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Abstract: The study presents the first edition of cloud coverage and cloud physical properties climate data
records (CDRs) over Central Europe compiled from 1 x 1 km resolution AVHRR imagery. The CDRs cover
a climatological period of 30 years from 1986 to 2016. The dataset was generated using a novel Vectorized
Earth Observation Retrieval (VEOR) algorithm that is an extension of the fast look-up table approach imple-
mented in the Probabilistic Cloud Mask (PCM) method. AVHRR local area coverage (LAC) L1b data were
pre-processed to reflectances and brightness temperatures using the PyLAC software, which is a modifica-
tion of the PyGAC package used to generate CM SAF CLARA-A2 dataset from AVHRR global area coverage
(GAC) imagery. The main motivation for the study was the analysis of small scale changes in cloudiness and
its physical properties induced by local factors that are not apparent at coarse GAC resolution. A secondary
goal was to create a framework for VEOR training against MODIS imagery and MODIS-derived cloud products,

and then applying it to data originating from other sensors such as AVHRR.
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1. Introduction

Cloud radiative forcing and cloud-aerosol interac-
tions are of indisputable importance for under-
standing climate change. Most of the global climate
models operate at a scale of roughly 100 km (Saha
et al., 2010; Dee et al., 2011). Such a scale allows
an accurate simulation of the mid-latitude weather
systems that spread across thousands of kilometres,
but it is insufficient to capture convective cloud
systems that rarely extend beyond a few tens of
kilometres. Therefore, the impact of the convective
cloud systems within climate models is approxi-
mated by complex parametrizations which incor-
porate the main source of errors and uncertainties
in the simulations. Decreasing the size of the model
grid cells to 1 km? or less would allow major con-
vective cloud systems to be resolved. Furthermore,

such resolution would allow a wide range of local
scale analyses, e.g.: aerosol-cloud interactions in the
vicinity of emitters, impact of cloudiness change
on surface radiation in mountainous regions, rela-
tionship between cloudiness and urban heat islands
(UHI), etc. Thus, there is a strong demand for the
satellite cloud climate data record (CDR) that would
match the spatial extent of the convective cells.
The quality of a CDR depends heavily on the ho-
mogeneity and accuracy of the input measurement
set. In the case of the AVHRR sensor a number of
factors — such as 1) multitude of satellite platforms
(NOAA and MetOp) affected by orbital drift; 2) in-
strument degradation; 3) differences in spectral re-
sponse functions; 4) 1.6 um and 3.7 pm channel
switch — resulted in inhomogeneous time series of
radiance measurements. Especially the shortwave
channels (at 0.6, 0.8, 1.6 pm) are affected because
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they do not feature on-board calibration as long-
wave channels do (at 3.7, 10.8, 12.0 um). There-
fore, prior to any satellite retrieval using a long
record of AVHRR data, a vicarious recalibration of
the shortwave channels has to be performed to
ensure homogeneity and stability of the radiance
measurement within and across different satellite
platforms. In the present study the AVHRR calibra-
tion coefficients developed within the PATMOS-x
climatology (Heidinger et al., 2014) were used.

Once the input data are correctly calibrated the
satellite retrieval of physical quantities can be
performed. In the case of cloudiness and its charac-
teristics the retrieval can be divided into three
steps: 1) cloud discrimination, 2) cloud phase re-
trieval, and 3) retrieval of the remaining physical
quantities (cloud optical depth & effective radius,
liquid/ice water path, etc.). Apart from algorithm
design, one of the important factors affecting the
homogeneity of the derived data record is the sta-
bility of ancillary data used during the retrieval.
Usually the ancillary data originate from a climate
reanalysis of surface meteorological data that them-
selves feature inhomogeneities due to instrument
change/malfunction, expansion of spatial cover and
density of measurements, assimilation of new types
of data (e.g. satellite data), and many more. Thus,
within the present study no ancillary data besides
snow cover maps and a static land cover map were
used. The data record acquired from the retrieval
cannot be considered as a CDR without specific
post-processing. It involves diurnal cycle correc-
tion of physical quantities in the case of satellites
featuring orbital drift, homogeneity tests, and vali-
dation against independent data (e.g. SYNOP
observations). All of the aforementioned aspects
make the satellite CDRs derivation difficult and may
result in significant discrepancies between them. In
the case of older NOAA platforms (up to NOAA17)
significant orbital drift occurred that subsequently
resulted in spurious temporal trends in satellite
products (Devasthale et al., 2012, Pfeifroth et al.,
2012). Depending on the trend type this introduces
spurious increase or decrease in values in CDRs
and voids further climatological analysis.

