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1. INTRODUCTION 

1.1 MERIS Flags 

The MERIS Level 2 product includes a number of so called flags, which are binary values 

identifying if a certain characteristic of a pixel is true or not. There are three types of these 

flags: 

1) Surface types flags (land, water, cloud) 

2) Product confidence flags (PCD) 

3) Science flags 

This ATBD describes the algorithms to derive the first set of flags, the surface type flags. 

The other types are described as part of relevant ATBDs, or in own ATBDs. 

While the information about a pixel located over water or land can be taken from a static 

map as a good first guess -provided the geo-location is better than the size of the pixel-, 

the cloud coverage is spatially and temporally highly variable and needs to be derived 

from the measurement itself. After knowing whether a pixel is cloudy or clear, in the clear 

sky case the land-water information can be refined. This is particularly necessary in the 

coastal zone where the actual land-water boundary is constanly changing due to tides, 

whether the pixel size is small enough to resolve this difference. 

1.2 Objectives 

The Pixel Classification of MERIS data is the first part of the Level 1 to Level 2 

processing. Every pixel is uniquely identied as one of the three surface types Land – 

Water – Cloud. This is required for the further processing, where the derived products 

depend on the result of this classification. For example, if a pixel is over land the 

vegetation indices are calculated whereas over clouds the cloud albedo is retrieved. In 

some cases the same products are derived for multiple surface types: for example 

surface pressure is derived over clouds (cloud top pressure) as well as over land (land 

surface pressure); a second example is aerosols which are derived over the ocean and 

over land. Finally water vapour is derived over all surfaces. However, also in these cases 

the surface type classification is important because the retrieval algorithms differ with the 

surface type.  

In summary, the objective of the Pixel Identification for MERIS Level 2 processing is to 

identify and label MERIS measurements as one of the three surface types: 
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 Clear land 

 Clear water 

 Cloud 

The assignment has to be unique and complete for any pixel. A surface type „unknown“ is 

not allowed in order to permit further processing. 

Additional attributes shall be given to further qualify the surface type, if necessary. In 

particular, snow or ice coverage should be identified and provided to the further 

processing algorithms. 
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2. ALGORITHM OVERVIEW 

2.1 The Challenge of Cloud Classification 

A large portion of the earth surface is covered by clouds (Paperin et al, 2007). 

Consequently most earth observation images in the visible spectral domain include a 

significant amount of cloudy pixels. Such measurements are treated in two opposite 

ways: either cloud properties are retrieved, e.g. for weather forecast or climate studies 

(Wylie, D., 1998, Russow et al, 1999; Liou, 1992), or the focus of the interest is the earth 

surface – being it land or water – which is then masked by the cloud (Luo,2008). In the 

latter case the presence of the cloud needs to be identified, and the change of the surface 

reflectance due to the cloud has to be estimated. 

An image pixel can be cloud free, totally cloudy, or partly cloudy: 

 In the cloud free case there are no water droplets or ice crystals in the 

atmosphere which change the surface reflectance.  

 In the totally cloudy case the optical thickness is so high that the portion of 

surface reflectance at the signal measured by the satellite is negligible. 

 The partly cloudy case comprises all intermediate situations where the measured 

reflectance is a mixture of a significant portion of the surface reflectance, but 

modified due to the presence of a cloud. This can be either due to an optically 

thin cloud, or the cloud is covering only a fraction of a pixel in the field of view of 

the sensor (Preusker et al, 2006). 

Cloud free and totally cloudy pixels can be identified rather easily, and most of the tests 

used in earth observation processing systems for cloud identification today, assign either 

of these two stages, and hence also partly cloudy cases have to be assigned to either of 

these two classes (Eumetsat, 2006). For spatial high resolution instruments such a binary 

cloud flag is not appropriate if several different higher level processing algorithms are 

applied, each of which having a different robustness to partial cloudy pixel (Brockmann, 

2008). Some novel algorithms therefore deliver a graduated scale, as an indicator of the 

extend to which a signal is influenced by the presence of clouds (Schiller et al, 2008, 

Gomez-Chova et al, 2007, Merchant et al, 2006). Such an indicator can be related to 

cloud properties, e.g. apparent cloud optical thickness, the atmospheric transmission or 

cloud features. In MERIS 3
rd

 reprocessing a binary flag is applied, however, the migration 

to a graduated scale is under discussion. 
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Clouds have certain characteristics which can be used for their identification and 

characterisation (Luo et al, 2008): 

 Brightness 

 Whiteness 

 Cold temperature 

 High altitude 

However, none of these characteristics is always given if a pixel is cloudy; this is the main 

problem of cloud identification. For instance, thin lower clouds are difficult to differentiate 

from bright surfaces (like glint over water). Then other methods not based on the features 

given above must be used. In particular, the clouds can be also detected using the spatial 

and temporal variability of the reflected radiation.  In addition, clouds screen the 

tropospheric gases. This leads to the increase in the reflection inside corresponding 

gaseous absorption bands (e.g., band 11 on MERIS (0.761 µm)), which is routinely used 

for the cloud top height monitoring (Fischer et al., 2000a). 

