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ABSTRACT

Over the last few years an increasing need for full resolution, multi-temporal AVHRR data for cli-
mate studies has been identified. To serve the purpose of climate change monitoring, certain re-
quirements in terms of data consistency and continuity specified by GCOS need to be met. The
University of Bern has received and archived daily full resolution AVHRR data over Europe for the
period 1984 to date and aims at the establishment of a high-quality fundamental climate data re-
cord in accordance with these requirements. In this paper, details on the data availability and proc-
essing system are given. A selected application on snow cover retrieval from historical AVHRR
data shows encouraging results regarding the generation of long-term climatologies from different
essential climate variables. It is concluded that the archive presented and the existing pre-
processing hold a great potential for becoming a valuable tool for the analysis of environmental
changes in the European Alps and adjacent regions.

INTRODUCTION
Scientific context

The use of historical satellite data has become an attractive option to study changes in climate
since they provide access to spatially and temporally comprehensive information on the entire
earth surface. To ensure that high-quality data records necessary to address climate-related issues
are defined, obtained and made available to all potential users, the Global Climate Observing Sys-
tem (GCOS) was founded by the World Meteorological Organization (WMO) in 1992. Within the
framework of this project, satellite data were identified as a key component of global climate moni-
toring by reason of their essential contribution to determining atmospheric, oceanic and terrestrial
climate variables (1). In contrast to other sources of information, remote sensing provides the
unique opportunity to monitor various components of the Earth’s system on a global scale with high
temporal resolution. In this context, the global long-term data record of the National Oceanic and
Atmospheric Administration (NOAA) and the European meteorological operational satellite system
(MetOp) Advanced Very High Resolution Radiometer (AVHRR) is of particular interest.

Although products from newer generation sensors, e.g., from the Moderate Resolution Imaging
Spectroradiometer (MODIS) sensor, have become available, AVHRR uniquely provides daily
global coverage of the past 25 years, which makes it especially suitable for use in climate studies.
Launched in 1978, the mission has been planned to be operational at least until 2020, based on
NOAA Polar Orbiting Environmental Satellites (POES) as well as on MetOp satellites in coopera-
tion with the European Organisation for the Exploitation of Meteorological Satellites (Eumetsat).
Even though the payload of MetOp is rather different from the NOAA satellites, the mounted
AVHRR/3 instrument is identical.

Despite the great potential of satellite observations, the use of AVHRR data in long-term studies
has encountered serious challenges. Retrieved information must be used with caution in clima-



EARSelL eProceedings 10, 2/2011 84

tological studies since non-target signal variability can introduce artificial trends into retrieved pa-
rameters. To serve the purpose of climate change monitoring, requirements concerning data conti-
nuity and consistency between different missions and instruments were established by GCOS (2).
Many efforts have been undertaken to correct effects which are known to reduce the quality of the
AVHRR data set, see e.g. (3,4,5,6,7), with the aim to achieve the AVHRR processing performance
in accordance with the GCOS accuracy requirements.

The AVHRR sensor and the data records

The AVHRR sensor is an imaging radiometer originally designed for meteorological and oceanic
purposes. The instrument’s nominal orbit altitude is approximately 833 km above the Earth’s surface
with a spatial resolution of 1.1 km at nadir and a swath width of 2700 km. Table 1 summarises the
spectral characteristics of the AVHRR channels. Depending on the type of instrument, the sensor
measures the reflected and emitted radiation in four (AVHRR/1), five (AVHRR/2), or six (AVHRR/3)
spectral channels. While channels 1 and 2 are sensitive to reflected solar radiation, channels 4 and 5
are designed to measure the emitted terrestrial longwave radiation. Channel 3 of AVHRR/1-2, cen-
tred at 3.7 yum, measures both reflected solar and emitted terrestrial radiation. On the latest instru-
ment version, AVHRR/3 channel 3 is able to alternate between 1.6 uym (3A) during daylight hours
and 3.7 um (3B) during night. Further details on the AVHRR sensor design and engineering specifi-
cations are given in Cracknell (8), Kidwell et al. (9), Goodrum et al. (10), and Robel et al. (11).

Table 1: Spectral characteristics of the different AVHRR sensors. All values are approximations
and might vary from satellite to satellite.

NOAA-6,-8,-10 NOAA-7,-9,-11,-12,-14  NOAA-15,-16,-17,-18, -
19, Metop-A

Channel AVHRR/1 (um) AVHRR/2 (um) AVHRR/3 (um)

1 0.58-0.68 0.58-0.68 0.58-0.68

2 0.73-1.10 0.73-1.10 0.73-1.0

3A - - 1.59-1.63

3B 3.55-3.93 3.55-3.93 3.55-3.93

4 10.50-11.50 10.30-11.30 10.30-11.30

5 Ch4 repeated 11.50-12.50 11.50-12.50

Besides accomplishing the original design of the mission, the sensor has successfully been used
to retrieve various other geophysical parameters such as vegetation indices (12), snow cover dis-
tribution (13), solar radiation budget (14), land and sea surface temperature (15,16), fire detection
(17) and atmospheric applications including aerosol content (18,19) or cloud parameters (20).

