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Abstract. In the framework of the Satellite Application Facility on Climate Monitoring (CM-

SAF) an algorithm was developed to retrieve Cloud Physical Properties (CPP) from the Spinning 

Enhanced Visible and Infrared Imager (SEVIRI) onboard the Meteosat Second Generation 

(METEOSAT-8) and the Advanced Very High Resolution Radiometer (AVHRR) onboard the 

National Oceanic and Atmospheric Administration (NOAA) satellites. This paper presents the 

CPP algorithm and determines if SEVIRI can be used together with AVHRR to build a consistent 

and accurate dataset of Cloud Optical Thickness (COT) and Cloud Liquid Water Path (CLWP) 

over Europe for climate research purposes. After quantifying the differences in 0.6 and 1.6 µm 

operational calibrated reflectances of SEVIRI and AVHRR a recalibration procedure is proposed 

to normalize and absolutely calibrate these reflectances. The effects of recalibration, spatial 

resolution and viewing geometry differences on the SEVIRI and AVHRR cloud property 

retrievals are evaluated. 

The intercomparison of 0.6 and 1.6 µm operationally calibrated reflectances indicates ~6 

and ~26% higher reflectances for SEVIRI than for AVHRR. These discrepancies result in 

retrieval differences between AVHRR and SEVIRI of ~8% for COT and ~60% for CLWP. 

Due to recalibration these differences reduce to ~5%, while the magnitude of the median COT 

and CLWP values of AVHRR decrease ~2 and ~60% and the SEVIRI values increase ~10 and 

~55%, respectively. The differences in spatial resolution and viewing geometry slightly 

influence the retrieval precision. Thus, the CPP algorithm can be used to build a consistent and 

high quality dataset of SEVIRI and AVHRR retrieved cloud properties for climate research 

purposes, provided the instrument reflectances are recalibrated, preferably guided by the 

satellite operators. 
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1. Introduction 

Accurate information on cloud properties and their spatial and temporal variations are of great 

importance for climate studies. Clouds strongly modulate the energy balance of the Earth and its 

atmosphere through their interaction with solar and thermal radiation [Cess et al., 1989]. Despite 

their importance, clouds are represented in a rudimentary way in climate and weather forecast 

models and contribute largely to the uncertainty in climate predictions. To improve the 

understanding of cloud processes and their representations in models, the Intergovernmental 

Panel on Climate Change (IPCC) calls for more measurements on cloud properties [IPCC TAR, 

2001]. The radiative behavior of clouds depends predominantly on cloud physical properties such 

as thermodynamic phase, optical thickness and droplet effective radius. Satellites provide useful 

information on global cloud statistics and radiation budget. With the launch of Meteosat Second 

Generation (METEOSAT-8) in August 2002 a high quality data sets of cloud physical properties 

can be generated on a large scale (Earth disk covering Europe and Africa) at high temporal 

resolution of 15 minutes. 

Several methods have been developed to retrieve cloud optical thickness and effective radius 

from satellite radiances at wavelengths in the non-absorbing visible and the moderately absorbing 

near infrared part of the spectrum [Nakajima and King, 1990; Han et al., 1994; Nakajima and 

Nakajima, 1995; Watts et al., 1998; Jolivet and Feijt, 2005; King et al., 2004]. The principle of 

these methods is that the cloud reflectance at the visible wavelength is primarily a function of 

cloud optical thickness, while the reflectance at the near infrared wavelength is primarily a 

function of cloud particle size. The methods differ mainly in the choice of the satellite, the 

applied visible and near-infrared wavelengths and the interpolation and iteration scheme that is 

used for the retrieval of cloud physical properties. Nakajima and King [1990] use for their 



X-4 ROEBELING ET AL.: SEVIRI & AVHRR CLOUD PROPERTY RETRIEVALS 

4 

retrievals a single non-absorbing visible wavelength (0.75 µm) and two absorbing near-infrared 

wavelengths (2.1 or 3.8 µm).  The two absorbing near-infrared wavelengths are used to reduce the 

ambiguity in deriving the effective radius for optically thin clouds. For the Moderate Resolution 

Imaging Spectroradiometer (MODIS) Airborne Simulator (MAS) King et al. [2004] use the 0.87, 

1.62 and 2.13 µm channels for their retrieval of optical thickness and effective radius. Radiative 

Transfer Model (RTM) simulations of cloud reflectances, for predefined physical properties at 

given viewing geometries, are used to relate observed radiances to cloud physical properties. In 

principle the accuracy of the retrieved cloud properties depends, among others, on the surface 

albedo, 3D cloud effects, multi-layer cloud effects, the presence of aerosols and the 

representativeness of the assumed phase function. Roebeling et al., [2005] assessed for commonly 

used RTMs the differences between RTM simulations of narrow-band visible and near-infrared 

radiances. They showed that not all RTMs are accurate enough for cloud property retrievals. 

Finally, there are a number of issues that depend on the satellite characteristics, i.e. instrument 

calibration, spectral response function, width of the spectral window, spatial resolution and 

viewing geometry.  

So far little experience exists on the application of 1.6 µm radiances for the retrieval of cloud 

physical properties, and the application of these methods on radiances of the Spinning Enhanced 

Visible and Infrared Imager (SEVIRI) on METEOSAT-8. The purpose of this study is to 

determine the accuracy and comparability of SEVIRI and AVHRR retrieved cloud physical 

properties from 0.6 and 1.6 µm radiances, using the Cloud Physical Properties algorithm (CPP) of 

the Satellite Application Facility on Climate Monitoring (CM-SAF) of the European Organization 

for the Exploitation of Meteorological Satellites (EUMETSAT). The CM-SAF aims to generate 

and archive high quality data sets satellite products relevant for climate research for a region 
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covering Europe and Africa using EUMETSAT and National Oceanic and Atmospheric 

Administration (NOAA) satellites [Woick et al., 2002]. The CM-SAF is complementary in goal to 

the International Satellite Cloud Climatology Project (ISCCP). The ISCCP aims to provide a 

global data set of monthly averaged cloud products to improve understanding and modeling of the 

role of clouds in climate [Rossow and Schiffer, 1991]. The ISCCP products have a lower 

temporal and spatial resolution than the regional cloud products of the CM-SAF, but offer the 

most complete and self-consistent set of calibrations and cloud properties from meteorological 

satellites over the period 1983 until 2002 [Rossow and Schiffer, 1999]. In this paper SEVIRI 

retrieved cloud physical properties are compared to validated cloud physical properties retrieved 

from the Advanced Very High Resolution Radiometer (AVHRR) of NOAA-17 [Jolivet and Feijt, 

2005]. This comparison is done for cloud physical properties retrieved from reflectances that are 

calculated with the operational calibrations provided by the satellite operators and from 

recalibrated reflectances. Much attention is given to recalibration because that is prerequisite to 

build a consistent dataset of cloud properties retrieved from different satellites for climate 

monitoring. In order to explain the observed differences between SEVIRI and AVHRR retrieved 

cloud physical properties for an area over North Western Europe, an analysis is made of the 

effects of differences in calibration, spatial resolution and viewing geometry. The selected area 

covers a sub-section of the CM-SAF baseline area. 