One way to detect clouds would be to work directly with optical measurements. Further, 

derived cloud physical properties can be used to characterise clouds and assess their 

impact on the retrieved signal. This includes, amongst others, cloud fraction, cloud top 

temperature, cloud top pressure, cloud type, cloud phase, cloud optical depths and cloud 

effective particle size. Such properties can be studied using the radiative transfer 

modelling. Fischer and Preusker (2000a,b) have done extensive work in this respect over 

the past years (see also Mullet et al, 2007, Rathke et al, 2002, Brenguier et al 2000, 

Pawlowska et al,  2000). They have developed the MERIS algorithms for cloud top 

pressure, cloud optical thickness, cloud albedo and cloud type retrieval  and have 

translated this knowledge into a probability based cloud detection algorithm (Preusker et 

al, 2006). 

Cloud detection became important with the systematic processing of the NOAA AVHRR 

instrument in the 1980s. Statistical histogram analysis methods were developed by 

Phulpin et al (1983). Most common used were threshold algorithms, e.g., Saunders et al. 

(1988). Large scale textures were identified using pattern recognition techniques as 

proposed by (Garant and Weinman, 1986). These methods worked quite well over the 

ocean but exposed problems in polar regions (separation of clouds from ice and snow) 

and in the tropics (low level, warm clouds). A good overview of the cloud screening 



 

MERIS ATBD Issue 5.0 Pixel Classification 

12 

techniques at the late 80s is given by Goodman et al. (1988). Improved methods are 

proposed for the AVHRR (Simpson et al, 1996) and later for ATSR (Simpson et al 1998). 

The cloud screening algorithms for the ATSR 1 and 2 in the 1990s were mainly based on 

previous work for AVHRR and use spectral threshold tests (Birks et al, 2007). The 

thermal band at 12µm is used as main tool to identify the cold cloud surface by a 

threshold, supported by other thresholds on band differences and on the histogram of the 

radiance distribution in the image. The unique feature of two views under different angles 

of the same pixel and the spatial coherence of the radiance are also exploited. The cloud 

screening of the AATSR is basically the same with refined and additional tests due to 

additional bands. Recently, tests on vegetation and snow indices have been introduced 

(Birks et al, 2007). However, application oriented projects are not satisfied with the 

standard cloud screening and are proposing alternative methods, for example for the 

GlobCarbon processing (Plummer et al, 2008). 

The MERIS Level 2 cloud screening up to the second reprocessing is a combination of up 

to 8 different tests (Santer et al, 1997). Three of those are classical threshold tests on 

spectral radiances or differences, and five are connected with the pressure estimates 

derived from the differential oxygen A-band absorption measurements. However, 

practically only three of tests were finally used. The potential of the O2A feature has been 

addressed recently in ESA funded projects, namely “Exploitation of the oxygen absorption 

band” and “MERIS AATSR Synergy”. The result of these activities has lead to an upgrade 

of the operational MERIS pixel classification in the third reprocessing (this document). 

The strong water vapour absorption at 1.38µm can be used to detect the presence of high 

clouds, including thin cirrus under daytime viewing conditions. With sufficient atmospheric 

water vapour in the beam path, almost no upwelling reflected radiance from the earth’s 

surface reaches the satellite which is in particular handy for snow covered surfaces. 

However, precipitable water is often less than 1 cm over polar and in high elevation 

regions. The 1.38 µm reflectance threshold is set to 0.03 for MODIS (Ackerman et al 

2006). Unfortunately, such a band is not available in MERIS. 

A big problem is the distinction between clouds and snow/ice, in particular for instruments 

which do not have spectral bands in the NIR and SWIR. An extensive study including the 

cloud screening over snow and ice has been undertaken by Stamnes, Hori and Aoki for 

the purpose of snow property retrieval (Aoki et al, 2007; Hori et al, 2007; Stamnes et al, 

2007). Snow and ice are less reflective in the NIR spectral region, and the so called 

normalized differentiation ice index (NDII) and the corresponding snow index (NDSI) is a 

good tool to differentiate clouds from snow and ice. The reflectance for ice decreases with 

the wavelength much faster as compared to snow. Therefore, large values of NDII signify 
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the bare ice case. However, the effect of increasing absorption becomes notable for 

wavelengths larger than 900nm. The NDSI and NDII are using bands at 1.05µm and 

1.64µm (for MODIS). MERIS bands are not optimal in this respect. 

Also measurements of trace gas vertical columns (e.g., SCIAMACHY onboard ENVISAT) 

are disturbed by cloud presence because corresponding instruments have large fields of 

view to enhance the sensitivity to small gaseous concentrations. Cloud clearing 

algorithms are described in (Cervino et al, 2000) for GOME, and Kokhanosky has recently 

reported on using MERIS to support the cloud screening for SCIAMACHY (Kokhanovsky 

et al, 2008). 

2.2 Theoretical Description 

2.2.1 Land – Water Classification  

Water is generally darker than land surfaces. The strong absorption of water emphasizes 

its darkness in the near-infrared. On the other hand, land surfaces are generally brighter 

in the near-infrared. The so-called adjacency effect leads to increased scattering in the 

atmosphere from the neighbouring land surfaces. This effect is strongest in the near-

infrared. A decision has to be taken where the optimal spectral channel is located in order 

to get a maximum contrast between water and land, and not to be influenced strongly by 

the adjacency effect. 

