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M. Darzi

Abstract

Methods for detecting and screening cloud contamination from satellite derived visible and infrared data are
reviewed in this document. The methods are applicable to past, present, and future polar orbiting satellite
radiometers. Such instruments include the Coastal Zone Color Scanner (CZCS), operational from 1978 through
1986; the Advanced Very High Resolution Radiometer (AVHRR); the Sea-viewing Wide Field-of-view Sensor
(SeaWiFS), scheduled for launch in August 1993; and the Moderate Resolution Imaging Spectrometer (MODIS).
Constant threshold methods are the least demanding computationally, and often provide adequate results. An
improvement to these methods is to determine the thresholds dynamically by adjusting them according to the
areal and temporal distributions of the surrounding pixels. Spatial coherence methods set thresholds based
on the expected spatial variability of the data. Other statistically derived methods and various combinations
of basic methods are also reviewed. The complexity of the methods is ultimately limited by the computing
resources. Finally, some criteria for evaluating cloud screening methods are discussed.

1. INTRODUCTION
Clouds consist essentially of liquid water aerosols that

efficiently absorb and scatter electromagnetic radiation at
wavelengths smaller than 0.2 mm. Therefore, cloud de-
tection and screening are important prerequisites to the
retrieval of Earth (land or sea) surface data. This paper
reviews the methodology for such detection and screening
of cloud contamination applied to visible and infrared (IR)
radiometers of polar orbiting satellites.

Data obtained from the visible channels of the Coastal
Zone Color Scanner (CZCS), flown aboard Nimbus-7 and
active from 1978–86, require only daytime cloud detection
schemes, as will data from the Sea-viewing Wide Field-of-
view Sensor (SeaWiFS), scheduled for launch in August
1993. Both sensors are dedicated to oceanographic appli-
cations. The Advanced Very High Resolution Radiometer
(AVHRR), flown aboard the National Oceanic and Atmo-
spheric Administration (NOAA) satellite series, is used for
land and sea studies and its visible and IR channels re-
quire both day and nighttime cloud detection. The Mod-
erate Resolution Imaging Spectrometer (MODIS) is sched-
uled for launch in the late 1990s as part of the Earth Ob-
serving System (EOS) for monitoring global atmospheric,
oceanic, and terrestrial changes. By virtue of its wider
spectral range, improved ground resolution, and signifi-
cantly greater spectral resolution, MODIS will not only al-
low more accurate detection of clouds based on techniques
discussed here, but will be capable of deriving a number of
important cloud and other atmospheric properties (King
et al. 1992).

2. DIRECT THRESHOLDS
Over the visible and reflected IR range, ocean water re-

flectance through a cloud-free atmosphere is generally on
the order of 10% or less, whereas the reflectance of clouds
is normally greater than 50%. Therefore, a threshold value

may simply be a set that discriminates between the mea-
sured radiance of a cloudy and clear pixel over water during
daytime. (Ocean reflectance is composed primarily of the
reflection of direct and diffuse solar radiation with some
contribution from back radiation of the water column.)
High reflectance also occurs when snow, ice, or sun glint
(specular reflection) is present and a cloud threshold will
discriminate against such cases that are just as undesirable
for the derivations of sea surface temperatures (SSTs) or
chlorophyll pigment concentrations.

Reflectance is a function of the angle of incidence of
the observed ray, so satellite and solar zenith and azimuth
angles should be taken into account in setting the most
effective threshold values for visible and reflected IR chan-
nels. Thus, the maximum reflectance expected for a sur-
face of interest and for a given angle consisting of the sun,
the earth-located pixel, and the satellite (SPS) will serve
best as the threshold value. A large solar zenith angle
resulting in low incident light as well as an SPS angle re-
sulting in high probability of glint contamination should
be rejected independently and before the application of
radiance thresholds in order to improve their effectiveness.

CZCS channel 5 (nominal wavelength, 0.75µm) is used
to detect land and clouds. A threshold of 21 counts for
that channel is usually adequate to screen out the brighter
land and cloud pixels from sea surface pixels (McClain et
al. 1992). In turn, a threshold of 190 counts in channel 1
(0.443µm) is used to differentiate land from the brighter
cloud surfaces. However, in areas of low solar elevations,
where clouds tend to be less bright, and in areas of thin
clouds, such thresholds may need to be adjusted down-
ward.

Thresholds for thermal IR channels (AVHRR channels
3, 4, and 5 at nominal wavelengths of 3.7, 11, and 12µm,
respectively) may be used during the day as well as night
when visible channels are not useful. Threshold values may
be set to discriminate between cloud-top surfaces, as well
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as snow and ice, having brightness temperatures too cold
for ocean surfaces. (When available, channel 5 is preferable
because of the generally greater optical depth of clouds
at this particular wavelength band.) However, in areas
of actually low SSTs (down to a minimum of −2◦C at
high latitudes), the net effect of cloud contamination will
be smaller and more difficult to discern on the basis of a
simple IR threshold value. Infrared channel thresholds can
be very useful for daytime conditions where low clouds are
in the shadow of other clouds and would have much lower
reflectance.