The outline of this paper is as follows. In section 2, the techniques that are used to calibrate 

reflectances and the CPP algorithm are described. This algorithm is used to retrieve cloud optical 

thickness (COT) and cloud liquid water path (CLWP). The study procedure and the results of the 

comparison of SEVIRI and AVHRR reflectances for the 0.6 and 1.6 µm channels are presented in 

Section 3. In Section 4, the study procedure and the results of the intercomparison of SEVIRI and 
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AVHRR retrieved COT and CLWP is presented. The effects of the differences between SEVIRI 

and AVHRR in spatial resolution and viewing conditions on the retrieved COT and CLWP are 

illustrated in section 5. Finally, in section 6, the results are summarized and conclusions are 

drawn. 

 

2. Methods 

a. Satellite data 

The National Oceanic and Atmospheric Administration (NOAA) operates a series of polar 

orbiting satellites that carry the AVHRR instrument. The NOAA satellites circle the Earth 14 

times per day at an altitude of about 833 km. The AVHRR instrument comprises six channels at 

wavelengths between 0.5 and 12.0 µm. The NOAA-17 satellite, which is used for the present 

study, was launched in 2002.  

Meteosat Second Generation is a new series of European geostationary satellites that is 

operated by EUMETSAT. In 2002 the first Meteosat Second Generation satellite 

(METEOSAT-8) was launched successfully. METEOSAT-8 is a spinning stabilized satellite that 

carries the 12-channel SEVIRI instrument with 11 channels at wavelengths between 0.6 and 14 

µm and one high resolution visible channel. SEVIRI and AVHRR have several comparable 

channels. Table 1 summarizes the spatial resolution and the spectral bands of the visible and near-

infrared SEVIRI and AVHRR channels. Note that the 1.6 µm channel of AVHRR on NOAA-17 

is only active during daytime, while the 3.8 µm channel is active during nighttime. All SEVIRI 

channels are operated simultaneously. 
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b. Operational radiance calibration 

The SEVIRI and AVHRR instruments are not equipped with an onboard calibration device 

for the shortwave channels. Therefore the calibration of the shortwave channels of both 

radiometers is done pre-launch. Since the shortwave channels are known to degrade with time, it 

is necessary to monitor post-launch sensor degradation. Both EUMETSAT and NOAA use 

vicarious calibrations techniques for post-launch calibration. These techniques compare simulated 

Top Of Atmosphere (TOA) radiances with observed TOA Earth radiances for radiometrically 

stable terrestrial calibration target sites, such as bright desert targets [Govaerts and Clerici, 

2004a; Rao and Chen, 1995].  According to Govaerts and Clerici [2004a] the accuracy of the 

vicarious calibration of the SEVIRI visible and near-infrared channels is expected to be about 5%, 

provided sufficient calibration targets and data are used. For AVHRR on NOAA-17 only pre-

launch calibration coefficients are available. Currently NOAA does not provide official post-

launch calibrations coefficients for the AVHRR solar channels on NOAA-17. Preliminary post-

launch calibrations for NOAA-17/AVHRR indicate that the pre-launch calibration over-estimates 

the reflectances at 0.6 µm and under-estimates those at 1.6 µm by a few percent [Wu and 

Michael, 2003]. 

 

c. Spectral response functions 

The SEVIRI and AVHRR instruments differ slightly in spectral response functions and 

bandwidth. Figure 1 shows that the spectral response functions of the 0.6 µm channels of SEVIRI 

and AVHRR are very similar with a central wavelength of ~0.63 µm and bandwidth of ~0.58-

0.70 µm. Larger differences are present between the 1.6 µm channels of SEVIRI and AVHRR. 
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The central wavelengths of AVHRR 1.6 µm channel (~1.60 µm) differs about 0.05 µm with the 

central wavelength of the SEVIRI channel (~1.65 µm), whereas the bandwidth of the SEVIRI 1.6 

µm channel (~1.56-1.72 µm) is almost twice the width of the AVHRR channel (~1.57-1.64 µm). 

Since the TOA reflectance of Earth scenes varies with wavelength, the SEVIRI and AVHRR 

reflectances may differ due to differences in spectral response functions and bandwidth. Figure 2 

presents examples of SCIAMACHY/ENVISAT measured TOA reflectance spectra for five 

typical scenes (ocean, vegetation, desert, liquid cloud and cirrus cloud) [Stammes et al., 2005]. 

The gray blocks in Figure 2 indicate the positions of the 0.6 and 1.6 µm channel of SEVIRI and 

AVHRR. The figure clearly demonstrates that the TOA reflectances of the five scenes are not 

spectrally gray for the SEVIRI and AVHRR channels. The five SCIAMACHY spectra were 

convoluted with the SEVIRI and AVHRR spectral response functions to translate these spectra 

for both instruments to channel reflectances at 0.6 and 1.6 µm. Table 2 shows that the resulting 

SEVIRI and AVHRR channel reflectances at 0.6 µm differ less than +2.1% for the five 

SCIAMACHY spectra. The differences at 1.6 µm are significantly larger, up to +11.2% for the 

thick ice cloud scene. This large difference is explained by the strong decrease in absorption of 

ice crystals between 1.5 and 1.7 µm.   

 

d. Recalibration 

The recalibration method of AVHRR and SEVIRI reflectances involves a normalization and 

absolute calibration procedure. The AVHRR reflectances are normalized to SEVIRI to reduce the 

calibration differences between both instruments. Subsequently, the normalized reflectances are 

calibrated to MODIS-Terra reflectances to obtain absolutely calibrated reflectances. 
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Although AVHRR and SEVIRI have the 0.6 and 1.6 µm channel in common, there are small 

differences in spectral response function and bandwidth. Rossow and Schiffer [1999] have shown 

that normalization of calibrations of different radiometers is prerequisite to construct a uniform 

regional or global dataset of cloud physical properties from different satellites over a long time 

period. In this paper the normalization technique of Heidinger et al. [2002] is used, which 

employs co-located MODIS reflectances to calibrate AVHRR reflectances, by matching the 

frequency distributions of reflectance from AVHRR to MODIS.  

To construct an accurate dataset of cloud physical properties absolute calibration is essential. 

The vicarious calibrations techniques used by EUMETSAT and NOAA provide post-launch 

absolute calibrations, with an accuracy of about 5% [Govaerts and Clerici, 2004a]. A better way 

to absolutely calibrate the normalized AVHRR and SEVIRI reflectances is to cross-calibrate with 

MODIS−Terra observed reflectances. The MODIS−Terra instrument has in-flight absolute 

calibration methods for the shortwave channels that have an expected uncertainty of about 2% for 

the reflectances [Guenther et al., 1998].  

