow enough), and sea surface interactions.  

Below is extracted from the web site given above.  It provides information about ocean color and its measurement from space.  But don’t stop here, go to the web site and learn more.

When light hits the surface of an object, these different colors can be reflected or absorbed in differing intensities depending on the unique properties of the material on which the light is shining. The color we see depends on which colors are reflected and which are absorbed. . When sunlight hits the ocean, some of it is reflected back directly (sunglint), but most of it penetrates the ocean surface and interacts with the water molecules that it encounters. Most of the light that is scattered back out of clear, open ocean water is blue while the red portion of the sunlight is quickly absorbed very near the surface. However, there are many things in addition to just water molecules in the ocean and these things can change the color that we see. In coastal areas, runoff from rivers, resuspension of sand and silt from the bottom by tides, waves and storms and a number of other things can change the color of the near-shore waters. �
  However, for most of the world's oceans, the most important things that influence its color are PHYTOPLANKTON. Phytoplankton are very small, single-celled plants, generally smaller than the size of a pinhead that contain a green pigment called chlorophyll. All plants (on land and in the ocean) use chlorophyll to capture energy from the sun and through the process known as photosynthesis convert water and carbon dioxide into new plant material and oxygen. Although microscopic, phytoplankton can bloom in such large numbers that they can change the color of the ocean to such a degree that we can measure that change from space. 
The basic principle behind the remote sensing of ocean color from space is this; The more phytoplankton in the water, the greener it is....the less phytoplankton, the bluer it is. Pretty simple really.  The above example has been enhanced so that maximum clorophyl a is red, which would be the greener water.  ��
Cor do oceano - SeaWifs



Produto MODIS Cor do Oceano (satélite Aqua), resolução espacial 4 km, mostrando a 
abundância de clorofila numa extensa região do Oceano Pacífico

Presenter
Presentation Notes
Ocean color product from MODIS showing the abundance of chlorophyll a across part of the Pacific Ocean



Fonte: Kaufman et al.

Estimativa MODIS da espessura óptica do aerossol 
(Oceano Atlântico)

Presenter
Presentation Notes
Using multispectral visible to near infrared imagery today’s satellites can capture information about aerosols.  With several channels in the visible to near infrared region, MODIS can capture aerosol characteristics very well. This group of images depicts the remnants of a Saharan dust storm being blown out over the Atlantic Ocean on 29 Feb 2000. The top-left image is a  "true-color" composite image produced from radiances at 470 nm  (blue channel), 550 nm (green channel) and 659 nm (red channel).  The top right image is the aerosol optical depth retrieved at 550 nm (combined over both land and ocean with good continuity). The bottom two images are the contributions to the total aerosol optical depth (ocean only), by small (less than 0.25 um) and large (greater than 1 um) particles, respectively. Note that the plume of large optical depth is composed nearly entirely of large particles. These images are from the work of Rob Levy and Yoram Kaufman (NASA Goddard Space Flight Center). 



Imagem METEOSAT-8 multi-espectral diurna de uma extensa tormenta de 
poeira sobre África. Combinação de  imagens dos canais em 0.6, 0.8 e 1.6 
microns. 

Veja animação a seguir.

Presenter
Presentation Notes
Animação: cortesia de EUMETSAT e de Danny Rosenfeld, Hebrew University.




• Animação tormenta poeira Africa
VIS + IVP

Presenter
Presentation Notes
Animação: cortesia de EUMETSAT e de Danny Rosenfeld, Hebrew University.




Infravermelho termal:

Utilidade de 
algumas faixas espectrais

Presenter
Presentation Notes
Infravermelho termal:
Utilidade de 
algumas faixas espectrais




MODIS
VIIRS

ABI

MSG

GOES 8/11
GOES 12/P

Radiação termal emergente da Terra, comparada com a 
função de Planck para diversas temperaturas

comprimento de onda (μm)

Presenter
Presentation Notes
This slide shows an observed infrared spectrum of the earth thermal emission of radiance to space.  The earth surface Planck blackbody - like radiation at 295 K is severely attenuated in some spectral regions.  Around the absorbing bands of the constituent gases of the atmosphere (CO2 at 4.3 and 15.0 um, H20 at 6.3 um, and O3 at 9.7 um), vertical profiles of atmospheric parameters can be derived.  Sampling in the spectral region at the center of the absorption band yields radiation from the upper levels of the atmosphere (e.g. radiation from below has already been absorbed by the atmospheric gas); sampling in spectral regions away from the center of the absorption band yields radiation from successively lower levels of the atmosphere.  Away from the absorption band are the windows to the bottom of the atmosphere. Surface temperatures of 296 K are evident in the 11 micron window region of the spectrum and tropopause emissions of 220 K in the 15 micron absorption band.  As the spectral region moves toward the center of the CO2 absorption band, the radiation temperature decreases due to the decrease of temperature with altitude in the lower atmosphere.
IR remote sensing (e.g. HIRS and GOES Sounder) currently covers the portion of the spectrum that extends from around 3 microns out to about 15 microns. Each measurement from a given field of view (spatial element) has a continuous spectrum that may be used to analyze the earth surface and atmosphere.  Until recently, we have used “chunks” of the spectrum (channels over selected wavelengths) for our analysis. In the near future, we will be able to take advantage of the very high spectral resolution information contained within the 3-15 micron portion of the spectrum.  From the polar orbiting satellites, horizontal resolutions on the order of  10 kilometers will be available, and depending on the year, we may see views over the same area as frequently as once every 4 hours (assuming 3 polar satellites with interferometers).  With future geostationary interferometers, it may be possible to view at 4 kilometer resolution with a repeat frequency of once every 5 minutes to once an hour, depending on the area scanned and spectral resolution and signal to noise required for given applications. 



