CHAPTER 1

PRINCIPLES AND SYSTEM CAPABILITIES

OBJECTIVE

Determine system capabilities and viewing considerations of satellite imagery.

INTRODUCTION

The field of meteorology entered the space age on April 1, 1960 with the launch of TIROS 1.  Since that time, numerous satellites with ever increasing capabilities and sophistication have been deployed.  This, combined with the continuos advancement of computer technology, means that forecasters are receiving their satellite imagery through different providers, such as downloading images from the Internet or directly from the satellite via MARWIN systems.  In other words, there is no one standardized way forecasters are getting their satellite imagery!  Because of this, this lesson will deal with the basics only.  At your next assignment, you will be taught in more detail about your specific satellite receiving equipment and software.  

INFORMATION

ADVANTAGES AND DISADVANTAGES

Advantages

Satellite has some obvious advantages and disadvantages.  Two major advantages are that imagery is available at intervals as small as every half hour, 24 hours a day.  This is far superior to rawinsonde data, which is obtained only twice a day. Satellite imagery also provides uniform coverage of large data sparse regions.  Spatial resolution is much better (as good as .5 km) than rawinsonde data (200 km).

Disadvantages

The main drawback to satellite imagery is the difficulty interpreting the information on the picture.  Drawing conclusions about the meteorological processes at work on satellite imagery is much more difficult than reaching the same conclusions from conventional constant-pressure charts.  Since you have learned atmospheric dynamics by looking at constant-pressure charts, they are the data source you will feel most comfortable using.  It will take some time and practice before you feel as comfortable using satellite imagery.  Still, satellite imagery is invaluable because of the information it contains.  A good forecaster understands the importance of satellite data and uses it regularly when making forecasts.

WEATHER SATELLITE PRINCIPLES

Satellite Sensing

The best place to begin learning how to interpret weather satellite imagery is to study how the data is collected and displayed.  Once you understand how the satellite senses, you will be ready to identify various cloud forms.  Later in this lesson you will learn how to identify and organize these basic cloud forms into cloud systems.

Remote sensing is a term used to describe the study of something without making actual contact with it.  Satellite technology is an example of remote sensing, since satellite sensors are designed to study energy reflected and energy emitted from the Earth.  

Electromagnetic radiation is the basis for all remote sensing of the Earth.  The electromagnetic spectrum is a continuum of all the types electromagnetic radiation.  Figure 1-1 indicates that on the spectrum, each type of energy, or radiation, is ordered according to wavelength.  Ultraviolet waves have shorter wavelengths, while microwaves have longer.  Our eyes detect only a small portion of the spectrum called visible light!  

Figure 1-1.  Electromagnetic Spectrum
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Some types of electromagnetic radiation can easily pass through the Earth’s atmosphere while others are prevented from passing through.  The ability of the atmosphere to allow radiation to pass through is referred to as its transmissivity.  The transmissivity of radiation through an average, cloud-free atmosphere varies with the wavelength of the radiation.  The atmosphere also absorbs energy in specific wavelength bands, especially in the infrared and microwave portions of the electromagnetic spectrum.  The areas of the electromagnetic spectrum that are absorbed by the atmosphere are known as absorption bands.  Along with absorption bands, there are areas on the electromagnetic spectrum where the atmosphere is transparent to specific wavelengths.  These wavelength bands are known as atmospheric windows, since they allow the radiation to easily pass through the atmosphere.  There are specific atmospheric windows corresponding to specific wavelengths along the electromagnetic spectrum.

The sensors on meteorological satellites are designed to take advantage of these specific atmospheric windows.  These instruments measure radiation in specific, narrow wavelength bands known as channels.  By taking advantage of these atmospheric windows, various types of information may be obtained.  

Pixels

The satellite converts the amount of radiation sensed to a gray shade for the corresponding pixel.  Satellite images consist of tiny squares known as pixels.  See Figure 1-2.

