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ABSTRACT

This paper describes the cloud screening algorithms that have been developed for the processing of Polarization
and Directionality of the Earth Reflectances (POLDER) measurements over land surfaces. Four tests are applied
to the measurements. The first one is a threshold on the 0.44-mm reflectance after atmospheric correction. The
second one is similar but with a smaller threshold and is applied only over targets with significant spectral
variation. The third one compares the surface pressure to an estimate derived from two POLDER channels
centered on an oxygen absorption band. The fourth one makes use of POLDER polarization capabilities and
seeks the presence of a rainbow generated by water clouds.

The performance of the method is evaluated using a large dataset of nearly coincident POLDER measurements
and surface observations of cloud cover. The validation dataset is fully independent of the spaceborne mea-
surements and allows the sampling of a wide range of situations. The results demonstrate the capability of the
algorithm to distinguish clear and cloudy pixels, although a large fraction of pixels with a small cloud cover
are incorrectly declared clear. This may be due in part to the different field of view of the spaceborne and
surface observations. For a given cloud cover, the detection is less efficient for high clouds than for low- or
medium-altitude clouds, which may result from their lower-optical thickness.

1. Introduction

The POLDER instrument [Polarization and Direc-
tionality of the Earth Reflectances (Deschamps et al.
1994)] is an optical instrument that was launched in
August 1996 on the Advanced Earth Observing Satellite
(ADEOS) platform with the objective of monitoring
earth surfaces and the atmosphere.

POLDER measurements are processed by three par-
allel sets of algorithms with different scientific objec-
tives.

R ocean color and aerosols over the oceans (from clear
measurements over the ocean);

R land surface reflectances and directional signatures,
atmospheric water vapor, and aerosols over land (from
clear measurements over land surfaces) (Leroy et al.
1997);

R cloud optical and physical parameters and earth ra-
diation budget (Buriez et al. 1997).

Each set of processing algorithms includes cloud de-
tection, the result of which controls further processing.
For the two first sets of algorithms, measurements rec-
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ognized as cloud contaminated are not used for further
processing. Over the ocean, cloud detection is relatively
easy since the background reflectance is low and well
predictable, especially in the near infrared. Over land
surfaces, the variability of surface reflectance makes
cloud detection more difficult, especially in the case of
semitransparent clouds, or broken cloudiness.

In this paper, we present the method for cloud de-
tection that is used to process POLDER measurements
over land surfaces, with the final objective of retrieving
the surface reflectance and directional signature. Nu-
merous works have been published on cloud detection
applied to spaceborne imagery, in particular for the
(AVHRR) (see, for instance, Saunders and Kriebel 1988;
Derrien et al. 1993; Simpson and Gobat 1996). These
methods cannot be applied directly to POLDER mea-
surements because of the lack of thermal infrared chan-
nels. On the other hand, POLDER has more channels
in the solar spectrum, they are narrower, and the in-
strument measures the polarization state of the reflected
light. These capabilities allow the use of novel cloud
detection methods.

The validation of cloud detection algorithms is not
an easy task because there is no independent measure-
ment with the same spatial resolution. In most cases,
the performances of cloud detection algorithms have
been evaluated against visual analysis of the original
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FIG. 1. Geographical distribution of meteorological stations that provide cloud-cover reports to
the worldwide synoptic network.

satellite images (see for instance Saunders and Kriebel
1988). The human eye is able to recognize on a satellite
image cloud structure much better than any automatic
algorithm does, which justifies this validation approach.
However, the dataset used for the validation is not in-
dependent, and the human cloud recognition may miss
the difficult cases (thin clouds, broken cloudiness). Be-
sides, the comparison requires a large amount of tedious
work, which is unsuited for a quantitative validation on
a large dataset. For these reasons, we decided to base
our validation procedure on the comparison with near-
coincident surface observations of cloud cover. We be-
lieve that cloud recognition from the surface is much
easier than from space, because contrary to land sur-
faces, the clear sky provides a uniform and relatively
dark background. This approach has been used on a
limited scale in Derrien et al. (1993) and Visa and Iiv-
arinen (1997).

