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Abstract

Images of the geostationary Meteosat-9 SEVIRI instrument during the year 2012 are
analyzed with respect to the representativeness of the observations of eight cloud ob-
servatories in Europe. Cloudy situations are selected to get a time series for every
pixel in a 300km×300km area centered around each ground station. Then the Pear-5

son correlation coefficient of each time series to the one of the pixel nearest to the
corresponding ground site is calculated.

The area for which a station is representative is defined by the characteristic ra-
dius around each station for each SEVIRI channel, where the average correlation falls
below 0.9. It is found that measurements in the visible and near infrared channels,10

which respond to cloud microphysics, are correlated in an area with a 1 to 4km radius,
while the thermal channels, that correspond to cloud top temperature, are correlated to
a distance of about 20km. The defined radius even increases for the water vapor and
ozone channels. While all stations in Central Europe are quite alike, the correlations
around the station in the mountains of southern Italy are much lower. Additionally cor-15

relations at different distances corresponding to the grid box sizes of forecast models
were compared. The results show good comparability between regional forecast mod-
els (grid size. 10 km) and ground-based measurements since the correlations in less
than 10km distance are in all cases higher than 0.8. For larger distances like they are
typical for global models (grid size & 20km) the correlations decrease to 0.6, especially20

for shortwave measurements and corresponding cloud products. By comparing daily
means, the characteristic radius of each station is increased to about 3 to 10 times the
value of instantaneous measurements and also the comparability to models grows.

1 Introduction

In our climate system clouds are one of the most important elements. They are part of25

the water cycle and transport large amounts of water from the oceans to the continents.
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Furthermore they reflect solar irradiance and thus cool the earth but also have a warm-
ing effect by blocking the outgoing longwave radiation. In this way they strongly in-
fluence the earth’s energy budget (Kiehl and Trenberth, 2011). Still the full degree of
cloud-radiation interactions is not fully understood so that e.g. the sign and magnitude
of the impact of all cloud types on the net fluxes are still not known (IPCC, 2013).5

Especially our information on cloud formation and development as well as on time,
location and amount of precipitation is incomplete. Thus weather and climate models
produce clouds and precipitation slightly at the wrong time and place or overestimate
their amount (e.g. Boehme et al., 2011; Crewell et al., 2008; Feldmann et al., 2008;
Bouniol et al., 2010).10

Additionally, the radiative transfer equation is often simplified in radiative transfer
models to reduce computing time in weather and climate models by assumptions like
infinite plane-parallel cloud layers. Since real clouds have a complex three dimensional
structure and their horizontal extension is neither infinite nor homogenous the results
of radiative transfer models have some uncertainties (e.g. Welch and Wielicki, 1984).15

Ground stations with a variety of different instruments like microwave radiometers,
cloud radars and ceilometers are a good source for accurate measurements of cloud
properties like vertical extend, water content, optical depth and effective radius. Those
sites are used for validation studies of satellite data or forecasting models (e.g. Pfeifer
et al., 2010; Greuell and Roebeling, 2009; Grützun et al., 2013). However, such stations20

are rare. The cloudnet algorithm (Illingworth et al., 2007) e.g. which determines differ-
ent synergy products like liquid water path, a cloud classification and rain rate from the
above mentioned instruments, is only regularly calculated for Cabauw in the Nether-
lands, Chilbolton in southern England, Jülich, Leipzig and Lindenberg in Germany,
Mace Head in Ireland, Palaiseaux in France and Potenza in southern Italy. Further-25

more, many instruments only examine the atmospheric column directly above, making
an area-wide examination of clouds impossible. This complicates comparisons both to
satellite images as well as to model grid boxes with a horizontal extend. Thus an es-
timation of the representativeness of these spatially separated cloud observatories for
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their surrounding areas is desirable. Such an estimation of representativeness is also
valuable for synergetic products from ground-based measurements and satellite data.
The benefit of this combination was shown in Ebell et al. (e.g. 2013). These products
might not only be calculated for the pixel corresponding to the ground-station, but also
for the surrounding area in which the ground-based data are still representative.5

There have been different approaches of estimating the correlation between different
stations or the representativeness of a single station to its surroundings. Long (1995)
e.g. examined the correlation between measurements by pyranometers at 11 locations
in Wisconsin during the FIRE Project (Whitlock et al., 1990). They found that for a given
measurement at one station an estimation of the measurement at a second station10

can be given and that the accuracy of this estimation increases for temporal averaged
data in comparison to instantaneous measurements and depends on the length of the
averaging interval.