Gray Shades

The satellite senses the region of the earth corresponding to each pixel and displays the energy sensed as a gray shade on the satellite image as seen in Figure 1-3.  A computer assigns 1 of 256 gray shades (ranging from very dark gray to very light gray) to each pixel on the imagery.  The contrasts in gray shades help us interpret cloud and non-cloud phenomena on the satellite imagery.  Human eyes can distinguish only about 15-20 gray shades.  Because of this, imagery is often enhanced by a computer to make subtle differences in gray shades more noticeable.  These enhancements are known as enhancement curves.  Later in this chapter you will learn about satellite imagery and information obtained from specific wavelengths or channels.  But first, a basic understanding of the satellite systems themselves is needed.  

Figure 1-3  Gray Shades
SATELLITE SYSTEMS

Geostationary Satellite

The Geostationary Operational Environmental Satellites (GOES) orbit the Earth at an altitude of about 20,000 nm (35,000 km) above the equator at the same angular velocity as the earth.  This type of orbit, known as a geosynchronous orbit, allows frequent monitoring of the same portion of the Earth.  A succession of photographs from these satellites can be displayed in sequence to produce a time-lapse motion loop showing cloud movement.  This allows forecasters to monitor the progress of large weather systems such as fronts, storms and hurricanes.  Wind direction and speed can also be determined by monitoring cloud movement.  

The first geostationary weather satellite launched by the United States was the Applications Technology Satellite (ATS) in 1966.  Following the ATS series was the Synchronous Meteorological Satellite (SMS) series, which was the prototype for a U.S. operational satellite program.  The GOES series followed with the launch of GOES 1 in 1974.  There are usually two or three GOES satellites in orbit with two in use on the coasts and one as a spare.  The imagery from these satellites covers 140( of longitude and latitude, resulting in approximately 120( of useful data due to the curvature of the Earth.

Figure 1-4.  GOES Coverage
The GOES series is constantly being upgraded with higher resolution sensors and wider capabilities.  See Figure 1-4 for GOES coverage.

There are generally around 5 operational satellites positioned around the Earth providing continuous worldwide coverage.  See Figure 1-6.  Operational satellites include the GOES satellites in the United States, the Geostationary Meteorological Satellite (GMS) in Japan, the Meteorological Satellite (METEOSAT) in Europe, and the Indian Satellite (INSAT) in India. 

Figure 1-5.  Satellite Scan Width 

Polar Orbiting Satellites

Polar orbiting satellites closely parallel the earth's meridian lines as seen in Figure 1-5.  They pass over the north and south poles each revolution.  As the earth rotates to the east beneath the satellite, each pass monitors an area to the west of the previous pass.  These 'strips' can be pieced together to produce a picture of a larger area.  Polar satellites have the advantage of photographing clouds directly beneath them.  Geostationary satellite images of the polar regions are distorted because of the low angle the satellite sees the region.  Polar satellites also circle at a much lower altitude (about 500 nm, 830 km) providing more detailed information about violent storms and cloud systems.

The first polar orbiting satellite was TIROS 1.  Current operational polar orbiting satellites include the Defense Meteorological Satellite Program (DMSP) and the National Oceanic Atmospheric Administration (NOAA).  The United States maintains at least two operational NOAA satellites at all times.  These satellites provide global coverage every 12 hours.  The path width varies with latitude, and is about 27( at the equator.

Figure 1-6.  Satellites Orbiting the Earth

SATELLITE IMAGERY

Visual Imagery (VIS)


The visible channel takes advantage of the atmospheric window in the visible light portion of the electromagnetic spectrum.  Visible light sensors on the satellites measure reflected solar radiation from the Earth’s surface and clouds.  This solar radiation has the same wavelengths detected by the human eye (.4 - .7 (m).  Since each feature on Earth and in the atmosphere has a different albedo, these sensors can detect different land and water features as well as distinguish between various cloud types.  Basically, visual imagery looks like a black and white picture of the Earth taken from outer space.

One of the factors affecting the brightness of both cloud and non-cloud features is illumination.  The more directly the sun shines on an object, the brighter it appears.  This depends on the time of day/year, latitude, and cloud height.  Another is the albedo of the surface or object being sensed.  The higher the albedo, the more sunlight it reflects.  See Table 1-1.