Section 2 presents the surface observations used for
threshold adjustment and validation. Section 3 is a brief
presentation of POLDER measurement characteristics.
Section 4 describes the cloud detection algorithm. The
validation results are presented in section 5 and dis-
cussed in section 6. Section 7 summarizes the results
and concludes the article.

2. Surface synoptic observations

The worldwide meteorological network includes a
large number of stations that report information on the
current weather including cloud cover and cloud type.
Figure 1 shows the geographical distribution of these
stations. The largest density is found in Europe but sta-
tions are found in most geographical areas, even sparse-
ly populated.

The cloud-cover observation is expressed in octants.
The nine possible values (from 0 to 8 octant) have been
converted to percentage on the Meteo-France database
(0%, 10%, 25%, 40%, 50%, 60%, 75%, 90%, 100%).

Note that 1 octant (10%) indicates that at least one cloud
can be observed, even covering a very small fraction
of the sky. Similarly, 7 octants (90%) indicates that the
cloud cover is not overcast. In the following, we have
corrected the 40% and 60% values to 37.5% and 62.5%,
which is statistically closer to the original observation.
No change was applied to the 10% and 90% values since
they are representative of the extremes (down to 1%
and up to 99%).

Figure 2 shows a statistic of cloud-cover distribution
as a function of latitude and season. Because the stations
are not evenly distributed along the longitudes (in par-
ticular, there are very few stations over the oceans), the
statistical values may not be fully representative of the
globe. However, some main features of the earth’s cli-
mate are depicted in Fig. 2, such as the relative maxi-
mum of clear occurrence in the subtropics, correspond-
ing to the subsidence zone of Hadley cells, and the
maximum of cloud cover in the equatorial regions. Note
that in the polar regions, a relatively large fraction of
clear occurrence is found. This is observed mostly dur-
ing the polar night, which raises some doubts on the
data validity.

In the context of optical remote sensing of the sur-
faces, the main result is the very small fraction of clear
occurrence. If all cloud-contaminated observations were
to be discarded, less than 10% of the satellite measure-
ments could be used. This results should be somewhat
adjusted with regard to the different field of view of the
satellite instrument and the surface observer. This point
is discussed in section 6.

3. POLDER measurements

POLDER is an optical instrument launched on the
ADEOS platform in August 1996. It provided contin-
uous measurements of the earth spectral, directional, and
polarization signature before the ADEOS platform un-
expectedly failed at the end of June 1997. Another POL-
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FIG. 2. Statistical distribution of cloud-cover occurrence as reported by the meteorological stations. The stations have been classified into
18 108 latitude bands. The four figures correspond to four 3-month periods: Dec–Feb (Fig. 3a), Mar–May (Fig. 3b), Jun–Aug (Fig. 3c), and
Sep–Nov (Fig. 3d). The five classes (bottom to top) correspond to clear, 1 octa, 2–6 octas, 7 octas, and overcast.

FIG. 3. Spectral response of the eight POLDER channels. Three of
these channels provide linear polarization characteristics (0.44, 0.67,
and 0.86 mm).

DER instrument, similar to the first one, is scheduled
to be launched on the ADEOS-2 platform in 2000.

The POLDER instrument concept (a CCD bidimen-
sional matrix and a wide field of view lens) permit the
acquisition of up to 14 successive measurements of a
given target as the satellite goes along its orbit. This
allows an evaluation of the target directional signature.
Another original feature of POLDER is its capacity to
measure the polarization state of the reflectance (linear
polarization ratio and direction). The main objective of
polarization measurements is the remote sensing of
aerosols over land surfaces. However, this piece of in-
formation can also be used for an estimate of the cloud
phase, the cloud top pressure (Buriez et al. 1997), or
the cloud droplet radius (Bréon and Goloub 1998).