Many satellite products with global coverage are available from AVHRR. Mostly, these data sets
are based on the AVHRR Global Area Coverage (GAC) Level 1B data at a reduced spatial resolu-
tion, which is obtained through an onboard averaging scheme. This spatial sampling results in one
pixel being representative for an area of the size of 3 km by 5 km at the sub-satellite point. Within
the AVHRR Pathfinder programme, jointly administrated by NOAA and National Aeronautics and
Space Administration (NASA), various products for land (21), atmospheric (22) and oceanic (23)
applications were generated up to the hemispheric scale through the reprocessing of AVHRR GAC
data collected since 1981. These records uniquely provide 25-year global satellite data and have
been used in various climate studies, e.g., (24,25).

In addition to the GAC-based data sets and to take advantage of the full resolution of AVHRR, a
project to generate a global 1-km data set was initiated in 1994 (26,27). The raw data was provided
by several national and regional reception facilities. This remarkable international effort finally re-
sulted in the production of a global 1-km data set compiled for the period 1992 to 1996 by the US
Geological Survey (USGS) EROS Data Center. Although only the period 1992 to 1996 was proc-
essed, this project bears a great potential, and reprocessing and continuation is strongly recom-
mended (28).
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Apart from the global data sets, several 1-km AVHRR records for the use in climate change studies
were generated at a smaller scale. For example, a comprehensive historical 1-km AVHRR baseline
data record over Canada for the period 1981 to 2004 was produced at the Canada Center of Re-
mote Sensing (CCRS; (6)). Another 1-km historical AVHRR data set was compiled for Southern
Africa between 1985 and 1998 to extend a SPOT-VEGETATION derived Normalised Difference
Vegetation Index (NDVI) time series back in time (29). In Europe, the full resolution AVHRR long-
term terrestrial Mediterranean Extended Daily One Km AVHRR Data Set (MEDOKADS) is avail-
able for the use in land surface parameter studies (30). It covers the European continent for the
period 1989 to approx. 2003. Concerning the atmospheric domain, the German Aerospace Center
generated a 14-year cloud climatology from AVHRR data for the period 1990-2003 (31).

In addition to the data sets mentioned, a 25-year AVHRR data record for the use in climate re-
search, at the full spatial resolution, has been processed by the Remote Sensing Research Group
(RSGB) at the University of Bern, Switzerland. Due to the geographic location of Bern (46.93°N,
7.41°E), the research focus of RSGB has traditionally been on the European Alps. The complex
topography of the region results in pronounced altitudinal gradients, which leads to highly variable
climatic zones on short horizontal and vertical distances. Since Alpine ecosystems are very sensi-
tive to climate change (32), they are considered to be particularly suitable for studies of a variety of
phenomena on relatively small spatial scales. To complement ground station measurements, satel-
lite observations provide a valuable tool to access comprehensive information in mountainous re-
gions (33). This additional information is of particular interest for climate research in the Alpine Re-
gion where rapid environmental changes caused by shifts in temperature and precipitation patterns
have been observed over the recent decades (34). Furthermore, the usefulness of AVHRR data
over the Alpine Region is reported from investigations using coarse resolution GAC data, if ade-
quate correction is applied (35). However, a more detailed data set without inducing the known
limitations in the GAC resampling scheme (36) is assumed to deliver more accurate results in
mountainous regions. Given the importance of mountain regions for climate change assessment
combined with the strong need for full resolution AVHRR data sets for the use in climate research
in general (37,38) a 1-km AVHRR data record over this region bears a high potential of providing
valuable new information.

Hence, this paper presents and discusses the AVHRR data archive at the University of Bern in terms
of data availability and processing. A selected application example derived from the data set is pre-
sented and remaining challenges with respect to long-term climatology compilation are outlined.

The paper is organised as follows: In section Data the data reception facility is described and the
data availability is discussed. Section Methods outlines the data processing in detail and ad-
dresses remaining challenges concerning the generation of a long-term AVHRR data record. Sec-
tion Application Example gives a short overview on an application of this data set. The last section
concludes the paper with a summary and an outlook on future plans including processing, applica-
tions and data acquisition.

