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General Determination of Earth Surface Type and Cloud Amount
Using Multispectral AVHRR Data

Irwin Ruff and Arnold Gruber 
National Oceanic and Atmospheric Administration 

National Environmental Satellite,Data, and Information Service
Satellite Research Laboratory 

Washington, D. C. , 20233

Abstract
A method is presented for determining the type of 

daylight scene viewed by every resolution element of AVHRR for 
routine, large-scale processing, using mainly values from the 
various spectral channels of AVHRR. The specification of
scene types was restricted to the broad catagories of 
vegetation, non-vegetated land, water, snow/ice and cloud. The 
method appears to be sufficiently sensitive, however, to 
permit it to be extended to finer specification of scene type.

1. Introduction
The components of the Earth's radiation budget have been 

computed from satellite data for many years, although lack of 
information has forced a number of simplifying assumptions. 
Two of these assumptions may now be replaced by empirical 
models of bi-directional and directional reflection for 
various combinations of natural surfaces and clouds 
Ce.g. ,Suttles et al , 19883. However, to apply these models
correctly, it is necessary to know the type of surface being 
observed, at least in a general sense.

Much work has been done on scene i denti f i cati on from 
satellites, both with LANDSAT and with AVHRR. Early examples
of such studies are Rouse et al , 1974 and Gray and McCrary,
1981. These studies have dealt with comparatively small 
amounts of data and limited areas, where the nature of the 
surface and at least the general type of vegetation are known 
a priori. Under these conditions the identification methods
used have proved to be very sensitive, e. g. , distinguishing 
between different crops, or determining the degree of drought.

For purposes of observing the components of the radiation 
budget for the entire Earth, however, the requirements are on 
a totally different scale. AVHRR provides information for 
approximately 35 million separate daylight locations in the 
course of one day. A scene identification method that is to 
be used for routine processing of this data must thus be 
completely objective, and be able to evaluate any set of 
conditions that may be encountered any place on Earth, at any 
time of year. Operational constraints also limit the
complexity of such an algorithm.

One possible approach would be to prepare a detailed 
table of surface type for the entire Earth. While
theoretically possible, the large size of such a table at the



resol uti on required, as well as the necessity of accounting 
for seasonal changes make this approach unwieldy in practice. 
Further, it would still be necessary to determine the amount 
of cloud or of snow/ice present in a scene. The aim of this 
study was therefore to identify the Earth surface type and the 
cloud amount within single observational fields of AVHRR, 
using, as far as possible, only information available from 

that instrument.

2. Instrument and Data
AVHRR is a mult,i-spectral cross track scanner mounted on 

the TIROS-N series of satellites, with a scan rate of six 
scans per second. Although the instantaneous field of view, 
called a Local Area Coverage CLAO spot, is about 1 km ground 
resolution at nadir, the data is not usually used in this 
form, except for special studies. Groups of four out of five 
fields of view along a scan line are combined to form a lower 
resolution element, termed a Global Area Coverage CGACD spot. 
This is done for only every -third scan. The relationships of 
these resolution elements are shown in Fig. 1.

There are either four or five spectral channels, 
depending on the instrument model. The nominal wavelength 
intervals are given in Table 1, and Fig. 2 shows the
normalized respense functions along with the spectral
distributions of the incident solar energy and the energy 
emitted from a 300°K black body. It may be seen that channels 
1 and 2 will observe reflected solar energy in the red portion 
of the visible and in the near infrared, respectively, while 
channels 4 and 5 will observe emitted terrestrial energy in 
the 10-12 pm window. CChannel 5 is missing on four channel
instruments. } At the wavelength of channel 3, centered at 
about 3.7 pm, both solar and terrestrial radiation are of 
importance. The implications of this will be discussed in 

detail below.