The POLDER instrument acquires measurements in
eight spectral bands from 440 nm to 910 nm (Fig. 3).
Polarization measurements are performed in three of
these bands (440, 670, and 865 nm). The spectral res-
olution is 6.2 3 6.2 km2 after registration of the mul-
tidirectional measurements on an earth-fixed grid. The
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FIG. 4. The 2 difference derived from POLDER mea-mes molR R0.44 0.44

surements as a function of reported cloud cover for matching surface
and spaceborne measurements. A random number between 25 and
5 has been added to the cloud-cover notations so that the density of
points can be analyzed. The horizontal line shows the threshold that
has been chosen for POLDER algorithms.

absolute registration error is better than 1 pixel. The
multispectral and multidirectional collocation error is
better than 0.1 pixel.

Over land, POLDER measurements are processed
with the objectives of 1) mapping the aerosol optical
thickness and type; 2) assessing the atmospheric water
vapor content; and 3) measuring the surface hemispheric
reflectance and directional signature (Leroy et al. 1997).
The data processing algorithms require the preliminary
rejection of cloud-contaminated measurements. This is
achieved from an evaluation of the spectral, directional,
and polarization signature of the measurements.

4. Cloud detection methods

In the following, we make use of collocated POLDER
measurements and surface observations of cloud cover.
The difference in time between the two is less than one
hour. The POLDER pixel (6.2 3 6.2 km2) includes the
station from which the visual observation of cloud cover
was made.

a. Blue channel reflectance

The shorter wavelength POLDER channel is centered
at 0.44 mm (blue band) and is 0.02 mm wide. At this
wavelength, most surfaces have a rather low reflectance
(Bowker et al. 1985). In fact, the reflectance of both
vegetation and bare soils tend to increase with the wave-
length within the visible and near infrared spectrum
(with a local maximum of vegetation reflectance in the
green). On the other hand, the cloud reflectance show
very limited variation across this spectrum. Therefore,
the contrast between clear and cloudy scenes is the larg-
est in the band 0.44 mm. Note, however, that snow cover
is an exception to this rule. The snow reflectance is
rather high with limited variation in the visible and a
decrease in the near infrared.

The principle of the test is to compare the reflectance
measured at 0.44 mm to a threshold. However, the at-
mospheric reflectance generated by molecular scattering
is rather high at this wavelength (often larger than the
surface reflectance) and varies with the viewing ge-
ometry. It is predictable with a high level of accuracy
if the surface pressure is known. The surface pressure
is mostly a function of altitude and is known with an
accuracy better than 2% in most cases through

Alt
P 5 1013 exp 2 , (1)surf 1 2H

where Alt is the pixel mean altitude, and H is the scale
height of the molecular atmosphere.

The pixel is recognized cloudy if

2 . DR0.44,mes molR R0.44 0.44 (2)

where is the reflectance measurement, is themes molR R0.44 0.44

molecular reflectance modeled as a function of the sur-

face pressure and the viewing geometry, and DR0.44 is
a threshold currently set to 0.15. The test is applied to
the POLDER measurement that was acquired with the
smallest view zenith angle. Figure 4 shows the differ-
ence 2 as a function of cloud cover derivedmes molR R0.44 0.44

from a large set (24 000 pairs) of matched POLDER
and synoptic observations. The horizontal line indicates
the 0.15 threshold. All pixels corresponding to the dots
above the line are declared cloudy by the test. As ex-
pected, the reflectance difference increases with the
cloud cover. Note that the reflectance difference is not
always greater than the threshold even for large cloud
covers. This is interpreted as the occurrence of thin
clouds such as cirrus. On the other hand, there are a
few pixels that are declared as clear by the surface ob-
server with a nevertheless high reflectance. An analysis
of these points showed that most of them were in snow-
covered areas. The few others may be explained either
by the time difference between the two observations or
by an inaccurate report.