The use of direct radiance thresholds to identify cloudy
pixels suffers when the measurement signature of clouds
and the ocean surface approach each other and when only
a fraction of the pixel area is obscured by clouds so as not
to place the derived quantity beyond the expected range.
Partial coverage occurs either when clouds are of sub-pixel
size, as is often the case with cumulus or thin, scattered
clouds, or when the pixel view area overlaps the edge of a
larger cloud. Thus, errors in threshold techniques will de-
pend on the areal size distributions of the observed clouds
(Joseph 1985), with best results obtained when most of the
cloud cover is accounted for by larger-than-pixel clouds. It
is interesting to note that the error resulting from sub-pixel
clouds also depends on the resolution of the pixels. Small,
widely scattered clouds, for example, are more easily de-
tected in mid-scan pixels than in the elongated, scan-edge
pixels.

Nevertheless, the use of direct thresholds requires min-
imal computational time and may significantly decrease
processing time since they eliminate pixels prior to the
more computationally intensive derivation of geophysical
values. The extent that pixels which should be excluded
are included (type-1 error) and to which pixels that should
be included are excluded (type-2 error) is very sensitive to
the threshold setting. Moreover, the judicious selection of
the exact channel(s) to apply a threshold test will improve
its effectiveness. For example, the spectral response of the
AVHRR channel 2 can detect cirrus clouds better than
channel 1 and would prove a more effective choice in most
cases.

For AVHRR local area coverage (LAC) data, which has
a nadir resolution of 1.1 km, Olesen and Grassel (1985)
combined the use of a direct channel 5 threshold with a
threshold based on the difference of the channel 3 and 4
brightness temperatures for ocean images. The difference
value exploits the different dependence of these channels’
radiances on cloud optical thickness. Using various thresh-
old values in their algorithm, based on assumptions of an
average atmospheric profile, they were able to deduce in-
formation on the clouds’ classification, as well as detecting
their presence. The differences between channels 3 and
4 and between channels 4 and 5, have also been used to
discern clouds in polar regions (Raschke et al. 1992, Ya-
manouchi and Kawaguchi 1992).

3. DETERMINING THRESHOLDS
Various methods may be used to define threshold val-

ues. An operational method for IR data for SSTs for ex-
ample, could use the mean of the local pixels (e.g., 1-degree
grid centered at the pixel of interest) over the previous few
days corrected for the maximum likely atmospheric ab-
sorption effects to help determine the expected SST. The
forecast from a mesoscale model could be used to define
the temperature at the top of the atmosphere in lieu of, or
in addition to, the previous days’ SST mean. The greater
variability of surface temperatures makes such methods
less certain over land. (Care would be needed to exclude
coastal areas during SST processing.) Eck and Kalb (1991)
used a database of average monthly surface temperatures
as a function of 500×500 km areas over Africa to deter-
mine optimal channel 5 thresholds for screening cloud con-
taminated pixels when deriving a vegetation index from
AVHRR data. They note that the application of the method
in more temperate climates may result in greater errors
because of the higher likelihood of anomalously low air
temperatures relative to the monthly averages.

Automatic processing may be augmented (or replaced)
by having a user display from which one could select from
occasional (or all) images of cloud-free land and sea areas
likely to be the coldest, e.g., high latitude ocean water and
high altitude land areas. The threshold is then set to be
just colder so as not to exclude these actual Earth surface
values. Thresholds set in this manner are optimal since
they represent the actual minimum value for the region to
be tested and are for the same time as the data. Such in-
teractive steps may be used to assess the effectiveness of an
operational algorithm after it is implemented. Analogous
procedures are also applicable for defining albedo thresh-
olds for visible channels (Saunders and Kriebel 1988).

A dynamic method for determining thresholds is to
generate the histogram of pixel radiance counts for each
area of interest. The size of the area used for this purpose
is not critical except that it must be large enough to ob-
tain good statistics for cloud-free land or sea areas. Peaks
for the cloud-free areas are then identified and a threshold
is established to discriminate such peaks from the con-
taminated pixels. Cloudy pixels, because of the various
degrees to which they can be contaminated, will have a
broad range of values to one side of the peaks. For exam-
ple, cloudy pixels will have generally higher albedo values
for visible channels. A major advantage of this method
is that it avoids inaccuracies due to calibration variations.
This is especially important for data from channels, such as
AVHRR channels 1 and 2 (nominal wavelengths, 0.63 and
0.91 µm), that lack onboard calibration. Moreover, when
small areas are used for the histogram and the results are
applied to proximate pixels, the dependence of reflectance
on SPS angle geometry is not significant.

