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Color-composite Image Processing For Multispectral Meteorological Satellite Data

Robert P. d'Entrenont, Larry W. Thomason, and James T. Bunting

Satellite Meteorology Branch, Atmospheric Scionces Division
Air Force Geophysics Laboratory

Hanscom A.F.B., MA 01731-5000

Abstract

Visible and infrared satellite irnagery data are a primary source of global cloud observations.
Visible channels measure reflected solar energy and are used to detect clouds and snow Infrared
channels measure emitted thermal energy and, consequently, the brightness temperatures of
clouds and the earth's surface both day and night. It is ,somr:timnes difficult to interpret such
imagery because of varying conditions encountered on global scales. Snow cover is often confused
u'ith clouds in visible imagery because each surface reflects sunlight well. Lou clouds ire
frequently confused with cloudfree land and oceans in infrared imagery because their
temperatures can be nearly equal. It is found that more confident discriminatwns can be
performed betu'een such features when DSP Operational Linescan System (OLS). .OAA
Advanced Very High Resolution Radiometer (.4 VIIRl?). or Nimbus Scanning Multifrequency
.khcronar e Radiometer (SMllR) data are combined into color image products. A multispctral
image di.splay technique is described that simultaneously combines se veral meteorological satellite
images into a color image product. The technique, which has its origin in Landsat .kfultispectral
Scanner image processing, is quick and effective, and clearly reveals many features of
meteorolofical interest.

Keywords: Xl tispectral Satellite Imagery N uiltispectral Data, Imnage P rocessing, ( 'loud Analysis.

1. Introduction

Nlost of the satellite imagery used by meteorologists comes from "visible" and "infrared'" window channels
(0.4-0.7 1an and 10-1 2pm, respectively). Visible imagery is used in the daytime to detect clouds or surface
features; infrared imagery is used both day and night and provides for the analysis of cloud-top and surface skin
tnmperat ures.

There are limitat ions to the effectiveness of visible and inrrared imagery. visible (tala is. useful for d(tect ing
clouds since usually they reflect sunlight more strongly than most backgrounds. I lowever, (loudfree snow and
ice can reflect sunlight just as well as clouds, and can be confused. Sand reflects visible sunlight well, making
difficult the detection of sinmaller-sized clouds over deserts. The ability of infrared sensors to discriminate
between clouds and cloudfree regions depends on the difference between the elo1dtop temperature and the
underlying surface skin temperature. Infrared cloud detection is difficult where thermal ('ohorast bet ween
cloud and background are weak; this is most cofinmon for low stratus and cuniiiils clouds over the ocealn or atl
night.

Many of these limitations in cloud imagery analysis can be overcome using additional ('hannels of
I Ilt isp'ctral meteorological sensor data. Radiometers for visible, near-infrared, infrared, and mnicrow ave

channels exist or are being developed for the primary sensors of the )efense Mleorological Satellite Program
I)N S"I) and National Oceanographic and Atmospheric Administration (N()\ A) spacecraft. When use d

togetir, these channels discriminate btween lov clouds and clear regions, snow and ('louds, and precipitating
from non-precipitating clouds. This paper describes one method which simultaneously com bines up to three
"'black-and-white" nmeteorological images into a color image product. It is found that such color imagery is
more easily and confidently interpreted than is single-channel black-and-white imagery.
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Color-composite image products are not new. They have been generated routinely using Landsat
Multispectral Scanner (MSS) imagery data; these data reveal valuable information on geological, agricultural.
and urban features (Colwell, 1983), but not very much information on clouds. The Space Department of the
Royal Aircraft Establishment, Farnborough, England generates color image products using the infrared
channels from the NOAA AVHRR (Bunting, personal communication, 1987).

At the Air Force Geophysics Laboratory (AFGL) this technique has been refined and applied to incorporate
other meteorological image data. Such data include the "split-visible" channels of the NOAA Advanced Very
High Resolution Radiometer (NOAA AVHRR); the visible, near-infrared, infrared, and low-light level (PMT)
channels of the DMSP Operational Linescan System (OLS); and the GOES VISSR Atmospheric Sounder (VAS)
infrared channels with either the 3.7ptm window channel or the 6.7p.m water vapor channel. In addition, color
image products have been generated using data from the Nimbus-7 Scanning Multifrequency Microwave
Radiometer (SMMR) and the DMSP SSM/1 Microwave/Imager. A brief description follows of some of these
sensors. The technique used to generate color image products is described in following sections, and some image
examples are presented along with a discussion of their applications.