 

e. Retrieval of cloud physical properties  

The principle of methods to retrieve cloud physical properties is that the reflectance of clouds 

at a non-absorbing wavelength in the visible region (0.6 or 0.8 µm) is strongly related to the 

optical thickness and has very little dependence on particle size, whereas the reflectance of clouds 

at an absorbing wavelength in the near-infrared region (1.6 or 3.8 µm) is primarily related to 

particle size. Note that the retrieval of particle size from near-infrared reflectances is weighted 

towards the upper part of the cloud [Platnick, 2001]. The average penetration depth of reflected 
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photons is affected by the amount of absorption, which depends on wavelength, particle type and 

size. The reflectance at 1.6 µm is found to be mainly a function of particle size for clouds with an 

optical thickness higher than about 8, whereas the reflectance at 3.8 µm is more suited for the 

retrieval of cloud particle size for thin clouds (COT > ~2) [Rosenfeld, 2004; Watts et al., 1998]. 

However, the 3.8 µm channel has a number of disadvantages that may lead to significant errors: 

(1) the radiance observed at 3.8 µm consists of both reflected solar radiance and thermal emitted 

radiance, (2) the signal to noise ratio is lower due to the approximately 4 times lower solar 

irradiance at 3.8 µm than at 1.6 µm, and finally (3) because the 3.8 µm retrievals represent the 

particle size of the upper part of the cloud these retrievals will be less representative for radiative 

transfer in optically thick clouds [Feijt et al., 2004]. 

The Doubling Adding KNMI (DAK) radiative transfer model is used to generate the Look Up 

Tables (LUTs) of simulated cloud reflectances. DAK is developed for line-by-line or 

monochromatic multiple scattering calculations at UV, visible and near infrared wavelengths in a 

horizontally homogeneous cloudy atmosphere using the doubling-adding method [De Haan et al., 

1987; Stammes, 2001]. The clouds are assumed to be plane-parallel and embedded in a multi-

layered Rayleigh scattering atmosphere. 

The algorithm we utilize to retrieve cloud physical properties is based on reflectances at 

visible (0.6 µm) and near-infrared (1.6 µm) wavelengths. Figure 3 presents a flowchart of the 

CPP algorithm for the retrieval of COT, particle size and CLWP. In this version (1.0) of the 

algorithm the pixel is assumed cloudy if the observed reflectance at 0.6 µm is higher than the 

simulated clear sky reflectance over the observed surface. Moreover this version uses assumed 

surface albedos, which are 0.10 over land and 0.05 over ocean at 0.6 µm and 0.15 over land and 

0.05 over ocean at 1.6 µm. The COT and particle size are retrieved for cloudy pixels in an 
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iterative manner, by simultaneously comparing satellite observed reflectances at visible (0.6 µm) 

and near-infrared (1.6 µm) wavelengths to LUTs of RTM simulated reflectances for given optical 

thicknesses and particle sizes [Watts et al., 1998; Jolivet and Feijt, 2005]. Table 3 summarizes 

the governing characteristics of the cloudy atmosphere, together with information about intervals 

of cloud properties and viewing geometries used for the DAK simulations. During the iteration 

the COT values that are retrieved at the 0.6 µm channel are used to update the retrieval of particle 

size at the 1.6 µm channel. This iteration process continues until the retrieved cloud physical 

properties converge to stable values. The interpolation between cloud physical properties in the 

LUTs is done with polynomial interpolation for COT values and linear interpolation for particle 

size. For optically thin clouds (COT < 8) the retrieved particle size values are unreliable. For 

these clouds an assumed climatological averaged effective radius is used that is 8 µm for water 

clouds and 35 µm for ice clouds, which is close to the values used by Rossow and Schiffer [1999]. 

To obtain a smooth transition between assumed and retrieved effective radii a weighting function 

is applied on the effective radius retrievals of clouds with COT values between zero and eight. 

The retrieval of cloud thermodynamic phase is done simultaneously with the retrieval of COT and 

particle size. The phase “ice” is assigned to pixels with a Cloud Top Temperature (CTT) lower 

than 265 K for which the 0.6 µm and 1.6 µm reflectances correspond to DAK simulated 

reflectances for ice clouds. The remaining cloudy pixels are considered water clouds.  

The droplet effective radius (re) is the adequate parameter to represent the radiative properties 

of a size distribution of water particles that is given by [Hansen and Hovenier, 1974]: 



X-12 ROEBELING ET AL.: SEVIRI & AVHRR CLOUD PROPERTY RETRIEVALS 

12 

 

�

�
∞

∞

=

0

2

0

3

)(

)(

drrnr

drrnr

re  (1) 

where n(r) is the particle size distribution and r is the particle radius. This definition is used to 

retrieve the effective radius for water clouds between 1 and 24 µm. For ice clouds we assume a 

homogeneous distribution of C1 and C2 type imperfect hexagonal ice crystals from the COP data 

library of optical properties of hexagonal ice crystals [Hess et al., 1998]. Knap et al. [2005] 

demonstrated that these crystals could be used to give adequate simulations of total and polarized 

reflectances of ice clouds. 

The CTT is calculated from 10.8 µm brightness temperatures and the emissivity of the cloud 

(ελ).  The ελ is calculated from the cloud optical thickness at wavelength λ (τλ ) with the 

following equation [Minnis et al., 1993]: 

 �
�

�
�
�

� −
−=

θ
τε λ

λ cos
exp1  (2) 

where cosθ is the cosine of the viewing zenith angle. The (absorbing) cloud optical thickness 

in the infrared (τtir) is related to the (scattering) cloud optical thickness in the visible (τvis). This 

relationship depends on particle size and particle thermodynamic phase. For large water and ice 

particles τtir is about 0.5τvis. 

The CLWP is computed from the retrieved cloud optical thickness at wavelength at 0.6 µm 

(denoted as τvis) and droplet effective radius (re) as follows [Stephens, 1978]: 
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 levis rCLWP ρτ
3
2=  (3) 

where ρl is the density of liquid water. For ice clouds the CLWP is retrieved with an assumed 

effective radius of 30 µm for C1 ice crystals and 40 µm for C2 ice crystals. 

 

3. Comparison between SEVIRI and AVHRR reflectances  

a. Study procedure 

SEVIRI and AVHRR reflectances at 0.6 and 1.6 µm were compared to investigate the 

calibration of SEVIRI. To minimize differences in viewing geometry, an area over Central Africa 

close to the equator (5°W to 5°E and 5°N to 18°N) was chosen for comparing the SEVIRI and 

AVHRR images. For AVHRR we used the pre-launch calibration coefficients provided by 

NOAA, whereas for SEVIRI we used the post-launch calibration coefficients that EUMETSAT 

provided at the end of the commissioning phase. The reflectances (ρλ) were calculated by:  

 
0cosθ

πρ
λ

λ
λ F

L
=  (4) 

where Lλ is the Earth radiance reflected in the direction of the satellite, Fλ is the incoming solar 

irradiance received at the top of the atmosphere perpendicular to the solar beam, and θ0 is the 

solar zenith angle.  