DATA
Data reception

The RSGB receives and archives NOAA and MetOp AVHRR data at the local receiving station in
Bern, Switzerland (46.93°N, 7.41°E). Full resolution AVHRR data is read out daily from each opera-
tional platform in High Resolution Picture Transmission (HRPT) format. Depending on the satellite’s
status (http://www.oso.noaa.gov/poesstatus/), data from NOAA -12, -15, -17 (morning platforms) and
-14, -16, -18, -19 (afternoon platforms) have been almost completely recorded over the last several
years and the local reception is planned to continue until the expected end of the mission in 2020.

The reception frequency varies depending on the satellites in orbit and in 2004 reached up to 12
data sets within 24 hours when the number of functional NOAA platforms in orbit was at a maxi-
mum. Depending on the orbit, the maximum area recorded in each overpass ranges approximately
from the Barents Sea (75°N) to the Libyan Desert (25°N) in the north-south direction and from the
Canary Islands (15°W) to the Black Sea (40°E) in the east-west direction.
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The raw data is received at 10 bit radiometric resolution and first converted to NOAA AVHRR Level
1B format. The data unpacking routine then extracts the raw digital counts, the calibration coeffi-
cients for the visible and the thermal channels for each image row as well as a grid file containing
information on sun and sensor geometry and geographic tie points. This is the input to the data
pre-processing system including radiometric correction, geometric rectification and cloud masking,
specified in section Methods.

Data archive

The full archive is assembled from several different data sources. The major contribution of ar-
chived data originates from our own data set recorded since 1981. Due to limited storage capacity,
only a subset covering the Alpine Region was archived until 1996. To provide full coverage prior to
1996, additional data have been acquired from the Freie Universitat Berlin from 1989-2007 as well
as from the Comprehensive Large Array data Stewardship System (www.class.ncdc.noaa.gov),
formerly known as Satellite Active Archive, for the period 1989-2000 and particular missing scenes
in other years. The period between 1984 and 1989 as well as remaining data gaps have been
completed with morning passes obtained from the German Aerospace Center. Thanks to all these
supplementary contributions the archive has successfully been extended back to 1984.
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Figure 1: The AVHRR data volume collected at the University of Bern illustrated by satellite mis-
sion and acquisition year. Grey bars indicate planned missions carrying a ’heritage’ AVHRR/3 in-
strument onboard. A large number of orbit segments are available from 2002 onwards when con-
tributions from different sources overlap.

Figure 1 gives an overview of the archive components and planned missions by satellite platform
and year of acquisition. The total number of 120,000 files corresponds to approximately 11 Terra-
bytes of raw data. An irregular distribution over such an extended time frame is inevitable, for ex-
ample, due to the maintenance of the receiving station or the reduced number of platforms in op-
eration. It has been concluded that the amount of data available before 1984 is insufficient for use
in long-term applications. While the number of files in 1984 and 1985 is of limited use, the record
provides a spatially and temporally complete coverage after 1985. After 1995, the average number
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of files per year has amounted to 6800. A peak of data availability was reached between 2004 and
2007 when up to six AVHRR platforms were simultaneously in orbit and archive contributions from
different sources overlapped. As indicated in Figure 1, new satellites have already been launched
and reached operational status (MetOp-A and NOAA-19) while others are planned (MetOp-B,
MetOp-C) within the framework of the Intitial Joint Polar-Orbiting Operational Satellite System
(IJPS) that comprises a cooperation between NOAA and Eumetsat. These missions are intended
to provide, foster and improve climate change monitoring by carrying ’heritage’ instruments such
as AVHRR/3 onboard to continue long-term environmental observations.
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Figure 2: The geographic extent of the archived data set. The smaller frame indicates the Alpine
Region subset on which the majority of the RSGB applications are based.

The full spatial coverage of the data set includes the geographic extent as illustrated in Figure 2.
Within the shown boundary coordinates of -15°E/75°N (upper left corner) and 40°E/25°N (lower right
corner) both the full extent or a limited region of interest can optionally be defined for processing.
The smaller frame in Figure 2 indicates the geographic extent of the greater European Alpine Re-
gion subset used for most applications at RSGB. All available scenes have been reprojected into
geographic projection using the WGS84 spheroid, i.e. latitude - longitude information at a resolu-
tion of 0.01° x 0.007° is provided.

As required by GCOS, the data set provides suitable periods of overlaps for consecutive AVHRR
sensors from NOAA-9 onwards. This offers the opportunity for intersatellite comparison in terms of
calibration (see Figure 4) and viewing geometry with regard to a homogeneous long-term climate
data record. Furthermore, repeated daily measurements from multiple sensors are provided to as-
sess changes in the diurnal cycle of surface and atmospheric properties.