2. Meteorological Satellites and Sensors

The AVIHRR, the primary sensor of NOAA polar orhiters, is a scanning radiometer that simultaneously
senses in the five channels listed in Table 1. Channels I and 2 sense reflected sunlight and are used to detect
cloud and snow cover, sea ice, and even volcanic dust plumes. The channel 3 sensor measures energy in the
3.7Vxm wavelength region. At nighttime the channel 3 sensor measures emitted thermal radiation with
characteristics that are nearly similar to the longer-wavelength 10-12plm infrared channels. However during the
daytime, the channel 3 sensor measures not only emitted thermal but also reflected solar energy. Reflected
sunlight is usually a significant part of daytime channel 3 measurements (Smith and Rao, 1972) making channel
3 daytime imagery interpretations more difficult. Channel 4 senses emitted thermal energy, and is used for the
thermal mapping of clouds and the earth's surface both day and night. Channel 5 also senses emitted thermal
energy and has similar characteristics as channel 4, except that channel 5 radiation is more sensitive to
atmospheric water vapor attenuation. When measured in moist atmospheres, channel 5 brightness
temperatures are as much as 3% lower than their corresponding channel 4 temperatures.

The Nimbus-7 SMMR is a conically scanning radiometer that simultaneously senses emitted microwave
radiation in the five channels listed in Table 2. Nimbus-7 SMIMRv measurements are used to determine
geophysical parameters such as ice age, concentration, and edges; snow edges: cloud liquid water; precipitation
rates; and soil moist ure.

The OLS, the primary meteorological sensor of the DMSP, is a scanning radiometer that simultaneously
senses reflected sunlight and emitted thermal energy in the two channels listed in Table 3. The visible channel
is used to detect clouds and smokes over land; the infrared channel is used to map thermal radiation emitted by
clouds, the earth's surface, and oceans both day and night.

A new set of channels is being proposed for development on future DMSP OLS primary sensors. They are
listed in Table 4. The "split-visible" sensors measure reflected solar radiation in the visible and near-infrared
wavelength regions. The Photomultiplier Tube (PMT) is a low-light-level nighttime visible sensor which

i NOAA AVHRR Channels Five-channel Nimbus-7 SMMR

Channel Spectral Band Channel Channel 2 Channel 3 Channel 4 Channel 5

1 0 55-0 70 Lrm 6 6 GHz V 10 7 (GHz V 18 GHz V 21 GHz V 37 Gl~z V ,

2 0 72-1 llxm 6 6 (GHz H 10 7 GHz H 18 G3Hz H 21 OHz H 37 GHz H("

3 3 5-3 9 tm

4 10 3-11 3 rm Table 2. Spectral intervals for the five Nimbus-7
5 11 5-12 5 tm SMMR channels. "V" denotes vertical polarization; "H"

Table 1. Spectral denotes horizontal.
intervals for the NOAA

AVHRR channels.
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DMiSP OLS Channels Potential

Channel Spectral Band Multispectral DMSP OLS Channels

Visible 0 4-1 llm Channel Spectral Band

PMT 0.5-0 9 m Visible "Blue" 0 5-0 7Vim

Infrared 10-13l.m Near-infrared "Red" 0 7-1 p.tm

Table 3. spectral intervals for Broadband Visible 0 5-1 him

the DMSP OLS channels. PMT 0 5-0 9lim
Snow/Cloud 1 5-1 6p.Lm

DMSP SSM/I Channels Low Cloud 3 5-3 9ptm
Thermal "Blue" iC 3-11 4atm

Frequency Polarization
Thereal "Red" 11 4-12 51im

19 35 GHz Vertical, Horizontal Broadband Infrared 10 3-12 5Vpm

22.2 GHz Vertical

37 GHz Vertical, Horizonta!

85. GHz IVerical Horizontal Table 4. Spectral intervals for the

Table 5. Spectral interva's for the DMSP Multispectral DMSP OLS channels.
SSM/I channels.

measures reflected moonlight, and is also sensitive to city lights. The "snow/cloud" sensor measures reflected
solar energy at 1.6tm during daytime only; 1.6lim emissions from terrestrial surfaces are too weak to be
detected, so that no useful nighttime data is obtainable. The "low cloud sensor" measures thermal emission and
reflected sunlight during daytime and thermal emission at night, just as the AVHRR channel 3 sensor. The
"split infrared" window measures emitted thermal energy at the longer infrared wavelengths. It is possible that
these sensors will fly on DMSP ly the mid 1990's; some of these channels exist or are also scheduled for the
NOAA-K, -L, and -M polar orbit-rs in the early 1990's.

A new microwave sensor was launched on the operational DMSP-F8 spacecraft in mid-1987. This sensor,
called the Special Sensor Microwave/Imager (SSM/I), was developed for DMSP as an all-weather
meteorological and oceanographic sensor. It is a passive, conically-scanning radiometer that measures
microwave energy at the 4 frequencies listed in Table 5 (Felde et al., 1987). The SSM/I shows promise in
providing estimates of ice concentration, snow cover, rain rates, and cloud liquid water content. The DMSP
OLS provides high-resolution visible and infrared data coincident in space and time with the SSM/I data, and
the DMSP Microwave Temperature Sounder (SSM/T) provides coincident atmospheric temperature profile
data.