Table 1

Channel Wavelength

i . 58 to . 68 pm

2 . 725 to 1.1 pm

3 3. 55 to 3. 93 pm

4 lO. 3 to 11.3 pm

5 11.5 to 12.5 pm

Two sets of GAC data were stored on disc, comprising 
three complete orbits from NOAA 6 on 13 April, 1981 and three 
orbits from NOAA 7 on 26 August, 1981. For both sets the
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daylight portions extend from Africa and Europe westward 
across the Atlantic Ocean and include some of the Americas, 
making available a wide variety of scene types for study. 
Since NOAA 6 had a 0730 local time descending node while NOAA 
7 had a 1430 local time ascending node, the first data set 
represented conditions for a low morning sun, while the second 
set was observed with a high afternoon sun. This permitted an 
evaluation of the effects of solar zenith angle. The only 
ground truth available for this data other than large scale 
geographic information and normal mereorological observations 
was visible and infra-red images of the satellite data.

3. Treatment of Channel 3

The daylight measurements from channel 3 are difficult to 
interpret since this channel will sense both reflected solar 
and emitted terrestrial radiation Csee Fig. 2D. In order to
make use of these measurements, it is necessary to know the
magnitudes of the two components. What has heretofore been 
used as an indicator of the magnitude of the reflected 
component has been the difference between the channel 3 and 
channel 4 temperatures. As will be shown below this
difference is not conservative, since it may result from 
varying physical conditions. Additionally, it is difficult to 
compare a temperature difference directly with any other 
quantity measured by AVHRR.

To resolve this problem reflectivities were calculated 
for channel 3 using a method in which the assumptions and 
procedure were clearly defined. In view of the uncertainties 
in observations at 3.7 pm, it is doubtful that any such method 
will yield absolute values. However, the results should be
internally consistant, and might be related to the
ref1ectivities from channels 1 and 2 Cwith which they can now 
directly be compared) in a coherent manner.

The main assumption is the same as that implicit in the 
use of the temperature difference between channels 3 and 4, 
i . e. , that the radiation temperature at channel 3 wavelengths 
is given by the observed channel 4 temperature. This
assumption is poor. Variations in such things as emissivity 
or in atmospheric transmission between the two wavelengths 
assure that the temperature differences will not only not be 
zero, but that they will vary greatly. The practical
influence of this assumption on the effectiveness of the 
method can be shown only after it is applied to the test data.

Let T be the body temperature of the surf ace, C assumed 
equal to the channel 4 equivalent black-body temperature), T^

the observed channel 3 temperature, X the wavelength in 
micrometers, fCXD the channel 3 wavelength response, SCXD the 
incident solar energy, £ the solar zenith angle at the 
observed point, e the mean emissivity and r the mean 
reflectivity of the surface for channel 3 wavelengths. The 
emitted flux in watts/meter /pm is given by the Plank 
f unction,
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PCT,XZ> = C4 X'5 [ eC2/XT -l] C13

where C = 3.7515 x 108w fjm2p 1 and C = 14388.33 /jm deg.
It is then possible to write

oo oo ®f PCTa,X^fCXDdX = PCT.XDfCXDdX + r cosC J SCXDfCXDdX C22> 
o o °

If the transmissivity of the surface is negligible, then

s + r = 1 ^

This assumption is reasonable for almost all surfaces at 
3.7 fjm including water CWolfe and Zissis, 19783. One case for 
which this is not true is an optically thin cloud. However, 
for such a situation, radiation from the Earth’s surface will 
also penetrate the cloud and reach the satellite. It is thus 
possible to view this as a composite surface type for which 
the total transmissivity is zero.

Combining equations C23 and C33,

oo
Jpct ,X3 fcx3 dx - J pct,x3 fcx3 d\

3 o
r = 00 CO

;osC J SC\:> fCX3 dX - J PCT ,X3 fCX3 dX

C 40

It is obvious that r cannot be determined in the absence 
of solar illumination. However, this is also true when the 
incident solar energy is greater than zero, but small. It may 

seen from equations C23 and C33 that the limiting case 
oo oo

occurs when cos£ J* SCX3 fCX3 dX — J* PCT,XZ> fCXD dX,
o O

00 oo
at which point, J* PCT^,X3 fCX3 dX = J* PCT,XD fCXD dX,

O O

This limit is given by

cosC lim

00
J pct,x:> fCX} dX

o ______________
CD

J SCX2> fCX} dX
o

C 53

Only when the solar zenith angle is less than is it
Itm
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possible to distinguish between emitted and reflected 
components, and to make an estimate of reflectivity. This 
function is shown in Fig. 3.

