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Snow, as one of the most important parameters of climate change, has been aroused more and
more attention in many fields. However, most of snow cover detection results with using the
satellite remote sensing images have low accuracy due to the effect of atmosphere, regional
terrain and the underlying surface covered by snow. In this study, several main factors of
affecting the snow cover detection, such as the atmosphere, the terrain, the underlying surface
of snow and cloud, are concerned and considered. The Akita Prefecture and Tohoku Region of
Japan as the study area is selected, and the MODIS images from Terra satellite and Aqua satellite
are the main study use images data. The main objective of this research is that the snow cover
detection accuracy is improved and developing a snow cover detection method which is applicable
to the Akita Prefecture, Japan. In the present work, several novel methods on snow cover
detection were proposed to improve its accuracy. The work is divided into five chapters, which
were described as follows.

In chapter 1, research background, which includes the current climate conditions of world
and Japan, the significance of snow observations, observation methods of the snow and previous
researches of snow cover detection using the satellite imagery data, is described. Meanwhile,
developing snow cover detection methods with high accuracy as the research objectives is also
presented. And the construction of this thesis is listed in this chapter.

In chapter 2, the study region and the used data are presented. The study area includes Akita
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Prefecture Area and Tohoku Region, and the used data include the MODIS imagery data, Landsat
Satellite Operational Land Imager Data, Digital Elevation Model Data, In-situ data (AMeDAS
data and RSIS Data). In addition, the initial preprocessing steps, which include Geographic
Correction, Study Area Clipping, Atmospheric Correction and Topographic Correction, before
the snow cover detection conducted with proposed methods were also described in this chapter.

In chapter 3, a new method for snow cover detection via the combination of NDSI and NDVI
based on the atmosphere conditions, the terrain features and the underlying surface covered
by snow was proposed to be used for the study area of this work, Akita Prefecture in Japan.
The preprocessing, including atmospheric correction with CREFL_SPA, geographic correction with
the MRT Swath, study area clipping and topographic correction with a shadowing function method
was conducted before the snow cover detection to improve the accuracy of snow pixels detection.
The process of the whole snow cover detection is divided into two parts. One is that NDSI was
used to detect the snow pixels of the whole area. The other one is that NDVI was used to
distinguish the mixed pixels of the snow and forests. Then the threshold value of NDSI was
correspondingly lowered to improve the detecting accuracy for snow in forests. The Terra MODIS
Level-1 B product data and AMeDAS snow depth records in 13 observation stations across the
whole Akita Prefecture during the period of December 2010 to April 2011 were selected. Through
the validation of compared to the MOD10_L2 data and NDSI alone results, it has been proved
that the accuracy of proposed method for snow cover detection was improved about 11%. Therefore,
it is feasible and effective to use the proposed method for the snow cover detection in Akita
Prefecture of Japan with MODIS images. This method is proved to be applicable to Akita
Prefecture.

In addition, in the present work, GIS forest region data and the NDVI were adopted for the
forest area discrimination based on Terra/MODIS data and natural and geographic situation of
the Tohoku region. The whole research was conducted in the environment of the Interface
Definition Language (IDL). During the forest area discrimination, the GIS forest region data
and the NDVI were input and calculated. Then, image comparisons between GIS forest region data
and the NDVI forest area discrimination were investigated. The results of snow cover detection
without the forest area discrimination and with GIS forest region data and the NDVI for the
forest area discrimination were also compared from December 2013 to April 2014. Through
validation, the results show that the accuracy of without the forest area discrimination, with
GIS forest region data and with the NDVI for the forest area discrimination are 78.18%, 89.35%
and 86. 23%, respectively. The accuracy with GIS forest region data and with NDVI for the forest
area discrimination was increased by 11.17% and 8.05%, respectively. And the accuracy with
GIS forest region data is about 3.12% higher than the NDVI discrimination method.