Saunders (1986) applied a dynamic visible threshold
to AVHRR LAC based on the histograms of the visible

2



M. Darzi

reflected radiances. A constant value above the value of
the identified clear-pixel peak served as the threshold. If
no dominant peak was identified, all pixels were consid-
ered contaminated. Over ocean areas, the channel 2 histo-
gram was used because of that channel’s lesser sensitivity
to aerosol and molecular scattering, whereas the channel
1 histogram was used over land because of the generally
greater contrast between land and clouds in that channel.
England and Hunt (1985) used the 11µm IR histograms to
fine-tune dynamically visible thresholds for discriminating
land, sea, and cloud data from METEOSAT (Meteorolog-
ical Satellite from the European Space Agency).

Depending on the rate of data to be processed, the
speed of the computer, and the accuracy of detection re-
quired, different variations of this histogram method may
be implemented. For minimum computation, the entire
image, or a representative portion of it, could be histo-
grammed and the derived threshold applied to the entire
image. Alternatively, the image may be broken into a grid
and each cell treated independently as a sub-image. The
most computationally demanding method is to scroll the
area to histogram over each pixel, or set of pixels, as they
are processed, with the identification of peaks and the set-
ting of thresholds being done automatically using peak-
fitting programs. The lack of identifiable peaks may be
used to indicate cloud contamination over the entire area.
The stringency of the statistical test used to identify (de-
tect) a peak can be set by the user.

4. SPATIAL COHERENCE
The expected variation of the measurement values can

itself act as a threshold to detect cloud contamination.
This uniformity or spatial coherence test is especially ef-
fective for measurements, such as SSTs or some land sur-
faces at night, having relatively small horizontal gradients.
The variation for a pixel and its adjacent pixels is com-
pared with the expected variation determined from a set
of nearby (in space and time) cloud-free pixels. Cloud con-
tamination would presumably cause a larger than expected
variation. The extent to which pixels are accepted/rejected,
and the extent to which type-1 and type-2 errors will oc-
cur, can be determined by how small the expected varia-
tion threshold is set. However, this method will fail when
the cloud variation is smaller than that of the surface of
interest. Low-level stratus clouds, for example, have ex-
tremely uniform cloud-top temperatures and will fail de-
tection. Optically thin clouds, such as cirrus, will also fail
detection by this method.

As mentioned previously, the use of direct radiance
thresholds can fail to adequately detect contamination from
small, sub-pixel clouds. The effect of sub-pixel clouds on
AVHRR global area coverage (GAC) data, which has a
nadir resolution of 4 km, was simulated by Kaufman (1987)
using an empirical model to represent various cloud types.
The results indicated that such small clouds affect the vari-

ability of the radiances and thus are detectable by spatial
coherence techniques. A method to correct for the effect
of small and thin clouds on thermal data was presented
by Gower (1985). The technique relies on the correlation
of the error that a small amount of cloud contamination
will have on visible or near-IR radiances and on thermal-
IR radiances. It was applied to AVHRR images over ocean
regions using channels 2 and 4.

A spatial coherence method was used by Coakley and
Bretherton (1982) to examine the standard deviation of
2×2 arrays of AVHRR channel 4 GAC data as a func-
tion of the arrays’ means for an ocean region. Clusters
of low variance coupled with low radiating temperatures
and low variance coupled with high temperatures identi-
fied completely covered and cloud-free pixels, respectively.
Partially-covered pixels, on the other hand, exhibited in-
termediate temperatures with higher and much more vari-
able standard deviations. Crane and Anderson (1984) ap-
plied this technique to the discrimination of clouds from
snow and ice cover using a near-IR sensor.

Using AVHRR channels 3 and 4 data, Kelly (1985)
combined direct and difference thresholds with two spatial
variability tests to screen cloud pixels from LAC ocean im-
ages. One spatial variability test was based on the magni-
tude of the difference between pixels. Magnitudes greater
than positive and negative thresholds were used as an in-
dication of clouds. The other variability test was based on
the mean of 5×5 pixel squares and the presence of pixel val-
ues significantly different from that mean in each square.
Squares for which such values occurred, and for which most
neighboring squares were unequivocally clouds, were as-
sumed to be cloud contaminated on the assumption that
clouds occur in clusters.

Gutman et al. (1987) combined constant visible and
thermal-IR thresholds with a standard deviation thresh-
old that was a function of space and time for screening
cloud-contaminated pixels from AVHRR GAC data over
the Great Plains of the United States. The direct thresh-
olds should be applied first in order to diminish the in-
fluence of uniform cloudy areas on the standard devia-
tion. After this first screening, it was assumed that the
lowest standard deviation for an approximately 40×40 km
area over a four week period represented the cloud-free,
or background, variability of the area and that changes in
this background variability with time were small relative
to such changes caused by clouds. Empirically, they used
a constant factor of 1.4 times the background variability
to determine the threshold but note that an improvement
would be to use a factor that is a function of time and
space. Good results were obtained by using albedo as well
as thermal background variabilities for the spatial coher-
ence test. However, visible data generally provide a better
contrast between clouds and land, especially for low warm
clouds, and the background visible variability is more sta-
ble, while thermal data allows better detection of high thin
cirrus clouds. A spatial coherence test based on the com-
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bined use of visible and thermal data should therefore pro-
vide even better results.