As long as C<C, , it is impossible for T to be less
Urn 3

than T^. CAt terrestrial temperatures the emitted energy for

channel 3 will of course always be much less than for channel
4. } If the emissivities for channels 3 and 4 are actually 
both equal to 1 , the observed temperatures would be the same 
in the absence of atmospheric effects. Since the atmospheric 
transmissivity is greater for channel 3 than for channel 4, T

a
will be observed as greater than T . If the channel 4

emissivity should not be equal to 1, and the channel 3
emissivity be greater, clearly T will be greater than T .

3 4
The third possible case is if the channel 3 emissivity is less 
than that of channel 4. In this case, the emitted component 
would result in a channel 3 temperature lower than that of 
channel 4. However, from equation C3D, as the emissivity 
decreases, the reflectivity increases, and as long as

oocosC J SC fCX2> dX
o

00
> f PC T, XD fCXZ) dX. 

o
This condition thus results in the outgoing energy in channel 
3 being greater than if the emissivity were equal to 1.

There are, however, a large number of observations where 
C is much less than £ but where the channel 3 temperature

is lower than that of channel 4, often by several degrees. 
Since this should be impossible, some explanation must be 
sought.

Although measurements of reflection from natural surfaces 
in the 3.7 pm region are lacking, there is no reason to 
believe that such reflection would not exhibit the angular 
variations seen in the visible, although the patterns might be 
slightly different due to the longer wavelength. It is thus 
quite possible that in cases where T <T , all or most of the

3 4
incident solar radiation is being reflected in a direction 
other than that viewed by the satellite. Of course such 
angular dependence is not a function of viewing angle, and
even when T < T the reflected component seen by the

satellite may not be representative of the reflected energy 
over the entire upward hemisphere, any more than is the case 
with channels 1 or 2.

In order to obtain some estimate of the channel 3
reflectivity when Tg < T^ , it was assumed that all reflected

solar energy is in other than the viewed direction.
Consequently only emitted energy is measured. Then from
equations C2} and C3D,
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r 1 C62>

ooJ PCTg,x:> fC\5 dX
ooJ PC T, X3 fCX2> dX 
o

The relationship between reflectivities calculated when 
T > T and the temperature difference between channels 3 and 
9^ o4 is illustrated in Fig. 4 for a solar zenith angle of 0 . The 

assumption that the body temperature for channel 3 is equal to 
T implies that if T# and T^ are both fixed, the reflected

energy in channel 3 is also fixed. However, from equation 
C 4D the resultant channel 3 reflectivity will increase as the 
secant of the solar zenith angle. This is simple to take into 
account. If both temperatures are increased by the same 
amount, T -T remains unchanged, but the reflected energy, and

hence the channel 3 reflectivity increases. Thus, any given 
temperature difference may be due to very different physical 
conditions. It appears preferable, therefore, to use
calculated channel 3 reflectivities rather than values of 
T _ T in spite of uncertainties involved in the calculation

3 *
of the first quantity.

The main uncertainty is the effect of assuming that the 
radiation temperature for channel 3 is identical with the 
observed channel 4 temperature. To investigate this,
distributions of the channel 3 - channel 4 temperature
difference were examined using only nighttime observations 
from the test data set. In every area there was a wide range 
of differences. One area, which had the maximum difference 
Calmest 25°} was examined further. A regression of Tg_T4

against T was fitted to the data of this area, resulting, as

would be expected, in a definite overall improvement in the 
predicted value of Tg. However, the maximum difference

between predicted and observed values of Tg was still greater

than 16° When a similar regression line was calculated by
combining the data from all the geographic areas and applied 
to this single area, the overall errors were worse than for 
the assumption that the channel 3 temperature was equal to 
that of channel 4. It thus appears that for large-scale data 
processing, the best approximation to the channel 
temperature is the channel 4 temperature, unless information 
is available regarding the type of area being viewed. Since 
the purpose of this estimate is to identify the observed

scene, this will not be the case.
In order to estimate the distribution of errors in the 

channel 3 reflectivity that would result from the channel 3 
temperature not being equal to that of channel 4, the 
nighttime data for the single geographic area considered above 
was assumed to be in daylight, and the difference between Tg
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and assumed to be due to channel 3 reflected energy. For

each of several values of solar zenith angle, the reflectivity 
was calculated for every point, and the percentage of points 
less than each reflectivity was determined. For the
overwhelming majority of points, the error in reflectivity 
Cthe true reflectivity being zero} was only a few percent, 
unless the solar zenith angle was quite large. A solar zenith 
angle of 60° results in errors less than 6% for 95% of the 
points, while for a solar zenith angle of 80° the errors are 
much greater. A consideration of the effect of these errors 
on the final scene identification must be deferred until after 
a presentation of the method.