Deneke et al. (2009) performed a study for two stations located in Europe. They in-
cluded satellite data from the Spinning Enhanced Visible and Infrared Imager (SEVIRI)15

on board of Meteosat Second Generation (MSG) into their examinations and compared
cloud transmission at the ground to cloud reflection at the satellite. They showed the
importance of correcting the satellite data for parallax shift caused by differing cloud
top heights and the viewing geometry of the satellite. Due to the different spatial reso-
lutions of ground- and satellite-based data time-averaging was needed for an optimal20

comparison. A 40 to 80 min averaging-time provides best results. The correlation be-
tween satellite data around the ground station and the measurements at the station
itself decreases sub-linear.

The studies discussed above are based on data from time periods that are too short
for climatologies. For the present study SEVIRI data from the complete year 2012 was25

utilized to get at least cloud types typical for all seasons though it is still not long enough
for a real climatology. This time period should be sufficiently long to contain all com-
mon cloud types over Europe like pre- and postfrontal clouds, convective cumulus and
boundary layer stratus. Further, the previous studies used either solely ground-based
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measurements of radiance or a combination of those and additionally satellite data.
Cloud observatories in Europe are mostly too far apart for a direct comparison and the
comparison of one dimensional profiles of cloud properties from ground-based instru-
ments as provided by the Cloudnet algorithm and two dimensional images of cloud tops
from SEVIRI is often difficult. Thus only SEVIRI measurements are used for this study.5

For the estimation of the representativeness of the Cloudnet stations for their surround-
ings, the SEVIRI pixel nearest to the ground station is compared to all 101×61 pixels
surrounding it (see Fig. 1). Thus uncertainties due to different resolutions and dimen-
sions are avoided. The nearest point is defined by the clear sky geographic coordi-
nates. The parallax shift is neglected because for a homogenous cloud cover the shift10

is similar for all pixels and the reference point is not a fixed point on the earth. Even
for inhomogeneous scenes with large cloud top heights of ∼ 10km next to cloud free
pixels, the parallax shift is approximately 5km which corresponds to one pixel. For an
area of 600 pixels this is neglectable.

In Sect. 2 the methodology is described in more detail including an overview of the15

data used. The results are discussed in Sect. 3. In Sect. 4 an examination of the influ-
ence of time scales follows. Conclusions and outlook are summarized in Sect. 5.

2 Data and methodology

This study is based on data obtained from the SEVIRI instrument on board Meteosat-9,
a geostationary satellite operated by EUMETSAT. Meteosat-9 was launched in Decem-20

ber 2005 and became operational in April 2007. It replaced Meteosat-8 at position 0◦ W
which was moved to 3.4◦ W instead.

In the time period examined during this study, Meteosat-9 provided images of the full
earth disk around Africa and Europe every 15 min. Over Europe the pixel size of SEVIRI
is about 3km×5km except for the High Resolution Visible Channel (HRV) which was25

not used for our examinations. The other twelve channels range from 0.6 to 13.4µm.
The first three channels (0.6, 0.8 and 1.6µm) were considered in units of reflectance,
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the others in units of brightness temperature (BT) (more information about the SEVIRI
channels can be obtained from Schmetz et al., 2002).

For each of the eight stations where the cloudnet classification (Illingworth et al.,
2007) is calculated regularly, a corresponding cutout of 101×61 pixels which corre-
sponds to approximately 300km×300km (displayed in Fig. 1) is examined. This area5

is smaller than the correlation radii of 400–500 km found by Cahalan et al. (1982) for
infrared radiances measured by the NOAA satellite over the midlatitude Pacific Ocean.
They define the radius according to where the correlation drops to 1

e ≈ 0.4. This value
seems to be too small to describe representativeness and instead a threshold of 0.9
was defined for the present study. This causes a reduction of the correlation length so10

that the chosen cutouts are sufficiently large. Additionally radiances in the visible spec-
tral region were included which have a smaller correlation radius than infrared radiation
(which will be shown in Sect. 3). Furthermore this study includes not only the radius
at a certain correlation but also the correlation at certain distances that correspond to
grid sizes of different forecast models.15

The examinations are limited to day-time images with a solar zenith angle lower than
80◦. The infrared channels might also be examined for night time, but for channels that
measure solar reflections, night-time observations are useless. For the sake of equality
night-time images are left out for all channels.