METHODS
Radiometric Calibration

Consistent and accurate calibration is essential to create a homogeneous satellite climate data
record since physical quantities derived from different sensors need to be comparable. The
AVHRR calibration process of the shortwave and thermal channels varies with respect to the avail-
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ability of adequate calibration information. For the thermal channels, an onboard calibration infor-
mation based on a view of stable blackbody and deep-space reference is provided, which is util-
ised to convert raw counts to a meaningful physical quantity: the brightness temperature. The infra-
red channels of the AVHRR/3 instrument are calibrated according to the KLM User’s Guide (10)
including the correction for detector nonlinearities. For AVHRR/2, a slightly modified method than
the one suggested by Kidwell et al. (9) was applied. Namely, the nonlinear response of the chan-
nels 3B, 4 and 5 is corrected according to the method suggested by Walton et al. (39). This modifi-
cation provides increased radiometric consistency by applying the same correction to all platforms.
Figure 4c displays a time series of monthly mean brightness temperatures from AVHRR channel 4
from different platforms revealing no trend as well as a very high radiometric sensor-to-sensor con-
sistency suggesting its suitability for climate change studies.

In contrast to the thermal channels, the visible and near-infrared channels are only calibrated pre-
launch, which complicates the calibration procedure as their signal was observed to decrease over
time (8). This problem was addressed soon after the beginning of the mission and, therefore, the
degradation of the AVHRR sensitivity after launch has been widely discussed, e.g., (40,41,42). To
account for this fact, time-dependent correction using updated calibration coefficients is required.
Several sets of post-launch calibration coefficients derived from vicarious and inter-satellite calibra-
tion for different AVHRR sensors have been suggested in the literature (6,9,11,43,44,45,46,47,
48,49) and joint projects to achieve comparability of physical measurements from different satel-
lites were set up (38).

Here, we currently use the updated coefficients suggested by Heidinger et al.(49). Based on these
updated coefficients, channels 1, 2 and 3A are calibrated to top-of-atmosphere (TOA) reflectance
as described in the NOAA User’s Guides (9,10,11). Within the Quality Assurance Framework of
Earth Observation (http://qa4eo.org) a Catalogue of Worldwide Test Sites for Sensor Characteriza-
tion was set up to assure calibration accuracy and enhance sensor intercomparability. To analyse
the radiometric consistency of our data we used the La Crau test site (50), which is considered to
be the radiometrically most stable target in Europe (Figure 3).
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Figure 3: This subset shows the geographic location of the CEQOS test site La Crau Sanddunes,
France.
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Figure 4 shows the TOA VIS (a) and NIR (b) monthly mean reflectance time series for the period
1989 — 2010 over the test site in Southern France. No systematic trend was found for the time series
analysed. The variability is marginally higher for AVHRR Channel 2 reflectances and the standard
deviations, even though showing a variation of up to +/- 0.02 ym, are mainly caused by a slight sea-
sonal component and hence remain relatively constant over all platforms (Table 2). The variation is
assumed to partly originate in variable acquisition and illumination geometry, remaining cloud and
haze contamination, changing soil moisture conditions over the test site or even spurious contribu-
tions from a nearby vegetation cover indicating the target might not be completely temporally invari-
ant (50). Nonetheless, the results shown in Figure 4a and b and Table 2 indicate a reasonable ra-
diometric stability of the used post-launch calibration coefficients. A comparison to the coefficients
suggested by the National Environmental Satellite, Data, and Information Service (NESDIS;
http://www.osdpd.noaa.gov/ml/ppp/notices.html) calibrated time series revealed a slightly better
performance of the PATMOS calibration. Especially NOAA-14 was found to have a systematic higher
reflectance in both investigated channels (1 and 2) when calibrated with NESDIS coefficients.
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Figure 4: The time series of mean monthly TOA reflectance (and brightness temperature, respec-
tively) derived from the AVHRR instrument measured over the radiometrically stable surface lo-
cated in La Crau, France. AVHRR band 1 (a) band 2 (b) and band 4 (c).
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Table 2: Mean and standard deviations of TOA reflectance (Band 1 and 2) and for selected
AVHRR sensors over La Crau (France).

Band 1 Band 2
mean SD mean SD
NOAA-11 0.174 0.012 0.230 0.017
NOAA-14 0.164 0.011 0.222 0.016
NOAA-16 0.152 0.014 0.227 0.016
NOAA-17 0.164 0.014 0.244 0.017
NOAA-18 0.159 0.011 0.225 0.018

As an independent step, Trishchenko et al. (5,51) recommended accounting for differing Spectral
Response Functions (SRF) among various AVHRRSs in long-term applications. This correction is
done by the use of the suggested parameters of a quadratic best fit function referenced to NOAA-9
for channels 1 and 2 of each platform.