A mesma figura: observe a área próxima dos 3 e 4 μm

MODIS
VIIRS

ABI

MSG

GOES 8/11
GOES 12/P

Comprimento de onda (μm)

Presenter
Presentation Notes
A very interesting region is the shown above, where the satellite signal will be from both reflected and emitted radiation.  However, an advantage of infrared imagery in this region is that there is very little water vapor contamination versus infrared radiation from the 10-12 micron region. There is an excellent tutorial on 3.9 microns and its characteristics contained in the Virtual resource Library, and for greater details than what will follow the user is referred to that tutorial.  



Aplicações das imagens em 3.7 - 3.9 μm

• Nevoeiros, estratos e cirrus noturnos
• Nuvens sobre-resfriadas
• Nevoeiro, nuvens líquidas e de gelo sobre neve
• Tormentas de inverno
• Temperatura do mar e continental
• Cirrus finos e nuvens multi-camada
• Ilhas de calor urbanas
• Detecção de fogos
• “Sun glint”
• Bandas de cúmulos noturnos
• Monitoramento de nuvens de poeira vulcânica

Presenter
Presentation Notes
There are many interesting applications that arise from using the special characteristics of radiance at 3.9 microns, particularly when compared with information from other channels.  See the tutorial in the VRL for information on each of these.
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A área especial entre 
3 e 4 mícrons

Uma visão mais detalhada 
da região de 3,9 μm , 
comparando a emissão de 
um corpo a 300 K com a 
radiação refletida 
proveniente do sol (níveis 
de 20%, 50% e 100% de 
refletância)

Presenter
Presentation Notes
The region referred to as near infrared extends from where the visible portion of the spectrum ends out to the 4 to 5 micron region where reflection still occurs.  Recalling to the previous figure, during daytime reflection from clouds and land surfaces will effect what is seen in channels in this overlap region.  As will be seen later differences in ice and water cloud, as well as surface characteristics (such as fire within a scene) allow us to mine the information in this 3.9 micron region when we use it in combination with other channels.



Evidências espectrais da fase de uma nuvem e 
aspectos não-lineares da resposta termal

Albedo simples de dispersão (“single 
scattering albedo”) para radiação em 3,9 μm: 
diferenças entre água e gelo. O gelo é mais 
absorvente.

Temperatura de brilho em um pixel com fogo: 
Diferença entre as respostas radiativas em 3,9 
μm e em 10,7 μm

Raio da partícula (μm)

água

gelo

λ= 3,9 μm

Tsolo = 300 K

Tfogo= 500 K

TB(3,9)-TB(10,7)

Fração de cobertura com fogo

Presenter
Presentation Notes
Reflection from cloud at 3.9 microns is very sensitive to particle size.  In general, marine stratocumulus are less reflective than cumulus over land (except where the marine stratocumulus has been contaminated by ship exhaust which causes it to have much smaller particles).  Cirrus generally has much larger ice crystal size than a cumulus water droplet, so the reflected signal from cirrus is normally weak. In the 3.7 to 3.9 region, the radiance reaching the satellite sensor during daytime, cirrus cloud (being cold and having large particles) results is a weak signal, where as cumulus (small droplets and warm) have a high signal.  Due to the non-linear nature of the Planck function, radiance received from pixels that are not uniform in character will appear different at different wavelengths.  When there is variability within a field of view, different scene temperatures will be measured in the 3.7-3.9 micron region than at 10.7 microns.  This is important in determining surface and cloud properties when a field of view is partly cloudy, and in the detection of fires when only a small portion of the field of view is actually burning.



Evidências 
espectrais de 
características 
superficiais

emissividade (ε) 
ou
refletância (r):

ε = 1 - r

Comprimento de onda (μm)

folhas

argila
areia
água

folhas

argila
areia
água

Presenter
Presentation Notes
Different type surfaces have different reflective and emissive properties in the short wave window region around 3.7  microns as well as around 8.6 microns (emissivity only).