In chapter 4, section 4.2, FLAASH and 6S code model were adopted for the atmospheric correction
based on Terra/MODIS data and natural and geographic situation of Akita prefecture. FLAASH
model was calculated in the environment of the Interface Definition Language (IDL). The applied
6SV1 is a vector version of the 6S radiative transfer code. It can simulate the reflection
of solar radiation, spectral and geometrical conditions. The parameter items and values of

FLAASH and 6S code model were input during the atmospheric correction, then image comparisons
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between FLAASH and 6S code model atmospheric correction were investigated. The results of snow
cover detection without atmospheric correction and with FLAASH and 6S code model for atmospheric
correction were also compared from December 2010 to April 2011. Through validation, the results
showed that the snow cover detection accuracy was improved by 40% and 46% with FLAASH model
and 6S code model for atmospheric correction comparing to without atmospheric correction.
Moreover, the accuracy of snow cover detection with 6S code atmospheric correction is higher
than 6% compared to the FLAASH model, and it can be confirmed as optimal atmospheric correction
method.

In section 4.3, a new snow cover detection method based on visible red and blue channel from
MODIS imagery under the cloud-free condition is proposed for Akita Prefecture considering the
influence of atmosphere, topographic features, snow—covered underlying surface and the
principle of the snow cover detection from MOD10_L2. In this method, the MODO2HKM product is
preprocessed by the geographic correction, study area clipping, atmospheric correction and
topographic correction. Then, the spectral analysis was conducted. The composited true color
images which represent 5 types of typical snow cover distribution situations on clear days
and their corresponding 2-dimensional scatter plot density distribution figures in visible
red band 1 and blue band 3 are selected as the training images. The final snow cover detection
map was extracted by determining the threshold values of the reflectance as greater than 0. 458
in band 1 and greater than 0.60 in band 3 through all of situations analysis. And finally,
the snow map of Akita Prefecture was obtained. As the validation data, the snow depth records
of 31 observation stations across the whole study area were chosen and divided into forest
region, the plain region and basin region. Meanwhile, the overall accuracy, over—estimation
error and under—estimation error as the validation method were calculated to prove the high
accuracy of proposed method. Through the validation, the average accuracy of the proposed method
is 26.27% higher than the MOD10_L2 products based on in-situ snow depth data from these 31
observation stations. It can be also proven that the proposed method is feasible and applicative
for Akita Prefecture.

In addition, in order to operate the snow cover detection more effectively under the cloud
condition, in section 4.4, another new snow cover detection method, which also based on terrain
features and the underlying snow—covered surface in Akita Prefecture, Japan, is proposed to
conduct the snow cover detection and eliminate the impact of cloud as much as possible. As
it is difficult to remove a large area of cloud using information from optical sensors,
predominantly sunny days (with cloud cover making up less than 5% of the acquired images) are
selected for snow cover detection. The preprocessing steps are the same as the section 4.3
In this method, during the snow cover detection process, mixed pixels of snow and cloud were
first extracted from other ground surface features according to a 2-D scatter plot of spectral
reflectances in bands 1 and 3. Then, cloud pixels were detected with a 2-D scatter plot of
spectral reflectances in the short—wave infrared bands 6 and 7 and removed from snow pixels.
Finally, a final snow cover map of Akita Prefecture is obtained. Compared with the MODIS snow
products, in—situ snow depth data and previous snow cover detection method, the average accuracy

obtained from the proposed method provides an improvement of 11.79% compared to the MOD10Al
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product, and 22. 05% compared to the NDST and NDVI combination in Akita Prefecture. Furthermore,
the new proposed method is also further validated with the MODIS image and AMeDAS snow depth
data from Aomori Prefecture and the Landsat OLI image data from Mt. Chokaizan region. Through
the validation, this proposed method is also proven to be a feasible and effective snow cover
detection method.

In chapter 5, the conclusion and results of the whole study are described in this chapter.
And the proposed methods for snow cover detection are also expected to apply for improving

the environment management and agricultural development.
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