Existing AVHRR-based cloud cover CDRs such
as ISCCP, PATMOS-x (Heidinger et al., 2014), ESA
Cloud cci CC4CL-AVHRR (Stengel et al., 2017),
and CLARA-A2 (Karlsson et al., 2017) are based
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on the AVHRR Global Area Coverage (GAC) data
featuring the reduced spatial resolution. AVHRR
GAC data are suitable for global climate models
(GCMs), whereas LAC data should be used by re-
gional climate models (RCMs). To date, the 1 km?
satellite cloud climatology (i.e. 30 years) over
Europe has not been compiled. Hence, the main
objective of the present study was to provide long
and homogeneous time series of cloudiness and its
physical properties.

2. AVHRR sensor description

The Advanced Very High Resolution Radiometer
(AVHRR) has been operating aboard the suite of
NOAA and MetOp polar orbiting satellites main-
tained by the National Oceanic and Atmospheric
Administration (NOAA) since 1978 and by the
European Organisation for the Exploitation of Me-
teorological Satellites (EUMETSAT) since 2006.
Its first generation (prior to NOAA7) equipped with
4 channels was soon replaced by the 5-channel
AVHRR-2 instrument (NOAA7-14) with the spec-
tral bands centred around 0.6, 0.8, 3.7, 10.8 and
12.0 pm. Complementary to the 3.7 um channel
the third generation (NOAAT1S and later, MetOp
series) of this sensor is equipped with a 1.6 um chan-
nel but for compatibility at receiving stations both
of them operate interchangeably. Channel switching
occurs at the illumination transition zone, e.g. 3.7 um
measurements are taken during the night while for
the sunlit portion of an orbit channel 1.6 um is optio-
nally activated (for some satellites e.g. NOAA18S,
NOAAT19 over Europe this channel is always deac-
tivated). Radiances at 1.6 um include only the solar
component of the electromagnetic spectrum whereas
at 3.7 um most of the radiation originates from the
Earth’s surface with a small contribution of the
solar signal. Nevertheless, this reflective part can be
retrieved from the 3.7 pm channel by subtracting
the thermal component approximated by the 10.8 pm
brightness temperature under the assumption of unit
emissivity. The AVHRR data are transmitted from
the satellite to a ground receiving station in HRPT
(high-resolution picture transmission) format (NOAA
platforms) or AHRPT (advanced high-resolution
picture transmission) format (MetOp platforms)
that correspond to either native 1.1 km x 1.1 km
resolution called LAC (Local Area Coverage) or re-
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duced resolution called GAC (Global Area Coverage).
LAC data is not stored aboard a satellite and is
acquired only during a receiving station overpass.
GAC data, temporarily stored aboard a satellite,
cover an entire satellite swath and are periodically
dumped at a receiving station located close to the
North Pole. To compute the GAC data, four out of
every five samples along the scan line are used to
compute one average value, and the data from only
every third scan line are processed. As a result, the
spatial resolution of GAC data near the subpoint is
actually 1.1 km x 4.4 km with a 2.2 km gap between
pixels across the scan line.

3. AVHRR calibration

AVHRR instrument does not feature an on-board
calibration system of shortwave channels (at 0.6,
0.8, 1.6 um), which have only been calibrated prior
to satellite launch. Over the course of years AVHRR
radiometers were degrading (especially the early
kinds), which resulted in a systematic drop in mea-
sured radiance. From the climatological perspec-
tive, such an effect introduces spurious trends in time
series. Therefore, a vicarious post-launch cali-
bration is required in order to analyse true climate
signals. Within the present study, a set of AVHRR