We tried to lower the threshold, with the objective of
being more sensitive to small cloud optical thicknesses.
However, some desert areas have a blue reflectance on
the order of 0.12, which leads to a lower limit value for
the threshold. On the other hand, these areas show a
limited increase of the reflectance with the wavelength.
Following this observation, an additional test was de-
fined. The pixel is recognized cloudy if

2 . Dmes molR R R*0.44 0.44 0.44

and

2 ) 2 ( 2 ) . Ddif, (3)mes mol mes mol(R R R R0.86 0.86 0.67 0.67

where the 0.67 and 0.86 subscripts refer to the POLDER
bands at the corresponding wavelengths. The second
inequality excludes desert areas (Ddif is set to 0.1). The
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FIG. 5. Same as Fig. 4 but only the pixels with a significant reflec-
tance spectral variation [see Eq. (3)] have been selected.

FIG. 6. Scatterplot of Psurf 2 MPapp as a function of the NDVI
derived from POLDER measurements when the coincident surface
observation reported clear sky.

FIG. 7. Same as Fig. 4 but for the parameter Psurf 2 MPapp 2 DP,
which is used for the ‘‘apparent pressure’’ test.

quantity D was set to 0.1, which seems to be aR*0.44

suitable value for vegetated areas as shown in Fig. 5.

b. Main reflector apparent pressure

Two of the POLDER channels are centered on the
oxygen A absorption band at 0.76 mm. One is 0.01 mm
wide, whereas the other is 0.04 mm wide. It is initially
assumed that surface and cloud reflectances averaged
over both channels are nearly equal. Therefore, the ratio
of the two measurements is a function of the atmo-
spheric transmission, which is essentially controlled by
oxygen absorption (Bréon and Bouffiès 1996). Since
oxygen is well mixed in the atmosphere, the transmis-
sion is a function of the observation geometry and the
pressure of the reflector. An analytical function has been
derived, which yields the pressure Papp to the viewing
geometry and the measurement ratio

1 1
P 5 f X, 1 (4)app [ ]cos(u ) cos(u )s y

with
mes molR 2 RN NX 5 , (5)
mes molR 2 RW W

where N and W refer to the narrow and the wide band,
respectively. In order to reduce the random uncertainty,
the apparent pressure is averaged over the available di-
rections, which yield MPapp. The pixel is then declared
cloudy if

Psurf 2 MPapp . DP, (6)

where DP is a threshold to be adjusted based on the
measurements. An analysis of the Psurf 2 MPapp differ-
ence for clear cases shows a significant correlation with
the vegetation cover quantified by the Normalized Dif-
ference Vegetation Index (NDVI) (Fig. 6). Around 0.765
mm, the spectral variation of vegetation reflectance

shows a strong negative second derivative (the reflec-
tance increases rapidly with the wavelength around 0.7
mm and levels off around 0.8 mm). Therefore, the sur-
face reflectance averaged over the narrow channel is
significantly larger than its equivalent over the wide
channel. This yields a larger value of X than that ob-
tained over a surface with a reflectance spectral variation
either constant or linear. The apparent pressure is then
smaller (Bréon and Bouffiès 1996). As a consequence,
the threshold must depend on the NDVI. An empirical
analysis of the clear cases yields

DP 5 60 1 120NDVI. (7)

Figure 7 shows Psurf 2 MPapp 2 DP as a function of
cloud cover for matching POLDER and surface obser-
vations. There is a general increase with the cloud cover,
although many observations yield a negative difference
even for large cloud covers. This is expected for low-
altitude cloudiness, which can hardly be detected by this
test.
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FIG. 8. Same as Fig. 4 but for the difference of the corrected
polarized reflectance ([cos(us) 1 cos(uy )]RP), which have been mea-
sured close and away from the rainbow direction. This difference is
used for the polarization-based test.

c. Polarization signature

The scattering of light by cloud water droplets shows
a strong maximum about 1428 from the incoming di-
rection (Goloub et al. 1994). In the geometric optic ap-
proximation, this is generated by refraction–reflection–
refraction within a single droplet. Moreover, this max-
imum is highly polarized, which makes it easily de-
tectable by a multidirectional, polarization-able instru-
ment such as POLDER. Although more than 11 suc-
cessive observations are available for most pixels, the
needed scattering angle of approximately 1428 is ac-
quired for about 60% of the observed pixels. Note that
these pixels change from one day to another because of
the varying position of the satellite track.