Imagens GOES-West diurnas nos canais visível e 3,9 μm

A: cirrus                    B: trilhas de barcos
C: nuvens de água     D: diferenças em              

emissividade do solo   

3,9 μm (total), menos a emissão em 
3,9 μm (baseada na TB em 10,7 μm)

Radiação solar refletida no visível

Presenter
Presentation Notes
Since the 3.9 um channel contains both reflected and emitted radiation, the question arises "Should it be displayed as a visible or an infrared image?" To address this issue, a short review of satellite image display history is appropriate. With the early TIROS, visible imagery showed clouds as bright white and ground as dark, a direct relationship between scene energy and image grey scale. When the first longwave infrared (IR) imagery was received and visible lookup tables were used to display the data, high energy areas (ground and ocean) were white and low energy areas (cirrus and thunderstorm tops) were dark. This was opposite from the convention analysts were accustomed to using. As a result, it was decided to invert the IR display table so that low infrared energy was displayed as white and high infrared energy as dark. This has served us well for many years, but now, since the 3.9 um channel senses both reflected and emitted radiation during the daytime, a choice must be made as to how that channel should be displayed. (Perhaps, in time, it will be presented as a derived image product, in combination with one or more other channels.) 
Above the 3.9 um imagery is presented in terms of energy vs. grey scale (as with the VIS imagery), cold clouds, ice, ice clouds and snow appear dark; while warm surfaces, water clouds and sun glint appear light-to-bright (sun glint at 3.9 um is much more intense than at visible wavelengths). Land surfaces, being both hot and reflective, can appear very bright. Alternatively, the 3.9 um information may be presented as any one of the other wavelengths/channels. Whatever choice is made, the user must analyze the information in terms of energy and cloud/surface type to minimize confusion. 

In the above example, the 10.7 micron infrared brightness temperature has been removed from the 3.9 micron brightness temperature (see tutorial referred to earlier) resulting in a 3.9 reflectivity product. A = cirrus cloud,  B = water cloud, C = ship trails with smaller particles than surrounding marine stratocumulus, D = differences in land emissivity.  In the animation of the for/reflectivity product one will notice bright spots that appear to flicker to in the State of Kansas (North of letter C) – these are fires, likely agricultural in nature.



Inserir animação:



Imagens noturnas
Branco: nuvens com 
fase líquida.

Preto: nuvens com fase 
gelo.

As cores dão realce a 
temperaturas menores

Produto de nevoeiro 
para a mesma cena
A: névoa ou estrato com 
temperatura de topo de 
nuvem (TTN) de 4ºC

B: nuvem líquida com 
TTN entre 12 e -15ºC

C: nuvem líquida sobre 
oceano com TTN entre 
5 e 0ºC

10,7 μm 3,9 μm

Produto de nevoeiro

Presenter
Presentation Notes
A night-time image product is made by subtracting the 3.9 um scene temperatures from those at 10.7 um, and scaling the results to show (-/+) differences. This technique, in use for many years with AVHRR , is based on the principle that the emissivity of water cloud at 3.9 um is less than at 10.7 um. Evolution of night-time fog and low-level stratus clouds is easily observed by viewing the product in animation. Furthermore, by investigating the 10.7 micron temperature in the fog or stratus region, one can tell if the cloud top temperature is below freezing, and thus the cloud may be composed of super-cooled water droplets and represent a hazard to aviation or ships at sea.

In the nighttime example above, the upper left is enhanced 10.7 micron infrared, upper right is enhanced 3.9 micron infrared, and the bottom is the fog/reflectivity product for the same time.  AT B the cloud top temperatures range between -12 and -15 Centigrade – these droplets would be super cooled and flying through this cloud would present a hazard to aviation.  Over the ocean at C, the cloud top temperatures are warmer.  Notice that in the 3.9 micron imagery that these clouds appear darker than the surrounding ocean: this is because with this enhanced product the color table is displayed bright to dark in terms of energy, thus warm is bright and cooler is dark, while when cloud top temperatures are colder than -32 C they are blue.  This is not true for the 10.7 micron enhanced infrared image, where warm is dark and lighter cloud means it is colder until reaching -32 C where colors are then used.  The reason that the 3.9 micron imagery was displayed as above is to allow a smooth transition between day and night with the fog/reflectivity product (see tutorial in the Virtual resource Library for further explanation).
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Detecção de fogos usando satélite geoestacionário 
(freqüência nominal: meia hora) – produto ABBA Wisconsin 

Pixels com fogo indicados em vermelho

Presenter
Presentation Notes
Using data from either the geostationary or polar orbiting 3.9 micron channel, fires can be detected from space.  While the polar orbiting satellite has the advantage of higher resolution in the critical 3.7 to 3.9 micron region (1.1 km), it only provides a glimpse twice per day, while the geostationary satellite with its poorer resolution (4 km) can view at very frequent intervals.  Above, derived at frequent intervals over North, Central  and South America from GOES for both large area (thumbnail) and regional sectors at 4 km resolution using the ABBA (Automated Biomass Burning Algorithm ).  Available as single image or as 12 hour animations; archive is available.  Regional sector loops are also excellent for viewing cloud animations at 4 km resolution.  