3. Generating and Interpreting Color-Composite Meteorological Satellite Images

Multispectral data is often displayed as black-and-white images, one for each channel. It can be
cumbersome to scan back-and-forth among these images in order to extract all the available information each
has to offer. The following sections describe how coincident multispectral images can be combined into one
coloi -composite image product that better reveals all the unique information the original images contain. The
next section briefly describes the image processing capabilities AFGL has, followed by some multispectral
color-composite examples.

4 3.1 Image Processor Capability

The A.FGL Interactive Meteorological System (AIMS) uses two ADAGE image processors; each is a full-
color system that receives input from red, green, and blue "color guns" in order to display an image on a color
monitor. Each processor contains 4 Mbytes of memory, enough to display four 512 x 512 color images, with 32
bits available for each pixel within the image. The 32 bits are partitioned into 4 8-bit parts; one provides digital
input to the red gun, one to the green, and one to the blue. The remaining part is used for graphic overlays
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such as map outlines and surface weather observations. The 512 x 512 x 8 bits that drive the red gun are
collectively referred to as the "red image plane", and similarly for the green, blue, and overlay planes. The
processor can display the image planes simultaneously; the result is a "color-composite" image. For more
details on the ADAGE image processors, please refer to the paper by Kleespies that is in these proceedings.

3.2 Color-composite Infrared Imagery

At night, the thermal channels of the NOAA AVHR measure upwelling thermal radiances in three
spectral bands. These radiances can be converted to equivalent brightness temperatures using the Planck
blackbody relation: a grayshade image may then be constructed in which the highest temperatures (warmest
bodies) are represented by the darkest grayshades, and the lowest temperatures (coldest. bodies) are
represented by the brightest grayshades. Clouds appear bright (since they are colder) and cloudfree areas
appear dark (since they are warmer), much as they would appear in a "visible" grayshade image constructed
from reflected solar radiance measurements. Figures 1, 2, and 3 show examples of black-and-white images
constru,t. ed from channels 3. 4, and 5 of the NOAA ArHRR. They are for th ' southeastern United States at
-0300 Local Time on 11 June 1982.

A color image (an be constructed by placing the 3.7pm channel 3 grayshade image in the red plane, which
in turn drives the red gun; in a similar fashion the 10.7txm channel 4 and 11.8pim channel 5 grayshade images
are used to drive the green and the blue guns, respectively. Figure 4 contains the "redshade" image generated
by placing Figure I in the red plane; Figures 5 and 6 show the corresponding "greenshade" and "blueshade"
images for Figures 2 and 3, respectively. The image processor then combines these three gun inputs and
displays their combination as a color image. Figure 7 shows the color image generated by combining the images
in Figures 4-6. As will be discussed, combining the three images this way improves their interpretability.

Consider some pixel within the color-composite image of Figure 7. If for that pixel the inputs from the red,
green, and blue guns are the same, then the equal color contributions in combination with one another will yield
a shade of gray for that pixel. However if among the three guns there are differences in their intensities, then
their combination will not yield a shade of gray but rather a color that is the result of unequal contributions
from the red, green, and blue guns. The colors in Figure 7 are thus indicative of differences among the
brightness temperatures of the three IR channels for a given pixel, since the color-gun inputs are the infrared
black-and-white grayshades (Figures 1-3) that are themselves proportional to brightness temperature.

These differences in brightness temperature among the 3 channels are primarily due to differences in the
radiative properties of clouds and the earth's surface at 3.7, 10.7, and 11.8l.m, with lesser effects due to
atmospheric attenuation by water vapor. Since the emissivities, reflectivities, and transmissivities of most

))

40
Figure 1. NOAA AVtIRR Channel 3 (3.7km) imagery for Figuxe 2. NOAA AVHRR Channel 4 (10.7tm) imagery

11 June 1982 at -0300 Local Time over the southeastern for 11 June 1982 at -0300 Local Time over the
United States. Thf fog contrasts well with the adjacent southeastern United States. The fog does not contrast
cloudfree land (feature A). well with the adjacent cloudfree land (feature A).
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terrestrial surfaces change between 3.7 and 10-12)lm, the measured brightness temperatures of those surfaces
will also change (d'Entremont, 1986). The colors in infrared color composites (such as Figure 7) are generally
characteristic of a particular cloud or underlying surface feature. Several of these features are now discussed.