Table 1-1.  Reflectivities

Large Thunderstorm
92%
Thin Stratus
42%

Fresh New Snow
88%
Thin Cirrostratus
32%

Thick Cirrostratus
74%
Sand, No Foilage
27%

Thick Stratocumulus
68%
Sand and Brushwood
17%

White Sands, NM
60%
Coniferous Forest
12%

Snow, 3-7 Days Old
59%
Water Surfaces
9%

Clouds composed of water droplets appear much brighter than those composed of ice crystals.  Water droplets reflect five times more light than ice crystals.  Ice crystals scatter light due to their irregular surface and prism-like characteristics.  The greater the concentration of cloud droplets and ice crystals within the cloud, the more sunlight the cloud reflects, and the brighter it appears.  Also, the thickness the cloud is directly proportional to the amount of light it will reflect.

Visible imagery is normally available only during daylight hours.  Occasionally, it is available at night when there is sufficient moonlight for the satellite sensor.  Some satellites have the capability to "amplify" the amount of light it senses.  Generally, the minimal amount of light required is approximately 25 percent.

Infrared Imagery (IR)


Data from infrared sensors on satellites reveal specific thermal characteristics of the Earth’s surface, the ocean’s surface, and the cloud tops.  Infrared imagery is available 24 hours a day because it is not dependent upon reflected sunlight.  The infrared sensors measures radiation emitted by objects in the .7 - 12.8 (m range.  The amount of long-wave radiation sensed by the satellite depends directly on the temperature of the object being sensed.  Warm/hot objects emit most of their radiation at shorter wavelengths while cool/cold objects emit most of their radiation at longer wavelengths.  The gray shade assigned to each pixel corresponds to the temperature of the object.  Cold temperatures normally appear lighter while warm temperatures appear darker.  


It is important to remember that visual imagery relies on reflected light and infrared imagery relies on radiated energy (temperature).

Water Vapor Imagery (WV)


As the Earth and the atmosphere emit energy, specific wavelengths are absorbed by the atmosphere, especially by clouds and suspended water vapor.  At other wavelengths, this energy is not absorbed and passes through the atmosphere.  Infrared sensors take advantage of this energy passing through to measure the temperatures of clouds and the Earth’s surface.  However, other sensors zero in on the energy absorbed by the atmosphere.  Water vapor imagery measures the amount of radiation emitted by an object from 5.7 to 7.4 (m.  Generally, the 6.7 (m channel is used.  Since atmospheric absorption is greatest between approximately 610 - 240 mb, mid and upper level moisture will affect this satellite sensor more than low-level moisture.  

The amount of radiation reaching the satellite (and hence the brightness of the pixels on the image) is a function of both the atmospheric water vapor content and the temperature of the clouds or underlying surface.

In regions that are warm at low levels and moist at middle and upper levels most of the radiation is absorbed by the water vapor.  Consequently, little radiation reaches the satellite and these regions appear cold (light gray). 

In regions that are warm at low levels and dry at middle and upper levels, most of the radiation passes through the atmosphere.  Consequently, significant radiation reaches the satellite and these regions appear warm (dark gray).

Regions that are cold at low levels emit little radiation at this wavelength.  Consequently, little radiation reaches the satellite, and these regions appear cold (light gray) regardless of the moisture content of middle and upper levels of the atmosphere.

Since the gray shade of WV imagery is dependent partly upon the moisture content of the atmosphere, WV imagery is used to deduce the important information about the moisture pattern at upper levels.  A moist region at upper levels is normally associated with upward vertical motion while a dry region at upper levels is normally associated with downward vertical motion.

WV imagery provides valuable information on upper-level flow where no clouds are present. It can also provide a longer lead-time before a weather event occurs since the upper-level moisture pattern will change well before the surface weather changes. 

Microwave Imagery

As computer technology evolves, so does satellite meteorology in the field of microwaves.  Microwave data can be used to supplement conventional (visual and infrared) satellite data.  These sensors can give forecasters information about surface winds over broad areas of the oceans, rain rate, and water vapor content.  In addition, they can give information on ice concentration and age, which is valuable to Navy support.  Forecasters supporting Army operations can get data on soil moisture, land surface characteristics, and vegetation type.  This section will go over microwave theory, raw microwave data, and derived products.  Raw data may appear confusing at first, but it can give you a lot of information if you know what to look for.  Derived products are multispectral fields built from the raw data.  These products may not appear to need much interpretation.  However, like Doppler weather radar products and upper air charts, do not assume they are correct in all locations and weather situations. 