 During the period September 2004 – December 2004 nine SEVIRI and AVHRR images with 

about equal acquisition times were selected. The images were re-projected to a Mercator 

projection and re-sampled to a similar spatial resolution. The comparison of re-projected AVHRR 
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and SEVIRI images revealed small differences due to different observation times and collocation 

errors. To reduce the collocation errors the AVHRR images were shifted within a 5x5 pixel box 

to find the maximum correlation with the SEVIRI images. Finally, SEVIRI and AVHRR pixels 

were selected with zenith viewing angles smaller than 30° and scattering angles between 140° - 

175° and 120° - 130°. Pixels with scattering angles close to 180° and 137° were excluded to 

eliminate pixels that are affected by the glory and the rainbow, respectively. Contour plots and 

cumulative frequency distributions were analyzed to assess the differences between SEVIRI and 

AVHRR reflectances at 0.6 and 1.6 µm. 

b. Results 

Figure 4 shows an example of a SEVIRI and AVHRR 1.6 µm image for the area over Central 

Africa that is used for the reflectance comparison. The selected images comprise typical scenes 

that can be observed over Africa, i.e. semi-arid, desert-like, sea surfaces, water and ice clouds. 

The impact of the difference in spatial resolution and channel characteristics between AVHRR 

(1x1 km2 at nadir) and SEVIRI (3x3 km2 at nadir) can be seen clearly from the images. Typical 

features, such as Lake Volta in Ghana, can be recognized on both images, but the broken clouds 

field over Southwest Ghana that can be distinguished on the AVHRR image (see circle) appears 

on the SEVIRI image as homogeneous cloud field. The arrows on the images indicate an area 

with ice clouds over a desert-like area in Mali, which appear as dark spots due to the strong 

absorption of ice particles at 1.6 µm.  

Figures 5 and 6 present contour plots and cumulative frequency distributions of SEVIRI and 

AVHRR reflectances for the 0.6 and 1.6 µm channel, respectively. For both channels the 

correlation between SEVIRI and AVHRR reflectances is high, the offsets of the regression 
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equations are close to zero and the correlation coefficients (r) are 0.93 at 0.6 µm and 0.95 at 1.6 

µm. At 0.6 µm the SEVIRI reflectances are about 6% higher than the AVHRR reflectances. 

Considering the differences in spatial resolution, viewing conditions and time of overpass 

between SEVIRI and AVHRR, the differences at 0.6 µm are within the uncertainty boundaries 

(see section 2). Larger differences are observed for the 1.6 µm channel, where the slope of 0.79 

indicates approximately 26% higher reflectances from SEVIRI than from AVHRR. It is very 

unlikely that these differences are due to the slight differences in viewing geometry between the 

two instruments. Such a difference would show up in the 0.6micron channel radiances too, which 

is not the case here. The analysis of SCIAMACHY scenes, presented in section 2, shows that the 

differences in bandwidth and spectral response function of the 1.6 µm channel of SEVIRI and 

AVHRR could explain for reflectance difference between  +0.7% for the desert scene and 

+11.2% for the thick ice cloud scene. Since the amount of ice clouds in the analyzed images is 

very low, the actual differences between the SEVIRI and AVHRR reflectances at 1.6 µm are 

expected to be smaller than about 3%. However, it is more likely that the observed differences 

result from uncertainties in the SEVIRI and/or AVHRR calibration of the 1.6 µm channel. The 

post-launch vicarious calibrations that were used for METEOSAT-8/SEVIRI have an expected 

accuracy of 5%. Moreover, Govaerts and Clerici [2004b] demonstrated that the calibration of the 

SEVIRI channels is stable and shows minor drift compared to the pre-launch calibration. 

Therefore it can be concluded that most of the uncertainties are probably in the NOAA-

17/AVHRR pre-launch calibrations, which can be higher than 10%. 

 

4. Comparison between SEVIRI and AVHRR cloud physical properties 
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a. Study procedure 

The comparison of SEVIRI and AVHRR cloud properties retrievals was done with 

operationally calibrated reflectances and recalibrated reflectances. The operationally calibrated 

reflectances were used to investigate if these calibrations can be used to retrieve for water clouds 

COT and CLWP values with a similar accuracy from SEVIRI and AVHRR. The recalibrated 

reflectances were used to assess the effect of normalization and absolute calibration on the 

comparability and magnitude of SEVIRI and AVHRR retrievals of COT and CLWP. 

The results from the reflectance intercomparison over Central Africa were used to normalize 

the AVHRR reflectances to SEVIRI. This normalization was done by matching AVHRR 

frequency distributions of reflectances to SEVIRI, which is in close analogy to the normalization 

method proposed by Heidinger et al. [2002]. The calibrations of AVHRR were matched to 

SEVIRI by increasing the reflectances of the 0.6 µm channel with ~3% and of the 1.6 µm channel 

with ~22%. These percentages differ from the results of the reflectance intercomparison over 

Central Africa with 3% at 0.6 µm and 4% at 1.6 µm, because the differences in spectral response 

function and width of the spectral window between both imagers are accounted for in the cloud 

property retrieval algorithm. In order to calibrate the normalized reflectances absolutely we used 

the results presented by Doelling et al. [2004]. They showed that the SEVIRI reflectances are 

about 8% lower at 0.6 µm and 3% lower at 1.6 µm than the MODIS−Terra reflectances, which 

are absolutely calibrated. In total the recalibration (normalization and absolute calibration) of 

AVHRR involved an increase of the reflectances at 0.6 µm with 11% and at 1.6 µm of 25%. Note 

that the recalibration method corrects for spectral response function, bandwidth and calibration 

differences between AVHRR and SEVIRI for spectrally gray scenes. No additional correction is 

applied for non-spectrally gray scenes such as ice clouds, for which the analysis of SCIAMACHY 
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reflectance spectra showed differences of about 11% due to the spectral response function and 

bandwidth of the 1.6 micron channels. 