vicarious calibration coefficients developed with the
PATMOS-x climatology (Heidinger et al., 2010)
was used. In order to verify the integrity of AVHRR
reflectances a collection of vast radiometrically
stable targets (e.g. deserts, ice sheets) is needed.
Over Central Europe such targets do not exist and
therefore top surfaces of deep convective clouds
(DCCs) were selected for this purpose. Discrimina-
tion of DCCs was performed for the summertime
season only and for the AVHRR pixels complying
to the following restrictions: 1) cloud top tempera-
ture lower than 220K, 2) pixel not adjacent to cloud
boarder, 3) low thermal (below 1K) and low re-
flectance (below 3%) variance within a 5 x 5 kernel,
4) satellite zenith angle below 30°, and 5) sun zenith
angle below 50°. Once the pixels corresponding
to DCCs were selected the box plots presenting
monthly median values with quartiles and extreme
values were generated (Figs 1 and 2). The acquired
results prove that PATMOS-x calibration coeffi-
cients (Fig. 2) significantly diminish the effect of
instrument degradation as compared to standard,
pre-launch coefficients (Fig. 1). Furthermore, the
impact of AVHRR calibration on cloud optical
thickness can be observed in the bottom panels of
Figures 1 and 2.

Fig. 1. Box plot with AVHRR reflectance of deep convective clouds featuring standard pre-launch calibration (3 up-
permost panels) and derived cloud optical depth by means of the PPSv2014 software (bottom panel); blue line denotes
cubic spline fit to data
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Fig. 2. Box plot with AVHRR reflectance of deep convective clouds featuring PATMOS-x calibration (3 uppermost
panels) and derived cloud optical depth by means of the VEOR algorithm (bottom panel); blue line denotes cubic spline
fit to data

4. Input data

The data sets used in the study are listed below:

—AVHRR LAC data used to derive CDRs covering
the period 1986-2016.

— MODIS and SCIAMACHY data used to spec-
trally remap MODIS channels to AVHRR bands
and to train VEOR algorithm against MODIS
cloud products.

— MSG-based CM SAF CLAAS version 2 cloud
mean monthly diurnal cycle products used for
diurnal cycle correction of the VEOR products.
This product features high temporal sampling
of 1 hour and covers the European area and
therefore was selected for the present study.

—MCDI12C1 MODIS annual land cover product
at 0.05° spatial resolution.

— NSIDC Northern Hemisphere EASE-Grid 2.0
Weekly Snow Cover and Sea Ice Extent Ver-
sion 4 (Brodzik and Armstrong, 2013). This
data set was derived at 25 km? resolution from
the following sensors: SMMR, SSM/I, SSMIS,
VAS mounted aboard the following platforms:
DMSP, DMSP 5D-2/F11, DMSP 5D-2/F13,
DMSP 5D-2/F8, DMSP 5D-3/F17, GOES,
GOES-7, Nimbus-7. It covers the climatological
period from 3 October 1966 to 25 December
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2016 which is relevant for the presented study.
The ancillary snow dataset is needed to intro-
duce different algorithm parametrization over
a bright surface, where the assumption that cloud
cover increases measured reflectance is not met.
This issue is especially important for cloud
masking and cloud optical thickness retrieval,
which are mainly based on shortwave reflec-
tance.

—MYDO08 collection 6 mean monthly cloud phy-
sical properties products at 1° resolution used
for inter-comparison with VEOR products.

The AVHRR dataset was composed of raw LAC
data in the HRPT format originating from the local
receiving station at the Institute of Geodesy and
Cartography in Warsaw, Poland combined with the
LAC data in the L1b format downloaded from the
NOAA CLASS (Comprehensive Large Array-data
Stewardship System) archive. To construct the
AVHRR dataset a subset of 6 NOAA satellites
marked with numbers 9, 11, 14, 16, 18, and 19 was
used. The overpass time of these platforms is close
to noon local time, which should diminish the
effect of the cloudiness diurnal cycle. SCCAMACHY
hyperspectral data used in the study consisted of
the localized atmospheric spectra in the UV/Vis/
NIR/SWIR wavelength range (SCL.NL1P) product.
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The SCITAMACHY instrument aboard the ENVISAT
platform was designed to perform global measure-
ments of atmospheric trace gases. It featured low
spatial resolution (around 26 km X 15 km) and high
radiometric resolution (0.2 nm to 1.5 nm) over the
range from 240 nm to 1700 nm, and in selected
regions between 2000 nm and 2400 nm. High ra-
diometric resolution and free data availability were
the key features that justified selection of the
SCIAMACHY data in the presented study. The uti-
lized MODIS data incorporated: MYDO2 (calibrated
radiances), MYDO06 (cloud physical properties),
MYD35 (cloud mask) collection 6 products origi-
nating from the AQUA satellite with afternoon
overpass time. MODIS data sets were selected for
the present study because they are retrieved using
state-of-the-art algorithms which have been im-
proving for the last 20 years. Furthermore, MODIS
instruments feature on-board calibration of short-
wave and longwave channels, which significantly
reduces problems with sensor degradation apparent
in the AVHRR time series.