Two different types of cloudiness have been examined during this study divided by20

the cloud cover over the respective examination area. Using the cloud mask developed
at the Institute for Space Sciences of the Freie Universität Berlin (FUB-cm, Reuter et al.,
2009), scenes with nearly full cloud cover and approximately half covered scenes were
selected. The fully covered scenes contain mostly large-scale clouds especially those
at frontal zones and boundaries between air masses, but also low stratus fields or high25

fog, and large convective cells e.g at squall lines. Partly cloudy scenes consist either of
small-scale cumulus like fair weather cumulus or post frontal convection or the scene
is covered half by a frontal zone and the other half is more or less cloud free. Since the
interest of this study lies in the representativeness of ground-based measurements of
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clouds and cloud properties, cloud-free pixels are masked out in both cases to eliminate
the influence of the earth’s surface.

Cloudy time steps are defined by a horizontal mean over the 101×61 pixel area
with a cloud cover larger than 90%. Half covered scenes are defined by a cloud cover
between 40 and 60%. The number of fully and half cloudy case in comparison to all5

other cases can be obtained from Fig. 2. Apart from the different numbers of cases for
each station, also the type of clouds observed over each region differs. Potenza in the
south of Italy e.g. has the least cloud cover of all stations. If there are clouds, these are
often cumulus clouds caused by orography while the surrounding mediterranean sea is
cloud free. Totally covered scenes are mostly related to low pressure systems passing10

directly over Italy. Mace Head at the west coast of Ireland is seldom completely cloud
free. It lies often directly beneath cyclones moving from the Atlantic Ocean towards
continental Europe. The frontal zones corresponding to these cyclones often pass over
the other stations. Mostly they influence all stations, but there are also cases where
the front dissolves before it reaches Leipzig and Lindenberg in the eastern part of Ger-15

many. There are less fully cloudy scenes in the vicinity of ocean waters causing large
differences between stations near the coast and those more upcountry. The North Sea
e.g. is more often cloud free than the adjacent land. Thus totally covered scenes are
less frequent for Cabauw and Chilbolton than for Jülich and Palaiseau. Additionally
some more large convective systems passed over Palaiseau in the observed year than20

over the other stations. Even between Leipzig and Lindenberg, which are close to each
other and both are characterized by continental weather, some differences occur. Lin-
denberg is located closer to the Baltic sea and especially in the winter month stratiform
clouds are often transported from there to the south and lead to a totally covered area
around Lindenberg, but not over Leipzig.25

For each pixel the correlation of time series of either fully or half covered scenes to
the corresponding serie of the nearest pixel to the respective ground station is calcu-
lated. The distance to the reference pixel is calculated from the latitude and longitude
values of the pixel positions. The relationship between distance (dist) and correlation ρ
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allows for a description by the following: ρ = 1− distb

a . This formula meets the require-
ment ρ(dist = 0km) = 1 and fits to convex as well as to concave shapes of the relation
depending on whether coefficient b is smaller or larger than 1. The coefficient a de-
scribes the intensity of the decrease of correlation with distance. While b has no unit,

a has the unit kmb, which is difficult to interpret. dist0 = a
1
b is the theoretical distance5

where the correlation becomes zero and has the unit km. Using this correlation length
enables us to directly compare different spectral channels and geographic locations.
However, dist0 is in all cases much larger than the range observed in this study and
the information content for distances larger than approximately 200km is question-
able due to the high variability of clouds and their properties. Instead values for dist0.910

with 1− distb0.9
a = 0.9 were calculated. The magnitude of this quantity seems suitable for

a comparison of all channels and stations and a correlation of 0.9 acceptable for the
definition of representativeness. Additionally the correlation at distances of the size of
different model grid-boxes is compared. These sizes are 2.8km for COSMO-DE, 7km
for COSMO-EU as well as 28km and 70km respectively for the Global Forecast Sys-15

tem (GFS; grid-size is enlarged for forecast times longer than one week). This allows
an estimation of the uncertainties that arise for comparisons between model data and
ground-based measurements because of different horizontal resolutions.