The second feature exploitet to discriminate land and water is the spectral slope: whereas 

the spectrum of water surfaces continuously decrease for wavelength larger than 600nm 

(in most cases even before), vegetated land spectra have a strong increase from red to 

near-infrared, the so called red-edge. The steep increase is located at around 700nm. 

We used a SPOT scene acquired on June 25, 1991 over SE France to set up averaged 

reflectances above land around 0.1 and 0.3 at 665 and 865 nm respectively. For water, 

we consider quite turbid water with a sediment loading of 40 mg/l which leads to 

respective reflectances of 0.02 and 0.005. The runs were first performed with 5S and a 

continental aerosol for a visibility of 23 km then for marine aerosol. The solar zenith angle 

was 60o for a nadir view. 

We first want to apply a radiometric threshold at 670 nm or 865 nm. The adjacency effect 

is less pronounced at 670 nm than at 865 nm. At first glance, it appears easier to set a 

threshold at 670 nm than at 865 nm because this threshold value is less subject to 

adjacency effect. The final recommendation is to use MERIS band 6 at 670nm with a 

threshold which corresponds to a maximum expected water reflectance for turbid water. 
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This threshold should depend on sun and viewing geometry in order to take atmospheric 

scattering into account. A typical coastal atmosphere should be used to calculate the top 

of atmosphere signal. 

 

 continental aerosols maritime aerosols 

R (km) 665 nm 865 nm 665 nm 865 nm 

0.5 5.9 4.0 5.9 5.5 

1.0 5.8 3.6 5.7 4.7 

2.0 5.6 3.2 5.5 4.0 

5.0 5.5 2.9 5.3 3.3 

10.0 5.4 2.6 5.1 2.9 

20.0 5.3 2.5 5.1 2.6 

Table 1: Estimation of adjacency effects for inland waters at 665 nm and 865 nm; 
results shown are TOA reflectances (%); reflectance used for water is 0.02 and 

0.005 at 665 and 865 nm; reflectance for the environment is 0.1 and 0.3 
respectively; R is the radius used to take adjacency effects into account. 

 

  

Figure 1: Land (green) and water (black) classification of an intertidal flat (North Sea coast of Germany). 

Left: Level 1b classification, based on a static map. The Wadden Sea area, which is dry fallen in this 

image, is erroneously classifed as water. Right: classification using the L2 radiometry based 

classification; the dry fallen areas are correctly identified 

A second test relies on the spectral dependency, with 665 > 865 for water. We can see 

on Table 1 that, despite strong environment effects, TOAR at 865 nm remains lower than 

TOAR at 665 nm. 
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In presence of sunglint, the above statement is no longer valid. The Fresnel reflection is 

white but, because of the stronger atmospheric attenuation at 670 nm than at 865 nm, the 

apparent contribution of the sunglint is higher at 870 nm than at 670 nm. It is there better 

to use the measurement at 670nm in case on medium sun glint conditions. If the sun glint 

becomes too high, it it no longer possible to use the radiometric measurements of a signal 

pixel in order to distinguish between a cloud and sun glint. In such cases it is better to test 

on potential high sun glint (L1b land-water flag, geometry, wind) and keep the L1b 

classification instead of switching to a radiometric test. 

2.2.2 Cloud Screening 

2.2.2.1 Clouds over ocean 

The detection of clouds over the ocean appears a rather simple task: clouds are bright, 

and the ocean is dark. Beside this simple case, which covers most of the cloudy pixels in 

MERIS images, there are more difficult cases: less bright clouds, in particular thin cirrus, 

and bright water pixels, e.g. in coastal zone with high suspended sediments, or in the 

ocean with cocolithophides. Unfortunately, these cases cause a lot of problems in ocean 

colour remote sensing. 

Even the simple case of bright clouds and dark water requires careful treatment. Different 

targets appear bright over the ocean: not only clouds, but also sunglint and sea ice. 

Outside the sun glint area bright target over the ocean can be detected using a threshold 

on the reflectance in a short wavelength band. Two different tests have been developed; 

one using tabulated values for the maximum reflectance at 442nm over oceanic waters 

depending on the sun and observation geometry. A second test is using a single global 

threshold on the Rayleight reflected reflectance at a blue band. 

The main problem then is to distinguish clouds from sea ice, outside and inside the 

sunglint. The spectral dependence of the clouds in the MERIS spectral domain is quite 

white. The Fresnel reflection is almost white, while, in most cases, the ice/snow 

reflectance decreases towards the infrared (Figure 2). 

In any case, confusion between glitter and ice should occur for a very limited number of 

cases due to constrains from MERIS viewing geometry (˜ 40o) versus solar zenith angle 

at latitudes where ice can occur. As shown on Figure 3, geometrical conditions required 

to have both glitter and ice at Equinox implies that ice has to be present down to latitude 

of 50o and 70o for Solstice. The probability to encounter ice at these latitudes is rather low 

except eventually in the Southern Hemisphere. 
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Figure 2: Examples of spectra for glitter and coarse and fine grain snow  (snow1 
and snow 2 respectively); wind speed is 5 m/s, solar zenith angle is 40°. 
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Figure 3: Geometrical constrains implied by MERIS viewing geometry and solar 
zenith angle as a function of Latitude, for equinox (--) and solstice (__). 

