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The main objective of this investigation was to evaluate the usefulness of
the data from the S192 Multispectral Scanner aboard Skylab in snow -cloud
discrimination, From the available S192 screening films and digital tape data,
the reflectance characteristics of snow, ice, and water clouds in different
spectral bands from the visible into the near infrared spectral region can be
determined, In the visible part of the spectrum, snow, ice, and water clouds
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Abstract. Knowledge of current snow cover extent is es-
sential for characterizing energy and moisture fluxes at the
Earth’s surface. The snow-covered area (SCA) is often es-
timated by using optical satellite information in combina-
tion with the normalized-difference snow index (NDSI). The
NDSI thereby uses a threshold for the defimtion 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

adapted threshold diminishes using a pixel size of 500 m or
larger, underlining the general applicability of the standard
threshold at larger scales.

1 Introduction

Numerous studies ranging from the local to the global scale

o

NDSI > 0.4 indicates snow covered areas
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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.

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy WithSkhtitigbectral Optical Satellite Sensoved Black Forestermany 3



4. GEOGRAPHISCHES
. INSTITUT HEIDELBERG

Problem Statement Mappln Snow Under Forest Canop

Town Lichtental Near
BadenBaden, Germany

Hundseck Test Site

River Murg

N
Hundseck Test Slte Black Forest Germany As“U?eBAJary 2019

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy Witl2 S&uitispectral Optical Satellite Senswe©Black Forest Germany




'03. GEOGRAPHISCHES

What Areas Are We Lookin@AIDSI Over thBlack Forest %4 INSTITUT HEIDELBERG

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy WithSkhtitigbectral Optical Satellite Sensoved Black Forestermany




'03. GEOGRAPHISCHES
¥ INSTITUT HEIDELBERG

1. Seasonal Drop in Chlorophyll Activity in the Black Forest er Canopy Snow Covers Moss on the Forest Floor in the Black Forest

7 ) . e . T t = g o

3. Seasonal Change in the Solar Zenith Angle

P e VP T e
— —

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy WithSkhtitigbectral Optical Satellite Sensoved Black Foresbermany




0'4. GEOGRAPHISCHES

NDSINDVI Temporal Statistics: Open Areas '\S® INSTITUT HEIDELBERG

Classical Approach

Open Areas = Minimum LAl

1.0

Summer Samples

0.8
S 06
a) I
Z [
c I I
g | |
0.4 | I
I I
I I
I
I
0.2 I - —
i |Dominant Seasonal Standard Deviation (§
I Summer Winter
: SD(NDSI)
0.0 I SD(NDSI) SD(NDVI)
’ |
I
I
I
I
_02 1
-1.00 -0.75 ~0.50 -0.25 0.25 0.50 0.75 1.00

.00
Mean (N DSIS)

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy WithSkhtitigbectral Optical Satellite Sensoved Black Forestermany




o #34)\ GEOGRAPHISCHES
NDSINDVI Temporal Statistics: Moderately Forested Areas '\ INSTITUT HEIDELBERG

I Novel Approach

Moderately Forested = LAl Increases

.

1.0

0.8

Summer Samples>

|
S 06 l
@ I
Z I
= |
g ! |
= 04 : o
|
|
1IDominant Seasonal Standard Deviation (§
0.2 ! Summer Winter
: _ ; SD(NDSI)
ProposedConstraints I SD(NDSI) SD(NDVI)
Mean(NDSI) symmer < Mean(NDSIT)winter < 0.4
0.0
v ‘ AT -A is Directly Proportional to the Area of the BoundingEllipse
i . i -AsMean(NDSBr Mean(NDVIJendgo UnityA ADecreases
~1.00 -0.75 ~0.50 -0.25 0.25 050 0.75 1.00

.00
Mean (NDSI?