Saunders and Kriebel (1988) refined methodology sug-
gested by Saunders (1986) that combined direct, dynamic,
difference, and ratio thresholds and a spatial coherence test
for AVHRR LAC data. A combination of five criteria were
used with variations for open ocean, land, or coastal areas,
for day or nighttime, and for 4- or 5-channel instruments.
In all cases, a direct threshold based on the interactively
identified coldest IR radiances from each image of chan-
nel 5, or channel 4 if 5 was not available, was used. This
IR threshold was applied first, resulting in the elimina-
tion of a significant percent of cloudy pixels and thus a
significant computational savings. The spatial coherence
test was based on 3×3 pixel arrays of channel 4 bright-
ness temperatures. Because of greater surface variability,
the spatial coherence test was not used for land and coastal
areas during the day and not for coastal areas at night. For
the 5-channel AVHRR, a threshold based on the brightness
temperature difference between channels 4 and 5 was used
for day and night to help detect all but low clouds.

For daytime images, a dynamic visible threshold (see
above) was also applied, followed by a threshold based on
the ratio of the channel 2 to channel 1 reflectances. At
sea, this ratio is well defined around 0.5 for cloud-free pix-
els because of the greater visible molecular and aerosol
scattering, whereas a wide range of values greater than 1.0
occur for land due to the increased near-IR reflectance of
vegetation. On the other hand, clouds, as well as snow
and ice, concentrate around values of 1.0 due to their sim-
ilar reflectances in both channels. For nighttime images, a
threshold based on the brightness temperature difference of
channels 3 and 4 was used primarily as a test for low clouds
and fog, and one based on the differences for channel 3 and
5 (or 4 when 5 was not available) was used for sub-pixel
and semi-transparent clouds as well as most medium and
high-level clouds. Because they defined cloud-free pixels
as those that passed all five tests for day or night images,
the Saunders and Kriebel (1988) results likely included a
significant percent of type-2 pixels. By the same token,
the stringency of the combined tests ensured that very few
cloud-contaminated pixels would be used for their sea or
land-surface analysis (type-1 errors). The procedures of
Saunders and Kriebel (1988) have been applied with good
success by Saunders (1989) and Weare (1992).

A similar screening scheme for AVHRR GAC data,
based on a combination of tests that utilize all five chan-
nels, has been used by Stowe et al. (1991). Different sets of
tests are applied to day and nighttime scenes, and different
test criteria are established for ocean and land regions. The
tests include direct, difference, and ratio thresholds, and
thresholds based on variability. A global set of constant
thresholds are obtained from an associated database. Fu-
ture development includes the dynamic setting of thresh-
olds based on the analysis of clear pixels from the previous
coverage of the area during operational processing.

Thiermann and Ruprecht (1992) used a variant of the
usual spatial coherence test in which the pixel being in-
vestigated was given greater weight than the neighboring
pixels. This was done by basing the variance metric on the
difference between the central pixel only and its neighbors.
This resulted in an increased sensitivity to cloud contami-
nation. They followed this test with an IR threshold test to
detect cases of homogeneous cloud cover that defy coher-
ence tests. However, they determined the threshold from a
histogram of pixels remaining after the application of their
coherence test in order to minimize the number of falsely
rejected pixels (type-2 errors).

5. MORE COMPLEX METHODS
A number of more involved procedures have been de-

vised to improve upon the use of simple radiance thresholds
described above, although all are necessarily based on dif-
ferences in the spectral responses between Earth surfaces
and clouds. For example, Bernstein (1982) applied a set
of tests to extract cloud-free pixels from daytime AVHRR
LAC data for use in determining SSTs. First, 30×30 pixel
squares meeting a prescribed sun to satellite geometry and
having a viewing angle that ensures the absence of specular
reflection were identified for areas visually determined to
be relatively cloud free (low channel 2 albedo). Then, the
pixel or pixels having the minimum albedo within each
area was used if that albedo was less than 2% and fell
within an acceptable range of expected radiance according
to a simple, linear Rayleigh scattering model. To ensure
that these minima were not due to cloud shadows, pixels
whose adjacent pixels’ albedo were greater than 2% were
rejected.