3 Results

As an example Figs. 3 and 4 show the correlation around Jülich for each channel for20

totally cloud covered and half covered scenes, respectively. As expected, the correla-
tion decreases with increasing distance in each channel. The decrease is strongest for
the visible channels. This indicates a high variability in cloud microphysical parame-
ters as optical depth and effective radius since these channels are strongly depending
on them. As expected, the decrease is even stronger for inhomogeneous scenes due25

to possible combinations of different cloud types with varying properties in the scene.
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The highest correlations are achieved for channels 6.2 and 9.7µm. Both channels are
strongly influenced by water vapor and ozone absorption, respectively. This indicates
that both atmospheric components are horizontally more homogenous than clouds.
7.3µm is also responding to water vapor but in lower parts of the atmosphere as can
be seen in the weighting functions of the SEVIRI channels in Schmetz et al. (2002).5

Therefore it is more strongly influenced by medium to high clouds, resulting in lower
correlation than for the 6.2µm channel. For these reasons the difference between to-
tally clouded scenes and half covered ones is less than for other channels. The other
infrared channels correspond mostly to cloud top temperature. For scenes covered
with one large cloud layer, cloud top height and temperature are to a certain degree10

homogeneous and the correlations decrease slowly. For partly covered scenes there
might also be different cloud layers with varying heights. Thus the correlation is con-
siderable smaller in Fig. 4. An exception is the 3.9µm channel, but the weak decrease
of correlation for different cloud covers might arise from saturation of this sensor. This
is confirmed by filtering for cold/dark (brightness temperature lower than 280K) and15

warm/bright (brightness temperature higher than 280K) clouds, respectively. The de-
crease of correlation with distance is clearly lower for warm clouds (which might be
saturated) than for cold clouds.

Too see more details, the correlations around Jülich are shown as a function of dis-
tance in Fig. 5 for total cloud cover in red and half covered in blue. The distance was20

limited to 200km. For larger distances some patterns in the distribution occur that arise
from incomplete circles with radius larger than ca. 200km around the reference in the
rectangular cutout shown in Figs. 3 and 4.

The range of distances was divided into bins of 20km and for each bin the mean
correlation and its standard deviation (std) are calculated. To these mean values a re-25

gression curve of type 1− distb

a is fitted (solid red line for total cloud cover and solid blue
line for half covered scenes respectively). 1

std are used as weighting factors for each
distance bin to draw the fit nearer to points with small standard deviations. For larger
distances the correlation becomes less significant and shall have less influence on the
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regression. Additionally the distance where the fitted correlation drops to 0.9 (horizon-
tal dotted line) is given both as the vertical dotted lines and in numbers. It is calculated

by dist0.9 = (0.1 ·a)
1
b .

As already said, the correlation decreases with distance. Especially in the visible
and near infrared the decrease is quite rapid in the first 10km, but gets less steep5

after that. This effect is even stronger for half covered scenes. The decrease in the
first kilometer is steeper for half covered than for totally covered scenes but for larger
distances the fitted lines are nearly parallel. Correlations above 0.9 are only found in
an approximately 1km radius around the measurement point for both cases. Instanta-
neous measurements of cloud optical properties at Jülich are thus only representative10

for a similar radius though the size of this radius strongly depends on the definition of
the chosen threshold of 0.9. Comparisons between ground- and satellite-based mea-
surements in the shortwave range are thus only reasonable for the one pixel nearest to
the ground station and depending on the synoptic situation even this might defer, since
the calculated radius is less than the pixel size of SEVIRI, making comparisons nearly15

impossible.
Measurements that involve brightness temperature values like cloud bottom temper-

ature from the ground or cloud top temperature from satellites are somewhat more
representative for total cloud cover. In these cases their representativeness reaches to
a distance of several 10km for total cloud cover. For partly cloudy cases the represen-20

tativeness of measurements in the longwave is not much higher than in the shortwave
range. As said above the likelihood of different cloud layers with different heights in-
creases for partly cloudy scenes in comparison to scenes with total cloud cover. The
anomaly for channel 3.9µm is also visible in this plot though saturation effects are more
likely than a physical meaning.25