2.2.2.2 Height of the scattering surface (ocean) 

Complementing the bright tests over the ocean discussed above, the altitude of the 

scattering surface is used. MERIS measurement in the oxygen absorption band 11 

depends on the number of oxygen molecules between the sensor and the scattering 

surface, and hence it carries information about the height of this scattering surface. In the 
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case of optically thin clouds only part of the photons are scattered by the clouds; the other 

part reaches the surface. Hence the measurement in band 11 is a mixture of photons 

scattered from different heights, and when the measurements is converted into a height 

values this is a weighted average between the cloud and the surface; we call it the 

apparent height of the scatterer (Pscatt). Although it is not the real height of the (thin) 

cloud, it can be used to detect the cloud. 

2.2.2.2.1 Apparent pressure retrieval 

This O2 apparent transmittance is defined as the band 11/ band 10 ratio of the TOA 

reflectance: 

**
11

*
2 / refOT   (1) 

In the reference band, we should measure the same than in B11 but without O2 

absorption.  

Over water, *
ref  combines the TOA reflectance at 753 nm and 778 nm in a linear 

interpolation in wavelength.  

The apparent pressure is defined as the pressure, which corresponds to *
2OT . We imagine 

a surface at a pressure level P. For a given geometry, *
2OT  is the transmittance on the 

direct to direct path (sun-surface-satellite).  For this geometry (solar zenith angle SZA and 

view zenith angle VZA) and an atmospheric model (P-T profile), exists a unique 

correspondence between *
2OT  and P as illustrated inFigure 4. When *

2OT  decreases, P 

increases continuously. The retrieval of P is straightforward:  

(i) Identify the two pressure levels P1 and P2 to bracket 
*

2OT
 MERIS. 

(ii) Apply a linear interpolation in ln(P) between P1 and P2. 

To account for the smile effect: 

(i) For each detector, we know the central wavelength in B11. 

(ii)  LUTs of *
2OT  are generated for 21 B11 MERIS filters. 

(iii) *
2OT  is computed at 21 pressure levels. 
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(iv) For each filter, we computed *
2OT  for 24 SZA and for 24 VZA corresponding to 24 

Gaussian angles. 

This “surface” transmittance is computed for 21 filters, 21 pressure levels, 24 SZA, 24 

VZA. 

The initial pressure (ocean+ atmosphere) is P1. 

  

Figure 4: The O2 transmittance versus the apparent pressure for 4 air masses 

m. 

2.2.2.2.2 Rayleigh corrected apparent pressure 

In the NIR, over the ocean, a simple but accurate correction of the coupling between 

molecular scattering and Fresnel reflection is used for the reference band: 


ref
R

= ))()(1( vs
R

RR
L

   (2) 

Computation of the molecular contribution in the reference band  

The surface is black and the atmosphere purely molecular. The Rayleigh optical thickness 

is 0.025. We have a primary scattering regime. An elementary layer contributes to the 

TOA signal proportionally to: 

(i) The amount of molecules: dP 

(ii) The O2 transmittance ),,(
2

P
vsO

T   

After integration on the atmospheric column, we get: 
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as the integration of the O2 transmittance over the atmospheric column. 
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Figure 2: schematic representation of the atmosphere 

  

Rayleigh correction on the O2 transmittance 

The molecular contribution is known; therefore it is relevant to subtract it and to define the 

O2 transmittance of the aerosol with: 

/)( 2
*
112

R
ref

R
OO TT

a   )( * R
refref    (5) 

and to associate the apparent pressure P2 of the aerosols. 

Fresnel corrected apparent pressure 

The above apparent pressure of the aerosols corresponds to a black surface. If the water 

body is black at 761 nm, it remains the Fresnel reflection. We suppose that the direct 

sunglint is negligible. It remains the coupling between atmospheric scattering and Fresnel 

reflection. The coupling Rayleigh-Fresnel is negligible because of the small Rayleigh 
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optical thickness. Even if the coupling aerosol scattering and Fresnel reflection is by one 

order of magnitude less that the intrinsic aerosol radiance we want to introduce it. 

Modelisation 

We have to consider the coupling between scattering and Fresnel reflection. 

 

Figure 3: The Fresnel reflection terms 

In the reference band, or in any band not affected by the gaseous absorption, we have: 

GaaGaa   0   (6) 

0
a  is the aerosol reflectance over a black target (see §3). 

aG and 
aG respectively 

correspond to the coupling scattering-reflection and reflection-scattering. 

A simplified formulation of the signal in the reference band is: 

))(/)())()((1(*0  aavsa
a

ref
PPrr   (7) 

))(/)())()((1  aavs PPrr   informs on the Fresnel contribution and will be input for the 

possible implementation of a sunglint flag. 

In which )( sr   and )( vr   are the Fresnel reflection coefficients. ))(/)( aa PP   is the 

ratio of the aerosol phase functions between the forward down welling scattering at the 

surface and the backscattering towards the space. 

For the O2 band, we have: 

Ga
Ga

O
aG

aG

Oa
a

O

a

O
TTT  

2222

0   (8) 

aG

O
T

2
 and Ga

O
T

2
are the O2 transmittances respectively on the diffuse to direct path and on 

the direct to diffuse path. They depend upon ( s ,
v

) and are integrated on the 
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atmospheric column. At each pressure level, the O2 transmittance ),,(
2

P
vsO

T   is 

weighted by the aerosol scattering coefficient. The second dependence is on the aerosol 

vertical distribution, through the aerosol scale height Ha. 