5. Methods

The methodology applied in the study consisted of
4 major steps and is presented in Figure 3.

Within the first step a suite of spectral response
functions of the MODIS instrument on board the
EOS2 (AQUA) satellite (Fig. 4) and the AVHRR
instrument on board the NOAA19 satellite (Fig. 5)
were integrated over one year of hyperspectral
SCIAMACHY reflectance data.

As a result a set of collocated synthetic AVHRR
and MODIS shortwave channels was derived.
Further, the synthetic bands were used to train the
VEOR algorithm in order to spectrally remap
MODIS channels to the AVHRR 0.6 um and 0.8 um
bands. In the second processing step MODIS re-
flectances derived from the MYDO02 11b product
were remapped to synthetic AVHRR bands. Then, the
synthetic AVHRR bands together with 1) MODIS
cloud mask (MYD35), 2) MODIS cloud physical
properties product (MYDO06), 3) MODIS landcover
(MCD12C1), and 4) NSIDC snow cover, were used
to train the VEOR algorithm. This allowed the deri-
vation of MODIS-like cloud products out of AVHRR
imagery in the third processing step. It began with
conversion of the raw AVHRR HRPT data format

Fig. 3. Flowchart of data processing applied in the study

and NOAA L1b data into the internal L1b format
of the NWP SAF AAPP software. Additionally,
geolocation of AVHRR imagery, which is affected
by satellite clock error and attitude variations, was
improved by means of the ANA software (Brunel
& Marsouin, 2000). Further, radiometric calibra-
tion of AAPP L1b files using the PATMOS-x coef-
ficients was performed by means of the PyLAC
software, which stems from the PyGAC package
(part of the PyTROLL framework) developed by
the CM SAF for the CLARA-A2 dataset. Acquired
calibrated reflectances and brightness temperatures
were then employed by the VEOR to derive AVHRR
cloud products and by the PPSv2014 to derive the
Cloud Top Height product. In the last fourth step, the
VEOR cloud products were aggregated into monthly
averages whenever at least 15 satellite overpasses
were available per month. Next, mean monthly
diurnal cycle products from the CM SAF CLAAS
dataset were bi-linearly resampled to 1 km? resolu-
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Fig. 4. Spectral response functions of the AVHRR instru-
ment on board the NOAA19 satellite

Fig. 5. Spectral response functions of the MODIS instru-
ment on board the AQUA satellite

tion and further averaged to the multiannual means.
Then, the diurnal cycle correction factors for each
pixel and each month were derived by dividing all
hourly values by the value at noon. The correction
factors matching the monthly mean NOAA satel-
lites” overpass time were further multiplied by the
VEOR cloud products in order to produce diurnally
corrected monthly mean cloud CDRs. Ultimately,
the following analyses were performed to evaluate
the usability of the generated CDRs: 1) temporal
changes in cloudiness and its properties averaged
over central Europe, 2) mean multiannual distribu-
tion of cloudiness and its properties, and 3) spatio-
temporal trends of cloudiness and its properties.