Cloudfree Land and Water

In Figure 7 there is an excellent land/sea demarkation between the coasts of Florida and Georgia and the
Atlantic Ocean. Open, cloudfree ocean is equally warm in all three channels and appears black. The brownish
appearance of the cloudfree land is indicative of its emissivity differences. At the channel 3 wavelengths, most
land surfaces have emissivities of -0.9, while at channels 4 and 5 wavelengths the), are - 1.0 (Colwell, 1983). In
turn, channel 3 land brightness temperatures are 2-3 K lower than they are for channels 4 and 5 for the
cloudfree Ind areas of western South Carolina and most of Georgia and Florida. Since the channel 3 brightness
temperature is lower, the contribution to the pixel color from the red gun is stronger than that of both the
green and blue guns. When combined, the stronger red contribution results in a pixel more brownish (i.e., more
red) in appearance.

Low Clouds and Fog

One of the most significant problems facing nighttime cloud analysis using infrared satellite data is in
detecting low clouds and fogs. Since such clouds lie close to the ground, they have temperatures that are close
to the ground temperature; thus their temperature difference is not large enough to confidently discriminate
them from each other. As a result low clouds are frequently mistaken for cloudfree land or ocean, and vice
versa, in 10-12lgm infrared black-and-white imagery.

The use of nighttime AVIRR channel 3 low cloud data helps to alleviate this problem. Fog and low clouds
are often composed of water droplets; at 3.71.tm wavelengths water droplet clouds have emissivities ranging
from 0.35-0.90, depending on droplet sizes and total cloud optical depth (Hunt, 1972). Most land surfaces have
emissivities of -0.9 (Colwell, 1983). Thus the measured channel 3 brightness temperatures of typical fogs and
low clouds are lower than they are for land; AVHRR nighttime imagery has shown this difference can he up to 5
K and more. Such temperature differences allow these clouds to contrast well with adjacent cloudfree surfaces
in channel 3 imagery, leading to a confident discrimination between the two features. Feature "A" in Figure 1
shows such an example; this fog in eastern South Carolina (which was reported by many surface observers at
the time of the image) contrasts well with the adjacent cloudfree land just to the west. Note that this contrast
is much better than it is in the coincident longer-wavelength channel 4 imagery in Figure 2.

In the multispectral color-composite image of
Figure 7. low clouds and fog are reddish in appearance
due to its emissivity differences from 3.7 to lO-12Vim.
As previously stated, 3.71lni emissivities range from
0.35-0.)0: at 10-12l.m wavelengths, the emissivities

4 / for such clouds are nearly unity (Hunt, 1972). This
& makes A\rIRR channel 3 low cloud/fog brightness

temperatures lower than they are for channels 4 and
5: channel 3 brightness temperatures are 4-7 K lower
for the low clouds and fog in eastern South Carolina.

Since the channel 3 brightness temperature is lower.
the channel 3 grayshade is higher and hence the

I contribution to the pixel color from the red gun is

stronger than that of both the blue and the green
guns. When combined, the stronger red contribution
results in a more reddish pixel.

How red a low cloud pixel appears depends on the

cloud's emissivitv at channel 3 wavelengths. If the

for II June 1982 at -0300 Local Time over the channel 3 emissivity is low, the multispectral pixel
southeastern United States. The fog does not, contrast color is a deeper red: if the emissivity is higher (but
well with the adjacent cloudfree land (feature A). not unity), the multispectral pixel color is pinkish. For
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Figure 4. Figure 5. Figure 6.

Figure 7. Figure 8.

, ,

Figure 11. Figure 13.
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Figure Captions for Color Images

Figure 4. The image obtained when placing Figure 1 into the "red plane" of the ADAGE image processor.

Figure 5. The image obtained when placing Figure 2 into the "green plane" of the ADAGE image processor.

Figure 6. The image obtained when placing Figure 3 into the "blue plane" of the ADAGE image processor.

Figure 7. Infrared color-composite image of the southeastern United States generated by simultaneously displaying
the images in Figures 4-6.

Figure 8. Color-composite SMM.R 37 GHz microwave image (left) of the southeastern United States for 11 June
1982 at midnight Local Time, and the nearly coincident AVHRR infrared image (right) taken from Figure 7.

Figure 11. "Split-visible" color-composite image of the northeastern Unites States and southeastern Canada
generated by simultaneously displaying the images in Figures 9 and 10.

Figure 13. Color-composite visible/snow-cloud image of the eaitern United States and scutheastern Canada
generated by simultaneously displaying the visible and snow-cloud images in Figure 12.

example, the stratocumulus in the upper right quadrant of Figure 7 appears pink, because stratocumulus
emissivities are larger than the fog emissivities. In turn the stratocumulus channel 3 brightness temperatures
are lower than the channel 4 brightness temperatures by 3- 'K, in comparison to 4-7 K for the fog.

In comparison to the blue and green guns, the red gun's contribution is stronger for fog and low clouds than
it is for cloudfree land. This is because the differences between the channel 3 and channels 4 and 5 brightness
temperatures for fog and low clouds are as much as double those for land. That is why fog and low clouds look

redder than cloudfree land.