4. Method

This method was based on the reflectivities determined 
from channels 1, 2 and 3. Letting r be the reflectivity

n
observed by channel n, three new quantities were defined:

i +

C 72>

such that x + y + z = 1. In addition, a mean reflectivity, r, 
was calculated:

r
r + r + r
12 3

3 C82>

A central point was defined as x = y = z = The x—y—z

coordinate system was transformed by determining the radial 
distance, d, in the x-y plane, from each observed x and y to 
the central point:

d 1/3}2 + Cy - 1 /3}2 C 9}

and the angle, a, about the central point from the line 
1 /3,1 /3: 1 /3,0 Cthe direction chosen for a = 0 is arbitrary!). 
It follows that

sin a
1/3 “ X

d cos a
1/3 -

dT y CIO!)

x and y are both always positive, and from equation C7Z), 
x+y^l. For every value of a the radius d thus has a maximum

7



value when x+y—l. In order to allow the radii at different 
angles to be compared directly, each observed radius was 
normalized by dividing by the maximum value for the 
corresponding angle: DCcO = dCcO/cO. Letting the mean

pectivity, r, be a third dimension orthogonal to the x y 
plane Cnote that this is not the quantity z2> , a cylindrical

coordinate system has been defined, with coordinates a, D, r.
A series of observations of a perfectly homogeneous 

surface would necessarily all have the same values of a, D and 
F, and would therefore appear as a single point. Natural 
surfaces, however homogeneous they may appear to the eye, will 
always display some degree of variability, and will therefore 
display a scatter of points in the ct—D~r space. It is 
reasonable to assume that minor variations in a basically 
homogeneous surface will be distributed normally. Such a 
surface may thus be described by a trivariate normal 
distribution in a-D-r space. The .95 probability ellipsoid 
was adopted as defining that surface.

The size of the ellipsoid, in one or more dimensions, 
indicates the relative homogeneity of an observed surface. It 
is impossible to establish a general criterion of homogeneity, 
however, since some surface types Ce.g. , vegetation!) are 
inherently more variable than others Ce.g., extensive sand 
areas). As variability increases to a point where more than 
one surface type is involved, the assumption of normally 
distributed variations breaks down, and it is necessary to 

distribution of observations directly. An attempt examine the 
data using the assumption of normal distribution to fit such 
in an unrealistically large ellipsoid, will result 

on images for channels 1 and 4, as well as general Based 
information, a number of relatively small geographic 

areas were selected as representative of major geographic 
of surface type. Each area was sufficiently large catagories 
at least several hundred observations so that theto contain

computations are statistically significant. In the case of 
NOAA—6, where only channel 4 images were available, the 
channel 1 and 2 values were checked to insure that a low 
stratus situation was not mistakenly chosen as an example of 
clear conditions. A listing of the selected areas, with a 
brief statement of their characteristics, is given in Table 2. 
It must be stressed that no real ground truth was available 
for this data, and the choice of areas was thus dependent on a 
subjective evaluation of the available information. 
Consequently, there was no assurance that any area selected 
was truly homogeneous. A judgement could be made only post 
facto, by examining the sizes of the probability ellipsoids 
and the variability of the measurements in the various 

channels.

5. Results
It will be useful first to examine the variations which 

may occur with different illumination and viewing geometry.
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In Fig. 5 are shown cross-sections of the probability- 
ellipsoids for a desert surface and a water surface which were 
viewed on two successive orbits of NOAA-7. CAlthough all the 
‘desert’ samples used in this study are true deserts, this
term is defined properly as ‘unvegetated land’. Thus, even a 
freshly plowed field would be included in this category}. The 
two desert samples are located near a = 220°. The solid 
curves are for the case when the view was toward the sun, 
while for the dotted curves the view was away from the sun.' 
For these desert surfaces the differences between the two 
situations is small, and in accordance with what is expected.