VEOR: The Vectorized Earth Observation Re-
trieval (VEOR) algorithm is a successor of the Pro-
babilistic Cloud Mask (PCM) algorithm (Musial et
al., 2014a), which has been successfully applied
to AVHRR data for cloud and snow masking and
for low stratiform cloud detection (Musial et al.,
2014b). Generic formulation of the VEOR retrieval
scheme allows its methodology to be extended to
a wide range of cloud physical properties such as
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cloud optical depth, cloud droplet effective radius,
cloud physical state, and ice/liquid water path.
VEOR processing time is significantly shorter than
that of existing methods (e.g. NWC SAF PPS soft-
ware) due to the implementation of the Look-Up
Vectors (LUVs) which describe the position of a pixel
within a multidimensional sparse information space
composed of spectral, angular and ancillary data.
Once the position of a pixel is known it serves as
an index to retrieve values from other LUVs that
hold precomputed data, e.g. cloud optical depth
estimates. In order to generate LUV with indexes,
first continuous data (such as spectral channels) are
transformed into a discrete form (unsigned integer
values) by means of step functions (Musial et al.,
2014b). Further, discrete values originating from
different features (spectral channels, ancillary data)
are merged into a single value using a bitwise ope-
ration. This involves bit shifting and multiplication
(bitwise AND operator) in order to locate different
features at different bit locations/bit ranges. Once
all of the input data sets are converted to a single
value then a LUV with mean quantity of interest
(e.g. cloud effective radius) is derived by averaging
all pixels from the entire training dataset with the
same index value. During VEOR retrieval, input
data sets are again merged into single index values
that are further located within a training LUV by
means of a fast binary search algorithm. Ultimately,
knowing the position of pixels within the training
LUVs the quantity of interest is retrieved.

PYyLAC: The PyLAC software implemented in
the Python programming language stems from the
PyGAC package, part of the PyTROLL framework
(https://github.com/pytroll), developed within the
CM SAF for the CLARA-A2 dataset. The PyLAC
processing chain consists of the following modules:
1) ingestion of an AAPP 11b file, 2) calibration of
AVHRR radiances to reflectances and brightness
temperatures, 3) geolocation of the satellite scene
with the aid of the external binary ANA software
(Brunel and Marsouin, 2000) and computation of
viewing/Sun angles, 4) remapping of the ancillary
data to satellite swath projection, 5) VEOR cloud
products retrieval, 6) remapping of AVHRR data
and VEOR products to geographic projection, and
7) export of the acquired data to HDF5 format.
AVHRR spectral bands utilized for the generation
of the cloud products are listed below:
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— cloud mask: 0.6, 0.8, 3.7, 10.8 and 12.0 um
bands;

— cloud optical depth: 0.6 pm band,

— cloud effective radius: 3.7 um band;

— cloud top height (PPSv2014): 10.8 and 12.0 pm
bands.

6. Results

Generated VEOR cloud CDRs consist of the fol-
lowing products computed for all types of clouds
and with a distinction between ice and water clouds:
cloud mask (derived separately for all pixels and
for pixels where physical properties retrieval was
performed), Cloud Effective Radius (CER) using
3.7 um band, Cloud Optical Thickness (COT), Ice
Water Path (IWP), and Liquid Water Path (LWP).
Additionally to VEOR data sets, the Cloud Top Height
CDR was generated by means of the PPSv2014
software. All of the aforementioned CDRs cover
aperiod from January 1986 to December 2016 and are
projected to the equirectangular coordinate system
EPSG:4326 with spatial resolution of 0.01° % 0.01°.
Aggregated level 3 products in hdf5 format such
as decadal trends and mean multiannual CDRs are
available online at: http://sonata.igik.edu.pl/#/projects?
scrollTo=data#data. In this paper only a subset of

Fig. 6. Time series and temporal trends of selected VEOR

cloud products; linear trends were computed using least-

squares regression and statistical significance (p-value)
was provided by the Wald Test with t-distribution

VEOR CDRs featuring a statistically significant
trend (p-value<0.05) is presented in order to verify
acquired results against general knowledge and
MYDOS collection 6 mean monthly cloud product.

6.1. Temporal changes in cloudiness
and its properties averaged over Central
Europe

To analyse a general climatic trend in cloudiness
and cloud properties a mean monthly averages
over the entire Central Europe were computed
(Figs 6 and 7). Apparent data gaps in the presented
time series are related to months where fewer than
15 satellite overpasses were available, and to the pe-
riod 2001-2003 when NOAA 16 was not acquiring
images at the 3.7 um band. Performed analyses
revealed the following:

1) cloud fraction, liquid cloud optical thickness,
and cloud top height, do not feature a statisti-
cally significant trend;

2) ice and liquid cloud droplets’ effective radius,
ice water path, and fraction of liquid clouds,
feature a statistically significant positive trend,

3) fraction of'ice clouds, liquid water path, optical
thickness of liquid clouds, feature statistically
significant negative trend;

Fig. 7. Time series and temporal trends of selected

MYDO08v6.0 cloud products; linear trends were com-

puted using least-squares regression and statistical sig-

nificance (p-value) was provided by the Wald Test with
t-distribution
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4) comparison of VEOR data with MYDOS col-
lection 6 cloud fraction and cloud optical
depth products revealed significant differences
in annual cycles; annual cycles of cloud effec-
tive radius product are in good agreement.