Channels 6.2, 7.3 and 9.7µm have high correlations at distances of about 7km in
case of half covered scenes. This distance increases to nearly 50km for 6.2µm and
total cloud cover. But these channels give little information on the distribution of clouds
since they are additionally influenced by water vapor and ozone, respectively. Both
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atmospheric components are located above the cloud and thus not or at least less vis-
ible from the ground when a cloud is present. Hence, the channels in question can not
be used for an estimation of the representativeness of ground-based measurements of
cloud properties. The decrease of correlation for partly covered scenes indicates that
clouds still influence these channels but not at the same amount as the other longwave5

channels.
A further comparison of the different coefficients for all channels and stations is dis-

played in Fig. 6. On the left side the spectral distribution of the parameter a and b as
well as the correlation length dist0.9 (from top to bottom) are shown for half covered
scenes and on the right side the same is displayed for full cloud cover. The spectral10

distribution already discused for Fig. 5 is similar for all stations, though there are some
differences to note.

What attracts some attention is the low correlation for Potenza visible in all panels
of Fig. 6. All other stations have a similar behaviour especially for dist0.9. Potenza is
the only station that is not located in the temperate zone with passing cyclones and15

anticyclones but in the winter rain region of the subtropics. Even the peak in dist0.9
for 9.7µm (ozone) is missing. A possible reason might be, that on average total ozone
concentrations decrease with increasing distance to the polar regions (pp.89 Meul,
2013), resulting in a weaker ozone absorption and stronger influence of tropospheric
clouds on the observed brightness temperatures.20

Further, dist0.9 depends on the combination of both coefficients, though a seems to
have the larger influence since its spectral distribution resembles that of dist0.9 some
more especially for total cloud cover. As said before, b describes the curvature of the
correlation as function of distance with b = 1 in a linear case, a convex shape for b > 1
and concave for b < 1, respectively. In most cases except for some stations in case of25

half cloud cover the decrease of correlation with distance is sublinear. The most linear
cases are the water vapor channels. The ozone channel has a peak in coefficient a, but
a local minimum in b with an exception for the station Mace Head. Altogether the water
vapor and ozone channels show the largest correlation length although this maximum
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is higher when the cloud layer below is dense. These features can also be explained
by regarding the SEVIRI weighting functions (Schmetz et al., 2002).

Those channels that respond to cloud properties exhibit smaller correlation length
which even shrink when the cloud cover decreases. A detailed analysis for which sta-
tion the correlation length is high or low and which cloud types or properties cause5

these differences is complicated. The differences between the single stations accord-
ing to frequent synoptic situations as described in Sect. 2 are hard to see in the re-
sults especially since the order of the stations in dependence of their correlation length
varies with the cloud cover. Palaiseau and Cabauw e.g. have a comparatively large
correlation length for the window channels in case of total cloud cover, but for half cov-10

ered cases the correlation length for Leipzig is larger. Here a more detailed deviation
of different cloud types in the input data would be needed.

To estimate the comparability of forecast models and ground-based stations the cor-
relation at distances typical for the size of model grid boxes were summarized in Fig. 7.
As before on the left side the correlations at 2.8, 7, 28, and 70km (top to bottom) are15

shown for half cloud cover and on the right side for total cloud cover. With decreasing
cloud cover and increasing model grid size or distance to the ground station respec-
tively the correlation decreases and the features of the different channels become more
distinct. Comparisons between predicted cloud properties in a single grid box of a re-
gional weather model like COSMO-DE or COSMO-EU to the corresponding measured20

values at a ground station are reasonable especially for cloud top temperatures. For
cloud optical properties the differences might be larger, but a comparison is still useful.
For global climate models like GFS the comparison of cloud properties becomes more
difficult especially for cloud optical properties in case of not fully covered scenes be-
cause the correlation is in this case ∼ 0.6. For totally covered scenes a comparison of25

cloud temperatures should still be reasonable despite the large grid size of GFS since
the correlation is still around 0.8.
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4 Influence of time scales