In the primary scattering approximation, Eq. (8) becomes:  

))()(((
222 2

00
v

Ga

O
s

aG

O

a
Oa

a

O
rTrTT   ))(/)( PaPa   (9) 

a

O
T

2

0  is the O2 transmittance for the aerosols over a black surface. 

By identification of Eqs. (7) and (9), we introduce an O2 transmittance for the aerosol-

mirror system as: 

))(/)())()(((
2222

0
 PaParTrTTT

v

Ga

Os

aG

O

a

O

a

O
 /

)(/)())()((1(  PaParr vs  ) (10) 

Correct the MERIS O2 aerosol transmittance  

MERIS a

O
T

2
of Eq.(5) needs to be corrected from the coupling by a multiplicative factor f: 

a

O

a

O
TTf

22

/
0

  (11) 

f is greater that 1 which increases the O2 transmittance and decreases the apparent 

pressure of the aerosols. 

The Fresnel coefficients are pre computed by degree between 0 and 90. The aerosol 

phase function is computed by degree between 0 and 180. 

aG

O
T

2
 and Ga

O
T

2
are symmetrical. One LUT is generated for 21 filters, 24 SZA, 24 VZA.  

The nominal case corresponds to: 

(i) An aerosol scale height Ha=2 km. 

(ii) A power law for the size distribution with =-0.4 

2.2.2.2.3 Limitation of Pscatt 

Pscatt is derived under the single scattering approximation. This is not valid in the case of 

thick clouds and the values retrieved by the algorithms are misleading (see Figure 5).  
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Figure 5: Example for ambiguity of Pscatt in the case of a thick cloud, where the single 
scattering approximation is not valid. The Pscatt value of the cloud south of Norway is below 
the value of the surrounding water. 

By inspecting several products, if was found that 

 Pscatt values below a certain value (around 700 hPa) are always due to clouds, 

often due to a thin cirrus cloud. 

 Pscatt values above that value could be due to a cloud but also due to a certain 

ocean – aerosol combination; there are thick clouds which Pscatt value can even 

be below the value of the surrounding waters. 

A study has been undertaken to identify this threshold on Pscatt and to study its 

dependency from time and location. Because Pscatt is particularly useful for the detection 

of thin cirrus clouds, it was investigated if this threshold could be linked to the height of 

the troposphere, which varies with latitude and season. In this study 23 MERIS images 

were investigated (Table 2). In each of the images Pscatt_min and Pscatt_max were 

determined visually by an experienced scientist (Figure 6). Pscatt_min is the value below 

which most cirrus clouds are located in an image. Pscatt_max is the value above which 

the ambigous zone starts, where clouds and ocean have the same or even reverse Pscatt 

values. The main question for this study was, if Pscatt_min is for all scenes below 

Pscatt_max for all scenes. If such a globally applicable value would not exists, it would 

not be possible to undoubtly identify cirrus clouds with a global threshold. 

Figure 7 presents the result of the study. The 23 images were grouped into classes 

according to their time/location. The figure shows in blue Pscatt_min and as a red line 

Pscatt_max that was found for all images. Additionally the light blue curve shows the 

lowest Pscatt found in the images, which indicates the upper height of the clouds found in 

the images. 

While the lowest Pscatt (upper height of the clouds) shows the expected depedency from 

the latitude (low in the Arctic and high in the tropics), Pscatt_min does not significantly 
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depend on time or location. For Pscatt_max it was very difficult to establish a value per 

image. The transition from undoubtly identified clouds to the ambigous zone is continuous 

and subjective. However, a global value of 680hPa seems to be good generally 

applicable value.  

It can be concluded from this analysis that the “corridor” between the necessary minimum 

threshold for Pscatt, and the value where the ambigous zone start is rather small, but it 

exists. A value of 680hPa would fit with almot all images. Only in one of the examined 

cases, some cirrus clouds would be left out with this threshold. 

 

 

Figure 6: Schematic scetch of the Pscatt threshold determination 
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Table 2: List of scenes used for the Pscatt threshold determination 

 

Figure 7: Result of the Pscatt threshold determination study. 

 

Pscatt requires a sufficient number of photons to reach the sensor. Over the ocean these 

photons should come from the atmosphere, i.e. due to scattering at aerosol molecules or 

clouds. In cases of clear atmosphere there is a risk that too few photons reach the sensor 

to permit a valid Pscatt retrieval. This is, for example, the case for clear arctic 

atmosphere. It is therefore necessary to include a lower threshold for the reflectance in 

band 10 (or band 12). 
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2.2.3 Sea Ice 

Sea ice is often snow covered and can be detected using the MERIS Differential Snow 

Index (MDSI) as described in section 2.2.6. 

2.2.4 High glint 

Over high glint the bright test are critical because of the bright surface. However, the 

Pscatt test is rather insensitive against glint. It is therefore possible to deactivate one or 

all of the bright tests for high glint and rely solely on the Pscatt test. 

2.2.5 Clouds Over Land 

2.2.5.1 Bright Test 

One simple blue band test is applied to detect the most brilliant dense clouds. This test 

has been designed to work with band 2 at 442nm, and a table of the maximum 

reflectance that could be expected over land surfaces with a standard atmosphere has 

been calculated. This table provides the threshold for a given sun and viewing geometry. 