If the required geometry is sampled, the cloud de-
tection method consists in the comparison of the po-
larization signature in and away from the selected di-
rection. The 0.86-mm channel is used because it is the
least affected by atmospheric (molecular and aerosols)
scattering. Because the polarized reflectance (RP) is
mostly generated by single scattering or reflection, it
has been shown that [cos(us) 1 cos(uy )]RP is a function
of the scattering angle and almost independent of us or
uy (Bréon and Goloub 1998). The cloud test compares,
therefore, the corrected measurement [cos(u s ) 1
cos(uy )]RP in and away from the 1428 scattering angle
direction. If the difference is found larger than a thresh-
old (currently set to 5 3 1023), the pixel is recognized
cloudy. We note that, because this test is only sensitive
to liquid water droplets, it cannot detect ice clouds such
as cirrus. On the other hand, note that the amount of
reflected light generated by single scattering saturates
very rapidly with an increase of optical thickness (for
an optical thickness on the order of 1). Since the useful
signal for the polarization test is mostly generated by
single scattering, the test may be equally sensitive to
low and large optical thickness clouds, which is not the
case for the other tests described above.

Figure 8 shows the variation of the corrected polar-
ized reflectance as measured close to and away from the
1428 scattering angle direction. This figure demonstrates
that a large difference is an unambiguous indication of
a cloud presence. On the other hand, many pixels with
a large cloud cover display no polarization signature.
These are interpreted as ice clouds.

d. Snow cover recognition

The blue channel reflectance test will fail in the case
of snow-covered surfaces. The snow has a large reflec-
tance with a spectral signature similar to that of the
clouds in the POLDER spectral range. Therefore, a clear
pixel with a snow-covered surface may be recognized
as cloudy with the above described method. We have
not been able to imagine any criteria that could dis-
criminate intermediate cases (broken and/or thin cloud
covers and partial snow covers). On the other hand, the

various tests’ coherence should discriminate thick
clouds and snow-covered surfaces, that is, situations
with a large reflectance.

A pixel, initially recognized as cloudy, will be de-
clared snow covered if

R all four tests have been evaluated (i.e., the viewing
geometry is suitable for the polarization test),

R only the blue channel tests have recognized the pixel
as cloudy (either one or both),

R both R0.67 and R0.86 are greater than 0.3,
R R0.86 2 R0.67 , 0.1.

If the viewing geometry is not suitable for the polari-
zation test, there is no method to discriminate low clouds
and snow-covered surfaces, in which case, the pixel will
be declared cloudy and not used for further processing.

e. Test combination

All four cloud detection tests are applied to the POL-
DER measurements. Any one positive test sets the pixel
as ‘‘cloudy.’’ The ‘‘snow-cover recognition’’ algorithm
is then applied, which can label as clear (snow-covered
surface) a pixel initially recognized as cloudy.

5. Cloud detection validation

The performance of the cloud detection algorithms is
hereafter presented as the percentage of pixels that have
been recognized cloudy as a function of the synoptic
cloud cover. If the algorithm performance were perfect,
and if there were no noise sources (resulting from the
spatial and temporal differences or inaccurate cloud-
cover report), the percentage would be 0 for clear cases
and 100 for any positive cloud cover. In practice, the
percentage increases with the cloud cover, and we seek
a compromise between a small percentage for clear cas-
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FIG. 9. Global performance of the cloud detection algorithm. The
curves indicate, for each class of synoptic cloud cover, the percentage
of POLDER observations that have been declared cloudy (left scale).
Another line indicates the number of measurements used for each of
the nine cloud cover classes.

es (no false cloud detection), and a large percentage for
positive cloud covers.