Cirrostratus and Cirrus

In Figure 7, thick cirrus and cirrostratus clouds in association with an area of thunderstorms can be seen

offshore, east of the Carolinas and Virginia. These clouds appear grayish in Figure 7, indicative that their
emissivity differences are not as great as for low clouds and cloudfree land. At Channel 3 wavelengths,
emissivities for thick ice clouds approach unity, depending on the ice particle sizes and total cloud optical
dept: - " emissivities at channels 4 and 5 wavelengths are nearly unity (Hunt, 1972). In turn, brightness
temperatures from all three channels are similar. Thus the contributions from each of the three color guns are
approximately equal. When combined, the result is a pixel that is grayish in appearance (no color dominates
the pixel color).

There are thin cirrus clouds along the ? i-,rn edge and ahead of the thunderstorms and rain showers. The
thin cirrus appears turquoise due to the mixture of sources (warm surface and cold cioud) within each cirrus
pixel. (Channel 3 is much more sensitive than channels 4 or 5 to warm scenes due to the stronger dependence of

the Planck function on temperature at channel 3 wave!engths (Smith and Rao, 1972). Consequently the channel
3 brightness temperatures are higher since proportionally more 3.7pxm radiance is contributed to the total

upwelling radiance by the warmer surfaces beneath the cirrus. AVHRR nighttime measurements have

indicated that for thin cirrus, channel 3 brightness temperatures can be up to 15 K higher than channels 4 and 5

brightness temperatures. Since the channel 3 brightness temperature is higher, the contribution to the pixel
color from the red gun is weaker than that of both the green and blue guns. When combined the stronger green

and blue contributions result in a pixel that appears more greenish-blue, or turquoise.

3.3 ('olor-composite Microwave Imagery

Figure 8 contains color images of the southeastern United States; on the left is a SMIiR microwave image,
an( on the right for c,,mparisen is a subimage of the AVHIRR infrared image in Figure 7. The infrared color

image is valid for 11 June 1982 at -0300 Local Time. The microwave image contains data from two Nimbus

orbits. The eastern half is for 11 June 1982 at midnight Local Time, while the western half is from a subsequent
Nimbus orbit nearly 12 hours later at noon Local Time. The time between the morning SMMIR image and the
AVtIRR image is almost 3 hours. Although this difference is too large for direct comparison between the

images on a pixel-by-pixel basis, the times are still close enough to allow for some useful, general comparisons of
the overall image features.
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Fbi' microwave color imiage was generated by simutlt aneoutslyV comining imagery f'ront the :37 Ui lz vertical
and h i oriot al polarization channels of' the MN.I h 3 ~ i tesie biol'itness t emiperaltires aire
convert ''i to a graNvshade image in whIic h the highest temtperatutres are representedl by the darkest grayshades.
and tie I tiest temperatures are represen ted by the brighItest gravshades. The :37 (1 lz horizonta I grav-4io
iiage t> lien plhicod into hot h the red and blue Al)A(;l iniage processor planes. which drive the red anid blue
guins. reitect ivelv: suid larlv the :37 ( [It vertical gravshade image is used to drive the green gun. The imag'ee
processor then comin ies the three guin inputs, and displays, t isI- com hi nat ion as a color 1m nage. shown on Ifthe lef't
side of Figutre 8. ev eral interest inrg featuares con tai ned in this, inicrow ave co)inposit e are now dist' ij'.Sed.

The land/sea demarkation is pronounced. Land contrasts well with the ocean since the ocean emnits poorly
at :37 CIliz and therefore appears significantly colder than the adjacent land. For the moiting S.MMN 1? orbit thet
37 C;lzI vertical brightness temperatures are 10-41 K :owver ibr the ocean than for the land: for thle :37 (1 i
hon ton t a t hex aire 60-75 1K lower. All pixels withi bright ness temnperatutres 190 11K or less h ave been enhlancetd
blue, so that t he ocean appears b)Iie( in Figure 8 Not ice that the coastline is well defi ned even in t he p~resencie of'
he cloudis over t he eastern Carolinas and Virginia. This is because .37 GIl microwave energy emitted fromn the

undferly ing utrf':we can penet rate clouds with low liquid wvater content.i

N icrowav e radliat ion at :371 C;lz f*requencies is relatively a.,sensi live to clotuds withi low litquid water content.
btit not to precifpitat ing clotids aInd Clouds With high li(quid Water content. C~louids that contain heavy