In the case of water, however, there is a drastic shift 
in the location, size, and shapes of the ellipsoids. The mean 
channel 4 temperature in both cases is about 290°K, with a
narrow distribution. This would be expected, since the two
sets of observations were taken only 100 minutes apart. Even
if the channel 4 temperature is not the true water 
temperature, the error will be the same for both situations, 
and the results would be consistent. Further, the emissivity 
of water for channel 4 is .99925, and little error is made by 
assuming it to be equal to 1.

While the geometry when viewing toward the sun was such 
that the instrument could observe sunglint, it is evident from 
the magnitude of channels 1 and 2 data, as well as from the 
image, that a strong glint was not observed. Since T was

greater than T^ for every observation in this sample,

it appears that at least some of the solar energy reflected 
directly by the surface was seen by the satellite. However 
the reflectivity of 0.01 which was calculated Cusing equatioA 
4} appears too low. It is thus probable that much of the 
reflected radiation occurred at angles not viewed by the 
instrument.

When viewing a water surface away from the sun, no 
directly reflected radiation would be expected to be seen. 
That this is actually so is indicated by T being less than T

3 4for every observation in this sample. Consequently, equation 
6 was used to estimate the reflectivity. For the solar zenith 
angle pertaining to this case, the expected reflectivity of a 
water surface is about 0.05. The calculated mean of 0.077 
thus appears quite reasonable, with the excess probably being 
due to atmospheric effect. It may thus be concluded that the 
major shift in angle found when observing the same water 
surface with two viewing geometries is the result of the 
angular variation of reflection.

The differences resulting from the very different ranges 
of solar zenith angle observed by NOAA-6 and NOAA-7 cannot be 
examined for most surface types, since they may be expected to 
change significantly over such an extended period. The only 
surface type which may be assumed to remain constant is 
cloud free desert Chere referring to true desert, not merely 
temporarily unvegetated 1 and}. Fig. 6 shows probability 
ellipsoids for two Saharan areas that were observed from both

9



satellites. Both areas are similar, being regions of
extensive sand dunes. While the Calanscio Sand Sea showed 
only small changes betwen the observations, the Erg de Bilma 
showed a larger shift in angle and radius, although not nearly 
as great as was seen for water. The exact reason for the 
difference between the two areas is not known. However, it 
seems reasonable to assume that details of topography, surface 
constitution, etc. , combined with differences in viewing 
geometry may be responsible, even though both are similar in 
over all t ype.

These examples are intended to illustrate the shift in 
parameters that may occur in different conditions even for the 
same surface. A detailed investigation of these changes could 
yield much information about the makeup of various surfaces 
and their patterns of reflection, but is beyond the scope of 
this study. As long as the major surface types can be 
separated clearly, variations within each type need not be 
considered.

Fig. 7 is a plot of probability ellipsoids for all areas 
listed in Table 2 for the catagories of vegetation, desert, 
water, and cloud. Since the radius proved not very useful in 
discriminating surface type, only the ct-r dimension is shown. 
It may be seen that, in general, each surface type clusters 
more or less compactly. The reason for the wide variation in 
the parameters for water has already been discussed. 
Vegetation would be expected to exhibit a good deal of 
variability, owing to such factors as type of vegetation, 
state of growth, and amount of ground visible. Deserts are 
highly variable, as is evident from even a casual examination 
of a satellite image of e. g. , the Sahara.

The cloud examples examined were similar in that they 
were all sufficiently extensive and bright and/or cold to be 
reasonably identified as homogeneous cloud. Within these 
constraints, however, they were selected from many parts of 
the geographic area available, both over land and over water. 
It is therefore interesting that clouds showed the tightest 
clustering of all the surface types.

The boundaries between pure scene types which were 
identified are shown in Fig. 7 as three straight lines. Any 
observation with a mean reflectivity greater than 39.6% is 
taken to be cloud. An observation to the left of the line 
r = 179.1 - 0.763 a is identified as vegetation. If the 
point lies to the right of this line and the satellite is 
viewing land, it is identified either as desert or as partial 
cloudiness, as will be discussed below.