The comparison of COT and CLWP retrievals was done for an area of about 800 km x 900 

km over the UK, the Netherlands and Germany ( 2.5°W to 11.0°E and 47.5°N to 57.0°N) for 35 

images during the period 15 April - 14 May 2004. During the observation period the percentage 

of cloud free observations was about 10%. About 60% of the observed clouds were identified as 

water clouds and 20% as ice clouds. The processing was done with the CPP algorithm using 

operationally calibrated and recalibrated reflectances. The SEVIRI observations closest to the 

AVHRR overpass time were used. Because only half hourly SEVIRI images were available the 

SEVIRI and AVHRR overpass times differed less than 15 minutes. The SEVIRI and AVHRR 

retrieved cloud properties were re-projected to a Mercator projection of similar grid size. To 

reduce the collocation errors the AVHRR images were shifted within a 5x5 pixel box to find the 

maximum correlation with the SEVIRI images. Logarithmic averaging was used to calculate the 

mean COT during the observation period and account for the quasi-logarithmic relationship 

between cloud albedo and COT, using the following equation: 
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where visτ is the logarithmically averaged COT, )(ivisτ  is the COT value of an individual 

observation and n is the number of observations. 

Frequency distributions of COT and CLWP retrievals were compared for individual 

observations and for the entire observation period to analyze the influence of the applied 

calibration on the median (50th percentile), the 95th percentile and the correlation coefficient of 
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SEVIRI and AVHRR retrievals. The main advantage of comparing frequency distributions is that 

the results are less affected by the collocation errors. The observed differences are caused by 

differences in instrument calibration, channel characteristics and spatial resolution. Moreover, 

there are differences that result from variations in the precision of cloud properties retrievals due 

to different viewing conditions. 

 

b. Results 

Figure 7 shows composite images of SEVIRI and AVHRR logarithmic averaged COT and 

averaged CLWP for both water and ice clouds for 35 images during the period 15 April - 14 May 

2004. The composites are derived with the operational calibrations and represent the study area 

over North Western Europe that is used for this comparison study. Visual inspection reveals a 

high similarity of patterns and magnitude between SEVIRI and AVHRR retrieved COT values. 

However, SEVIRI retrieves about 50% lower CLWP values than AVHRR. For example, over the 

Southern UK the CLWP values vary between 150 and 300 g m-2 for AVHRR and between 80 and 

200 g m-2 for SEVIRI. 

Figure 8 presents for water clouds the frequency distributions of SEVIRI and AVHRR 

retrieved COT and CLWP over the observation period using the operational calibrations. 

Although the frequency distributions of COT are similar, the frequency of clouds with COT < 15 

is about 15% higher for SEVIRI than for AVHRR, while the frequency of clouds with COT 

values between 25 and 40 is about 10% higher for AVHRR than for SEVIRI. The differences 

between the SEVIRI and AVHRR frequency distributions of CLWP are much larger. The 

frequency of clouds with CLWP < 50 g m-2 is about 30% higher for SEVIRI than for AVHRR, 
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whereas for AVHRR the frequency of clouds with CLWP between 50 and 500 g m-2 is about 20% 

higher than for SEVIRI. The major part of the differences between SEVIRI and AVHRR 

retrievals of CLWP arise from the about 20% higher reflectance of SEVIRI at 1.6 µm. The higher 

SEVIRI reflectances at the 1.6 µm will lead to the retrieval of smaller effective radii. Because the 

CLWP is approximated from the retrieved COT and droplet effective radius (equation 3) the 

differences in retrieved effective radius will directly affect the retrieval of CLWP. With the 

current large calibration differences between SEVIRI and AVHRR it is therefore not possible to 

derive comparable cloud properties from both instruments. Figure 9 shows that the SEVIRI and 

AVHRR frequency distributions match much better when the recalibrated reflectances are used. 

Both for COT and CLWP the frequencies differ less than 5%. Considering collocation errors and 

differences in spatial resolution and viewing conditions, the agreement between the recalibrated 

SEVIRI and AVHRR retrievals can be regarded satisfactory. 

To analyze the differences between the individual SEVIRI and AVHRR retrievals over the 

observation period frequency distributions were compared. Figure 10 shows for SEVIRI and 

AVHRR the median COT and CLWP values for the 35 overpasses, using the operational 

calibrations. During the observation period the median COT values have a large day-to-day 

variability, which varies between 2 and 20. However, the SEVIRI and AVHRR median COT 

values are well correlated (r = 0.96) and have a low standard deviation of differences (Std_Diff = 

1.5). Over the entire observation period the AVHRR median CLWP values are significantly 

larger than the SEVIRI values, with differences up to 120 g m-2. Although the SEVIRI and 

AVHRR median CLWP values correlate fairly well (r = 0.92), the standard deviation of the 

differences of 33.6 g m-2 is relatively high. Figure 11 shows that the median COT and CLWP 

values agree much better over the observation period after the recalibration than before (see 
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Figure 10). The biases between the SEVIRI and AVHRR retrievals of COT and CLWP do almost 

disappear. Moreover, the differences between SEVIRI and AVHRR retrievals are acceptably 

small, and vary between -3 and 3 for COT and between -30 and 30 g m-2 for CLWP. The 

recalibration of the 1.6 µm channel is the primary cause of the improved agreement between the 

CLWP values of both imagers because of the large correction (+25%) and the high sensitivity to 

particle size of the 1.6 µm reflectances. 

Table 4 and 5 summarize for SEVIRI and AVHRR the median, the 95th percentile, the 

correlation coefficient and the standard deviation of differences of COT and CLWP retrievals for 

water clouds over the observation period, using operationally calibrated and recalibrated 

reflectances. The recalibration of AVHRR and SEVIRI reflectances affects the results in two 

ways. First, the differences between the SEVIRI and AVHRR retrieved COT and CLWP values 

are strongly reduced due to normalizing the AVHRR reflectances to SEVIRI. Second, the 

magnitudes of the COT and CLWP values change due to adjusting the SEVIRI and AVHRR 

reflectances to MODIS-Terra. The biases between the SEVIRI and AVHRR median and 95th 

percentile COT and CLWP values are significantly smaller (< 5%) and the correlation 

coefficients are slightly higher (> 0.9) when recalibrated instead of operationally calibrated 

reflectances are used. Furthermore, the median and 95th percentile COT values increase for 

SEVIRI with about 10 and 65%, while for AVHRR the median decrease with about 2% and the 

95th percentile increases with about 40%. The effect of recalibration on the magnitude of the 

CLWP values is larger. The SEVIRI median and 95th percentile CLWP values increase with 

about 55%, while for AVHRR the median value decreases with 60% and the 95th percentile value 

decreases with 10%.  
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A remarkable result is that despite the 11% increase of AVHRR reflectances at 0.6 µm the   

median COT values decrease with about 2% after recalibration.  Although the retrieval of COT is 

mainly dependent on the 0.6 µm reflectances, the 1.6 µm reflectances also affect the retrieved 

COT values.  The dependence of COT on effective radius becomes noticeable, because the 

recalibration involved a significant 25% increase of 1.6 µm reflectances. This dependence is 

largest for optically thin clouds (COT < 8). Figure 12 shows for two viewing geometries the 

relationship between simulated 0.6 and 1.6 µm reflectances for various cloud optical thicknesses 

and particle sizes. In the figure the simulation results of both water clouds (effective radius 2 –24 

µm) and ice clouds (imperfect hexagonal crystals C1 and C2) are presented. The vertical arrows 

in the figure illustrate how a 25% increase in 1.6 µm reflectances results in a decrease of cloud 

optical thickness values, whereas the horizontal arrows indicate that a 11% increase in 0.6 µm 

reflectance results in an increase of COT values. It can be seen that recalibration of 0.6 and 1.6 

µm reflectances hardly changes the COT values for optically thin clouds, while the COT values 

for optically thick clouds increase. DAK simulations for other viewing geometries showed that 

the particle size dependence of the COT retrievals is larger for viewing geometries that 

correspond to scattering angles of the rainbow (~137°) and the glory (~180°). 