A precipitation will prevent microwa;ve Sensors from seeing all the ~a to the eart t's, surf'ace. The grayish-purple
areai 'oatite'it ol' thLe North Carolina coast indicates the prestence of precipitating clotids andl clo~uds wtith high
liqaiid %%:it er ton tent. This area is assotiat ed with the thicker wvhitoc clouds seen in thle corresponding infrared
iniage (right s ide of' Figure 8). Th1e reason that the ' .-ecipit at ion co~nt rasts well with the ocean surface, is that
rain onw eiti:37 ( ;LIt energy better. The result is that the rain areas appear significant lx warmer than t ftcocean in
he lit icr ii\ ave ur aev.The :37 ( d lz vertical rain bright ness t eri perat tires are 220-23 NK. com paredl to 190 K

anti ltoxx r bior th li'tceatt. The :37 Cliii horizontal rain brightIness, t emtperat ures are 2111-220 K. cornparedi to I F)
K and I I x%(er for thli ocean. The gray ish ;)tirple apptearance of the precipitation is indlicat ive of sinall
ieriilriralire diff1'erences between thre vet'rical and horizontal pol ari zat ions. iirce the horizontal temlperat tres
are 11)l'I\ lowe(r t tan the vertical tentperat res. the contribttion to the pixei color is st ronget' From the red anid
bluew 114-1 ct.\Iii ombiined, thle st ronger reil and blue tontribaitions resailt ini a pixel t hat appears more
reddi>Ii-hblie. or pturple. On the lprecipit at ion edges these differences are nct large. sit (hat the coit ribtuion to

% tACh of' t lie co~lor gtiiv is nearly equal: this restilts in a graivish pixel.

%\ t :37 ( l11/ ilit bright ness temnperatutre (iffereluce is not as large between land andl precipitation as it Is
- ~betwxeen i thli occmantdi i preci pit at ion. Land can lbe as goodi an emitter as rain of :37 C I z mnicrowve energy.

* ti~deeii tg oni t hie tI'risityx anti size of* the raindirops. Titus in Figure 8, the contrast is not good between the

precipfit :tj t m it t~idt j :tcnt pret'ipita:t ion-free land areas.

3. I ( olor-comItpo.site %' plt- I Im uagery

* ~Visible data are aisefai r or cloaut detection since clouds tusu ally reflect sunlight mnore strongly than most
Ibackgroutnds. The AVI 1111 has sensors which measure reflected sunlight in the 0.6:3pLn visible and 0.86iprm

near-infrared spectral bands (chtannels I anti 2, respectively). Water reflects incoming solar radiance poorly in
hot h channels I aind 2, and appears (lark in thle imagery. (loaids reflect sunlight equtally' well in hothi channels.

* ~andl appear b)right in the iriiagery . H owever. land backgrounds reflect v'isib~le light, poorly when com pared withI
the nevar-infrared. Saiurface albedoes for i'loaitfree land can be as mutch as .40'c lower for channel I wavelengths
thtan t hey are for ('haninel 2 (Row ker et :il., 1985: Colwell. 198:3). Thus land backgrouindis that appear bright in

% he chian nel 2 iminagery appear dark in t he (chan nel L imagery. C lotids are detcic'ted nmore easily in c han ntel I
imagery becatise the difference bet ween most backgrounds aind t'louiis is greater than it is for channel 2
magery.
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Figure 9. No.*A AViII ('tinel I (0t~~i)visible Figure 10. NOAA WH\IM t< aim~et 2 (O6itA)nIWA
irilig('rv of the nun lhcai~tvri t iiit ',tilvs iaid inftraredl imlag(rV of Itic nullthv;isleiri (nintel <i iie, ;III

'1(11 ihcistiri Carnada for 11 i tne tttS2 if 150 Ia(LocMi soul theaqtern Canaidua for 1 I ie 195,2 ;it I .')!) te,;i
'[jute'. (otillii'S do riot "how well%'-I if)this image, bill Tjime. Counstlijits Shiow II %eli if[ I li ht;io ilt 'ial

I'' res ! and It) illustrate tthe differences b~etween visilO andl tear-infired imgery fromi the AU 11I1M

cliatnel, I anrd 2. 'I'lle imiages are for -- ( 150Local Time onl 11 June 0 !82 for the northeastern I'nited ~ ts

sea heis "r ('anwid, an(l the (ireat Lakes. bright tones indicate surfaces that reflect sunlight well. whlile, dlark

ore-~ dleriul ( urfacos t hat reflect smiliglit poorlv. Cape Cod amnd fte New Lngland (0:1st conitraist well with Iithe
ocenn Ii I If( l 'iw 2 iinp ge I ire 10) while niot nearly as weoll in channel I ( ligure 9)). 1he ( ;reat Likes als0

c'On! rat- helter Wi! [I thle adjacent land reg-ions, inl the channel 2 inlag'e. In general. land,/oceni houtiolries aIre

Wi'll-lelfiiied ill th li iear-inlraredl imag-ery. H owever the climulus cloiuds in the center set lon ol the iiwioe,

tI oitf I ie( ( "real Lakes and west of the frontaml hand over the eastern seahoard)I are easier to det ect in the
('llminel I ittiagrv. ( 'hannel I imiagery is best for clould detect ion but is nlot alwas- helpful1 in) loi'aitligl

land/ocea hunares chaninel 2 imagery is helpful in locating coast lines huit clouids can he Inure easily
t'oniuiil with ci 'ludf'ree( hackg rounds. A met hod is now dlescribedl to comibine the best cha~ract erist ics of bh

liilg ilo :I 'olor-'oiiipos;it e iiige in) which coast lines. clouidts, , nil cleair area., are all easily del ectl aiHl.

