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ABSTRACT

The assimilation of operational retrieved surface parameters from satellite data can be of great value for
numerical weather prediction models. This fact becomes even more important for the heterogeneous
European Alps and for the assimilation process of the newest NWP’s with grid sizes of a few square
kilometers. On the one hand, the data provided by the existing numerous meteorological stations could not
account for the strong spatial variation of this mountainous area. On the other hand, the complexity of the
terrain and the surface is a challenge for operational satellite derived surface parameters.

In this study, we show the improvement of the performance of two modified high spatial resolution numerical
weather prediction models, MESO ETA and NMM, when using NOAA - AVHRR derived surface parameters
such as NDVI, and Snow Cover. The nonhydrostatic MESO ETA as well as the nonhydrostatic NMM are run
twice daily with a horizontal grid cell resolution of 4km at the University of Basel. The AVHRR HPRT data are
received and processed in real time at the University of Bern. The processing scheme includes an automated
georeferencing with sub pixel accuracy and orthorectification of the satellite data. The products are
aggregated to the same spatial resolution as the models during the assimilation process.

During two months in the year 2003, the MESO ETA model was run once with the AVHRR derived real time
NDVI product and once with climatological data sets. The model output, such as temperature at 2m and dew
point temperature at 2m, are compared at points of opportunity with in situ data from meteorological weather
stations. The model runs using real time AVHRR data show an overall better performance when compared
with the in situ data than the model output based on climatological data sets. For a case study, the NMM
model was once run with NOAA / NCEP standard snow initialization based on a global snow analysis and
with the AVHRR derived snow mask. Significant differences can be found in the resulting 2m temperature
and 10m wind fields in the two forecasts.

The continuing availability of this sensor on the future METOP and NPOESS platform will make these data
sets and algorithms attractive for the NWP community.

1. INTRODUCTION

The importance of continental processes in Numerical Weather Prediction (NWP) has long been recognised.
During the last decade, numerous studies have with general circulation models analysed the sensitivity of the



climate simulation to continental surface processes. The simulation errors with advanced surface schemes
are significantly lower than the errors with bucket-type surface schemes, where surface processes, e.g.
vegetation, are not taken into account [Henderson-Sellers et al., 1995]. Land surfaces are considered as
active boundaries for the dynamical, radiative and hydrological processes in the atmosphere [Pinty and
Verstraete, 2000]. Primarily involved in Soil Vegetation Atmospheric Transfer (SVAT) are among albedo,
Land Surface Temperature (LST) and soil moisture especially vegetation and snow, which has a significant
influence on emissivity [Roujean, 2000].

Most of the operational weather forecasting centers are now using advanced land surface parameterisation
schemes, which also include the influence of surface parameters such as vegetation and snow on the
surface — atmosphere exchange (ECMWF model [Viterbo and Beljaars, 1995]; HIRLAM model [Bringfelt,
1996]). An example of recent research is provided by the work of [Hurk et al., 1997].

On the one hand reduction of conventional observations and on the other hand the improved grid size of the
newest NWP models such as the nonhydrostatic LM [Steppeler et al., 2002], nonhydrostatic MESO ETA
[Black, 1994; Janjic, 1994] and the nonhydrostatic NMM [Janjic, 2003; Janjic et al., 2001] has significantly
increased the impact of assimilating remote sensed radiances over land. The use of satellite data in NWP
models is described in [DaCamara, 2002; Noilhan et al., 2000] or [Rizzi and Matricardi, 1998] for example.

In this paper, we focus on the assimilation of operational derived surface parameters from NOAA —AVHHR
into the MESO ETA and NMM covering the alpine region. The heterogeneous surface and topographic
feature of the European Alps are challenging, both for the remote sensing part as for the NWP model.
Surface characteristics for this region are changing within short temporal intervals (e.g. greening in spring),
spatial features alter within a few kilometers (valleys and lakes) and therefore the radiometric variety of a grid
cell is high. To consider these aspects a 1 km resolution NDVI and snow dataset is derived on a daily basis.
The effect of NDVI in NWP is discussed by [Champeaux et al., 2000; Csiszar and Gutman, 1998; Gutman
and Ignatov, 1998] whereas the use of snow cover for mass balance studies is shown in [Cline and Carroll,
1999].