Geolocation

Accurate geolocation remains critical for generating long-term data records for climate studies of
land surface and atmospheric parameters, as has been emphasised in many previous studies,
e.g., (6,52). Inaccurate co-registration of consecutive images may lead to biases in time series
analyses since every single scene contributes to the final product (53).

Geolocation schemes for AVHRR solely based on orbital models lead to a geolocation accuracy of
1-4 km at the sub-satellite point. Known errors in image navigation based on orbit parameters re-
sult from inaccuracies in orbital models, satellite clock timing errors and deviations in satellite atti-
tude angles (52). Better geolocation precision for AVHRR can only be achieved by a combination
of ephemeris data with chip refining.

In the automated image navigation scheme outlined here, a first geometric approximation is carried
out based on ephemeris data obtained from the Two-Line Elements/Simplified General Perturbations
(TLE/SGP) model from the North American Aerospace Defence (NORAD). Since the accuracy is
strongly influenced by the time shift between effective overflight time and orbit model parameters
(6,54), the orbital model parameters closest to the acquisition time are taken to predict the exact po-
sition and velocity of the spacecraft. To avoid errors caused by the unprecise satellite clock, three
different time servers are used for a precise external time signal. Based on this information and as-
suming the satellite attitude angles to be zero, the geographic location viewed by the sensor can be
determined within a few kilometers. Figure 5a exemplarily illustrates the geolocation accuracy of a
NOAA-17 scene achieved by orbit model image navigation. Compared to the expected reference
coastlines and lakeshores (ENVI Version 4.3, ITT Industries, Inc.), a shift of a few kilometres along the
orbital track is observed. This accuracy is not sufficient for climate data records and additional geo-
referencing steps are required.

To account for deviations of the spacecraft attitude angles, which were assumed to be zero in the
first step, a land feature based correction of image navigation parameters (roll, pitch, yaw and time)
is included (55). Due to this attitude correction, a geolocation accuracy close to one pixel is obtained.

For the following feature matching procedure a predefined Ground Control Points (GCPs) library is
implemented. Additional GCPs are defined based on a random search process, if the number of GCPs
accepted from the library does not exceed a predefined threshold. The GCPs on the reference image
are defined as locations with the highest spatial variability estimated by the variance of the reflec-
tance. Consequently, the position of a GCP is determined at the image location where the correla-
tion between a rectified reference image map and an image sub-window (currently set at 21 x 21
pixels) is highest. Considering the found GCP’s (a minimum of 50 points is required for the image
to be processed) the image grid is then adjusted using the best fitting second order polynomial coeffi-
cients. Finally, the original AVHRR scene is rectified according to the corrected grid by nearest
neighbour resampling.
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Figure 5: Georeferencing accuracy of the NOAA-17 AVHRR scene from 26 July 2007 at 09:54
UTC over the European Alps by means of orbit model navigation (a) achieving a geolocation preci-
sion of a few kilometres and feature matching procedure to accomplish subpixel agreement (b)
between land-water boundaries and the reference coastlines (red colour). The map scale is
1:3°000°000.
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As mentioned previously, the European Alps have traditionally been in the focus of research at
RSGB. Due to the influence of elevated topography on the geometric accuracy of AVHRR data, an
additional processing step is required. Depending on terrain elevation and viewing geometry, pixels
may be displaced by up to a few kilometres. Neglecting this displacement may lead to important bi-
ases in AVHRR data over mountainous terrain (36). Therefore, an automated orthorectification pro-
cedure using a 1-km spatial resolution Digital Elevation Model (DEM) corrects for these displacement
errors. For each pixel, this orthoshift is calculated based on its surface elevation divided by the tan-
gent of the satellite elevation angle (56) and corrected accordingly. This process finally results in the
imagery that provides both the image-based information of the original scene and the accurate geo-
detic map coordinates.

The overall georeferencing accuracy is shown in Figure 5b. The shift as seen in Figure 5a is cor-
rected by the additional referencing steps (GCP refinement and orthorectification) resulting in a
subpixel precision. The land-water boundaries are in much better agreement with the reference
coastlines. The overall geolocation accuracy of this data set was further confirmed by the ability to
determine lake water surface temperature of small Alpine lakes (57).

Cloud Masking

An adequate cloud mask is a prerequisite for satellite applications because accurate retrieval of
surface parameters greatly depends on an accurate cloud/no cloud discrimination. The cloud
masking procedure has been crucial since the earliest retrievals of this kind of datasets and thus
an extensive set of methodologies for derivation of cloud masks have been proposed. The SPARC
(Separation of Pixels Using Aggregated Rating over Canada) algorithm capitalises on findings of
many previous studies (58). It was tailored to work with the data acquired by any generation of the
AVHRR sensor mounted onboard of the NOAA satellites starting from the NOAA-6 to the latest
NOAA-19. Its design allows working all year round, day and night over the temperate and polar
regions. It utilises all five spectral channels of the AVHRR instrument, as well as surface skin tem-
perature maps and a land/water mask. The special feature of the SPARC algorithm is related to
computation of an aggregated rating, which accumulates the results of several tests. Furthermore,
this score may be converted to the specific mask under user-dependent constraints. Apart from the
cloud mask this algorithm also produces additional layers, discriminating snow/ice and cloud
shadow areas. All characteristics mentioned above make the SPARC algorithm the most robust
and flexible in comparison to other existing schemes for derivation of the cloud cover from AVHRR
data.