A olr ijii- age bai e cotist rilet et by placi hg the chan nel I hlack-and-w hit e i n age (F'igure 9) iii hot h t Ie( red

und thI If, bil pl me" whinchI in tu rn thrive fte redl:and] the bliue gouns: in aI si milar Fashion t he( ( hi n tie 2 i11ii1age
l 1gi 0)'It drive,~ t li fenll gilt!. Thel( image, processor then cominiies the three guin inputs, and displays this

conliiwit ion :is :lie ohi ilageshown in Figure 11. Combining t lie two hMac k-:mnd-wtit e images- thisayi hritig>

he ba(-1 ia~ie~ti of each into one( color itlag produict. Thel( colors of Figure 11 are explained in thle
follou il pir gah

There is ain exiellent cloud(!/no cloud dittirkal ion tllroitglloii this IitIage. Clouds ire equally liriglit iii i0:11

of thle t witcliarinols and tits, appear hrighit gr:i\ and whilte inthei(ir color coniposite,. The greelisil appearantoeof

lie liuiifree land iiniaieoitrflcitydifferencem from clianniel I to channel 2 wavolengthis. MIost land-

surfaces have reflect ivities at !he :haniel I lt).t3t-in) wavelengths t a ire lower thimn tlhex aren at hei'(hatnel 2

I 0.8itm wveklertlvhs 'olwell. N183). Itt t urn. ihiantnel I laind :ilhchoes, are lower thlan they ire for channel 2;

cha1:11el I alhuedoes ianl he as mulch as 10-' lowevr for cloudfrie land (Hlowker et al.. 19)85). :iticv thle chmnel 2
hindl allaeo is, higher. lie cont ribit itti to the overall pixel color froti t liegreen gin isst rotiger t hmai t hat of lothI

he redl inil hljio'1gilts. When co'iiiti'(. thle st rotiger grent cottriliti on results in ai pixel mon' green iti

aiplti:ir:mtl'. Thire is also :in ixcellent coaist limi( defitnit ion throughout t he( iniage. \\ant r. \N liich reflects hot h
visihl' itid neair-infirrd light poorly apiipear,; bhck in each otifIhi two channels and t lois appe,:irs d:irk itt t hiiir

color 'otlpouilei. ctnt r:i- itig well with Ii li' rio't Imid siirlaces.
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3.5 Color-composite Vlisible/snow-cloud"*Imiagery

Improved cloud sensing has been demonstrated using data from an experimental 1.6LTIm near-infrared sensor
flown onl the DMISP F-4 satellite in 1979 (Bunting and dTEntreniont. 1982). This is called the SSIor

"snw/couddiscriminator" channel because snow backgrounds contrast well with low clouds in SSC imagery.
unlike they, do in visible channels. This is because snow absorbs 1.6pLm energy well, while v"ater droplet clouds
reflect it much as they' do at visible wavelengths. Ii SSC imagery the contrast between clouds aind snow is good.
At wavelengths of I .6pLrm, snow reflects sunlight poorly while cloud liquid water droplets reflect it efficiently
(Bunting and d'Entremont. 1982). An example is shown in Figure 12: this image stretches Fromt the Carolinas
northward to Quebec. Thie upper left p~art of each image strip contains clear skies and snow cox er. TIhe snow is
bright in thie 0.1-t. 1 ti visible imagery (because it reflects well) but dark in the I .pm near-infrared imagery
(because it reflects poorly). In the upper right corner of each strip there are water droplet clouds,. rhes, clouds
appear bright in the I tip. m imiagery, contrasting well with the adjacent dark snow c-over. This contrast isnot
nearly as dlistinct in (he visible imagery since 1b0th the clouds and the snow reflect visible sunlighlt well.