5) all of the VEOR cloud products feature a lower
magnitude of values than MYDO8 collection 6
data.

Discrepancies observed between VEOR and
MYDOS collection 6 products (Table 1) are related
to a different treatment of partially cloudy pixels
which are included in the VEOR product and ex-
cluded from the MYDOS product. This results in
a lower magnitude of VEOR retrievals. Regarding
the differences in the annual cycle of cloudiness
and some cloud properties, this issue might corres-
pond to a different temporal aggregation metho-
dology as well as a different selection of pixels
used in the retrieval. More in depth inter-comparison
and validation of VEOR products is beyond the
scope of this study and will be included in a sub-
sequent manuscript.

6.2. Spatial distribution of temporal trends
and mean annual products

Spatial distribution and temporal changes in cloud
properties were investigated by averaging monthly
mean values (Figs 8 and 10) and by computing tem-
poral trends (Figs 9 and 11) from monthly mean
products.

Conducted analyses revealed different spatial
patterns of cloudiness and cloud properties over
Central Europe. Cloud fraction features a distinct
pattern with higher values over land than over sea
and with a longitudinal negative gradient from
West to East. Significantly higher cloud amounts
are reported for mountainous regions, which is
related to strong convection at mountain tops and
to misclassification of snow and cloud covers. Sta-
tistically significant temporal trends of cloud frac-
tion are almost exclusively positive in a range of
0.01-0.03% per decade. Cloud optical thickness
does not exhibit a strong spatial pattern apart from
mountainous regions. However, it has a statistically
significant negative North-Western trend of 0.5-1.5
per decade. Cloud effective radius (CER) features
higher values over the Adriatic and Ligurian Sea,
which might be related to high evaporation com-
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Table 1. Statistics of differences between selected VEOR
and MYDOS8 collection 6 products

. Bias corr.
Product Bias | STD | RMSE RMSE
Cloud fraction [%] | —16.2| 17.8 5.8 3.2

Cloud effective

. -4.00| 3.57| 28.78 12.79
radius [um)]

Cloud optical

depth [-] -12.87|10.37 | 27.33 10.76

bined with a lower amount of available cloud con-
densation nuclei (CCN). Another region of high
CER values is located over the Alps. This might be
caused by high ice clouds formed due to strong con-
vection induced by orography. Furthermore, almost
all regions exhibit a statistically significant posi-
tive temporal trend in CER of a magnitude ranging
from 0.5 pm to 2 pm per decade. Cloud ice water
paths (IWP) exhibit weak spatial patterns apart
from mountainous regions, which again might be
related to snow/cloud cover misclassification. Tem-
poral IWP trends feature positive values ranging
from 10 to 25 g/m? in the South-Eastern part of
Central Europe. In contrast, the cloud liquid water
path (LWP) reveals a statistically significant nega-
tive trend in North-Western regions. Cloud top
height (CTH) retrieved by the PPSv2014 algorithm
exhibits higher values in the southern part of Cen-
tral Europe, especially in the foothills of the Alps
(Padan Plain) due to higher air temperature and
complex orography. Statistically significant CTH
trends of 200400 m per decade exist mostly over
the Adriatic and Ligurian Sea. Ultimately, it was
found that there is no apparent correlation between
local spatial patterns of cloud physical properties
and localization of major cities.