The situation is the same for viewing over water. To the 
right of the line r = 2.5 a - 625 lie values for clear water, 
while to the left are observations for partial cloudiness. As 
stated above, sunglint situations must be treated separately. 
For convenience of reference, these three lines will be termed 
the 'cloud boundary’, the 'clear land boundary’, and the 
'clear water boundary’, respectively.

Each surface type occupies a distinct region of the 
diagram, with two exceptions, both involving desert and water.

10



One water sample is quite large* and extends well into the 
region of desert. This sample was chosen as an example of
very bright glint. It is simple to determine from the viewing 
geometry whether this situation is a possibility in any given 
case.

The second exception is a sample of very dark desert* 
some of the observations of which extend into the region which
defines water, In such a case it would be impossible to 
decide on the basis of single observations what type of
surface was being viewed.

Since the only major ambiguity found is between water and 
desert C and even then in only a small number of situations!) 
the condition is simple to resolve. Land-water tags are 
appended to operational AVHRR GAC data. When these tags are 
applied to the present scene identification scheme, any
ambiguity vanishes.

Ice and snow have not been included in Fig. since their
parameters are indistinguishable from those of clouds, due to 
the dominance of channels 1 and 2. Cloud and ice/snow are 
very similar in all channels except in channel 3. Fig. 8
shows frequency distributions for four cloud samples and one 
of ice. CIt is very difficult to select areas of ice which 
are uncontaminated by clouds, precisely because they appear so 
similar!). The clouds have a wide range of both distributions 
and reflectivities, due probably to variations in composition, 
illumination, and viewing geometry. However, not even a 
single cloud point has a reflectivity less than .01. For ice, 
almost all the values lie in the range 0 to .01. Those points 
which have greater value may very well result from cloud 
contamination. A value of the channel 3 reflectivity which is 
less than .01 would thus serve to distinguish ice from cloud.

It is now possible to assess the final effect on scene 
identification of the assumptions made regarding channel 3.

It may seen from equations 7, 9 and 10 that when r =r ,
1 2

a = 225 regardless of the value of r^. It also may be seen

from Fig. 7 that a = 225° is approximately central to the
scene distributions, Thus at this angle, any error in 
determining r has no effect on the scene identification.

3
When a > 225,o increasing i will cause cx to increase,3

while the opposite is true when < 225 oa As a result, 
variations in r .,  w___h_i_l_e resulting in shi ft of coordinates,3
will not be sufficient to change the identification of the 
scene type. This was verified by repeating the identification 
procedure for several areas, specifying for each a wide range 
of r 3,'  rat-h---e--r  t-h---a--n--  t--h--e- - u.1 ue calculated from the channel 3

observations. Only for very marginal situations did this 
result in a change of scene type.

How important, then, is channel 3 in the scene 
i denti f i cati on method? For separating snow or ice from cloud 
it is vital. For other scene types it serves in an auxilliary 
role, spreading the individual areas over a larger range of a
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and thus permitting a more confident delimiting of scene type 
boundaries.

The major consideration, however, is whether the desired 
scene types can be separated satisfactorily. If this can be 
done, then the final algorithm and its parts, as defined., are 
successful, even if any part by itself is in error. Thus, 
although the channel 3 reflectivities obtained here are only 
approximately correct, their absolute accuracy is of secondary 
importance.

Usually the surface types in an observed area are mixed. 
It then cannot be assumed that any parameter is normally 
distributed, and it is necessary to examine the actual 
distribution of the observations. In practice, therefore, an 
array of observed points must be processed as a single batch. 
This procedure may be illustrated by considering three 
examples of mixed scenes: partial cloudiness over water, clear
land ranging from vegetated to bare soil, and partial 
cloudiness over vegetation. The frequencies of occurence as a 
function of a and F for those areas are plotted in Figs. 9, 10 
and 11 respectively.