The SPARC cloud masking algorithm is based on three types of tests: the brightness temperature
test in channel 4, which produces the T score; the reflectance brightness test in channel 1 (VIS),
which produces the B score; and the reflectance test in channel 3 (A or B), which produces the R
score. In the first one the brightness temperature B4 is compared with a dynamical threshold de-
rived from the surface skin temperature data provided by the European Centre for Medium-Range
Weather Forecasts (ECMWF) as well as by MeteoSwiss (COSMO model). The second test is a
surface brightness analysis in channel 1 (VIS) over land and in channel 2 (NIR) over water. The
third test is more complex, because it is based on channels 3A/3B, which are used interchangeably
and therefore two independent approaches are required here. In case of channel 3B, which in-
cludes both thermal and solar flux components, the reflectance is calculated from the radiance. For
channel 3A a specific function was designed, which relates the 3A reflectance to the reflectance in
the first channel. The singular scores from corresponding tests adjusted by an offset term are then
constructed in a way that negative values are assigned to cloud-free pixels whereas positive refer
to overcast ones. The scaling factor applied to each test modifies its significance in the overall
score. If the rating value is close to zero then additional tests are performed in order to classify a
pixel with an increased level of confidence. Those additional tests include: simple ratio test in the
first two channels, texture and thermal uniformity examination and thin cirrus test based on a dif-
ference in brightness temperatures between the channel 4 and the channel 5. For a more detailed
description of the scores and their computation we refer to Khlopnekov and Trishchenko (58). The
last set of correction factors is applied to the final rating in order to enhance the classification re-
sults. They account for:
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1. snow condition: when the distinction between snow and clouds in the first two channels of
the AVHRR sensor is difficult. This correction factor is based on the comparison between
skin surface temperature and the freezing point temperature, which is defined as a sine
function oscillating between a maximum of 2°C in the spring season and a minimum of -2°C
in the fall. The more negative the difference is (Tsur-Treeze) the higher the probability that
the area is covered by snow, thus the scale factor is penalised with low value.

2. sun glint effect over water, which affects the reflectance tests: This correction factor is de-
rived from the angular relationship between satellite angle, relative azimuth and minimises
the overall contribution of B, R and N scores.

3. day-night transition zone: because of the high sun zenith angle the reflectance in the first
three channels may be overestimated due to the properties of the surface bidirectional re-
flectance distribution function.

The shadow detection scheme that has been merged with the SPARC algorithm was proposed by
Simpson et al. (59). It utilises spectral properties of cloud shadows as well as some geometrical
assumption based on the solar zenith, viewing zenith and the relative azimuth angles. Additionally,
the shadow length was corrected by an estimation of the cloud top height, which is performed by
analysing the temperature differences between the surface brightness in channel 4 and the ground
data.

Figure 6 depicts an application example of two cloud masking algorithms: SPARC and CASPR
(Cloud and Surface Parameter Retrieval; (60)), applied to AVHRR winter scene acquired by
NOAA-16 on 4th of January 2004. It could be seen that both algorithms work well, however,
SPARC does not introduce misclassified pixels over the snow in the Alpine region as well as at the
image top.

Figure 6: The accuracy of the implemented cloud masking algorithms. The AVHRR scene pre-
sented was acquired by NOAA-16 on 4 January 2004. Panel a) presents the false colour compos-
ite generated from reflectance in channel 3B (red), channel 2 (green), channel 1 (blue). Clouds are
depicted in colours ranging from pink to light blue depending on droplet size. Intensive blue colour
corresponds to snow cover. Panel b) presents the false colour composite generated from bright-
ness temperature in channel 3B (red), channel 3B (green), channel 4 (blue). Areas depicted in blue
colours represent a cloud-free terrain. Panel c) presents the previously used CASPR cloud mask
with some obviously misclassified pixels within the Central Alps and the northern boarder of the
image while panel d) presents SPARC cloud mask with a more accurate pixel discrimination.



EARSelL eProceedings 10, 2/2011 94

Post-processing

After the data is processed as outlined, the output product consists of radiometrically and geomet-
rically corrected channel information: TOA reflectance for channels 1, 2 and 3A (AVHRR/3) and
brightness temperature for channel 3 (AVHRR/2), 3B (AVHRR/3), 4 and 5. Additional information
on viewing geometry and cloud contamination is provided for each pixel.