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy WithSkhtitigbectral Optical Satellite Sensoved Black Foresbermany




o 054\ GEOGRAPHISCHES
NDSINDVI Temporal Statistics: Densely Forested Areas 'NI® INSTITUT HEIDELBERG

Novel Approach

Densely Forested = LAl Increases Further

1.0

0.8

|
S 06 |
a) |
Z [
c |
© |
]
= 04 :
|
|
1[Dominant Seasonal Standard Deviation (3
0.2 ! Summer Winter
' _ : SD(NDSI)
ProposedConstraints I SD(NDSI) SD(NDVI)
Mean(NDSI)symmer < Mean(NDSI)winter < 0.4
0.0
~y J ¥ AT r ] -A is Directly Proportional to the Area of the BoundingEllipse
; ) . . -AsMean(NDSBr Mean(NDVIJendgo UnityA ADecreases
-1.00 -0.75 -0.50 -0.25 0.25 " 050 0.75 1.00

0.00
Mean (NDSI)

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy WithSkhtitigbectral Optical Satellite Sensoved Black Foresbermany




\ ]

. '0.4. GEOGRAPHISCHES
Proposed Algorithm I INSTITUT HEIDELBERG
Novel Approach
Multispectral Optical Winter Scene Multispectral Optical Summer Scene

\ 4

Mean(NDSI) summer < Mean(NDSI)winter < 0.4
SD(NDSDwinter > A SDINDVI) summen

Classical Approach

Snow Cover in Open Patct Is Mean(NDSI) > 0.4 No SD(NDSDwinter > SD(NDVI)winier

\ 4

-Ais DirectlyProportionalto the Areaof the Bounding
EllipseEnclosinghe Winter Samples

-As Mean(NDSIpr Mean(NDVI)jTendsto UnityA A
Decreases

v

Under Canopy Snow Cover

A

Higher the Value of AA More Reliable are the Seed
Mathematical Morphological (MM) Operation Samples for NeighbourhoodGrowing via Mathematical
Morphology

A 4

Total Winter Snow Cover Extent

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy WithSkhtitigbectral Optical Satellite Sensoved Black Foresbermany 10



0'4. GEOGRAPHISCHES

Mathematical Morphology (MM): A Neighborhood Growing Approach '\S& INSTITUT HEIDELBERG

Structural Element
P o0,
olele o(e[e[e/ 00
ole/e el ool @ o(ee[e/ejo]e
0 e oo/ e ool
o ele ®
. F b F©Sb : . Image Before Morphological Operation Image After Morphological Operation
Original Image Image Post Morphological Operation

EGU 2020: A Novel Perspective on Mapping Snow Cover Under Forest Canopy With Skhtitigbectral Optical Satellite Sensored Black Forestermany 11



. 0'4. GEOGRAPHISCHES
Performance & Conclusion ' INSTITUT HEIDELBERG

Elevation Distribution Over NW Black Forest

remote
E sensing m\"\"y
Article
An Effective Method for Snow-Cover Mapping of

Dense Coniferous Forests in the Upper Heihe River
Basin Using Landsat Operational Land Imager Data

Xiao-Yan Wang 2%, Jian Wang 2, Zhi-Yong Jiang !, Hong-Yi Li 2 and Xiao-Hua Hao 2

Received: 10 October 2015; Accepted: 11 December 2015; Published: 18 December 2015
Academic Editors: Jose Moreno, Magaly Koch and Prasad S. Thenkabail

College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China; zhyjiang@lzu.edu.cn
Cold & Arid Region Environmental & Engineering Research Institute, Chinese Academy of Sciences,
Lanzhou 730000, China; wjian@lzb.ac.cn (J.W.); lihongyi@lzb.ac.cn (H.-Y.L.); haoxh@lzb.ac.cn (X-H.H.)

*  Correspondence: wangxiaoy@lzu.edu.cn; Tel.: +86-181-8966-5309

% 5 e o \ 3 S R 3.2. Optical Properties of Snow-Covered Forest

- .
=i & % 3 Y DECRY | 5 A et k. v
(¢) MM on Thresholded NDSI Merged With Temporal NDSI-NDVI Statistics. (d) Thresholded NDFSL. . In forest, astree obgcure smow e the ground sucface, the spectrum aoquied by the sensor s o
: 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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