Microwave Theory.  The Earth constantly emits microwave radiation.  The sun also emits microwave radiation, but the amounts are small compared to the visual output.  These solar microwaves aren’t normally reflected by the Earth, but are instead absorbed.  Therefore, we can assume all radiation coming up from the planet toward the satellite’s sensor is emitted by the planet, not reflected solar radiation.  The advantage is that we don’t have to worry about diurnal changes in radiance or effects of sun angle.  We also don’t have the confusing mix of emitted and reflected radiation that makes middle infrared bands difficult to use. 

Microwaves have longer wavelengths and lower frequency than infrared.  Wavelength is usually measured in mm or cm.  Their frequency is in the GHz (billion cycles/sec) range.  Microwave bands are usually categorized by frequency.  Most other electromagnetic spectrum bands meteorologists use are categorized by wavelength.  Radiance is used to describe microwave radiation.  In addition, the term brightness temperature is usually used in place of radiance.  Therefore, brightness temperatures are used to measure microwave radiation and to differentiate between features. 

Because of the longer wavelength, the microwave imagery resolution is lower than visual and infrared imagery.  Typically resolution is between 20 and 50 km for most products.  On the plus side, there is usually less attenuation in most microwave channels than in other bands.  Microwaves penetrate clouds and vegetation, making them ideal for surface monitoring. 

Microwave Radiance Variables.  Earth’s microwave emissions show tremendous variance in radiance, more so than the conventional bands used by satellite sensors.  Many surface and atmospheric features can be identified by their unique microwave radiance signature.  Radiance variables include frequency, polarization, emissivity, transmissivity, and spatial uniformity.  

Frequency.  This can be used to identify or quantify features of the surface or atmosphere.  Some features have fairly constant radiance throughout the microwave range, while the other features’ radiance varies with frequency.  For example, dry soil emits about the same number of photons in all microwave frequencies; wet soil emits more in higher frequencies. This difference increases with soil moisture content  Satellite sensors look at four wavelengths (19, 22, 37, and 85 GHz).  These wavelengths have empirically been chosen to bring out differences such as the wet and dry soil comparison. 

Polarization.  It is the state of electromagnetic radiation when transverse vibrations take place in some regular manner.  Electromagnetic radiation comes in packets of energy called of photons.  Each photon has a particular wavelength.  The photon itself isn’t necessarily moving in a wavelike motion--the wavelength describes the photon’s electric field oscillation, which oscillates at right angles to the direction of motion.  There is also a magnetic field moving at right angles to the electric field.  Putting it another way, if the photon is moving in the X‑direction, the electric field may oscillate in the Y‑direction, and the magnetic field in the Z‑direction.

Microwave sensors scan in a circular pattern at a look angle of 53( behind the satellite.  This was chosen specifically to maximize the polarization difference.  Because of this, these sensors can discriminate between vertical and horizontal polarization in three of the four microwave frequencies it scans, for a total of seven channels.

Emissivity.  Microwave emissivities of features on the Earth and atmosphere vary significantly.  This variable is the primary way microwave sensors differentiate features.  In other words, the higher the emissivity, the more radiance, the higher the brightness temperatures.  This contrasts with infrared wavelengths where with relatively minor variations, emissivities are fairly high.  For example, in infrared wavelengths, low and middle clouds appear slightly colder than seawater.  In microwave wavelengths, these same clouds have higher emissivities than water, so that even though their temperatures will almost always be colder than the sea below them, their microwave emissions often look warmer.  A feature’s emissivity may also vary with its physical state; calm water has an emissivity near 0.5, while choppy water’s emissivity is near 1.0.  

Transmissivity.  Transmissivity through the atmosphere is another factor that can be used to identify a feature.  Some microwave frequencies are subject to attenuation by water vapor, so their attenuation can be correlated with atmospheric moisture.  Also, cloud type (ice crystals or water) and depth can be estimated by how well surface radiation passes through it.

Spatial Uniformity.  The uniformity of the radiance over an area can also give us information.  Land emissions have a very complex signature, while oceanic emission are very uniform over space.  This clue can help us differentiate the two, but it also makes it more difficult to identify features like precipitation over land--there is often too much background clutter to pick out the precipitation. 