Certain analyses of geophysical parameters such as snow and ice cover or some limited vegeta-
tion dynamic applications can be carried out with the pre-processed data set. For most applica-
tions, however, further processing of the data is required. For example, the atmospheric impact
especially on products derived from the shortwave AVHRR channels (e.g. NDVI/) can be significant
(61,62). An accurate correction for this effect must be implemented in the data processing to con-
vert calibrated TOA reflectances to surface reflectance values. The atmospheric correction applied
here is based on the Simplified Method for Atmospheric Correction (SMAC; (63)) radiative transfer
code updated to 6S (64). The requested input parameters are the angular information on viewing
and sun geometry, obtained from the data itself, as well as atmospheric parameters like ozone,
sea level pressure and water vapour. These are taken from the reanalysis data provided by
ECMWEF. Furthermore, the Aerosol Optical Depth (AOD) is needed for the correction. Since com-
prehensive ground-based AOD information for the full period is not yet available, the AOD is suc-
cessfully retrieved from the archive itself (19).

Another aspect that needs to be addressed is the varying illumination and viewing geometry for
anisotropic surfaces, characterised by the Bidirectional Reflectance Distribution Function (BRDF)
(65,66). Even though several standardisation methods have been suggested (e.g. (67)), such cor-
rection can be difficult to achieve reliably over longer time periods and across large areas (68). As
for various applications, the suggested compositing scheme including only the forward or backward
scattering hemisphere, respectively, is used to address this problem (69). Furthermore, we are
currently implementing, adapting and validating the AMBRALS (the Algorithm for Modeling
[MODIS] Bidirectional Reflectance Anisotropies of the Land Surface; (70)) code, which includes
several kernel-driven semi-empirical BRDF models (71). Among these kernels the Ross-Thick-Li-
Sparse (RTLS) can be specified and used for AVHRR and MODIS processing taking into account
the volumetric, geometric and isotropic scattering. The application of these models require a good
sampling of illumination and viewing angles in zenith and azimuth, respectively. The directional
sampling of surface reflectances from AVHRR can only be obtained by the accumulation of se-
quential observations over a specified time period. These angles are covered by our multi-day
clear sky composites. The defined BRDF-shapes are then selected based on landcover type. De-
pending on cloud coverage over the region a backup algorithm will be used to avoid jeopardising
the approach with insufficient samplings. But an advantage of the selected BRDF models is the
high accuracy with sparse directional samplings (72). Likewise, this correction also removes, to a
large degree, the impact of orbital drift, discussed in detail in Gutman (73), which also introduces
variable imaging geometries and therefore needs careful consideration in long-term AVHRR data
analyses.

APPLICATION EXAMPLE

The main intention of this paper is to focus on the documentation of the available data and the pre-
processing methods. First studies (namely snow and aerosol time series) are ongoing and will be
subject to upcoming publications. Nevertheless, in order to present the potential of the data archive
acquired by the University of Bern, we exemplarily present a preliminary time series of the snow
cover area percentage over Switzerland for the period 1986-2010.

Snowcover applications based on AVHRR data have a long tradition at RSGB since vast parts of
Switzerland are directly affected by snow cover related processes such as water management,
ecosystem dynamics, hydropower generation, tourism and natural hazards. Furthermore, snow
cover also plays a vital role in climate studies in mountainous regions since it strongly affects the
radiation budget and surface heat transfer. One parameter, which is of great interest, is the spatial
snow cover extent and its variability over the last decades. Historical data collected from the
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AVHRR sensor can provide the longest comprehensive record of the spatial snow cover extent at a
detailed resolution of 1 km.

Snow detection is carried out simultaneously to the cloud masking procedure described in detail in
section Cloud Masking. As outlined, the SPARC algorithm includes a snow detection part, which is
basically performed using the T, B and R score. Several threshold tests are used to ensure that a
pixel is sufficiently bright (B score), the discrimination between snow and clouds is carried out by
limiting the R score to small values and the T score is employed to ensure that the brightness tem-
perature at 10.8 um is close to the predicted surface skin temperature. If a pixel passes all thresh-
old tests it is classified as potentially snow covered and cloudfree. To enhance the results in the
complex terrain of the Alpine Region some refinements, namely threshold adaptations based on
landcover and a topographic shadow modelling, were additionally implemented. A more detailed
description of the algorithm and an extensive validation of the snow product can be found in Hisler
et al. (74). To diminish the problem of frequent cloud cover over the region, a 10-day compositing
procedure using the last cloud-free observation within the time interval was applied for further
analyses.