The experimental Wildfire Automated Biomass Burning Algorithm (WFABBA) is currently generating half-hourly fire data for the Western Hemisphere. The geostationary NOAA weather satellite GOES-12 provides coverage for North and South America while GOES-10 covers North America only. The WFABBA is an extension of the ABBA. 
The results from the WFABBA are typically available within 90 minutes of the satellite scan time. The GIF images are accessible from the links below. Each link leads to a page with the most recent image and provides the option to go to higher-resolution images of different regions as well as loops of the images covering the last several hours (or days, depending on the region). 
The WFABBA imagery is generated using a modified alpha-blending technique. Data from the GOES satellites and a landcover map derived from 1-km resolution Advanced Very High Resolution Radiometer (AVHRR) data (available here) are used to produce the combined image, on top of which the fires are placed and the map and annotations are drawn. Continental overview images have plotted locations of fires, while regional view images indicate the individual satellite fire pixels as detected with the WFABBA. 
Fires from the WFABBA are divided into six categories: processed fire, saturated fire pixel, cloudy fire pixel, high possibility fire pixel, medium possibility fire pixel, and low possibility fire pixel. Data noise, extremely hot surfaces, and sometimes cloud shadows can give false alarms for fires. The vast majority of processed fire pixels are not false alarms. 
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AVHRR/NOAA sobre Borneo 
detecção de fogos   (8 de outubro de 1997) e de aerossóis 

(comparando dias julianos 100 em outubro de 1996 e de 1997)

fogos / fumaça

Presenter
Presentation Notes
AVHRR is an excellent fire detection tool in the absence of cloud.  A product depicting aerosol optical thickness, below the fire image, shows the difference in smoke and haze between October 1996 and 1997.  October 1997 was an el Nino year, which typically leaves the Indonesia area dry and fire prone.



MODIS sobre África - detecção de fogos (esquerda) e NDVI (direita)

Presenter
Presentation Notes
Fires from MODIS and NDVI product.



Focos de calor na América do Sul
15 de setembro de 2006
Produto operacional CPTEC/INPE
http://satelite.cptec.inpe.br

Vários satélites durante o dia
Resolução: 4 km (GOES) 
até 1 km (MODIS e AVHRR)

Rondônia - BR



A detecção de fogos por satélite 
exige técnicas de detecção e de 
navegação de imagens  de alta 
qualidade 

A combinação do produto com SIGs 
(Sistemas de Informação Geográfica) 
permite um gerenciamento mais eficiente 
do contrôle de incêndios e análise de 
impacto

Sistema SIGMA – em testes de operação

Gerenciamento da informação:



MODIS
VIIRS

ABI

MSG

GOES 8/11
GOES 12/P

Comprimento de onda (μm)

A banda do vapor d’água em 6-7 μm

Presenter
Presentation Notes
The water vapor absorption portion of the spectrum.  Notice how maximum water vapor absorption occurs in the 5.8 to 6.3 micron region (colder temperatures and higher in the atmosphere) and becomes progressively less either to the left or right of that maximum area, indicating that the warmer signal is coming from lower in the atmosphere.



O Sondador de Alta Resolução Espectral AIRS discrimina
detalhes espectrais do H2O.
A figura ilustra TB de apenas um canal. O conjunto de
canais permite observar detalhes espectrais e escolher a
informação com ventajas sobre os canais em banda larga

Banda do H2O

vermelho: espectro de 
TB emergente

azul: função resposta de 
3 canais dos 
sondadores GOES-I/M

Temperatura 
de Brilho

Sensores multi-
espectrais e hiper-
espectrais:
GOES e AIRS

Canais AIRS

Presenter
Presentation Notes
A figura ilustra a distribuição geográfica de temperaturas de brilho obtidas com AIRS. Animação (arquivo AVI) pode obter-se no site da NASA  http://www-airs.jpl.nasa.gov/Multimedia/VideosAnimations/. 
A animação ilustra o problema de atribuir uma altitude exata ao vapor d'água obtido por sondador de um satélite geoestacionário. Um conjunto de sensores com largura espectral relativamente larga permite apenas avaliar concentração média de vapor em camadas.  Espera-se que os detalhes obtidos com um sensor hiper-espectral  permitam: 1) construir o comportamento de sensores de largura maior, em intervalos convenientes do espectro infravermelho; 2) permitam ganhar detalhes nos perfis de vapor, até atingor a qualidade de uma radiossondagem. 



O GOES-9 dispõe de canal na banda de 
6.7 micron: [6.47 - 7.02 μm]

O GOES-12 tem 
canal de banda 
larga do vapor 

d’água em  

[5,8 - 7,3 μm]

Imagem GOES-9 no 
canal de H2O. Escala 
de cores de acordo 
com a TB (de quente
para frio)

Presenter
Presentation Notes
Perhaps now, when looking at an animation such as this one, it will be realized that what is being seen is an integrated view of water vapor.



A “janela” do infravermelho termal (8-13 μm)

Observe que 10,5 μm tem a máxima TB; note também a banda de absorção de 
ozônio em 9,7 μm. 