7. Conclusions

The present study describes the first edition of cloud
cover and physical properties climatic data records
(CDRs) at 1 km? resolution covering 30 years
(1986-2016) retrieved from AVHRR imagery by
means of the Vectorized Earth Observation Re-
trieval (VEOR) algorithm. The primary objective
of the study was to investigate local changes in
cloudiness that are not apparent at coarse global
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Fig. 8. Multiannual means (1988-2016) of cloud products; purple dots represent major cities

scale. A secondary goal was to create a framework
for VEOR training against MODIS imagery and
MODIS-derived cloud products, and then apply it to
data originating from other sensors such as AVHRR.
This framework required spectral resampling of
MODIS bands into synthetic AVHRR channels,
which was done by another VEOR instance trained
against SCIAMACHY hyperspectral data. Despite
different AVHRR sensors operating within 30 years,
generated VEOR cloud products are relatively con-
sistent and homogeneous due to specific AVHRR
channel calibration derived within the PATMOS-x
project for the sake of climatological analyses.
Furthermore, the quality of VEOR CDRs was im-
proved by correcting for the cloudiness diurnal cycle
effect, induced by the orbital drift of the NOAA

satellites, using the MSG-based CM SAF CLAAS
cloud products. Ultimately, usability of VEOR cloud
CDRs for climate studies was briefly evaluated.
It was found that the most apparent local spatial
patterns of cloudiness exist in regions with rough
topography (i.e. the Alps), and that these patterns do
not seem to be related to urban areas characterized
by a high amount of cloud condensation nuclei
(CCN). However, to reveal such patterns more in-
depth analysis with a distinction between different
cloud types is required. The VEOR cloud CDRs
feature statistically significant temporal trends
(e.g. in cloud droplet effective radius) that are re-
commended for further investigation. Moreover, it
is planned to compare VEOR cloud CDRs with
other existing data sets such as MODIS cloud pro-
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Fig. 9. Temporal linear trends (1988-2016) of cloud products computed using least-squares regression; white back-
ground denotes regions where trends were not statistically significant according to the Wald Test with t-distribution
(p-value>0.05); purple dots represent major cities

ducts, CLARA-A2 and PATMOS-x cloud clima-
tologies. The second, more complete edition of
VEOR cloud CDRs is expected to be generated
after the release of the AVHRR LAC data within
the European Space Agency (ESA) Long Term
Data Preservation (LTDP) project.
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Fig. 10. Multiannual means (1988-2016) of cloud products; purple dots represent major cities

Fig. 11. Temporal linear trends (1988-2016) of cloud products computed using least-squares regression; white back-
ground denotes regions where trends were not statistically significant according to the Wald Test with t-distribution
(p-value>0.05); purple dots represent major cities
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Satelitarna klimatologia chmur wyznaczona z danych
AVHRR LAC nad Europa Centralng za pomocg algorytmu
Vectorized Earth Observation Retrieval (VEOR)

I oprogramowania PyLAC
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Streszczenie: Opracowanie prezentuje pierwszg wersje klimatycznego zestawu danych (ang. CDR) opisu-
jacego zachmurzenie i jego whasciwosci fizyczne nad Centralng Europg stworzonego na podstawie danych
AVHRR local area coverage (LAC) o rozdzielczosci przestrzennej 1 km x 1 km. Zakres opisywanego zestawu
danych obejmuje przedziat czasowy od 1986 do 2016 roku. Zostat on wygenerowany przy uzyciu nowator-
skiego algorytmu Vectorized Earth Observation Retrieval (VEOR), ktory jest modyfikacjg istniejgcej Probabilistic
Cloud Mask (PCM). Zobrazowania AVHRR w formacie L1b zostaty wstepnie przetworzone do reflektanciji
i temperatur radiacyjnych za pomocg autorskiego oprogramowania PyLAC, ktére jest modyfikacjg opro-
gramowania PyGAC, dostarczonego w ramach projektu CLARA-A2 przez EUMETSAT CM SAF. Giéwnym
celem opracowania byta analiza matoobszarowych zmian zachmurzenia i jego wtasciwosci fizycznych, ktore
nie sg widoczne na niskorozdzielczych obrazach AVHRR global area coverage (GAC). Drugorzednym celem
byto opracowanie metodologii opartej na algorytmie VEOR, ktéra pozwalata by na powielanie produktow
satelitarnych MODIS na innych sensorach takich jak AVHRR.

Stowa kluczowe: AVHRR, klimatologia satelitarna, chmury, wtasciwosci chmur, CDR, VEOR
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