If multiple pixels passed these tests for each area, the
maximum channel 4 and, if needed, channel 3 tempera-
tures were used to select the pixel most likely to be cloud
free. Importantly, the purpose of this screening was to se-
lect pixels for SST calculations whose results were to be
compared with in situ values. Since relatively few pixels
were required for this purpose, the restrictiveness of the
criteria, and its consequent exclusion of many cloud-free
pixels (type-2 errors), was not problematic. Such a data
loss, however, would be unacceptable if the generation of
an SST field, for example, was the goal.

Another study for deriving daytime SST values deter-
mined the empirical albedo as a function of solar zenith
angle and used a nonlinear statistical model to determine
cloud-free albedo as a function of Rayleigh scattering cross
section (Simpson and Humphrey 1990). A pixel was re-
jected for SST calculation if the AVHRR channel 2 albedo
was greater than the empirical value for its zenith angle
or was outside a standard deviation of the model value.
They called this procedure the local dynamic threshold
nonlinear Rayleigh (LDTNLR) test. A direct threshold
test, based on the channel 4 radiances, was then applied
to detect clouds having low reflected-IR radiances due to
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shadows from higher clouds and which could thus pass the
LDTNLR test. Eckstein and Simpson (1991) also applied
the LDTNLR procedure to CZCS data using that sensor’s
near-IR channel 5.

The averaging of pixels will improve the accuracy of
radiance measurements since sensor noise errors are re-
duced. This is an effective procedure when a lower resolu-
tion is acceptable and when horizontal gradients are rela-
tively small. However, the presence of cloud contamination
will negate such improvement. An accurate method for de-
tecting cloud contamination when averaging is used, is to
compare the histogram of each set of averaged pixels with
that of a set of cloud-free pixels. For the cloud-free pixels,
the shape of the histogram will approximate a Gaussian
spike that is centered at the average value. If the aver-
aged pixels are contaminated, their histogram will contain
a tail to one side. (For example, a cool tail will occur for IR
channel data.) By fitting the spike of the cloud-free pixels,
the center of the histogram, and therefore the desired av-
erage value of the contaminated pixels, may be determined
(Smith et al. 1970). Although computational requirements
are smaller when the comparison is done for low-level data
(radiance counts), the atmospheric transmission conditions
for the cloud-free pixels and the averaged pixels must then
be similar.

More elaborate cloud detection methods for SST de-
terminations are especially useful at night and exploit the
differences in the IR channels’ sensitivity to clouds. For ex-
ample, the presence of clouds has the effect of causing SSTs
calculated by split-, dual-, and triple-window algorithms to
diverge (McClain 1989). A difference greater than a speci-
fied amount may be used to indicate cloud-contamination.
Similarly, dual-window algorithms using channels 3 and 4
and channels 4 and 5 calculate the differences in brightness
temperatures, T3−T4 and T4−T5, respectively (McClain
et al. 1985). The ratio (T3 − T4)/(T4 − T5) is not sensi-
tive to atmospheric conditions other than cloudiness. For
opaque clouds covering a pixel area, the emissivity of such
clouds is less at channel 3 than at channels 4 and 5 and
the ratio will be smaller. For partially cloudy pixels, the
measured radiance is composed of the radiances from the
warmer sea surface and the colder cloud tops. Since the ra-
diance for channel 3 is more sensitive to temperature than
the other channels, the ratio will be greater for such con-
ditions. These methods are obviously more intensive com-
putationally since they require multiple, quasi-independent
calculations of SST for each pixel, even those subsequently
rejected as cloudy.

A purely statistical approach using a principle compo-
nent transformation with a split-merge classification has
been developed recently for AVHRR nighttime IR data but
should also be applicable to day IR and visible data (Gal-
laudet and Simpson 1991). The procedure first calculates
the difference images for the channel 3, 4, and 5 combi-
nations to improve the dynamic range of the data. (Only
two difference images are required.) A principle component

analysis is performed on the difference images, removing
interband correlations and reducing the dimensionality of
the data to a small number of clusters that adequately ac-
count for the variance. The clusters are then identified as
cloud, land, or ocean data by a labelling algorithm using
objective, a priori criteria. Note that the method can po-
tentially identify types of clouds or ocean regimes should
they result in separate clusters.

In addition to the detection of clouds, bispectral and
multispectral cluster analyses can derive other cloud pa-
rameters (Reynolds and Vonder Haar 1977, Phulpin et al.
1983, Arking and Childs 1985, Key et al. 1989). Many
other methods have been used for the derivation of cloud
and other atmospheric information (Rossow et al. 1988,
Stowe et al. 1988, Key and Barry 1989, Rossow et al.
1989, Detwiler 1990, Stone et al. 1990, Rossow and Schiffer
1991). Methods based on patterns of radiances have also
been described (Parikh 1977, Wu et al. 1985, Chin et al.
1987, Ebert 1992). Garand (1986) discussed a method for
the automated recognition of cloud patterns in satellite
images for the purpose of cloud classification. Although
cloud detection is performed in all these methods, their
purpose is to study clouds or other atmospheric phenom-
ena, not merely to screen them out. They are generally
not appropriate for the operational detection of clouds by
SeaWiFS or AVHRR because of their processing demands
(including user interaction) or requirements for special, co-
incident ancillary data. Nevertheless, they can be used in
special studies and to help validate the effectiveness of a
cloud detection procedure.