The correlation between microwave radiance signatures and features emitting them is mostly done empirically.  In microwave satellite data processors like the Mark IV-B and the small tactical terminal (STT), the signature is correlated to a known feature with an algorithm.   Algorithms include logical functions (if-then-not) to identify features.  They also include equations to convert radiance values into quantifiable parameters. 

Raw Data Applications.  Earlier you learned that microwave sensors scan in four frequencies and distinguish between horizontal and vertical polarization in three of the four frequencies.  Older microwave sensors would provide forecasters only with imagery showing brightness temperatures in various frequencies.  In other words, the higher the brightness temperatures, the higher the emissivities.  This raw data is still widely available on many systems today.  However, with advances in satellite meteorology, we also now have derived microwave products, which are more commonly used.  Before getting into the derived products, here is some information that may be obtained from each frequency while analyzing raw data. 

85-GHz Frequency.  The 85-GHz frequency was chosen by engineers because it is sensitive to suspended water droplets and ice particles, but not ice crystals.  This reveals low and middle clouds and precipitation, even through cirrus overcast.  

Water droplets, such as those in clouds below the freezing level, absorb and re-emit at 85  GHz and have relatively high emissivity.  A smooth water surface has low emissivity.  When low clouds are over a calm ocean they appear as a warm area, even though the water may actually be warmer.  In stratiform precipitation, the droplets in the cloud become very good emitters, and the cloud appears even warmer.  Low, warm clouds have high radiances.  Clouds near or just above the freezing level may appear so cold that they are indistinguishable from the water below.  Also, water’s emissivity increases with choppiness.  If waves break up into foam and spray, the water droplets produced near the surface also appear warm, often warmer than those in clouds.  Finally, if these clouds are over a high emissivity, radiatively cluttered-up land surface, they become indistinguishable.  You should use this channel to find thick clouds and stratiform precipitation only over relatively calm oceans, when clouds are low and warm.  It’s a great way to locate oceanic stratiform clouds and precipitation at night when conventional infrared images indicate little water/cloud temperature difference.  Also since radiation from water is mostly vertically polarized, the horizontally polarized channel (85H) image will give you a colder sea surface background and make the clouds more distinguishable.

Convective precipitation is characterized by a mixture of super-cooled water and ice particles in upper parts of the cloud.  The cold water droplets and ice particles block radiation from below and reflect the cold space above, therefore appearing very cold.  The stronger and higher the top of the storm, the colder it looks to the sensor.  The other property of this channel--its insensitivity to ice crystals--makes cirrus clouds mostly transparent.  This lets you locate areas of active convection through cirrus overcast, a feature that infrared imagery can’t always provide.  In many situations, such as in tropical storms and large convective events, there is so much cirrus blowoff that individual areas of convection are masked.  The eyes of hurricanes are often covered in cirrus (the central dense overcast, or CDO), which makes identifying center location from satellites very difficult.  This channel lets you easily distinguish the convection from the blowoff.  

37 GHz Frequency.  The 37 GHz channels have several uses, mostly in identifying snow and wind speeds.  Large (snow) ice crystals have very low radiance themselves and scatter upwelling microwave radiation from the ground below.  Therefore, new snow can be distinguished from bare ground by it’s low radiance and lack of polarization.  When snow starts to melt, the water in it increases both its emissivity and polarization, letting you estimate snow condition.

Seas state determination is another use of this channel.  Calm water is highly polarized, more radiance in 37V than in 37H.  As the water becomes choppy, it becomes less polarized.  You can therefore relate a reduction in polarization to higher seas and increased surface wind.  A direct comparison of images from both channels can be a reasonably accurate indicator of relative wind speeds over oceans.  When doing this, remember that most clouds, precipitation particles (snow and ice) and land surfaces also reduce polarization.  Try to restrict this technique to clear ocean areas at least 50 nm from coastlines.

22.235V GHz Frequency.  This frequency was chosen because water vapor absorbs and emits well in the wavelength, and so it is used like the water vapor channel.  Moist air has high emissivity and appears warm when over oceans.  Over land, the excessive clutter, relatively dry air, and high surface emissivity makes it difficult to resolve a signal from water vapor.  The most useful way to pick out water vapor is to compare the 22V and 19V GHz images.  Areas with dry air will be nearly identical in both images, while areas with moist air will be significantly warmer in 22 GHz.  

