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the data from the S192 Multispectral Scanner aboard Skylab in snow -cloud

the reflectance characteristics of snow, ice, and water clouds in different
spectral bands from the visible into the near infrared spectral region can b
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Abstract. Knowledge of current snow cover extent is es- adapted threshold diminishes using a pixel size of 500 m or
sential for characterizing energy and moisture fluxes at the larger, underlining the general applicability of the standard
Earth’s surface. The snow-covered area (SCA) is often es- threshold at larger scales.

timated by using optical satellite information in combina-
tion with the normalized-difference snow index (NDSI). The
NDSI thereby uses a threshold for the definition if a satel-
lite pixel is assumed to be snow covered or snow free. The
spatiotemporal representativeness of the standard threshold
of 0.4 is however questionable at the local scale. Here, we

1 Introduction

Numerous studies ranging from the local to the global scale

+.)

NDSI > 0.4 indicates snow covered areas

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy With Sentinel-2 Multispectral Optical Satellite Sensor Over Black Forest Germany



Reflectance (%)

Understanding Normalized Difference Vegetation Index (NDVI)
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An Effective Method for Snow-Cover Mapping of
Dense Coniferous Forests in the Upper Heihe River
Basin Using Landsat Operational Land Imager Data
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Abstract: The Normalized Difference Snow Index (NDSI) is an effective index for snow-cover
mapping at large scales, but in forested regions the identification accuracy for snow using the NDSI is
low because of forest cover effects. In this study, typical evergreen coniferous forest zones on Qilian
Mountain in the Upper Heihe River Basin (UHRB) were chosen as example regions. By analyzing
the spectral signature of snow-covered and snow-free evergreen comferous forests with Landsat
Operational Land Imager (OLI) da
shortwave infrared (SWIR) bands
shows that this band ratio, named ow index (NDFSI) can be
used to effectively distinguish snow-covered evergreen coniferous forests from snow-free evergreen
coniferous forests in UHRB.

Keywords: remote sensing; snow identification; forest; OLI
3.2. Optical Properties of Snow-Covered Forest

In forests, as trees obscure snow on the ground surface, the spectrum acquired by the sensor is a
mixed spectrum that includes snow, canopy, and snow-free ground (if the ground is not fully covered
by snow). We only tried to find the spectral difference between snow-covered and snow-free forests in
the Landsat OLI images, without considering the complexity of the terrain, the density of the forest, or
other factors. Some sample points of snow and snow-covered forest are chosen in Figure 2b. Figure 3a
shows the spectral signature of these points. The figure shows that, because of the forest effect, the

visible reflectance of snow-covered forest is not as high as that of snow. Accordingly, it can be inferred
that the NDSI, which is based on the spectral properties of snow, is not an effective index to extract
snow information from forested areas.
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Novel Approach
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(c) MM on Thresholded NDSI Merged With Temporal NDSI-NDVT Statistics.

3.2. Optical Properties of Snow-Covered Forest

In forests, as trees obscure snow on the ground surface, the spectrum acquired by the sensor is a
mixed spectrum that includes snow, canopy, and snow-free ground (if the ground is not fully covered
by snow). We only tried to find the spectral difference between snow-covered and snow-free forests in
the Landsat OLI images, without considering the complexity of the terrain, the density of the forest, or
other factors. Some sample points of snow and snow-covered forest are chosen in Figure 2b. Figure 3a
shows the spectral signature of these points. The figure shows that, because of the forest effect, the
visible reflectance of snow-covered forest is not as high as that of snow. Accordingly, it can be inferred
that the NDSI, which is based on the spectral properties of snow, is not an effective index to extract
snow information from forested areas.
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using remote sensing and a recurrent neural network Full View
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... Taken together, NDVI and NDSI provide a strong signal that can be used to classify
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reflectance model
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Grey bars are the results for a full resolution TM scene and black bars are ... type percentages for
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methods
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The results clearly dis- play the topography of the Black Forest with the highest snow ... Mean
deviations of +-2 days per month between measured and medelled snow covers are observable
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Spatio-temporal prediction of snow cover in the Black Forest

mountain range using remote sensing and a recurrent
neural network

Tobias Sauter,* Bjorn Weitzenkamp and Christoph Schneider

Department of Geography, RWTH Aachen University, North Rhine-Westphalia, Germany

ABSTRACT: Winter tourism is the main economic factor for many different regions in the German Mountain Range.
Owing to warming trends experienced in the past and predicted for the future, precise knowledge about the development of
snow cover and snow duration in the future is becoming more and more important. On the basis of the International Panel
on Climate Change (IPCC) A1B scenario, this paper investigates the possible regional development of snow cover and snow
duration in the Black Forest in southwest Germany until 2050. For this purpose, we developed a new method that combines
Non-linear AutoRegressive networks with eXogenous inputs (NARX) with Remote Sensing and Geographic Information
System (GIS). With this non-parametric approach, we try to define with preferably high accuracy a simple transferable
model. Besides the general problem of developing a robust statistical model, our main focus is on the enhancement
of the spatial resolution of snow patterns by incorporating complex structures of the underlying terrain using Moderate
Resolution Imaging Spectroradiometer (MODIS) satellite data. The results suggest a possible decrease in the number of
snow days (snow cover =10 cm) in the decade 2041-2050 by 10 to 44% at altitudes higher than 1200 m, by 17 to 57%
at 1000—1200 m and 25 to 66% at 500—1000 m. This results in a dramatic shortening of the snow season mainly caused
by earlier snow melt initiation rather than by later first snow precipitation in autumn. These considerable changes in the
snow season would cause enormous losses in the skiing and tourism industries. In this context, the obtained high-resolution
snow data and maps can provide a useful tool and decision-making aid for the economy and politics. Copyright © 2009
Royal Meteorological Society

KEY WorDs  recurrent neural network; snow cover prediction; downscaling; Black Forest; skiing; snow pattern; climate
change; Germany
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