6. EVALUATING METHODS
A number of criteria must be taken into account when

evaluating the adequacy of any cloud-detection scheme.
The extent to which a scheme eliminates cloud contam-
inated pixels (avoids type-1 errors) is perhaps the most
important criterion since it will determine the ultimate ac-
curacy of the derived Earth surface data. For cases where
the sparseness of the data is of concern, a scheme’s abil-
ity to not reject uncontaminated pixels (type-2 errors) be-
comes important. The robustness of a scheme is a mea-
sure of how applicable it is over diurnal and seasonal time
ranges, regional or global scales, and the variety of cloud
types and densities that can exist. For localized studies,
schemes that are applicable over a narrow range of con-
ditions may be acceptable; for global and long-term data
sets, such as AVHRR SSTs and SeaWiFS pigment con-
centrations, clouds must be detected for a wide variety of
conditions. Finally, the computational requirements of any
scheme must be considered, especially in the case of real
time or near-real time satellite data processing.

Thus, the selection of a cloud-detection scheme must
obviously take into account the type of data processing
(historical vs. near real-time), the areal coverage and time
length of the data, the computing resources, and the strin-
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gency of the accuracy requirements for the derived data.
Schemes such as those outlined above and their variants
may be used in any number of combinations to provide
an optimum procedure for the task at hand. The set-
ting of threshold values must also be fine-tuned for the
specific requirements to ensure that, although cloud con-
tamination by very small clouds may not be completely
eliminated, any resulting errors will be contained within
acceptable bounds. For operational usage, the effective-
ness of the cloud detection algorithm must be evaluated
frequently—an effort that is an essential element of overall
data validation.

Glossary

AVHRR Advanced Very High Resolution Radiometer
CZCS Coastal Zone Color Scanner
EOS Earth Observing Satellite
GAC Global Area Coverage

IR Infrared
LAC Local Area Coverage

LDTNLR Local Dynamic Threshold Nonlinear Raleigh
(a test)

METEOSAT Meteorological Satellite (European Space
Agency)

MODIS Moderate Resolution Imaging Spectrometer
NOAA National Oceanic and Atmospheric Admin-

istration
SeaWiFS Sea-viewing Wide Field-of-view Sensor

SPS Sun, pixel, and satellite angle
SST Sea Surface Temperature

References

Arking, A., and J.D. Childs, 1985: Retrieval of cloud cover
parameters from multispectral satellite images, J. Climate
Appl. Meteor., 24, 322–333.

Bernstein, R.L., 1982: Sea surface temperature estimation us-
ing the NOAA 6 satellite Advanced Very High Resolution
Radiometer, J. Geophys. Res., 87, 9,455–9,465.

Chin, R.T., C. Jau, and J.A. Weinman, 1987: The application
of time series models to cloud field morphology analysis, J.
Climate Appl. Meteor., 26, 363–373.

Coakley, J.A., Jr., and F.P. Bretherton, 1982: Cloud cover from
high resolution scanner data: Detecting and allowing for
partially filled fields of view, J. Geophys. Res., 87, 4,917–
4,932.

Crane, R.J., and M.R. Anderson, 1984: Satellite discrimination
of snow/cloud surfaces, Int. J. Remote Sensing, 5, 213–
223.

Detwiler, A., 1990: Analysis of cloud imagery using box count-
ing, Int. J. Remote Sensing, 11, 887–898.

Ebert, E.E., 1992: Pattern recognition analysis of polar clouds
during summer and winter, Int. J. Remote Sensing, 13,
97–109.

Eck, T.F., and V.L. Kalb, 1991: Cloud-screening for Africa us-
ing a geographically and seasonally variable infrared thresh-
old, Int. J. Remote Sensing, 12, 1,205–1,221.

Eckstein, B.A., and J.J. Simpson, 1991: Cloud screening Coastal
Zone Color Scanner images using channel 5, Int. J. Remote
Sensing, 12, 2,359–2,377.

England, C.F., and G.E. Hunt, 1985: A bispectral method for
the automatic determination of parameters for use in imag-
ing satellite cloud retrievals, Int. J. Remote Sensing, 6,
1,545–1,553.

Gallaudet, T.C., and J.J. Simpson, 1991: Automated cloud
screening of AVHRR imagery using split-and-merge clus-
tering, Remote Sensing Environ., 38, 77–121.