2. DATA AND MODEL

AVHRR

The data presented in this paper uses observations from the 5-channel AVHRR on board the operational
polar NOAA satellites. The instrument measures emitted and reflected radiance in the following bands: 0.58-
0.68 (channel 1), 0.725-1.10 (channel 2), 3.55-3.93 (channel 3), 10.3-11.3 (channel 4) and 11.5-12.5
(channel 5) micrometers. The nominal instrument spatial resolution is approximately 1.1km. The NOAA
AVHRR data are ingested by a receiving station located in Bern, Switzerland (46.917°N / 7.467°E). Since
August 2001, we are in an operational status to receive and process all data covering the European Alps in
near real-time. The dataset in this paper used for the NDVI assimilation consists of all NOAA-16 afternoon
passes for the period of August — September 2003 and for the snow cover assimilation for the beginning of
march 2004.The data is subset, covering central Europe and the alpine region from 40.5°N to 50°N and 0°E
to 17°E. Pre-processing of NOAA-AVHRR levellb imagery for the retrieval of aerosol optical depth
incorporates calibration of the visible channels 1 and 2 according to the NOAA KLM users guide [Goodrum et
al., 1999]. For improving the georeferencing, a feature matching algorithm is used to geocode the satellite
imagery with sub pixel accuracy. An orthorectification of the imagery is essential in an alpine region to
overcome the displacement errors introduced by the topography. An automated procedure, which uses a
terrain model based on the GTOPO30, was developed and implemented. Additionally, a cloud mask using
CASPR [Key, 2002] is derived. Since cloud shadow has a significant influence on NDVI, a cloud shadow
masking is applied to the data.

The NDVI is a simple measure of the greenness of the surface and is calculated by using the channel 1
(0.58-0.68) and channel 2 (0.725-1.10) of the AVHRR sensor:

NDVI =(ch2- chl)/(ch2 + chl)

Equation 1: NDVI

Cloud contaminated pixels according to CASPR are flagged as non-valid.



Conventional classification algorithms or hierarchical threshold approaches applied to snow cover estimation
generate binary maps containing snow or not snow information. Due to the medium spatial resolution of the
AVHRR sensor of 1.1 km at nadir, each pixel potentially represents a mixture of snow, cloud, forest, rock etc.
Classification of such mixed pixels can lead to errors, which renders the area estimation inaccurate. These
errors are caused by the premise of classification that all pixels are pure, i.e. consists of a single ground
cover type or clouds, while in fact they are not. There are many studies dealing with the development of
methods to map snow cover at sub pixel scale [Nolin et al., 1993; Painter et al., 1998; Simpson et al., 1998;
Vikhamar and Solberg., 2002]. The linear spectral mixture algorithm is a widely used technique for the
decomposition of mixed pixels. It has the advantage to be a straightforward approach, which provides
physically meaningful measure of abundance that is portable across sensors and through time. Although
mixture analysis is originally developed for sensors with a great number of bands, it has been adapted to
AVHRR data successfully for various fields of application. The algorithm has been proved to be well suited for
snow cover analysis using AVHRR data [Daly et al., 2000; Simpson et al.,, 1998]. The linear mixing
assumption is appropriate for mapping alpine snow cover at sub pixel resolution. Most of the approaches
including the linear spectral mixture modelling are supervised techniques and do not underlie the requirement
of being a procedure without any human intervention. Therefore the snow cover distribution in this study is
estimated using a sub pixel method based on a linear spectral unmixing algorithm as described by [Foppa et
al., 2003]

3. METHOD

NDVI

NDVI is relevant in the model surface parameterization for computation of adjusted potential transpiration,
albedo and interception. Also important is the effect of reduction of direct evaporation due to shade and
reduction of subsurface heat flux due to overlaying green canopy. Thus NDVI plays a major role in the
computation of fluxes in the surface energy balance.

For numerical weather prediction purposes, real-time NDVI data (Figure 1, right) needs some preprocessing.
A compromise between being up to date and data availability is achieved by using mean NDVI values over
the last 9 days. The rather long averaging period is needed to overcome problems arising from lack of data
under cloudy conditions and to smooth errors in NDVI due to unfavorable reflection geometries. To address
the later problem, only noon satellite passes are processed. Climatological NDVI values (Figure 1, left) are
used as a backup strategy, for pixels with no valid measurement over the entire averaging period.
Fortunately, such persistent cloud cover is more likely to occur in wintertime, when NDVI values are of minor
importance. In a last preprocessing step, resolution is reduced to match the mesoscale model grid cells by
means of area averaging.
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Figure 1: Left: The climatological NDVI dataset at 4 km model resolution for August 13, 2003. The data is
based on a 5 year mean value with a temporal resolution of 1 month and a spatial resolution of 0.144 °.
Right: New NDVI dataset aggregated to 4 km model resolution for August 13, 2003.