MODIS
VIIRS

ABI

MSG

GOES 8/11
GOES 12/P

Comprimento de onda (μm)

O3

Presenter
Presentation Notes
This portion of the spectrum contains the infrared window regions and ozone absorption area which is evident as the sharp dip in temperatures around 9.7 microns.  As you view this portion of the spectrum it is evident that the curve is not smooth, but has a series of downward pointing spikes, as between 10-12 microns.  Those spikes are due to water vapor absorption above a warmer surface.  Notice also that the region between 12 and 13 microns has stronger water vapor absorption than the region from 10 to 12.  This split window region is important for use in multispectral applications where low level water vapor effects need to be filtered out, such as surface temperature determination.



Produto CoastWatch de Temperatura da Superfície do Mar obtido com AVHRR. 
Região: Oceano Atlântico mar adentro da Costa Leste dos Estados Unidos.
Note: 1) o elevado gradiente de temperatura através da borda da Corrente do Golfo, 

2) os vórtices quentes que foram arrancados e migram para águas mais frias.

Presenter
Presentation Notes
SST and land surface temperatures are fundamental satellite products that are derived using multi-channel information from the 10 to 12.5 micron portion of the spectrum.  Some algorithms are beginning to integrate information from the 3.7 to 3.9 micron portion of the spectrum where water vapor absorption is very weak, but this is mostly done at night when solar reflection is not a problem.
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AVHRR – Anomalias da Temperatura da Superfície do Mar (ºC)
novembro 1996 a novembro 1997

Presenter
Presentation Notes
AVHRR Sea Surface temperature Anomalies (Deg. C) November 1996 vs November 1997 show clearly the warm anomaly that accompanied the strong el Nino of 1997/1998.  If you wish, compare this slide with a later slide from the sub-section on active sensors that shows sea surface altimetry anomaly measurements this el nino at an earlier stage of development.




Combinando canais no espectro solar e
no infravermelho termal:

Alguns exemplos de 

análise multiespectral



Topos de complexos convectivos sobre Europa. MSG, 29 julho 2005, 14:30 UTC
[Martin Setvak, EUMETSAT User’s Conference].

As imagens mostram maior
reflexão por gelo na pluma no topo
do complexo, nos canais em 1,6 e
3,9 μm, talvez por causa de menor
tamanho das partículas e
relacionado com características da
convecção (updraft).

Presenter
Presentation Notes
Thick cirrus clouds act as very effective emitters of radiation from cloud top.  Indeed, cold overshooting tops are often seen with intense convection and are a reflection of a storm’s strong updraft.  Because of this, thunderstorm cloud top temperature is often related to storm intensity and rainfall.



As nuvens se separam em classes quando são observadas com 
informação multiespectral (exemplo: imagens MODIS)

A superfície sob céu claro, a neve e 
diferentes tipos de nuvem têm 
assinaturas espectrais diferentes 
quando se representa uma variável 
espectral em função da TB em 11 
μm

neve

nuvem
baixa

Céu claro

nuvem
alta

nuvem
média

Temperatura de brilho (K) 
11 μm

Temperatura de brilho (K) 
11 μm 

Presenter
Presentation Notes
When multispectral information is used, clouds separate into classes.



Composição das nuvens: água, gelo
Esteiras

Esteiras

Diferença de TB no IV - 8.6 μm (Banda 29) - 11.0 μm (Banda 31)

Diferença de TB no IV - 11.0 μm (Banda 31) - 12.0 μm (Banda 32)

TB12 – TB11 >> 0: água

TB11-TB8.6>>0: gelo

Imagem sobre Kansas  - 21 abril 1996

Composição de canais no visível

Imagens: MODIS

Presenter
Presentation Notes
Exemplo de uma aplicação multiespectral na janela do infravermellho, usando o Simulador MODIS Aerotransportado. Nuvens d’água são claramente discriminadas das nuvens de gelo; em algumas regiões são observadas nuvens com fase mista. Dado que a fase líquida e a fase sólida absorbem radiação de forma diferente em diferentes comprimentos de onda, pode-se discriminá-las assim como detectar nuvens com fase mista.  Quando TB11-TB8.6>>0, temos gelo; quando TB12-TB11>>0, temos água. Esteiras não detectadas no visível também são evidenciadas. 



Painel de quatro imagens GOES sobre o centro dos 
Estados Unidos

visível 10,7 (janela) μm realçado

Componente refletiva em 3,9 μm 6,7 μm (vapor) realçado

nuvem 
gelo

nuvem 
gelo

Michigan

Lago 
Superior

Huron

neve

neve

nuvem 
água

nuvem 
água

Presenter
Presentation Notes
No painel, cada canal fornece informação de mesoescala acerca da atmosfera e, quando claro, sobre a superfície da atmosfera. O uso conjunto da informação espectral dos canais, fornece um mundo de informações. Na imagem em 3,9 μm, onde foi retirada a componente de emissão, observe a natureza refletiva de nuvens de água e a pouca de reflexão da neve (comparada com os traços brilhantes no visível, a oeste do Lago Michigan). Ainda, as nuvens na zona de convergência sobre o Lago Michigan têm movimentos diferentes devido ao fluxo em mesoescala. Pode-se ver que essas nuvens são de água; na imagem de 10,7 μm a temperatura é de -10ºC, portanto trata-se de água sobre-esfriada. Usando o conjunto dos quatro canais, a nuvem cirrus à direita pode ser analisada detalhadamente.