Garand, L., 1986: Automated Recognition of Oceanic Cloud
Patterns and its Application to Remote Sensing of Mete-
orological Parameters, Doctoral dissertation, Dept. of Me-
teorology, Univ. of Wisconsin-Madison.

Gower, J.F.R, 1985: Reduction of the effect of clouds on satel-
lite thermal imagery, Int. J. Remote Sensing, 6, 1,419–
1,434.

Gutman, G., D. Tarpley, and G. Ohring, 1987: Cloud screen-
ing for determination of land surface characteristics in a
reduced resolution satellite data set, Int. J. Remote Sens-
ing, 8, 859–870.

Joseph, J.H., 1985: The morphology of fair weather cumulus
cloud fields as remotely sensed from satellites and some
applications, Adv. Space Res., 5(6), 213–216.

Kaufman, Y.J., 1987: The effect of subpixel clouds on remote
sensing, Int. J. Remote Sensing, 8, 839–857.

Kelly, K.A., 1985: Separating clouds from ocean in infrared
images, Remote Sensing Environ., 17, 67–83.

Key, J., and R.G. Barry, 1989: Cloud cover analysis with Arctic
AVHRR data. 1. Cloud detection, J. Geophys. Res., 94,
18,521–18,535.

, J.A. Maslanik, and R.G. Barry, 1989: Cloud classification
from satellite data using a fuzzy sets algorithm: A polar
example, Int. J. Remote Sensing, 10, 1,823–1,842.

King, M.D., Y.J. Kaufman, W.P. Menzel, and D. Tanre, 1992:
Remote sensing of cloud, aerosol, and water vapor proper-
ties from the Moderate Resolution Imaging Spectrometer
(MODIS), IEEE Trans. Geosci. Remote Sensing, 30, 2–27.

McClain, C.R., G. Fu, M. Darzi, and J.K. Firestone, 1992:
PC-SEAPAK User’s Guide, Version 4.0, NASA Technical
Memorandum 104557, NASA/Goddard Space Flight Cen-
ter, Greenbelt, MD.

McClain, E.P., 1989: Global sea surface temperatures and cloud
clearing for aerosol optical depth estimates, Int. J. Remote
Sensing, 10, 763–769.

, W.G. Pichel, and C.C. Walton, 1985: Comparative per-
formance of AVHRR-based multichannel sea surface tem-
peratures, J. Geophys. Res., 90, 11,587–11,601.

Olesen, F.-S., and H. Grassel, 1985: Cloud detection and clas-
sification over the oceans at night with NOAA-7, Int. J.
Remote Sensing, 6, 1,435–1,444.

Parikh, J.A., 1977: A comparative study of cloud classification
techniques, Remote Sensing Environ., 6, 67–81.

Phulpin, T., M. Derrien, and A. Brard, 1983: A two-dimensional
histogram procedure to analyze cloud cover from NOAA
satellite high-resolution imagery, J. Climate Appl. Meteor.,
22, 1,332–1,345.

Raschke, E., P. Bauer, and H.J. Lutz, 1992: Remote sensing
of clouds and surface radiation budget over polar regions,
Int. J. Remote Sensing, 13, 13–22.

Reynolds, D.W., and T.H. Vonder Haar, 1977: A bispectral
method for cloud parameter determination, Mon. Weather
Rev., 105, 446–457.

6



M. Darzi

Rossow, W.B., L.C. Garder, and A.A. Lacis, 1989: Global,
seasonal cloud variations from satellite radiance measure-
ments. Part I: Sensitivity of analysis, J. Climate, 2, 419–
458.

, L.C. Garder, P.-J. Lu, and A. Walker, 1988: International
satellite cloud climatology project (ISCCP) documentation
of cloud data, WMO/TD-No. 266, World Meteorological
Org.

, and R.A. Schiffer, 1991: ISCCP cloud data products,
Bull. Amer. Meteor. Soc., 72, 2–20.

Saunders, R.W., 1986: An automated scheme for the removal
of cloud contamination for AVHRR radiances over western
Europe, Int. J. Remote Sensing, 7, 867–888.

, 1989: A comparison of satellite-retrieved parameters with
mesoscale model results, Quart. J. Royal Meteorol. Soc.,
115, 551–572.

, and K.T. Kriebel, 1988: An improved method for detect-
ing clear sky and cloudy radiances from AVHRR data, Int.
J. Remote Sensing, 9, 123–150, Errata, ibid., 9, 1,393–
1,394.

Simpson, J.J., and C. Humphrey, 1990: An automated cloud
screening algorithm for daytime Advanced Very High Res-
olution Radiometer imagery, J. Geophys. Res., 95, 13,459–
13,481.

Smith, W.L., P.K. Rao, R. Koffler, and W.P. Curtis, 1970:
The determination of sea surface temperature from satellite
high-resolution infrared window radiation measurements,
Mon. Weather Rev., 98, 604–611.