Clouds are highly variable not only in space like the different results for complete and
partial cloud cover have shown, but also in time. The former results are all based on
data from each 15 min time step of SEVIRI, while the output of forecast models is
normally only given every few hours. To get information about the correlation length for5

larger time steps the methodology from the previous sections was repeated for daily
means of the SEVIRI data. This means for the totally covered cases, that the daily
mean of the cloud cover for each pixel in the investigation area must be larger than 0.9
to be selected for the analysis. Thus we have a totally overcast day and the results will
show how strongly the inner structures within this large cloud system are smoothed10

out during the passage over the station. For partly covered scenes there are different
possibilities of origins. One possibility is that for the first half of the day the whole scene
was covered and then the clouds dissolve or the other way around, half of the day
was clear until clouds developed. The second possibility is that half of the area was
overcast the whole day and the other half was clear (like at an stationary boundary15

of airmasses). It is also possible that the whole area was covered by variable clouds
for the whole day e.g. after the passage of a cold front. At the moment the different
possibilities are not separated from each other and all contribute to the following results.
In comparison to the previous sections the data base change to encompasses now
between 25 (Potenza) and 80 (German stations) cases of total cloud cover and 40 to20

90 cases of half covered days from a total of 366 days.
Since the purpose of this part of the study is to estimate the comparability of forecasts

with mean values of ground-based data only corresponding images to Fig. 7 are shown
in Fig. 8. As expected the features of single clouds or of structures within one large
cloud system moving across the examination area in one day are blurred out for the25

mean values causing an increase of the correlations at the different distances. The
differences for the single stations almost disappear for regional weather models and
total cloud cover except for Potenza which is still less correlated with its surroundings
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in case of shortwave measurements. A comparison to averaged ground-based data is
possible with good accuracy for both amounts of cloudiness. For global models with
a resolution of approximately 28km the comparisons to ground-stations should also be
reasonable for time intervals of several hours. But for larger grid-boxes the differences
to ground-based measurements will be noticeable especially for variable cloud cover.5

5 Conclusions and outlook

The correlations between time series from the SEVIRI instrument for two different
amounts of cloud cover to one reference pixel corresponding to one ground-based
measurement site have been examined during this study. With the help of these corre-
lations a representativeness of these measurement sites with respect to their surround-10

ing area was estimated for full and half cloud cover, respectively. To eliminate the influ-
ence of varying surface albedo, clear sky pixels are left out for both cases. By defining
the 0.9 correlation radius dist0.9 the representativeness of measurements in different
wavelength regimes and locations are compared. The following values are strongly de-
pending on this definition and if less accuracy is required, a radius for a lower threshold15

than 0.9 might be defined and the following values for the estimated representativeness
would increase.

Measurements in the visible and near infrared range were found to be representative
for an area with a radius of about 1 to 4km for instantaneous measurements in case
of total cloud cover. For half covered scenes these values decrease slightly, but since20

the correlation radius is already smaller than the pixel size of MSG it just indicates the
difficulties of an accurate comparison between satellite data and ground-based mea-
surements, especially for cloud microphysical properties. For measurements in the IR
the correlation length increases to about 20km. An exception is the correlation around
Potenza in southern Italy. The representativeness seems to be much lower there (only25

for an area of approximately 10km in the IR). The differences between partly and full
cloud cover becomes more pronounced in these cases since the correlation lengths
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are high and thus the differences can also become larger. Besides, the probability, that
a complete cloud cover consists of one cloud layer with a similar top height, is larger
than the likelihood of similar top heights in a partly covered scene that consists of sev-
eral clouds and cloud layers. The highest correlations were found for channels that are
influenced by structures above the clouds, i.e. water vapor and ozone. The correlation5

lengths of these channels reaches values of up to 40–60 km, but those results are not
transferable to the ground-based measurements since they do not see water vapor and
ozone above the cloud. Despite this, the effect of the underlying clouds is still visible
when different cloud covers are compared.

To estimate the comparability of ground measurements to model grid-boxes, the cor-10

relations at distances typical for model grid-sizes were compared. The results show
a good comparability for regional weather models with grid sizes smaller than v 10km.
For global models with larger grid sizes the comparisons would become less accu-
rate since correlations at 28km distance to a ground station decrease below 0.8 for
longwave measurements and to 0.6 in the shortwave range.15

The representativeness or comparability can be strongly increased by utilizing daily
means for each pixel instead of instantaneous measurements. Since the output of
weather models already has a lower temporal resolution than measurements, this fact
is helpful for actual comparisons between models and real data. The correlations in-
crease to nearly 1.0 for regional models and seldom fall below 0.8. The reason for the20

increase of correlation is the smoothing of horizontal cloud structures that pass over
the whole scene during one day.