The observations that represent homogeneous GAC views are 
first identified. Thus in Fig. 9 the three observations that 
have a reflectivity greater than 39.6 % are identified as 
cloud, while those to the right of the clear water boundary 
are classified as water. The remaining observations, falling 
between these two groups represent various amounts of partial 
cloudiness. CSi nee it is assumed that a land-water
discriminator is being used, there is no possibility of 
mi si denti f yi ng any of these observations as desert. 2>

The interpretation of Fig. 10 is similar. The lack of 
reflectivities greater than 20% indicates that there are no 
clouds present in the area. The observations to the right of 
the clear land boundary are classified as desert, and those to 
the left as vegetation. However, the fact that the
distribution is continuous indicates that the vegetation 
coverage differs from spot to spot.

The method of analysis of Fig. 11 is the same as for Fig. 
9, except that here the major elements are vegetation and 
cloud. What is quite clear from this figure is the necessity 
of examining an array of observations, rather than attempting 
to classify each spot in isolation. Each partly cloudy spot 
examined individually could be mi si denti f i ed as desert. Oily 
after the overall context is determined from the distribution 
of values is it possible to specify the scene for individual 

GAC spots.
The observations in Figs. 9-11 come from relatively large 

geographical areas, and may include up to several thousand GAC 
spots. Such a size is computationally unwieldy, and tends to 
mask finer scale features. For routine processing a much 
smaller array is preferable. Since the operational processing 
of the AVHRR radiation budget uses an 11 x 11 array of GAC 
spots as its basic grouping, this would be a convenient size 
to use for scene identification.

Fig. 12 shows the distribution of observations for an

12



11x11 array selected arbitrarily from the data used to 
generate Fig. 11. Each of the 121 values is plotted
individually. In an operational situation, the only a priori 
information would be that the satellite is viewing land. 
There are four observations which have ref1ecti vi tes greater 
than 39.6%, and are therefore classified as totally cloud 
filled. A large number of points are to the left of the clear 
land boundary* and are identified as clear vegetation. Since 
there are present both cloud free and cloud filled pixels, the 
remaining observations are identified as partially cloud 
filled. Since in order to identify a scene as partly cloudy, 
it is necessary to have at least one pixel totally cloudy and 
one completely clear, this approach will yield a false result 
if all the pixels are partly cloudy.

In Fig. 12 there is present in this approximately 50 km 
square area a large variation in the parameters for clear 
vegetation. This may be attributed to such factors as 
vegetation type, degree of dryness, extent of ground cover, 
shadowing, etc. While such distinctions may be of interest to 
those interested in studying the nature and state of 
vegetative cover, it is of secondary importance for
operational processing. It must, however, be considered when 
evaluating observations that are identified as partly cloudy. 
A curve describing the variation from clear to overcast would 
be expected to have the same form for each pixel. Due to 
variations of the underlying surface and of cloud properties, 
however, the particular constants will differ between pixels, 
giving rise to a family of curves.

The assumption was made that any individual curve will 
intersect both the clear land Cor clear water!) boundary and 
the cloud boundary at right angles. The curve shape was 
specified by requiring that the normal to the curve pass 
through the intersection point of the clear and cloud 
boundaries. To compute the cloud fraction for a partly cloudy 
pixel, a line is computed which passes through the a, F of the 
pixel and through the intersection of the pertinent clear and 
cloud boundaries. The angle between this line and the clear 
boundary, divided by the angle between the clear boundary and 
the cloud boundary yields the fractional cloudiness. The 
dashed lines -in Fig. 12 are drawn for this ratio at intervals 
of 0.1. The total cloudiness computed for the observations 
shown in Fig. 12 is 18.3%.

6. Conclusion

The method presented here is capable of identifying for 
individual GAC spots major catagories of scene type: water,
vegetation, desert, ice/snow, cloud and partial cloud. For a 
partly cloudy spot it can also estimate the cloud amount. 
Since the information required beyond the data for a single 
spot is already present in the operational processing, Ci.e., 
11 x 11 arrays and land-water discriminators^, this method 
seems to be satisfactory as the basis for applying proper 
angular corrections for routine determination of the radiation

13



budget. The incorporation of this method into the operational 
processing procedure and an evaluation of its accuracy in this 
context will be presented in a later document.
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Table 2
Areas Used in Study 