Stone, R.S., G.L. Stephens, C.M.R. Platt, and S. Banks, 1990:
The remote sensing of thin cirrus cloud using satellites,
lidar and radiative transfer theory, J. Appl. Meteor., 29,
353–366.

Stowe, L.L., E.P. McClain, R. Carey, P. Pellegrino, G. Gutman,
P. Davis, C. Long, and S. Hart, 1991: Global distribution
of cloud cover derived from NOAA/AVHRR operational
satellite data, Adv. Space Phys., 11(3), 51–54.

, C.G. Wellemeyer, T.F. Eck, H.Y.M. Yeh, and the Nimbus-
7 Cloud Data Processing Team, 1988: Nimbus-7 global
cloud climatology, J. Climate, 1, 445–470.

Thiermann, V., and E. Ruprecht, 1992: A method for the de-
tection of clouds using AVHRR infrared observations, Int.
J. Remote Sensing, 13, 1,829–1,841.

Weare, B.C., 1992: A comparison of the ISCCP C1 cloud
amounts with those derived from high resolution AVHRR
images, Int. J. Remote Sensing, 13, 1,965–1,980.

Wu, R., J.A. Weinman, and R.T. Chin, 1985: Determination
of rainfall rates from GOES satellite images by a pattern
recognition technique, J. Atmos. Ocean. Technol., 2, 314–
330.

Yamanouchi, T., and S. Kawaguchi, 1992: Cloud distribution
in the Antarctic from AVHRR data and radiation mea-
surements at the surface, Int. J. Remote Sensing, 13, 111–
127.

7



          Form Approved

  Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering
  and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of
  information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite
  1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC  20503.

  1.  AGENCY USE ONLY (Leave blank)         2.  REPORT DATE           3.  REPORT TYPE AND DATES COVERED
        December 1992            Technical Memorandum

 4.  TITLE AND SUBTITLE 5.  FUNDING NUMBERS

     SeaWiFS Technical Report Series
     Volume7–Cloud Screening for Polar Orbiting Visible and Infrared (IR)      Code 970.2
                      Satellite Sensors

9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)                  10.  SPONSORING/MONITORING
                     AGENCY REPORT NUMBER

11.  SUPPLEMENTARY NOTES

12a.  DISTRIBUTION/AVAILABILITY STATEMENT                  12b.  DISTRIBUTION CODE

14.  SUBJECT TERMS               15.  NUMBER OF PAGES

           16.  PRICE CODE

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
                 Prescribed by ANSI Std. 239-18, 298-102

7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8.  PERFORMING ORGANIZATION
     REPORT NUMBER

             REPORT DOCUMENTATION PAGE          OMB No. 0704-0188

      OF REPORT                   OF THIS PAGE           OF ABSTRACT
17. SECURITY CLASSIFICATION           18. SECURITY CLASSIFICATION           19. SECURITY CLASSIFICATION            20. LIMITATION OF ABSTRACT

     Unclassified              Unclassified        Unclassified Unlimited

SeaWiFS, Cloud Detection, Cloud Screening, Satellite Remote Sensing, Visible              7
Radiometers, Infrared Radiometers, AVHRR, Coastal Zone Color Scanner (CZCS),
MODIS

Elaine R. Firestone and Michael Darzi: General Sciences Corporation, Laurel, Maryland.

Report is available from the Center for AeroSpace Information (CASI),
7121 Standard Drive, Hanover, MD 21076–1320; (301)621-0390

Unclassified–Unlimited
Subject Category 48

13.  ABSTRACT (Maximum 200 words)

National Aeronautics and Space Administration
Washington, D.C.  20546–0001                 TM–104566, Vol. 7

Laboratory for Hydrospheric Processes
Goddard Space Flight Center      93B00016
Greenbelt, Maryland  20771

6.  AUTHOR(S)

    Michael Darzi

    Series Editors: Stanford B. Hooker and Elaine R. Firestone

Methods for detecting and screening cloud contamination from satellite derived visible and infrared data are reviewed in
this document. The methods are applicable to past, present, and future polar orbiting satellite radiometers. Such instru-
ments include the Coastal Zone Color Scanner (CZCS), operational from 1978 through 1986; the Advanced Very High
Resolution Radiometer (AVHRR); the Sea-viewing Wide Field-of-view Sensor (SeaWiFS), scheduled for launch in
August 1993; and the Moderate Resolution Imaging Spectrometer (MODIS). Constant threshold methods are the least
demanding computationally, and often provide adequate results. An improvement to these methods is to determine the
thresholds dynamically by adjusting them according to the areal and temporal distributions of the surrounding pixels.
Spatial coherence methods set thresholds based on the expected spatial variability of the data. Other statistically derived
methods and various combinations of basic methods are also reviewed. The complexity of the methods is ultimately
limited by the computing resources. Finally, some criteria for evaluating cloud screening methods are discussed.