2.2.5.2 Height of the Scattering Surface (Land) 

The basic principle of estimating the apparent height of the scattering surface has been 

described in section 2.2.2.2. Over land the situation is more difficult: 

 The underlying surface is not black but can have any albedo. In the algorithm we 

cannot make any assumption about the ratio of photons from the cloud and from 

below; this leads to a greater uncertainty 

 The underlying surface can be elevated. This has to be taken into account when 

the retrieved value of the apparent height of the scatterer is compared with a 

threshold. This has to be terrain dependent, and the quality of the DEM used for 

comparison has an impact on the quality of the cloud screening. 

The first step of the pressure algorithm as presented in section 2.2.2.2, which simply 

relates the transmission to an apparent height, can be applied also over land. Neither the 

Rayleigh correction, nor the Fresnel correction can be applied since they make 

assumptions on the underlying surface which are not given over land. 

The derived rough estimate of the scattering height (also called P1) is then compared with 

the height of the DEM. If the difference exceeds a threshold a cloud can be assumed. In 
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MERIS processing a DEM is available at the tie-point grid. Section 2.3.3 presents a 

discussion of the use of this coarse grid in comparison with the better resolved and more 

accurace GETASSE DEM. 

An example of the P1 product is shown below in Figure 8: 

 

The image on the left shows the 

p1 product, which has been 

tailored to work over land, here is 

computed over all surfaces. 

Bright means high altitude 

scattering target, dark is a low 

altitude scattering target. 

 

Two observations should be 

mentioned first: 

- the thin clouds/contrails (3) are 

very well visible as bright = high 

target 

- the bright colour above the 

Alpes represent the high altitude 

of these pixels 

 

Figure 8: Example of the P1 pressure product. 

It has been tried to find a value interval, which could be used to identify clouds over land 

just by using the computed value. This attempt failed due to the high varying altitude of 

land pixels. 

The relationship between the altitude and the p1 value has led to another exercise: what 

about the difference between the barometric pressure resulting from the pixel’s altitude 

and the p1 pressure? 
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With VISAT, the elevation band has been created from the GETASSE30 DEM to have the 

elevation in better resolution than from the tie points. Using VISAT’s band arithmetic, the 

barometric has been computed from the elevation by using this simplified formula: 



p
barometric

 1013 .25 1 
0 .0065 * elevation

288 .15











5 .255

 

Using VISAT band arithmetic, the difference between p_barometric and p1 has been 

computed. The result showed that one could identify clouds by using a threshold on the 

computed difference. For all investigated scenes, the value of 125 hPa turned out to be a 

threshold. 

However, in some cases over dark surface the P1 pressure test indicates pixels wrongly. 

This is due to the fact that a sufficient number of photons must be transmitted through the 

atmosphere so that a pressure estimate can be calculated from the differential absorption. 

If there is a dark surface with no cloud or an optically thin cloud above, very few photons 

are reflected from the surface and the pressure estimate is quite unsecure. Therefore, a 

lower limit on the surface reflectance should be set, before the P1 pressure test can be 

applied. It is proposed to interpolate linearily the reflectance between bands 10 and 12 to 

the wavelength of band 11, and to set the threshold in the Rayleigh corrected reflectance 

for this interpolated band. 

Empirically it was found that a threshold R_10_12_thresh = 0.15 works fine. 

2.2.5.3 Distinction of clouds from bright land surfaces 

Figure 7 also illustrates that a second test based on the ratio 443 nm / 750 nm may help 

discriminating clouds from bright surfaces. For example, if we select, for the geometry of 

Figure 7, a threshold at 0.7, these bright pixels are identified as land. A limitation to that 

approach is the spectral variability of sands depending of their origin and humidity level 

(Table 3). For example, Cosnefroy et al. (1996) report that reflectances for Saharan 

sands may vary by a factor of 4 between the blue and the red. The same threshold of 0.7 

will then correspond to clouds with a larger optical depth in order to smooth the spectral 

difference. The value of the ratio 443 nm / 750 nm will also be variable due to this spectral 

variability: for example, for the White Sands Missile Range site and dry sand dunes, the 

ratio is very close to 1.0 meaning that the absorption in the blue is rather small while it 

can reach 0.23 for Saharan sand where absorption in the blue is apparently very strong. 

Establishing a simple threshold value will therefore be quite challenging. 
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2.2.6 Snow and Ice Detection 

The Normalised Differential Snow Index (NDSI) is exploitiung the decrease of reflectance 

fron VIS-red or NIR to SWIR. NDSI is applied to AATSR, AVHRR or MODIS, where SWIR 

bands are available. The MERIS Differential Snow Index (MDSI) is using MERIS bands at 

865nm and 885nm to simulate the NDSI. The MDSI concept has been developed by R. 

Preusker (FU Berlin) in the framework of the MERIS AlbedoMap project. 

)885()865(

)885()865(

toatoa

toatoa

rhorho

rhorho
MDSI




  

rho_toa is the top of atmosphere reflectance. 

If a pixel, that has been proven to be bright beforehand, has MDVI > 0.01, then it can be 

considered as snow or ice. 