Inserir animação

Presenter
Presentation Notes
No painel, cada canal fornece informação de mesoescala acerca da atmosfera e, quando claro, sobre a superfície da atmosfera. O uso conjunto da informação espectral dos canais, fornece um mundo de informações. Na imagem em 3,9 μm, onde foi retirada a componente de emissão, observe a natureza refletiva de nuvens de água e a pouca de reflexão da neve (comparada com os traços brilhantes no visível, a oeste do Lago Michigan). Ainda, as nuvens na zona de convergência sobre o Lago Michigan têm movimentos diferentes devido ao fluxo em mesoescala. Pode-se ver que essas nuvens são de água; na imagem de 10,7 μm a temperatura é de -10ºC, portanto trata-se de água sobre-esfriada. Usando o conjunto dos quatro canais, a nuvem cirrus à direita pode ser analisada detalhadamente.




Deve-se estar ciente das características 
espectrais da superfície

Comprimento de onda λ (μm)

A temperatura de 
brilho observada é 
influenciada pela 
absorção e 
emissão 
atmosférica, mas 
também pela 
emissividade (ε)
da superfície

Ainda, a radiação 
térmica da 
atmosfera é 
refletida pelo 
solo:
R = 1 - ε

Presenter
Presentation Notes
O que vemos em canais em torno de 8,6 mícrons pode ser afetado pelas características da superfície (diferentes coberturas têm emissividades diferentes)



Como já se viu, poeira e cinzas em suspensão podem ser monitoradas 
com imagens no espectro solar (por reflexão) ou no espectro de 
emissão termal
Tormenta de areia sobre a África, detectada por Meteosat-8 (MSG)

TB(12 μm) – TB(10.8 μm)
TB(10.8) – TB(8.7)
TB(10.7)

R(1.6 μm) 
R(0.8)
R(0.6)

Combinação no IV termal Combinação no espectro solar

Presenter
Presentation Notes
METEOSAT-8 (MSG) detection of large dust storm over Africa using visible to near IR (right) and IR (left) channel combinations.  From Danny Rosenfeld.



Introduzir 
animação: 
sequência de 
canais



Já é usual apresentar várias 
informações (canais) numa combinação 
R G B de cores. O método é de grande 
utilidade; todavia, os sensores mais 
recentes têm um número elevado de 
canais!  

Presenter
Presentation Notes
One popular way of displaying channels is through three color combinations (Red, Blue and Green) of three different channels, or products from those channels.  As shown on the next slide, future products may use mathematical analyses (such as principal component analysis) to provide products that can be combined to yield the maximum amount of information in a single image product.



Numerosos canais MODIS (EOS): 36  SEVIRI (MSG): 13  AVIRIS: 224   AIRS (EOS): 2048

Métodos avançados de cálculo:
A Análise em Componentes Principais (ACP) resume em poucos 
“canais equivalentes” a informação contida numa cena

Cena obtida com 
MODIS, em 9 
maio 2003.

Distribuição de 
quatro CPs 
(dentre oito 
fatores principais
significativos)

Observe como 
são resgatadas 
propriedades 
diferentes



A mesma cena 
MODIS

Composição de 
algumas CPs 
em uma imagem 
RGB

Umidade 
de níveis 
médios

água e solo 
úmido

fronteira entre ar 
seco e ar instável

Nuvem cirrus

Nuvem de tormenta 
severa

Métodos avançados de cálculo:
A Análise em Componentes Principais (ACP) reduz a informação 
contida numa cena a poucos “canais equivalentes”



MODIS
VIIRS

ABI

MSG

GOES 8/11
GOES 12/P

Comprimento de onda (μm)

Estimando perfis de temperatura:
banda de absorção do CO2 no IV termal

Presenter
Presentation Notes
 Perfis verticais de temperatura e umidade podem ser deduzidos a partir de informações em freqüências na região espectral das bandas de absorção de gases atmosféricos (CO2 em 4,3 e 15 μm; H2O em 6,3 μm; O3 em 9,7 μm). Medindo no centro da banda de absorção, o resultado obtido se refere a radiação emitida nas regões superiores da atmosfera (a absorção maior nessa região "apagou" a informação proveniente de níveis mais baixos). Por razões semelhantes, medir numa região espectral afastada do centro da banda fornece informação de regiões mais e mais baixas da atmosfera. 
A concentração de CO2 na atmosfera é aproximadamente constante até 80 km de altutude. Portanto, avaliar a distribuição vertical de radiação produzida pelo CO2 é também obter informação sobre a altitude (nível de pressão) em que se produz a radiação, e também sobre a temperatura correspondente.  Assim, um conjunto de canais distribuídos na região espectral da banda de 14 μm é geralmente utilizado para inferir perfis atmosféricos de temperatura.
A informação em 13 μm combinada com a temperatura de brilho em 10,7 μm, ajuda a determinar altura de topo de nuvens, e corrigir a altitude de ventos calculados por observação do movimentos dessas nuvens. Estes produtos podem ser vistos na VRL (Virtual Resource Library).