 

5. Effects of other SEVIRI and AVHRR differences on cloud property retrievals 

This section analyses the influence of the main sources of differences between SEVIRI and 

AVHRR on the retrieval of COT and CLWP over North Western Europe, which are: the 

instruments spatial resolution and viewing geometry.  

a. Influence of spatial resolution 
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Earlier studies have shown that differences in spatial resolution can cause systematic biases in 

retrieved cloud properties [Cahalan et al., 1994; Wielicki and Parker, 1992; Davis et al., 1997; 

Varnai and Marshak, 2001]. The nonlinear relationship between COT and reflectance can give an 

underestimation of COT values over dark surfaces as the spatial resolution decreases. Figure 9 

shows that the SEVIRI and AVHRR frequency distributions of COT and CLWP have similar 

shape and minimum and maximum values. However, the lower tail of the distributions reveals 

differences that are probably related to spatial resolution. The left graph in Figure 13 shows that 

the frequency of thin clouds, with COT values between 1 and 4, is higher for SEVIRI than for 

AVHRR. It is suggested that these differences partly result from broken cloud fields that appear 

as homogeneous fields of thin clouds at the 4x7 km2 resolution of SEVIRI, while at the 1x1 km2 

resolution of AVHRR these fields will show up either as cloud free or as clouds with COT values 

> 4. Figure 4 shows an example of such a cloud field over Southwest Ghana, which is marked by 

a circle. The right graph in Figure 13 shows that the differences between the SEVIRI and 

AVHRR distributions of COT reduce when the AVHRR data are resampled to the spatial 

resolution of SEVIRI over North Western Europe (4x7 km2). However, even after resampling part 

of the differences remain. It is suggested that these differences are caused by differences in 

viewing geometry. Since SEVIRI observes North Western Europe with larger viewing zenith 

angle (~60°) than AVHRR, broken cloud fields tend to appear as homogeneous fields of optically 

thin clouds because SEVIRI observes cloud sides rather than cloudy and cloud free pixels.  A 

similar comparison for CLWP revealed much smaller differences between the SEVIRI and 

AVHRR frequency distributions. A possible explanation for these smaller differences may be that 

SEVIRI retrieves for broken cloud fields lower COT values and simultaneously higher effective 

radii than AVHRR, which will have a compensating effect on the CLWP retrievals. 
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b. Influence of viewing geometry 

Loeb and Coakley [1998] have shown that frequency distributions of COT values Marine 

status water clouds show very little change at relative azimuth angles in backward scattering 

direction (φ = 120° – 140°) and satellite and solar zenith angles < 60°. However, in forward 

scattering directions (φ = 10° – 30°) the differences between frequency distributions of COT 

values are much larger and show a systematic drift in the peak COT as the viewing zenith angle 

increases.  

Over North Western Europe SEVIRI and AVHRR retrievals of cloud physical properties take 

place for completely different viewing geometries. During the period 15 April until 14 May 2004 

the peak scattering angle for AVHRR and SEVIRI was about 140°. The AVHRR viewing angles 

ranged between 0° and 20°, whereas the SEVIRI viewing zenith angles are larger than 50°. 

Furthermore, around noon SEVIRI is in the same plane as the sun, which makes the retrievals 

very sensitive to radiative transfer simulation flaws because the azimuthal difference is about 

180°.  

To investigate the dependence of our data set to viewing geometry Figure 14 presents the 

relationship between DAK simulated reflectances and viewing angles for various COT and 

effective radii values for water clouds. The range of viewing conditions used in the figure 

represent the mean conditions during the observation period over the Netherlands, which are an 

observation time of 10:30 UTC, an observation date of 1 May 2004, a solar zenith angle of about 

40° ±3°and relative azimuth angles between 130° and 150°. In our analysis the relative azimuth 

angle is used instead of the scattering angle, because the azimuth angle is independent from the 
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solar and viewing zenith angles. The sensitivity to small perturbations in viewing geometry is 

illustrated by the error bars, which give the standard deviation of mean reflectance due to 

variations of solar zenith angles (±3°) and relative azimuth angles (±10°). For the mean overpass 

time the main difference between SEVIRI and AVHRR geometries is the difference in satellite 

viewing zenith angle, which is about 60° for SEVIRI and generally between 0° and 20° for 

AVHRR. The figures clearly demonstrates that going from COT 1 to 128 the 0.6 µm reflectance 

of a water cloud with an effective radius 12 µm increases from about 0.08 to 0.92 for AVHRR 

and from 0.14 to 0.82 for SEVIRI. Compared to AVHRR this corresponds to a ~20% reduction in 

the dynamic range of cloud reflectances for SEVIRI. A similar reduction in dynamic range is 

observed for the 1.6 µm reflectances, where going from effective radius 24 to 3 µm the 

reflectance of a cloud with optical thickness 128 increases from 0.42 to 0.82 for AVHRR and 

from 0.47 to 0.77 for SEVIRI. The error bars in the figures show that the uncertainty of the cloud 

property retrievals increases with viewing angle, but error bars larger than ~10% do occur for 

viewing angles > 70°. Simulations using larger solar zenith angles (>50°) have shown that large 

error bars (> 10%) do occur at viewing zenith angles > 30°.  Because SEVIRI has a fixed viewing 

geometry these less favorable conditions will permanently affect the precision of SEVIRI based 

cloud property retrievals at higher latitudes. The large error bars at solar zenith angles > 50° 

indicate that a lower precision of SEVIRI cloud property retrievals is expected at higher latitudes 

during early morning or late noon observations in summer, and throughout the day during the 

winter half-year. The viewing geometry analysis above is restricted to plane-parallel clouds and 

only gives qualitative information. Quantitatively the actual impact on retrievals may be different 

due to 3D cloud effects such as shadowing and horizontal photon transport.  
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6. Summary and Conclusions 

This paper presented a comparison of SEVIRI and AVHRR retrievals of COT and CLWP 

from the CPP scheme that was developed in the framework of the CM-SAF. It was examined if 

SEVIRI and AVHRR can be used over North Western Europe to retrieve cloud properties with a 

similar accuracy.  The selected area covered part of the CM-SAF baseline area where SEVIRI is 

used to generate a dataset of cloud properties for climate research purposes. It was shown that 

SEVIRI and AVHRR cloud properties differ significantly when the operational calibrations 

provided by the satellite operators are used. In order to quantify the differences in instrument 

calibration a direct comparison of the visible (0.6 µm) and near-infrared (1.6 µm) reflectances 

was done over Central Africa. The comparability of SEVIRI and AVHRR cloud properties over 

North Western Europe improved significantly when recalibrated reflectances are used. Finally, it 

was shown that other differences, such as viewing geometry and spectral and spatial resolution 

have little effect on the comparability of SEVIRI and AVHRR cloud properties. 