A verification of the results of this study with ground-based measurements would
be desirable but quite complicated to achieve since a larger number of stations would
be needed to get area-wide ground-based data. Still there are some ideas for fur-25

ther investigations based on satellite data. This study shows the representativeness of
ground-based measurements of cloud properties within a radius of 200km around the
stations. This area could in a further study be divided into the four cardinal directions
to estimate the influence of the main wind direction. Figure 3 already reveals slightly
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lower correlation in the north western corner of the cutout around Jülich in comparison
to the other three corners. Furthermore the data might also be further separated by
the synoptic conditions. Especially for an overpass of a frontal zone we should see an
influence caused by the wind direction and the partly covered cases could be divided
into cases with variable cloud cover and cases with a sharp boundary between a large5

scale cloud and clear sky across the examination area. For convective days a time step
in the morning could be compared to a time step in the afternoon to investigate whether
cloud formation could be seen in the correlation length. Therefore an examination of
the correlations under clear sky conditions would be helpful. Another reason for the
importance of clear sky examinations is that for thin clouds the satellite also receives10

reflected radiance from the surface and its homogeneity or inhomogeneity might cause
some uncertainties into the results for total cloud cover. Additionally the clear sky corre-
lations can be compared to land use and elevation data. A first examination of clear sky
cases resulted in a clear division of the examined stations in those with surroundings
that include large fraction of water bodies and those merely surrounded by land.15

For a further separation of cloudy cases according to cloud top height, (optical) thick-
ness and homogeneity or synoptic situation a larger amount of data would be desirable.
Instead of data from only one year the entire operation time of SEVIRI instruments on
the different MSG satellites could be used. That would be the time period from 2004 to
2013 so far.20

For clouds of smaller scale the high resolution visible (HRVIS) channel might be
utilized. This channel would also help to verify the results of the method described in
this paper especially for those cases where the calculated correlation radius is smaller
than the SEVIRI pixel size.
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Fig. 1. Map of the location of the analysed ground-based measurement stations.

18

Figure 1. Map of the location of the analysed ground-based measurement stations.
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Fig. 2. Histogram of mean cloud cover of the area surrounding each ground station for each day-time
SEVIRI image of the different cloudnet stations.

19

Figure 2. Histogram of mean cloud cover of the area surrounding each ground station for each
day-time SEVIRI image of the different cloudnet stations.
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Fig. 3. Correlation between time series of SEVIRI pixels and the one nearest to Jülich for all channels.
Only cloudy cases from the year 2012 were taken into account.
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Figure 3. Correlation between time series of SEVIRI pixels and the one nearest to Jülich for all
channels. Only cloudy cases from the year 2012 were taken into account.
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Fig. 4. Same as Figure 3 but for half covered cases from the year 2012.
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Figure 4. Same as Fig. 3 but for half covered cases from the year 2012.
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Fig. 5. Correlation around Jülich in dependency of the distance. Red for total and blue for half cloud
cover.
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Figure 5. Correlation around Jülich in dependency of the distance for all SEVIRI channels. Red
for total and blue for half cloud cover.
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Fig. 6. Comparison of coefficients a and b as well as correlation length dist0.9 for all channels and
locations.

23

Figure 6. Comparison of coefficients a (upper panel) and b (middle panel) as well as dist0.9
(lower panel) for two different cloud covers (left side half covered scenes and right side fully
covered ones) all channels (x axes) and locations (different colours).
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Fig. 7. Comparison of correlation at distances that correspond to typical grid-sizes of forecast models for
all channels and locations.
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Figure 7. Comparison of correlation at distances that correspond to typical grid-sizes of fore-
cast models (from top panel to bottom) for two cloud covers (left side half covered scenes and
right side fully covered ones) for all channels (x axis) and location (different colours).
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Fig. 8. Same as Figure 7 but for daily means of SEVIRI data.
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Figure 8. Same as Fig. 7 but for daily means of SEVIRI data.
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