19 GHz Frequency.  One characteristic of this channel is that the emissivity of water is very low, while land emissivity is high.  This makes it the best channel to reveal areas of standing water, giving an easy assessment of trafficability for the Army.  Another characteristic of this frequency is the effect of sea surface roughness, which increases the water’s emissivity while decreasing its polarization.  In other words, rougher water has higher emissivities.  These factors can be used to assess sea surface winds.  A final use is to assess the density and moisture content of vegetation.  Lush, moist vegetation has higher emissivity than dry soil or dry vegetation.  This is not much use in short term forecasting, but when comparing images over long periods, the effects of droughts, burning, and plowing can be seen.

Derived Products.  Derived parameters are products of algorithms, which mathematically compare and combine the output from different channels to derive new information.  You will probably use derived products more than raw data when analyzing microwave data.  Like derived Doppler weather radar products and synoptic models, do not assume they are correct in all situations and locations.  Here is some information over a few of the most commonly used derived microwave products and their limitations.

Integrated Water Vapor.  These products are useful for assessing visibility and moisture availability for convection, but should only be used over large bodies of water away from coastlines.  Also, high emissivity from moderate or heavy rainfall overwhelms the signal.  In most algorithms, rain is flagged to avoid confusion.  Caution should be used near the edge of rain areas and near islands, where some contamination could occur.

Sea Ice Coverage and Ice Age.  Sea ice gives the amount of ice in an area and the age of the ice, which can be correlated with thickness.  This is obviously very useful for ship trafficability.  It is difficult, however, to get accurate information near the ice edge, and ice over land is usually not calculated.

Surface Characteristics Algorithms.  These algorithms determine many different surface types, usually separated by variations in vegetation, snow cover, and moisture.  Precipitation may contaminate these algorithms, and is usually flagged.

Soil Moisture Algorithms.  In their current state, the soil moisture algorithm would more accurately be called recent precipitation indicators, since it is almost impossible to get a signal from moisture more than a fraction of a millimeter underground.  They give moisture in percents, with 100 percent meaning the area is flooded.  These products are great for Army trafficability assessment, and as a relative indicator of how much rain has fallen.

Rain Rate.  There are different rain-rate algorithms used by current satellite sensors, depending on whether the area being observed is over land or water.  Small nonconvective rainstorms can only be seen over the oceans, and may be rendered less valid by higher clouds and by choppy water below.  Large convective storms can be found anywhere.  The main problem with this algorithm is the resolution.  Rain-free and heavy rain areas are averaged in, estimating rainfall amounts that are usually lower than actually observed, even in very large systems like hurricanes.  This output should therefore be used qualitatively.

Surface Wind Algorithms.  These algorithms depend mostly on the reduction of polarization with sea surface roughness.  They can be degraded by several things including precipitation and land surfaces.  Dense low and mid-level clouds have a smaller effect.  Also, when wind speeds are strong (greater than 30 knots), the polarization difference is very small and hard to measure, which reduces accuracy somewhat.  For clear ocean areas with few clouds and light to moderate winds, the algorithms are very accurate.  In many cases, thick clouds and precipitation are flagged for the operator to use caution.

SATELLITE IMAGERY VIEWING CONSIDERATIONS

Resolution


The smallest individual element that a satellite sensor can detect.  This is designated on the imagery as one pixel.  The best resolution is always directly beneath the satellite where the distance between the satellite and the surface is the shortest.  This is known as the subpoint.  For polar orbiting satellites, its called the subtrack.  The further an object is from the subpoint, the poorer the resolution becomes.  If the object being sensed is smaller than the resolution of the satellite sensor, the sensor will average the brightness, or  temperature, of the object with that of the background.  Individual elements will not be seen and an average gray shade will result.  Resolution of operational satellites will vary greatly depending upon whether they are polar orbiters or geostationary.  For GOES visible imagery, resolution varies according to sector or type.  See Figure 1-7.

