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ABSTRACT
Snow coverage is often predicted through analysis of satellite images. Two of the
most common satellites used for predictions are MODIS and Landsat. Unfortunately,
snow coverage predictions are limited either by MODIS images sets’ low resolution
quality or Landsat dataset’s low temporal frequency. In this study, we employed a
set of various machine learning techniques, including multilayer perceptrons (MLP),
random forest regressor (RF), and convolutional neural networks (CNN) to model
the relationship between high temporal frequency of MODIS data and high spatial
resolution of Landsat data. Through various experiments, we propose an improved
Fractional Snow Coverage (FSC) based on relationship between RGB, lower fre-
quency infrared channels and regional locality.
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1. Introduction

Snow coverage predictions have largely relied on data collected through satellite im-
ages. The two major resource of remote sensing comes from Landsat and MODIS
satellites. Landsat provides high resolution (around 30 meters) data, but the data
is recorded in low frequency (roughly around 16 days). MODIS provides daily low
resolution images (around 300 meters). A key measure of the amount of snow in a
region is Fractional Snow Cover, which is the fraction of the region that is covered
in snow (ranges from 0 to 1). The Normalized Difference Snow Index (NDSI) was
used as the major indication of snow cover presence in comparision with Fractional
Snow Cover (FSC). In order to join the advantages from both data provider and pro-
duce high quality data samples, we propose a new method in modeling snow coverage
through machine learning techniques such as multilayer perceptron, random forest,
and convolutional neural network. Our research focused on using machine learning
models to produce a more accurate version of Fractional Snow Cover calculated based
on Normalized Difference Snow Index and spatial locality inherent in remote sensing
imagery.
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2. Related work

Throughout the years, machine learning techniques, especially those of deep learning,
have been used in remote sensing projects that includes cloud segmentation (Drönner
et al. 2018), image classification (Wang et al. 2018), and facade labeling (Lotte et al.
2018). Research has also shown potential in detecting snow coverage presensce and
boundaries (Bonev 2017). However, snow quantification still largely relies on expert
opinions (Pimentel, Herrero, and Polo 2017). Snow coverage quantification has relied
on human made features from the beginning (Hall, Riggs, and Salomonson 1995).
Novel snow quantification methods seeks to derive new formulas based on reflectivity
and differential phases (Bukovčić et al. 2018).

Machine learning research has been largely focusing on identifying snow, rather than
quantifying snow (Bonev 2015, 2017). However, in recent years, researchers started to
recognize the potential in forecasting and estimating snow water equivalent (SWE) in
real time through machine learning techniques such as regression trees and feedforward
neural networks (Bair et al. 2018). Researchers also worked on explaining and drawing
inferences from those machine learning models (Jiang 2018).

3. Data collection and processing

3.1. Study areas

The main area of interest is the Tuolumne River Basin (Figure 1), located in Califor-
nia’s Sierra Nevada. The region is located in the central location of California, inside
Yosemite National Park. The O’Shaughnessy Dam constructed in 1923 and the new
Don Pedro Dam, completed in 1971, have been providing water for farmers and San
Francisco residents. The area covers the two major origins of stream flow, Mount Dana
and Mount Lyell. Elevation within the area ranges from 3762m to 485m as the two
streams flows down the mountains on the east side of the region to the valleys on the
west side. A large part of the region is covered in snow and ice from mid-November
to late April, with the heaviest snow coverage centered around months of February
and March. The region covers a few distinct zones of forest, including trees adapted
to hot, dry climate, like blue oak, California lilac, and gray pine, and other higher
regions dominated by mountain hemlock and lodgepole pine (Epke et al. 2010).

Figure 1. Tuolumne Basin Landsat
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