SNOW

Snow assimilation consists of deriving a binary mask based on most recent observations for a particular
pixel. In the aggregation step, only valid observations from the preceding 9 days are considered to determine
the model grid cell percentage of snow cover. The binary mask is based on a threshold value of 20 % snow
cover for a model cell. Snow depth estimates are not possible with the current methodology and are taken
from the operational NOAA multisensor snow and ice mapping [Ramsay, 1998] and multiplied with the binary
mask to determine the high-resolution snow dataset.

Figure 2: Example of a sub pixel snow cover map derived according to [Foppa et al., 2003] for NOAA 17
pass of 15.3.2004 10:05 UTC.

4. RESULTS

NDVI

A comparison is done evaluating the resulting differences (real-time NDVI — Climatological NDVI) in 2m
height air temperature for a time sequence from August to September, 2003. The unusual dry 2003 summer
condition of the vegetation has been taking account in the real-time NDVI. Modelled air and dewpoint
temperatures proved to be very sensitive to NDVI values, producing differences as high as 5 K at observation
height. Lower NDVI values during the dry period led to an increase in modelled 2m height air temperature
and a decrease in dewpoint temperature. Problems of cloud mask derivation may result in very low NDVI
values, it is thus recommended to use maximum values instead of mean values in the assimilation time
window.

Figure 3: Resulting differences (real-time NDVI — Climatological NDVI) in 2m height air temperature (left
panel) and dewpoint temperature (right panel) from July 25 — August 24, 2003.



Verification results are presented in Figures 4 - 5. Data from 270 reporting stations was compared on an
hourly basis with modelled air and dewpoint temperatures. Daily averages show the increased air
temperatures associated with lower NDVI values. The warming is most pronounced at night, and in fact
overestimated, leaving only minor improvement for daily mean verification scores.

Figure 4: Left: Verification of 2 m above ground temperature for the 4 km Meso ETA model using real-time
NDVI (blue) and climatological NDVI (black). Right: Verification of 2 m temperature at 01:00 local time for the
4 km Meso ETA model using real-time NDVI (blue) and climatological NDVI (black). The real-time NDVI
dataset produces too warm temperatures at night.

Figure 5: Left: Verification of 2 m above ground temperature RMS error for the 4 km Meso ETA model.
Numbers indicate the percentage of days the real time NDVI data performed better than the climatological
NDVI. Verification period was August 2 - September 20, 2003. Total CLIMATOLOGY WINS (red): 3471,
REALTIME WINS: 5837: Right: Same as left for correlation of 2 m temperature. Total CLIMATOLOGY WINS
(red): 2739, REALTIME WINS: 6572



SNOW

The physical properties of snow strongly influence the surface energy balance. Especially in spring, the high
albedo and melting process of an erroneously initialised snow cover significantly decreases modelled 2m air
temperatures (Figure 6). Resulting temperature gradients between snow covered and snow free regions alter
the pressure field and in turn the computed winds.

Figure 6a: 9h Forecast of 2m Temperature and 10 m Wind valid for: 16.3.2004, 12:00 UTC using the new
snow mask.

Figure 6b: 9h Forecast of 2m Temperature and 10 m Wind valid for: 16.3.2004, 12:00 UTC using standard
snow initialization.



5. CONCLUSION

The spatial and temporal coverage and the consistency of AVHRR data allow operational surface parameter
derivation within complex topography such as the Alps. The operational assimilation of AVHRR data in
NWP’s, such as snow cover and NDVI, can result in an improvement of the forecast. This is especially the
case for higher resolution NWP’s with a grid size of a few kilometers.

The proposed methodology to assimilate land surface parameters such as NDVI and snow is the culmination
of several maturing technologies to achieve a quantum leap in operational generation of key alpine
assimilation products. Additional Parameters such as Lake Surface Water Temperatures, Aerosol Optical
Depth and Cloud Cover are ready to be implemented.
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