Figure 1-7.  Resolution
Figure 1-8.  Attenuation
Attenuation


Defined as the loss of energy due to absorption and scattering of terrestrial radiation by atmospheric elements.  This process reduces the amount of energy reaching the satellite sensor so cloud tops appear higher and colder than they actually are.  This affects IR and WV imagery only and is the principle behind WV imagery.  The amount of attenuation depends upon the viewing angle of the satellite, the depth of the atmosphere the radiation must travel through, the height of the cloud tops (the lower the cloud tops, the greater the attenuation), and the amount of water vapor in the troposphere.  Attenuation is greatest in the tropics due to a deep layer of moisture, and at the edges of the earth disk since the oblique (shallow) viewing angle increases the amount of atmosphere the energy must travel through.  See Figure 1-8.

Figure 1-9.  Contamination
Contamination


This occurs when energy reaches the satellite sensor from two or more sources.  This can occur with visual or infrared imagery.  The typical situation for contamination to occur involves a high cloud which is not thick enough to completely block out radiation from another source.  The sensor will average the temperature/ brightness of the two objects.  This renders inaccurate temperature/brightness values of both objects.  See Figure 1-9.

The amount of contamination depends on two things, the spacing of the cloud elements and the thickness of the cloud layer or layers.  For example, in a stratocumulus field, when the land or ocean surface is evident between cloud elements.  Or on an infrared image, the energy from the warm earth or a low cloud deck can make a thin upper-level cloud appear warmer and lower.  Likewise on a visual image, when higher clouds are thin enough, the Earth's surface or lower clouds can be seen through the clouds.

Another form of contamination can be caused by a change in the vertical temperature profile.  This often occurs when stratus forms under a radiation inversion at night.  The stratus will project warmer cloud tops due to the negative lapse rate than the surrounding cooler land.  This phenomena is known as black stratus.

Foreshortening


Defined as a loss of resolution caused by an oblique viewing angle resulting in distortion near the edge of the Earth's surface on any type of satellite imagery.  This occurs when the satellite sensor "looks" at the sides of the clouds.  The result is an overestimation of cloud coverage, scattered to broken cloud decks to appear to be overcast near the horizon.  See Figure 1-10 on the next page.

Figure 1-10.  Foreshortening

Gridding Errors.


 Occasionally, gridding errors occur when the geographic grid is misaligned on the image.  However, with today’s advanced satellite software you will be able to adjust and/or customize your geographic grids.  You could also use a clear overlay to properly align the image for analysis.

Sun Angle


Often, visual images taken early or late in the day will include a sunrise-sunset line known as the terminator.  This is the actual dividing line between day and night on the Earth.  In addition to causing a terminator, the low sun angle can enhance cloud top texture due to shadows.  This can be misleading in interpreting the development of convective activity.  

Latitude


Typically in the troposphere if two features are at the same altitude, but different latitudes, the northern feature is colder.  This must be taken into account when interpreting infrared imagery.  For example, fog over Maine is usually colder than fog over Florida.

Sun Glint


This is caused by the reflection of the sun's rays directly off a water surface into the satellite sensor.  Sun glint typically occurs when the water surface is relatively calm and the winds are light.

Sun glint on geostationary satellite imagery is circular in shape.  The higher the wind speed, the larger and more diffuse the sun glint pattern.  Sun glint on polar orbiting satellite imagery will exhibit a vertical pattern from the top of the picture to the bottom.  The higher the wind speed, the larger and more diffuse the glint zone.

SUMMARY

This chapter dealt with the basics in weather satellite principles, theory, and systems.  No matter where you get your imagery from, a good understanding of how the satellites work will be invaluable.  You also learned about viewing considerations, which mainly applied to visual and infrared imagery.  Keep these considerations in mind as you learn how to identify the basic cloud forms and types in the next chapter. 

REVIEW EXERCISE 1

Instructions:
Using the power point presentation projected on the marker board, answer Questions 1 through 5.  This part is group paced.  No more than three minutes is allowed per question in order to complete this exercise in time.  The instructor will be displaying the appropriate satellite imagery when necessary.  No talking is allowed!  The instructor will determine when the class is ready for the next question by having the students raise their hands when ready.  