A comparison of the MDSI flagged pixel with the AATSR NDSI has been made for orbit 

21934, 11.05.2006. For an area over the Alpes, which is in the centre of the orbit and 

where MERIS and AATSR measurements are available, the AATSR-NDSI has been 

calculated. The whole rectangular area, and those pixels flagged by the MDSI are shwon 

in Figure 9. The frequency distribution of the AATSR-NDSI is shown in Figure 10 for the 

whole subset, and for the MDSI flagged pixels. The ratio of the two numbers is also 

included in the figure. One can see that almost all pixels with a high AATSR-NDSI are 

covered by the MDSI flag, and the low-NDSI pixels are excluded. Assuming that the 

AATSR-NDSI is a good indicator for snow, this results is an indication that the MDSI test 

is catching the right pixels.  
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Figure 9: Subset of Orbit 21934, 11.05.2006, including part of the Alpes and of the 
flat pre-Alpes. The AATSR NDSI has been calculated for the whole area, and those 

pixels which are flagged by the MDSI (blue). 
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Figure 10: AATSR-NDSI for all pixel of the area shown in Figure 9 (blue), and for 
those pixels which are flagged as snow by the MDSI test (yellow). The ratio 

NDSI_MDSI / NDSI_ALL is shown as red line. 
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2.3 Practical Considerations 

2.3.1 Land – Water Classification 

The purpose of this classification is to identify using geo-physical data, land from water 

pixels in cases where the Level1b a priori classification leads to ambiguities which may 

occur from: 

 geo-location error; 

 land /ocean atlas error: uncharted land or water, etc.; 

 transient emerged land: tidal flats, etc. 

This cases are identified using a Surface Confidence Map, an atlas identifying zones of 

low confidence in the a priori land/water classification map used in the level1b. When the 

Surface Confidence Map indicates high confidence classification, the Land Identification 

radiometric tests are by-passed and the a priori classification is kept. 

2.3.1.1 Inland water 

First, a test on the reflectance corrected for gaseous absorption at 665 nm is performed to 

identify the darkest pixels. The TOA reflectance at 665 nm is compared to a threshold 

interpolated from a LUT. 

For the pixels having a reflectance smaller than this threshold, a second test is made to 

compare the TOA reflectance at 665 nm with the TOA reflectance at 865 nm; if the TOA 

reflectance at 665 nm is greater than the reflectance at 865 nm, the pixel is classified as 

water. 

2.3.1.2 Land in water 

The purpose of this test is to identify pixels of emerged land, flagged as "water" in the L1B 

product. It is the opposite of the Inland water test. 

2.3.2 Cloud Screening 

The cloud screening tests different between land and ocean. The L1b land mask is used 

to swith the algorithm. 
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2.3.2.1 Cloud over the ocean 

As clouds are often bright, a first stage screening is done for the determination of bright 

pixels using tests and auxiliary data values. Two tests are conducted: one using tabulated 

values for maximum expected marine reflectance for the given geometry over a medium 

turbid ocean and atmosphere. The second test is comparing the Rayleigh reflectance in 

the blue with a global threshold. 

The Apparent Pressure (Pscatt) is then computed to allow detection of high altitude thin 

clouds not captured by the bright tests. The calculation of Pscatt requires strictly an 

underlying ocean surface and does not work properly over land. Unfortunately the L1b 

land-water mask is sometime erroneous. Therefore a buffer of a few pixels is placed 

around the coastline where the Pscatt is not applied. 

After identification of cloud candidates by the two bright tests and the pressure test, a test 

on potential snow/ice is applied to those candidates. In cases of high MDSI values the 

pixels are identified as snow/ice and not as clouds. The snow/ice pixels over the ocean 

are included in the ICE_HAZE flag of the final MERIS L2 product. 

Under glint conditions only the first bright test (using tabulated values of precomputed 

thresholds) and the test on apparent pressure are used. 

2.3.2.2 Clouds over Land 

The cloud screening over land relies on the bright test and the pressure test. After 

identification of potential clouds using these two tests, the MDSI is applied to these bright 

targets to sort out snow and ice. The remaining pixels are labelled clouds. 

The slopes tests are currently not used. 

2.3.3 Comparison of pressure computations over land using tie-point DEM and 

GETASSE DEM 

The barometric pressure used for the thresholding should be computed from a DEM 

which is as accurate as possible. For MERIS, this would be the GETASSE 30 DEM, 

which is available from ESA and which can used with BEAM. On the other hand, currently 

GETASSE is not available during L2 processing, but the MERIS L1 product contains also 

DEM values at tie-point resolution. The following exercise shall assess the impact on the 

pixel classification when the tie-point DEM is used instead of the GETASSE 30. The first 

scene used for the comparison is 

MER_RR__2MEPIX20080722_174153_000003972070_00313_33433_0536: 
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Figure 11: Visual comparison of GETASSE 30 and tie-point DEM 

As it can be seen from Figure 11, both DEMs are very much in the same order of 

magnitude over land. Note: for water surfaces, the tie-point DEM in the MERIS L1 

products contains bathymetry information, which might have large negative values, 

whereas the GETASSE 30 DEM shows values around -40m. 