Homogeneous Ar eas

Name Location Type

Desert, NOAA-7

Erg de Bilma 17-19°N, 12-1 4°E Erg Csand dunesD
Calanscio Sand Sea 28-29°N,23-25°E Erg Csand dunes) 
Hamada al Hamra 29-30°N ,11.5-13. 5°E HamadaCrock piateau} 
Ghadir ar Razzah 27-27.5°N,17-18°E Dark Rock
Erg Chech 25-27°N,l-2°W Erg Csand dunes),

view toward sun
Erg Chech 25-27°N,1-2°W Erg Csand dunes),

view away from sun
Desert, NOAA-6

Erg de Bilma 17-19°N, 12-14°E Erg Csand dunes)
Calanscio Sand Sea 28-29°N,23—25°E Erg Csand dunes)
Tassili n'Ajjer 25-26°N,8-9°E Dark hills Cdesert) 
Tanezrouft 20-22°N,1-3°E RegC pebbl e pavement!)
Vegetation, NOAA-7

S. France 44~46°N,0—4°E Vegetation
S. Engl and 52-53°N,0-4°W Vegetation
E. Brazil 18-20°S,42-43°W Sel va
Vegetation, NOAA-6

E. Brazil 7—11°S,45-49°W Wooded savanna and
sel va

Congo O—2°N,19-21°E Sel va
Cent. African Rep. 6-8°N,18-21°E Wooded savanna 
Hungar y 46-47°N,19-21°E Vegetation
Water f NOAA-7

Bay of Bi scay 45-47°N,5-8°W Water, view toward
sun

Bay of Biscay 45—47°N,5—8°W Water, view away
from sun

Off C. of Good Hope 34. 5-36°S,24-26°E Water30°N,46°W 29-31°N,45-47°W Water
Balearic Sea 37—38°N,0—2°E Water
Water, NOAA-6

E. Mediterranean 23-24°N,31-33°E Sunglint on water 1°S,30°W 0-2°S,29-31°W Water6°S,6°E 5—7°S,5-7°E Water
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Table 2, continued

Cloud, NOAA-7
37-38°N,21.8-22. 8°EGreece Cloud 

49-50°N,10-13°EBavaria Cl oud 
5S°N,35°W 54-56°N,37-39°W Cl oud 
35°S,35°W 35-37°S,35-37°W Cl oud

Cloud, NOAA-6
46°N,38°W 45-47°N,37-39°W Frontal cloud 
42°S.20°E 41-43°S,18-22°E Cl oud 

1.5-2.5°S,25. 5-26. 5°ECongo Cl oud

Ice, NOAA-7
76-79°N,35—45°WGr eenland I ce

Mixed Areas 
NOAA-7

2°S-2°N, 22-26°E Congo Part cloud over 
vegetation 

10°S,10°W 8-11°S,8-12°W Part cloud over 
water

39-42°N,4-6°WN. W. Spain Vegetation, unvege­
tated land, 
mountains
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Figure Captions
Figur e 1. Relationship of LAC and GAC fields of view.

Figure 2. Normalized Spectral responses of AVHRR channels. 
Spectral distribution of incident solar energy at the top 
of the atmosphere and of energy emitted by a 300°K black 

body.

Figure 3. Solar zenith angle limit for calculating channel 3 
r ef 1 ecti vi ty.

Figure 4. Channel 3 reflectivity as a function of temperature 
difference between channels 3 and 4 and channel 4 
temperature. Solar zenith angle = 0°.

Figure 5. Probability ellipsoids for a desert surface and a 
water surface, each viewed at two different angles.

Figure 6. Probability ellipsoids for two desert surfaces
viewed from both NOAA—6 and NOAA-7.

Figure 7. Probability ellipsoids for all homogeneous areas 
except ice.

Figure 8. Relative frequencies of occurence of channel 3 
ref1ectivities for four cloud samples and one ice sample.

Figure 9. Plot of frequencies of occurence of combinations of 
angle and mean reflectivity for partial cloudiness over 
water.

Figure 10. Same as Fi g. 9 for a mixture of vegetated and 
unvegetated land.

Figure 11. Same as Fig. 9 for partial cloudiness over
vegetation.

Figure 12. Same as Fig. 9 f or an 11 x 11 array selected from
the data of Fig. 11.
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