The variations in SEVIRI and AVHRR reflectances showed a high level of agreement over 

Central Africa, with correlations coefficients of ~0.93 at 0.6 µm and ~0.95 at 1.6 µm. At 0.6 µm 

SEVIRI observed ~5% greater reflectances than AVHRR. The differences were much larger at 

1.6 µm, where SEVIRI observed ~20% higher reflectances than the AVHRR. The analysis of 

SCIAMACHY observed TOA spectra showed that the 0.6 µm channel reflectances of AVHRR 

and SEVIRI should differ less than 2.5%, whereas the 1.6 µm channel reflectances should differ 

between ~2% for a liquid water cloud and ~11% for a cirrus cloud on the basis of their different 

spectral response functions. Since the calibration accuracy of the SEVIRI visible and near-
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infrared channels is expected to be about 5%, and the first calibration reports show that the 

SEVIRI calibration is stable [Govaerts and Clerici, 2004b], most of the uncertainties are probably 

in the NOAA-17/AVHRR pre-launch calibrations. This conclusion is supported by the results of 

Doelling et al. [2004] who observed 8 and 3% differences between MODIS-Terra and SEVIRI 

reflectances for the 0.6 µm and 1.6 µm channels, respectively. 

The comparison of SEVIRI and AVHRR retrieved cloud properties, using operational 

calibrations, showed an acceptable agreement with respect to variance, whereas the absolute 

values agreed well for COT and poorly for CLWP. Over the period 15 April until 14 May 2004 

SEVIRI retrieved ~15% lower median COT values and ~75% lower median CLWP values than 

AVHRR. In order to exclude differences between both instruments due to calibration the SEVIRI 

and AVHRR reflectances were recalibrated. The results of the reflectance comparison over 

Central Africa were used to normalize the AVHRR reflectances to SEVIRI, whereas the results of 

Doelling et al. [2004] were used to adjust these reflectances to absolutely calibrated MODIS-

Terra reflectances. The recalibration did significantly improve the relationship between SEVIRI 

and AVHRR retrieved cloud properties, with differences dropping to values smaller than 5%. The 

adjustment of the normalized reflectances to MODIS-Terra reflectances had a significant effect 

on the magnitude of the cloud property retrievals. The median COT and CLWP values retrieved 

from AVHRR decreased with about 2 and 60%, respectively, whereas the corresponding values 

from SEVIRI increased with ~10 and ~55%, respectively.  These results clearly demonstrate that 

recalibration is needed to build a consistent dataset of cloud properties from SEVIRI and AVHRR 

for climate research purposes.  

The differences in spatial resolution and viewing geometry have a much smaller effect on the 

comparability of SEVIRI and AVHRR retrievals. Despite the large difference in spatial 
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resolutions of SEVIRI and AVHRR, the frequency distributions of cloud properties from both 

instruments were similar in terms of minimum, mean, maximum and peak values. Only at the low 

tail of the distributions differences related to broken clouds fields were observed, which can be 

resolved at the AVHRR resolution but appear as overcast thin clouds at the SEVIRI resolution. 

Moreover, small differences were observed due to differences in viewing geometry. This is 

consistent with the findings of Loeb and Coakley [1998], who expect no systematic bias in cloud 

property retrievals for the viewing conditions considered in this study i.e.: solar zenith angles 

were smaller than 60° and relative azimuth angles of about 140°. 

However, it is suggested that over North Western Europe the SEVIRI retrievals are more 

sensitive to errors due to its unfavorable viewing conditions; firstly, because SEVIRI has a large 

viewing zenith angle over this region, and secondly, because the scattering angle is close to 180°, 

i.e. backscatter direction, for about 10% of the observations. The analysis of the relationship 

between satellite viewing zenith angle and DAK simulated reflectances indicated that the 

uncertainty in cloud property retrieval increases with satellite viewing zenith angle. The satellite 

viewing zenith angle for which the uncertainties of the retrievals start to increase is solar zenith 

angle dependent. Since over North Western Europe the viewing zenith angles of SEVIRI are large 

it is expected that especially for early morning, late afternoon and winter observations the cloud 

property retrievals from SEVIRI will have a much larger uncertainty than those from AVHRR. 

This paper has demonstrated that the CPP algorithm provides robust and consistent estimates 

of Cloud Liquid Water Path and Cloud Optical Thickness from SEVIRI and AVHRR 

reflectances. Given the differences between SEVIRI and AHVRR in spectral characteristics, 

spatial resolution and viewing geometry, the retrieved cloud properties of both instruments 

compare well over North Western Europe. The large differences that were found between the 
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calibrations of NOAA-17/AVHRR and METEOSAT-8/SEVIRI highlight the need for a 

coordinated inter-calibration effort guided by the satellite operators. It has been clearly shown that 

recalibration is the most important requirement for constructing a uniform dataset of cloud 

properties for climate research. 
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Table 1.  Spatial and spectral characteristics of SEVIRI and AVHRR visible and near-

infrared channels. 

Channel  SEVIRI AVHRR  

 res.  nadir (km)  spectral band (µm) res. nadir (km) spectral band (µm) 

VIS 0.6 3 0.56 - 0.71 1.1 0.58 - 0.68 

VIS 0.8 3 0.74 - 0.88 1.1 0.73 - 1.00 

NIR 1.6* 3 1.50 - 1.78 1.1 1.58 - 1.64 

NIR 3.8* 3 3.48 - 4.36  1.1 3.55 - 3.93 
* The NOAA-17 AVHRR NIR 1.6 channel is active during daytime, while the NIR 3.8 channel is 

active during nighttime. 
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Table 2. SEVIRI and AVHRR 0.6 and 1.6 µm channel reflectances calculated from TOA SCIAMACHY reflectance spectra for 5 

typical surfaces (ocean, vegetation, desert, liquid cloud and cirrus cloud). The differences due to bandwidth and spectral response 

function of SEVIRI reflectances relative to AVHRR reflectances are given in %. 