Figure 9 presents the global performance of the meth-
od. The results of each of the individual tests are pre-
sented together with its combination. Note that the per-
formance of individual tests is the percentage of pixels
above the threshold line in Figs. 4, 5, 7, and 8. In the
figure (right scale) is also reported the number of co-
incident observations that have been used for the sta-
tistics. We used more than 4000 ‘‘clear’’ observations,
about 2000 observations for cloud covers between 1
octant and 5 octants, and up to 11 000 for an overcast
cloud cover.

According to the figure, the percentage of false alarms
is 12% and each test seems to participate roughly equal
to this number. The percentage for a 1 octant cloud cover
is 13%, which indicates that such cloud covers are hard-
ly ever detected by the method. The percentage increas-
es rapidly and reaches 60% of detection for a 4 octants
(50%) cloud cover and 85% for a 6 octants. Each of
the four tests participate to these percentages. The blue
channel tests are less efficient than the others for the
small cloud cover, but more efficient for the large ones.
Note that the second of the two blue channel tests is
not efficient for large cloud covers, because these sit-
uations have a spectrally neutral reflectance. The po-
larization-based test is rather efficient for small covers
but the statistics saturate at about 40% for cloud covers
greater than 60%. This is because this test cannot detect
ice clouds and because the needed viewing geometry is
sampled in only 60% of POLDER acquisitions.

To investigate each test’s capabilities further, we make
use of the cloud type reports. The cloud observations
are classified into three main classes (low, medium, and
high) with further cloud-type indication that we did not

use here. We only used the surface observations when
only one cloud layer was observed. As a consequence,
we do not show any statistics for an overcast low or
medium cloud layer, since the high cloud cover is then
unknown.

Figure 10a shows the cloud detection statistics for the
blue channel tests (both tests are combined here). It
shows that these tests are much more efficient for low
clouds than for high clouds, which is explained by the
fact that the optical thickness and therefore the reflec-
tance of high clouds is generally smaller than that of
low clouds.

Figure 10b is for the apparent pressure test. When
this test was developed, it was anticipated that it would
be more efficient for high clouds than for low clouds
because the former have a lower pressure (Bréon and
Bouffiès 1996). The statistics show that it is not the
case. The results are similar for low and high clouds,
and slightly better for medium clouds. This must be
analyzed together with Fig. 10a results. High clouds
seem to have, on average, a larger transmission than
low clouds, which reduces their effect on the apparent
pressure.

The polarization test results are shown in Fig. 10c.
As anticipated, this test does not detect any high cloud
because they are made of ice particles. The results for
medium and low clouds are similar, which indicates that
medium clouds include water droplets in most cases.
Again, the saturation of the statistics for large cloud
cover is a result of the viewing geometry sampling.

The full cloud detection method is much more effi-
cient for low and medium clouds than for high clouds
(Fig. 10d). Overcast high clouds are detected in about
75% of the cases.

6. Discussion

The comparison of satellite estimates of cloud cov-
erage with surface observations raises the question of
their different field of view. The POLDER pixel is about
6 3 6 km2, which is smaller than the surface observer
field of view in most cases. There is some ambiguity,
therefore, in the case of small but positive cloud cover.
Such surface observation may result from a cloud field
of scattered cumulus, or from stratiform clouds over the
horizon. In the former case, there are some clouds in
the POLDER pixel and we wish a positive cloud de-
tection; in the latter case, the pixel is cloud free. We
note, however, that when a cloud is seen by the surface
observer, there is some contamination of the incoming
solar radiance by side illumination. In such case, the
pixel is not reliable for surface or aerosol inversion and
should be rejected for further processing. Nevertheless,
the differences in field-of-view yield some uncertainty
in our validation procedure for the smaller positive
cloud coverage (i.e., 1 or 2 octants). On the other hand,
there is no such ambiguity for the bins corresponding
to ‘‘clear’’ or fractional cloud cover larger than 3 oc-
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FIG. 10. Same as Fig. 9 but for three classes of clouds (low, medium, and high) as classified by the surface observer. (a) The blue
channel tests (combined), (b) the apparent pressure test, (c) the polarization based test, and (d) their combination.