For comparison, the thresholding technique has been applied to the bands: 

 p_barometric_minus_p1, with the barometric pressure from the GETASSE 30 DEM, 

 p_barometric_from_tp_minus_p1 with the barometric pressure from the tie points 
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p_barometric_minus_p1 >= 125 p_barometric_from_tp_minus_p1 >= 125 

 

As it can be seen for example in the lower left part of right image, using the tie point DEM 

leads to some more flagged pixels: 

Number of pixels total: 2530097 

Band, criterion Number of flagged pixels % 

p_barometric_minus_p1 >= 125 689198 27.24 

p_barometric_from_tp_minus_p1 >= 125 694367 27.44 
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Comparing the different classification possibilities 

of the two variants, the image on the left shows 

the following classes: 

(1) green:  both flagged  

(2) white:   both not flagged 

(3) blue: flagged using GETASSE, not flagged using tie 

points DEM 

(4) orange: not flagged using GETASSE, but flagged 

using tie points DEM 

The image below shows a partial magnification 

from the overview image on the left: 

 

In counts: 

Number of pixels total: 2530097 

class GETASSE tie points number % 

1 true true 672745 26.59 

2 false false 1819277 71.91 

3 true false 16453 0.65 

4 false true 21622 0.85 

In the following product located over Myanmar, the relation is quite similar. However, the 

number of pixels flagged / not flagged by either variant is nearly identical. There are about 

2% of pixels that differ in each direction (see statistics below). 
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In counts: 

Number of pixels total: 2323833 

class GETASSE tie points number % 

1 true true 405141 17.43 

2 false false 1825948 78.57 

3 true false 43652 1.88 

4 false true 49092 2.11 

In conclusion, the tie-point DEM can be used for RR products. The classification would be 

improved by a few percent if the GETASSE DEM would be used. 

In Full Resolution the difference between the two DEMs and its impact on the pressure 

test result has been studied at the example of two MERIS FR product over the Alpes, 

from 16.11.2005 and 19.11.2005. Figure 12 shows the barometric pressure image of a an 
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area in the Alpes in full resolution from GETASSE (left) and the Tie Points (right). The 

difference between the two products is clearly visible. Values are often in the order of +-

100hPa and can reach +-300hPa in the valleys or on top of the mountains  (Figure 13). 

   

Figure 12: hPa for the elevation of each pixel: left: DEM GETASSE; right: DEM 
TiePoints 

  

Figure 13: difference of both dem-pressure images 

 

If we assume that the GETASSE DEM is correct and the Tie-Point DEM is wrong due its 

coarser resolution, we can run the snow-cloud screening on the GETASSE DEM (“truth”) 

and compare it with the snow-cloud screening on the Tie-Point DEM. Pixels which are 

classified differently are then considered as wrong in this comparison. The result of this 

test is shown in Figure 14 (16.12.05, clouds over snow in the North, clear sky snow in the 

centre, clear sky no snow in the south) and Figure 15 (19.11.05, only snow and clear sky, 

only a few clouds over no snow in the snow) below. Pixels which are classified as clouds 

in the Tie-Point version but not in the GETASSE processing are marked in red. It can be 
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seen that a limited number of pixels are affected at the border of the Alpes. It depends on 

the user requirements if this amount (and the location) of these misclassified pixels 

matters or not. 

In conclusion one can say that for FR processing using the GETASSE brings a clear 

advantage over the Tie-Point DEM, and if possible, it should be used for operational 

processing. However, using the Tie-Point DEM is doing a reasonable job in many cases. 

 

 

Figure 14: Influence of GETASSE and Tiepoint DEM on the cloud identification: 
blue: snow; yellow: cloud_flag derived from getasse30, red: additional pixels 

classified as cloud using the tie_point DEM; product: 16.11.2005 
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Figure 15: Influence of GETASSE and Tiepoint DEM on the cloud identification: 
blue: snow; yellow: cloud_flag derived from getasse30, red: additional pixels 

classified as cloud using the tie_point DEM; product: 19.11.2005 
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3. ERROR BUDGET ESTIMATES 

Estimation of the error of a classification requires a true reference. “True” can be easily 

established for a totally cloudy or a totally cloud free pixel, however, the critical pixels are 

semi-transparent pixels, which cannot be processed by the atmospheric correction. 

Hence, the error of the pixel identification cannot be established on its own but only in 

connection with the atmospheric correction. 

A compromise in this respect is to establish a true reference of pixels labeled “100% 

cloud”, “100% clear sky” and “partly cloudy”. Such a reference dataset is currently being 

collected by manually classifying a large number of MERIS image pixels. The 

classification is done according to the classification scheme presented below. The 

collection is a long time process, and in an update of this ATBD we will be able to use this 

database and quantify the error of the pixel classification on the basis of these three 

categories. 

 

Figure 3-1: Classification structure 
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4. ASSUMPTIONS AND LIMITATIONS 

The following assumptions apply: 

 The products to be processed are MERIS Reduced Resolution or Full Resolution 

products. 

 The algorithm has to run fully automatic. 

 The algorithm parameters shall not depend on values derived from scene statistics 

(e.g. histograms calculated from the scene to be processed). 

The following limitations of the Pixel Identification are known: 

 The glint calculation is making use of the wind speed at tie-points. This wind speed 

comes from the 3h numerical weather forecast. This is typically much different from 

the actual windspeed at surface at the moment of the data take. Hence, the 

estimation of the glint affected area is not precise especially at the edge of the sun 

glint area. 

 The algorithm is supposed to be applied global and to whole mission. As a 

consequence a local tuning of the algorithm is not permitted. Individual scenes will 

then not be as good classified as if a local tuning to that scenes would have been 

applied. 
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