A color image can be constructed by) placing the
MLS visible-channel gravshade image (left strip in

Figure 12) in the red and the blue planes, which in
turn drive the red and the blue guns; in a similar
fashion the S.SC imiage (center strip in Figure 12) isL
used to drive the green gun. The image processor then
comb~ines the three grun inputs, and displays their
combination as a color image. Figure 1:3 shows an
example of a visible/snow-cloud color imiage. Again.
the differences between featutres in both tfitc visible
and the snow-clotid iniage are enhanced with colorsA.I
that aire indicative of differences b~etween the albedoes #
of' lie OLS, visible (0. 1-1IVp.ni) and 'Snow-cloud
(1.6Vp tt0 channels for a given pixel. These diifferences
are due to tO(i frerences in the reflective p~rop~ert ies of' VISBL NER m-A
cloud,,. sniow,- and thie carthI's surface at visible and -NRAE

near-i itfratred wavelengaths.

Thr *r ;ir sa excellent sno\w/cou couree Figure 12. DNIS1 OLS visible (0.4-1.1[pin, teft strip), Ss(

(1cm~ ~ ir ttI o oitti mg.Cod r strip) imagery for 17 Decemtber 19079 over ttte eastern
etliall\ brighit in ea:ch of' the two channels,, and thuts United States and sotittteasterl (Utitada. Bright tones
appe~tr bright in their color composite. The greenish dett tgtY rfe esthes~id(ik11( it

appearitw or thle clotidfrrc I ind is indicative of its poorly reflective sttrftces i bothI the visible and1 S
reflct i vdi 1cr ure. Mot ln~fsurfcesh~i't lntage's. B3rigttt totnes deniote, cold siirf;tces aint dkirk

refl ect i it is t t i l'e ies.Ms nrilrando suracesg havs tontes (letiote warit stofm-es iii tixe inifiato ittwge. SnTow%

1i.6fpLit tha Om ire ftiolter than they are at the visible ttti ntt'Ittrlf onro t t't))'r(lark the S'4( itager vltc:tnsc it reflects, I bptitl
wavelonugt Its I)0. 1- 1. t p.m ). In t urn. SSC land albedoes radiationt poorlY.
are higher timn t hte\ are for visib~le channels (Bowker
et al. . 19 817)1. ' fin'te SS'( land afbedo is higher, the cont ribiut ion to the overall pixel color front the green g,11it
is - rontgcr tOftit t ft of both the re I and hblui gunis. When com bined, the stronger greetn cottribtut ion results inl
a pixel more green in appearance. Green pixels are thus indicative of cloudfree land surfaces. ( loudfrree ocean

o surfaces are dark in bot h visible and SSC irmagery. so that their comblination appears dark in their color
comflposite.

As prvioul iscuissed, snow ctover has reflectances, that, are lower at near-infrared wavelengthIs (1.finm)

than they are at t he visible waveleng-thIs (0.1 1.1p i unting t n i d'Ent remontt. 19821. lIi turn. SSCi sno~w
al betoes are lower than t hey aire for visiblIe chian nels. Si nce t he SSC snow al bedo is lower. t he cont11ribhut ion to

* the overall pixel color front the green gull is weaker than t fit of' both ftthe red and blue gins. When contbined,
he si ronger red and bluet( cont riuiotis result in a pixel rnire pu~rple in appearance. Putrple p~ixels are lts
ri at i e ofclid free, snow-cokered stirfaces.

fee p1irt ice clouds also reflect sutnlightt poorly at I .lipLin, butt usually not as poorly as snow ttover 1(Bunt ing
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and d Entremont, 1982). The differences are large enough so that ice clouds also , rast well with water
droplet clouds in 1.6p-m imagery. Hence the phase of clouds can also be determined using snow/cloud color
composites; ice particle clouds such as cirrus, cirrostratus, and cumulonimbus appear light purple in the
visible/snow-cloud color composite as well.

4. Summary and Discussion

A fast. effective method has been described that simultaneously combines multichannel satellite data into a
color image product. The method generates a color-composite image product that concisely combines the most
desirable characteristics of images from several spectral channels into one image. Such color composites clearly
reveal features of meteorological interest to the user.

Discrimination between low clouds/fogs and cloudfree land/oceans. along with improved detection of thin
cirrus, can be performed more confidently when using multispectral infrared color-composite imagery. Existing
infrared and microwave imagery indicate that discrimination between opaque cirrus and nimbostratus can be
performed successfully over oceans. The presence of snow cover and ice can also be detected more confidently
using visible and near-infrared data in conjunction with one another.

Availability of upcoming DMSP and NOAA multispectral imagery along with DMSP microwave imagery
will make it possible to generate such color products in increasing amounts. The use of these meteorological
channels in conjunction with one another can greatly enhance the quality of cloud image interpretations that
use only visible and/or infrared data as a primary source of information. The quality can be enhanced of cloud
analyses and subjective imagery interpretations which use only infrared black-and-white imagery as a primary
source of information. Studies are ongoing at AFGL to make more efficient use of coincident multispectral
visible. near-infrared, infrared, and microwave data to improve Air Force real-time operational global analyses
of clouds and the earth's surface conditions.
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