Figure 7 depicts a preliminary time series of the snow area percentage in Switzerland as derived
from the presented archive. Despite some small data gaps, that were filled applying a spatio-
temporal filling algorithm suggested by Kondrashov und Ghil (75), the time series can provide a
complete overview on the spatial variations of the snow cover extent over the last 25 years.

No trend analyses or climatological interpretations have been conducted yet since an extensive
validation study including a sensor-to-sensor consistency assessment is carried out and will be
subject to an upcoming publication (74). Based on this, a clear indication of potential uncertainties
can be provided with the final time series of different snow related parameters.
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Figure 7: Preliminary time series of AVHRR data employed to derive the snow cover area percent-
age in Switzerland for the period 1986-2010 based on 10-day image composites (grey line). The
orange solid line represents the 30-day running mean. Gaps were filled applying a spatio-temporal
filling algorithm (75) illustrated with the red dashed line.

CONCLUDING REMARKS

Long-term continuous satellite data sets are of great importance for climate research, which is why
the AVHRR data record hosted at the RSGB was presented in terms of data availability and state
of data processing. The data set is calibrated using up-to-date information on post-launch calibra-
tion indicating reasonable radiometric consistency in the visible as well as in the thermal channels.
The automated geolocation procedure relying on ephemeris data navigation combined with a chip
matching achieves subpixel accuracy. Cloud masking is carried out using a robust and stable algo-
rithm, applicable to all historical and current platforms, rendering an aggregated probability rating
of cloud contamination rather than a yes/no decision. A specific application example showing the
snow cover area percentage in Switzerland over the archived time period (1986-2010) illustrates
the potential of the data set and the existing algorithms. At the time of writing, this archive repre-
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sents the only known automatically navigated, orthorectified and full resolution AVHRR data record
over Europe covering more than 20 years.

Given the importance of mountainous regions for climate change studies, this archive bears the
potential of becoming an important tool for the analysis of environmental changes in the Alpine
Region and entire Europe. Based on the presented expertise concerning mountain remote sens-
ing, future applications can not only be expanded to other mountain ranges (e.g. Pyrenees, Scan-
dinavia) within the archived subset but algorithms can be applied to similar AVHRR data sets in
other regions of the world (e.g. Tibet).

The accuracy of the retrieved parameters, especially from older sensors, will continue to be as-
sessed and derived products will be carefully validated with data sets of well-known quality and an
adequate measurement period. Especially over Switzerland, the high quality ground-based obser-
vations offer a great opportunity for extensive validation in cooperation with the Federal Office of
Meteorology and Climatology MeteoSwiss (for albedo and phenology), the Swiss Federal Institute
for Forest, Snow and Landscape Research (WSL; for snow cover), and AERONET (for AOD).
Moreover, also complementary space/air-borne information such as MODIS or Landsat data not
restricted to Switzerland as well as aerial imagery (provided by Federal Office of Topography
swisstopo) will be used.

In the near future, we aim at presenting a consistent and systematically validated 25-year time se-
ries compiled from the RSGB 1-km AVHRR data set covering great parts of Europe including qual-
ity flags and uncertainty estimates for all derived parameters. The data processing is currently fur-
ther extended to provide a record that serves as a fundamental climate data record in complete
accordance with the GCOS accuracy requirements. The final objective is to provide a high-quality
data set for reliably studying different aspects of surface and atmosphere as well as for serving for
climate model calibration. Furthermore, data assimiliation and blended products combining data
derived from different sensors and homogenising them is very desirable. This can help to assess
many new information by benefiting from the advantages of AVHRR as well as from the new tech-
nologies of the newer high-quality sensors (29,76).

Concerning the time span of the record, it is planned to access additional data to extend the ar-
chive back in time (1981-1988) by acquiring data from other European research agencies such as
Dundee Satellite System, UK or the Earth Observation Center of DLR, Germany. This, however,
involves considerable financial resources. For future AVHRR data acquisition, new satellites have
already been launched and have reached operational status (MetOp-A and NOAA-19) while others
(MetOp-B and MetOp-C) are foreseen within the framework of the Initial Joint Polar-Orbiting Op-
erational Satellite System (IJPS) that comprises a cooperation between NOAA and Eumetsat.
These missions are intended to provide, foster and improve climate change monitoring by carrying
'heritage' instruments such as AVHRR/3 to continue long-term environmental observations. The
RSGB reception of AVHRR data will be continued until the end of the mission. By then, the archive
will consist of a 35-year satellite data record.

In conclusion, the unique value of AVHRR satellite information from the continuously growing data
record at the RSGB will contribute to significantly enhance the understanding of past, present and
future changes in climate variables not only for the European Alps, but, in the near future, also for
the entire area of Europe.
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