Curva em vermelho: espectro de radiação térmica terrestre entre 4 µm e 15 µm, em termos de
temperaturas de brilho no topo da atmosfera (calculadas para uma atmosfera padrão de verão de
latitudes médias, observando o nadir). Escala de TB: direita.

Curvas em azul: função resposta dos canais do Sondador GOES (série I-M). Escala 0-1:
esquerda.

Wavenumber [freqüência] n (cm-1): número de vezes em que λ está contido em 1 cm

Presenter
Presentation Notes
Recall the spectral animation of AIRS data across the water vapor region shown earlier.  The same is true for the CO2 region.  This is one reason why vertical soundings from channel radiometers are so smooth, they represent a layer of the atmosphere.  However, higher spectral information from hyperspectral sounders like AIRS (on Aqua) and IASI (on METOP) will provide higher resolution soundings.




A região espectral de microondas:

Algumas aplicações



Freqüência (GHz)

Transmitância atmosférica vertical em 
microondas [ν = 100 GHz → λ = 3 mm]

Note as bandas intensas do O2 em 60 GHz e do H2O vapor em 180 GHz

Presenter
Presentation Notes
As with infrared data, there are atmospheric windows in the microwave portion of the spectrum and microwave radiance is emitted, absorbed and scattered.  There are several tutorials in the Virtual Resource Library that cover microwave data and its applications.  Since most NMHS’ only use products provided by satellite operators or major centers, the next few slides will only illustrate what channels are used to make various microwave products.  It should be noted that some products are difficult to make over land because of variations in surface emissivity (for example in some channels wet soil has a different emissivity than dry soil).



• Grande contraste na emissividade
de solo e água

• Emissividade variável do solo
• Emissividade do oceano varia:  

-- liso vs rugoso, 
-- gelo vc água

• Neve e gelo produzem dispersão

• Fronteira água/continente
• Temperatura solo
• Umidade do solo
• Área vegetada
• Vento á superfície no oceano
• Cobertura de gelo marinho
• Cobertura de neve e gelo

Uso potencialProcessos em microondas

Oceano vs. Continente (interações principais e usos potenciais)
Freqüências                               

AMSU                     SSM/I

Estimativas de vento a 
partir de microondas:
SSM/I – sensor passivo 
(Padrão de pixels verde-azul). 
Apenas módulo

Scatterometer – sensor ativo: 
módulo e direção

Presenter
Presentation Notes
Tabela tirada do Tutorial COMET sobre usos de dados de microondas (Virtual Resource Library). Ilustra conjuntos de canais em microondas usados para estudos sobre continente e oceano. Na figura, velocidade do vento deduzida pelo SSM/I (microondas passivas) versus vetores derivados a partir do sinal de um sensor ativo (scatterometer).



Inserir loop



Imagem do 
furacão 

Mitchell 
(out. 1998):

GOES, canal 
em 11 μm, 

TB realçada A B

C D

A,B,C: Estimativas de precipitação 24 
horas (29, 30, 31 outubro 1998) usando 
canais termais do GOES 8 Imager
D: Estimativa para 30 de outubro 
usando SSM/I

Presenter
Presentation Notes
Tabela tirada do Tutorial COMET sobre usos de dados de microondas (Virtual resource Library) mostrando conjuntos de canais de microondas para precipitação e agua líquida e gelo em nuvens, e para aplicações meteorológicas.  O satélite geoestacionário GOES permite monitorar a evolução de um furacão tropical passando pela América Central. As imagens A,B,C ilustram estimativas pelo satélite geoestacionário para três dias consecutivos; a imagem D ilustra a estimativa a partir do sensor SSM/I em microondas (passivo).



Aplicação: água precipitável 
sobre os oceanos. Observe como 

a Zona de Convergência 
Intertropical é bem descrita, 

assim como a interação entre 
sistemas da latitudes tropicais e 

médias.

Presenter
Presentation Notes
Table from the COMET tutorial on microwave data uses (see Virtual Resource Library) showing microwave channel combinations for Meteorological applications.  Real-time animations of Total precipitable water as above are available from the VRL (notice that this product is only derivable over water). Notice how well this total precipitable water (tpw) product depicts the ITCZ as well as shows the interaction between tropical and mid-latitude systems.  This product is very useful when used in combination with other satellite information such as animations from 6.7 micron imagery and visible and infrared imagery.  When using the product one should be aware that the mosaic is updated on a 6 hourly basis, where as the geostationary satellite imagery is nominally at 15 to 30 minute intervals.