 Position 0.6 µµµµm channel 1.6 µµµµm channel 

 latitude longitude SEVIRI AVHRR % Difference  
 

SEVIRI AVHRR % Difference  
 

Sea 45.2 -4.4 0.0386 0.0393 -1.8 0.0104 0.0096 7.7 

Vegetation 53.9 28.6 0.0629 0.0634 -0.8 0.1471 0.1451 4.2 

Desert 31.1 17.7 0.3353 0.3284 2.1 0.5425 0.5391 0.6 

Liquid cloud 60.1 -2.7 0.5066 0.5014 1.0 0.4323 0.4222 2.4 

Cirrus cloud 14.8 -15.4 0.6094 0.6075 0.3 0.1853 0.1666 11.2 
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Table 3. Properties of the cloudy atmosphere and the surface that are used for the radiative transfer calculations to generate the LUTs. 

Parameter Settings 
Atmospheric vertical profiles of pressure 

temperature and ozone 
Midlatitude summer a  

Aerosol model  none 
Cloud height  1000 - 2000 m 
Solar zenith angle (θ0)  0 -  75° 
Viewing zenith angle (θ)  0 -  75° 
Relative azimuth angle (φ)  0 - 180° 
Cloud Optical Thicknesses  0 - 128 
Surface albedo (ocean) 0.05 (0.6 µm), 0.05 (1.6 µm) 
Surface albedo (land) 0.10 (0.6 µm), 0.10 (1.6 µm) 
 
Cloud particle type 

water clouds 
Spherical water droplet 

ice clouds 
Imperfect hexagonal ice crystal b 

Cloud particle size 1 –24 µm C1:  L=30, D=20 µm c 
C2:  L=60, D=44 µm c 

Size distribution Modified gamma - 
Effective variance (ve) 0.15 - 
a The midlatitude summer atmosphere model was taken from Anderson et al. [1986]. 

b The imperfect hexagonal crystals are obtained from Hess et al. [1998] and have a distortion angle of  30°.  

c L and D are the length and the diameter of the hexagon, respectively. 
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Table 4. The median and 95th percentile of COT and CLWP for water clouds from AVHRR 

and SEVIRI for the period 15 April until 14 May 2004, using the operational calibrations. The 

correlation coefficients (r) and standard deviation of differences of AVHRR and SEVIRI 

retrieved COT and CLWP for the 35 images of the observation period are given. 

 median 95th percentile 

 AVHRR SEVIRI r Std_Diff AVHRR SEVIRI r Std_Diff 

COT 8.7 7.5 0.96 1.5 38.7 33.5 0.84 5.9 

CLWP 91.5 24.3 0.92 33.6 482.3 287.4 0.83 71.6 
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Table 5. The median and 95th percentile of COT and CLWP for water clouds from AVHRR 

and SEVIRI for the period 15 April until 14 May 2004, using recalibrated reflectances. The 

correlation coefficients (r) and standard deviation of differences of AVHRR and SEVIRI 

retrieved COT and CLWP for the 35 images of the observation period are given. 

 median 95th percentile 

 AVHRR SEVIRI r Std_Diff AVHRR SEVIRI r Std_Diff 

COT 8.5 8.3 0.98 1.4 53.0 55.5 0.91 8.9 

CLWP 35.7 37.5 0.97 11.7 436.9 451.0 0.90 89.3 
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Figure 1.  Spectral response functions for the SEVIRI and AVHRR 0.6 µm (left) and 1.6 µm 

(right) channels. 
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Figure  2.  SCIAMACHY measured TOA reflectance spectra for 5 typical scenes (ocean, 

vegetation, desert, liquid cloud and cirrus cloud). The gray blocks indicate the positions of the 0.6 

and 1.6 µm channels of SEVIRI and AVHRR. 
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Figure  3.  Flowchart of CPP algorithm for determining COT (τ), particle size (re) and CLWP 

using LUTs of DAK simulated 0.6 and 1.6 µm reflectances and cloud top temperatures (CTT) 

derived from 10.8 µm brightness temperatures and COT. 
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Figure  4.  AVHRR (left) and SEVIRI (right) 1.6 µm reflectances over Central Africa (5°W to 

5°E and 5°N to 18°N) for 25 December 2004 at 10.30 UTC. 
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Figure 5. Contour plot (left) and cumulative frequency distribution (right) of SEVIRI and 

AVHRR reflectances for the 0.6 µm channel for 17 images over Central Africa during the period 

September – December 2004. In the left panel the linear regression equation and correlation 

coefficient of the contour plot are given and the solid line is the 1:1 line. In the right panel the 

median and 95th percentile (maximum) of the cumulative frequency distribution are given. 
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Figure  6.  Same as Figure 5 but for the 1.6 µm channel. 
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Figure  7. Composites of SEVIRI and AVHRR retrieved logarithmic averaged COT (upper) 

and averaged CLWP (lower) over North Western Europe ( 2.5°W to 11.0°E and 47.5°N to 

57.0°N) for water and ice clouds for 35 images during the period 15 April until 14 May 2004.
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Figure 8. Frequency distributions of COT (left) and CLWP (right) retrievals from SEVIRI and 

AVHRR for water clouds for 35 images during the period 15 April until 14 May 2004, using 

operational calibrations. 
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Figure 9. Same as Figure 8 but then using recalibrated reflectances for the COT  and CLWP 

retrievals.
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Figure 10. Median of frequency distributions of COT and CLWP derived from SEVIRI and 

AVHRR during the period 15 April 2004 until 14 May 2004, using operational calibrations. In 

the graphs the correlation coefficients and the standard deviation of the differences are given.  
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Figure  11. Same as Figure 10 but using recalibrated reflectances for the COT and CLWP 

retrievals. 
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Figure 12. Computed DAK reflectances at 1.6 µm versus 0.6 µm for clouds with optical 

thickness values between 0 and 128 (solid vertical lines) and with effective radii between 3 and 

24 µm for water clouds and C1 and C2 imperfect hexagonal columns for ice clouds (dashed-

dotted more or less horizontal lines). The results are presented for viewing geometry: 

θ0 =60°, θ = 20°, φ = 90° (scattering angle ~120°). The arrows indicate the impact of 11 and 25% 

difference in 0.6 µm and 1.6 µm reflectances, respectively. 
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Figure 13. Low tail of the frequency distributions of SEVIRI and AVHRR retrieved COT 

values for water clouds for the period 15 April until 14 May 2004. The COT values from 

AVHRR were retrieved with full spatial resolution (1x1 km2) (left) and resampled spatial 

resolution (4x7 km2) (right), the SEVIRI products were retrieved with recalibrated SEVIRI 

reflectances.  
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Figure 14. The dependence of mean simulated reflectances on satellite viewing angle (θ) over a 

dark surface, averaged over solar zenith angles (θ0) 37°−43° and relative azimuth angles (φ) 

130°−150°.  In the left panel the 0.6 µm reflectances for clear sky and water clouds with COT = 1 

and 128 and droplet effective radius (re) = 12 µm, and in the right panel the 1.6 µm reflectances 

for clear sky and water clouds with re = 3 and 24 µm and COT = 128. The error bars represent the 

standard deviation of the mean reflectances. 