1.
Using slide 1, what is the strongest wind speed in the Yellow Sea, west of Korea?  

a.
5-10kts  

b.
15-20kts  

c.
25-30kts  

d.
35-40kts  

2.
Using slide 1, why is there no data shown in the northern Bering Sea?  

a.
Bad data 

b.
Calm winds 

c.
Frozen water 

d.
Strong winds

3.
Using slides 2 and 3, what type of viewing consideration is occurring over Kansas?  

a.
Sun glint 

b.
Sun angle 

c.
Contamination

d.
Foreshortening

4.
Using slide 4, what type of viewing consideration is occurring within the circle?  

a.
Sun glint 

b.
Sun angle 

c.
Contamination

d.
Foreshortening

5.
Using slide 5, what type of viewing consideration is occurring on the left side and right side, respectively?  

a.
Sun glint and sun angle

b.
Sun angle and foreshortening

c.
Sun angle and contamination

d.
Foreshortening and sun angle

6.
What was the first weather satellite launched?  

a.
ATS

b.
DMSP 

c.
GOES 1  

d. TIROS 1

7.
Which type of radiation has the longest wavelength?  

a.
Ultraviolet

b.
Visible

c.
Infrared

d.
Microwave

8.
Radiation is measured in specific, narrow wavelength bands known as ________________.

a.
channels

b.
transmissivity

c.
absorption bands 

d.
enhancement curves

9.
Which of the following statements is true?

a.
A polar orbiting satellite orbits the Earth at 20,000 nm compared to 500 nm for a GOES satellite, enabling it to take less detailed shots of the Earth.

b.
A polar orbiting satellite orbits the Earth at 500 nm, compared to 20,000 nm for a GOES satellite, enabling it to take less detailed shots of the Earth.

c.
A polar orbiting satellite orbits the Earth at 500 nm, compared to 20,000 nm for a GOES satellite, enabling it to take more detailed shots of the Earth.

d.
A polar orbiting satellite orbits the Earth at 20,000 nm compared to 500 nm for a GOES satellite, enabling it to take more detailed shots of the Earth.

10.
Which of the following is a polar-orbiting satellite?

a.
GMS

b.
DMSP

c.
INSAT

d.
METEOSAT

11.
The minimum amount of light required for visual imagery to be used is ___________.

a.
25%

b.
50%

c.
75%

d.
99%

12.
Infrared imagery is dependent upon ________________.

a.
sunlight

b.
temperature

c.
water vapor content

d.
a combination of temperatures and water vapor

13.
Which of the following is not an advantage of water vapor imagery?

a.
It can provide a longer leadtime to a weather event 

b.
It can be used to deduce the vertical motions of the atmosphere

c.
It is most useful in placing all types of jet streams; polar front, sub-tropical and low level

d.
It provides valuable information on upper-level wind flow, even when no clouds are present

14.
A term commonly used in place of radiance to measure microwave radiation is _____________.

a.
emissivity  

b.
frequency  

c.
transmissivity  

d.
brightness temperatures  

15.
Microwave sensors can scan in the vertical at horizontal and different frequencies for a total of how many channels?

a.
5  

b.
7  

c.
9  

d.
11  

16.
Which microwave frequency should you use while interrogating the eye of a hurricane?

a.
19 GHz  

b.
22.235 GHz  

c.
37 GHz  

d.
85 GHz  

17.
Which of the following statements is true?

a.
Raw data show brightness temperatures, while derived products come from algorithms and should be used in all situations.  

b.
Raw data show brightness temperatures, while derived products come from algorithms and should be used with caution.  

c.
Derived products show brightness temperatures, while raw data comes from algorithms and should be used in all situations.  

d.
Derived products show brightness temperatures, while raw data comes from algorithms and should be used with caution.  

18.
Which microwave frequency should you use as a water vapor channel?

a.
19 GHz  

b.
22.235 GHz  

c.
37 GHz  

d.
85 GHz  

19.
Which of the following parameters is more appropriate when using the integrated water vapor product?  

a.
Over land  

b.
Over water  

c.
Along coastlines  

d.
In heavy rainfall  

20.
Caution should be used while using the surface wind product when the wind speed is__________.  

a.
calm  

b.
>20kts  

c.
>30kts  

d.
>40kts












Figure 1-2.  Pixels
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