Inserir animação

Presenter
Presentation Notes
Table from the COMET tutorial on microwave data uses (see Virtual Resource Library) showing microwave channel combinations for Meteorological applications.  Real-time animations of Total precipitable water as above are available from the VRL (notice that this product is only derivable over water). Notice how well this total precipitable water (tpw) product depicts the ITCZ as well as shows the interaction between tropical and mid-latitude systems.  This product is very useful when used in combination with other satellite information such as animations from 6.7 micron imagery and visible and infrared imagery.  When using the product one should be aware that the mosaic is updated on a 6 hourly basis, where as the geostationary satellite imagery is nominally at 15 to 30 minute intervals.




Sensores ativos
Um sensor ativo emite pulsos de radiação e detecta o 

fluxo refletido pelo elementos atmosféricos

Sensores ativos em satélites de pesquisa são usados para 

• medir propriedades da superfície do mar 
(altimetria, direção e velocidade do vento, características de 
campos de gelo, monitoramento de icebegs); 

• medir precipitação sobre continente e oceano: 
muitos destes produtos estão disponíveis para uso em Centros 
Nacionais de Meteorologia e Hidrologia.



Anomalia do nível do mar 
sobre o Golfo do México

Mapas de anomalia do nível do 
mar sobre o Pacífico Equatorial, 
mostrando o aumento do nível do 
mar a oeste da costa oeste da 
América do Sul, acompanhando 
o início do El Niño

Altimetria por satélite

Presenter
Presentation Notes
Top panel: Notice the positive height anomaly extending northward from between Cuba and the Yucatan Peninsula.  This feature corresponds to high sea surface temperature in what is commonly known as the loop current.  Knowing where deep deeper and warmer waters are in tropical regions is important for tropical storm intensity forecasting.  Salinity is also important in determining sea level height, and future satellite missions such as ESA’s SMOS are designed to measure surface salinity.

Bottom:  Altimetry from satellites also plays an important role in defining the strength of el Nino. 1997 El Nino from satellite altimetry (Topex) Sea Level Deviation (cm) with respect to (wrt) 1993-5 show the occurence of a deeper region in the warm area detected in the AVHRR anomaly.





Exemplo de cobertura global de vento superficial pelo QuickSCAT, 1º de abril de 2005. 

Presenter
Presentation Notes
This is a product showing the coverage from ascending QuikScat passes.  There is also a similar product for descending passes.  Using the Virtual Resource Library, one may access this product and zoom into an area to see actual wind barbs (as shown earlier with the microwave winds over ocean).



Produto de velocidade do vento do SAR 
(Synthetic Aperture Radar)

Oct 25, 1999
16:37 GMT

0             5            10          15         20          25

Wind Speed (m/s)

Presenter
Presentation Notes
Alaska Mariners call them williways - sudden, cold winds that blow from the coast without warning, churning the calmest seas.  Using satellite imaging technology designed for other uses, like making topographical maps and gauging the thickness of sea ice, scientists with the National Oceanic and Atmospheric Administration are taking pictures of sea-level winds, including williways.  The images they're producing are already making a difference.  "The impression we're getting from the mariners out there is a big 'wow' " said Gary Hufford, regional scientist for the National Weather Service in Alaska. "The device that can spot williways is synthetic aperture radar, or SAR.  SAR is unique in that it can provide a picture of the winds through narrow mountain passes.  Another satellite-mounted tool , a scatterometer, was designed specifically to gather wind information over wide regions."  While a scatterometer cannot spot williways, it does give wind direction which SAR cannot.



Acompanhamento de icebergs pelo SAR, 
monitoramento de crosta de gelo e gelo marinho

Presenter
Presentation Notes
SAR is useful for tracking icebergs and ice shelf movement, as illustrated in this animation.



Seções transversales pelo radar do TRMM (NASA/GSFC web site).

Presenter
Presentation Notes
The active radar on TRMM can be used to derive vertical profiles of rainfall rate.  This information can be used to calibrate the TRMM microwave imager’s rainfall rate, which in turn can be used to help develop combined microwave and infrared rainfall rates.  



A formação “A Train” com seus horários 
de cruzamento do equador. Em princípio, 

todos os satélites seguem a mesma 
trajetória. 

A imagem à esquerda foi obtida pelo 
Terra, SAC-C e Landsat-7 (num intervalo 

total de 40 minutos)

Presenter
Presentation Notes
The active radar on CloudSat and the lidar on Calipso will help define cloud characteristics observed by MODIS along their 1 km wide foot print at satellite sub-point.



Conclusão da Lição B

• Mais informação sobre bandas espectrais e suas 
aplicações encontra-se na VRL (Virtual Resource 
Library).

• Em caso de não dispor do CD que contém a 
informação VRL, pode usar internet para ir ao site 
da OMM e acceder o WMO Satellite Program 
para entrar no Virtual Laboratory.

Presenter
Presentation Notes
More information on spectral bands and their applications may be found by accessing the Virtual Resource Library (VRL).  If you do not have a CD that contains the VRL information, using Internet go to the WMO web site and access the WMO Satellite Program to link to the Virtual Laboratory (recall the information shown at the end of lecture A).
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