tants. For such cases, the uncertainty in the validation
procedure results from the time matching and the faulty
cloud reports. This can only worsen the statistics and
one can say that the detection algorithm is better (by
an unknown amount) than indicated by the statistics.
Besides, the validation procedure is an excellent tool to
adjust the threshold or to compare the performance of
different cloud detection methods because the ‘‘noise’’
on the cloud-cover reports is fully uncorrelated with
POLDER measurements.

As said above, one known case for which the method
will fail is clear, snow-covered pixels when the viewing
geometry does not permit the polarization test. In such
cases, the pixel will be recognized cloudy by the blue
channel test and no reclassification will be made. This
was considered as an acceptable burden for the objective
of mapping the surface reflectance. Snow-covered pixels
are mostly found in high latitude areas, which are fre-
quently observed by polar satellites such as ADEOS.
The large number of observation makes it possible to

reject some of them when there is a doubt on the cloud
or snow presence.

The statistics indicate that the algorithm performances
are poor in the case of small cloud coverage. This may
be partly due to the imperfect match of field-of-view
between the surface and satellite observations. The main
cause, however, is most probably the difficulty of rec-
ognizing the signature of a cloud when its influence on
the satellite measurement is small. We note that, for the
further processing of POLDER measurements, this per-
turbation may be acceptable.

One may argue that the dataset used to define the
threshold (section 4) is the same as the one used for the
validation (section 5). We believe that the number of
satellite–surface matches (more than 20 000) used for
the validation is large enough to prevent significative
biases. Besides, the statistics presented above have been
computed for one month of matches that were not used
for the initial selection of the thresholds. The results
were very similar. Therefore, we believe that the sta-
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tistics shown above are representative of the test global
skill, although they may be of better or lower accuracy
depending on the surface and/or cloud type.

Figure 9 indicates that the probability of cloud de-
tection increases with the cloud cover. The probability
of detection is above, but not very different than the
1:1 line. Therefore, one may want to use the algorithm,
or a similar one, to evaluate the cloud cover on a sta-
tistical basis. However, the curves of Fig. 10 are the
result of a combination of observations acquired in very
different areas. The statistical results may vary greatly
with the area, as a function of the cloud-type occurrence
and the surface reflectance properties. Therefore, it is
not advisable to use the algorithm to estimate the cloud
cover resulting from broken cloudiness.

7. Conclusions

The POLDER instrument provides multispectral,
multidirectional, and polarization measurements of the
top of the atmosphere reflectances. All measurements
are processed to generate estimates of various surface
and atmospheric parameters. The first step of the pro-
cessing is cloud detection. This paper described the
cloud detection method, which has been developed for
POLDER. The classical methods cannot be applied be-
cause the instrument lacks thermal infrared channels.
On the other hand, the existence of a blue channel,
differential absorption bands, and the polarization ca-
pabilities of POLDER allow novel and efficient algo-
rithms for the cloud detection.

The quantitative evaluation of the algorithm perfor-
mance is evaluated using a large set of coincident POL-
DER measurements and surface synoptic observations.
Despite some uncertainty resulting from the unmatching
fields of view, the proposed evaluation method is well
suited because 1) it uses a fully independent set of data
and 2) it can be applied to large datasets with limited
human work.

The ability of the algorithms to recognize a cloud-
contaminated pixel increases with the cloud cover (Fig.
9). About 10% of clear pixels are incorrectly declared
cloudy, a large fraction of which resulting from surface

snow cover. For a given cloud cover, the detection is
more efficient for low and medium clouds than for high
clouds.
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