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Snow cover plays an important role in hydrological processes and global climate change research. Geostationary
satellites with high temporal resolution provide multiple observations in one day, which highlights their
potential for monitoring real-time snow-cover information. In this paper, data from the Chinese meteorological
satellites Fengyun-2D (FY-2D), Fengyun-2E (FY-2E) and Fengyun-3B (FY-3B) was used for snow-cover mapping
over China. A newmethod of detecting snow-cover information is proposed, that combines the Visible and Infra-
red Spin Scan-Radiometer (VISSR) on board the geostationary satellites FY-2D and FY-2E and the Microwave
Radiation Imager (MWRI) on board the polar orbiting satellite FY-3B. The snow cover estimated from Fengyun
satellites was compared by the Moderate Resolution Imaging Spectroradiometer (MODIS) snow-cover products
(MOD10A1 andMYD10A1), and Interactive Multisensor Snow and IceMapping System (IMS) snow-cover prod-
ucts. The Fengyun satellite snow-cover images and IMS snow-cover productswere validatedwithmeteorological
station observations for the 2010–2011 and 2011–2012 winter seasons. The influence of elevation and land-
cover types on the accuracy of snow retrievals was also analyzed. The results showed that the combined use of
FY-2D and FY-2E VISSR data reduced cloud obscuration by 30.47% compared to the MODIS products. The valida-
tion demonstrated that the accuracy of the final multi-sensor snow-cover images was 91.28%, which is similar
to that for IMS snow-cover products. This work indicates that combined data from geostationary satellites and
passive microwave remote sensing monitored snow cover over China to a high level of accuracy.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Seasonal snow cover plays an important role in hydrological pro-
cesses, surface radiation and climates. Snow-cover mapping has been
utilized in operational snowmelt, runoff forecasting, data assimilation
and the calibration or validation of various hydrological models (Gao,
Xie, Lu, Yao, & Liang, 2010). In situ observations are the traditional
source of information on the snow cover. However, it does not fully sat-
isfy the needs of the modeling community (Romanov & Tarpley, 2007).
With a growing number of satellite platforms, satellite remote sensing
technology has been used to monitor snow cover at both regional and
global scales. It has become possible to monitor snow cover in near
real time.

Both optical and passive microwave imagery can be used to
extract snow cover information. The Advanced Very High Resolution
Radiometer (AVHRR) on board the National Oceanic and Atmospheric

Administration (NOAA) polar orbiter, the Moderate Resolution Imaging
Spectroradiometer (MODIS) on board the Terra and Aqua satellites, the
Special Sensor Microwave Imager (SSM/I) on board the DefenseMeteo-
rological Satellite Platform (DMSP), and Landsat ThematicMapper (TM)
have been widely used to monitor snow cover (Allen, Durkee, & Wash,
1990; Dozier & Painter, 2004; Grody & Basist, 1996; Hall, Riggs,
Salomonson, DiGirolamo, & Bayr, 2002). Monitoring snow cover using
optical imagery with high spatial resolution is seriously hampered by
cloud cover because of the similar spectral reflectance of snow and
some types of clouds (Liang et al., 2008; Wang, Xie, & Liang, 2008).
MODIS snow-cover products composed over eight days may be used
to reduce cloud obscuration. However, timely snow-cover mapping is
required to identify disaster regions and in hydrological applications.
Therefore, various approaches have been proposed to reduce cloud ob-
scuration by altering the cloud mask, separating cloud-masked pixels,
and applying spatial–temporal or multi-sensor combinations (Gao
et al., 2010; Hall, Riggs, Foster, & Kumar, 2010; Parajka & Blöschl,
2008). Passive microwave remote sensing presents the advantages of
penetrating cloud cover and obtaining more snow-cover information.
However, the coarse spatial resolution of passive microwave data is
still its main limitation. In addition, current passivemicrowave snow al-
gorithms cannot detect wet and shallow snow. Thewet snow cover and
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serious cloud obscuration in southern China has indicated the limitation
of using optical or passive microwave remote sensing data separately.

Because there are only one–two observations per day of polar-
orbiting satellites, substantial cloud obscuration is the main limitation
of daily optical snow cover products. In daily snow-cover mapping,
the most effective method of reducing cloud obscuration is to increase
the number of observations within a day. Geostationary satellites pro-
vide frequent observations, which allow for monitoring an entire hemi-
sphere at temporal resolution in close to real time (Wildt, Seiz, & Gruen,
2007). Current operational geostationary satellites include Geostation-
ary Operational Environmental Satellites (GOES), Meteosat Second
Generation (MSG), Multi-functional Transport Satellite-2 (MTSAT-2)
and Fengyun-2 (FY-2). GOES data for snow-cover mapping was used
byRomanov, Gutman, and Csiszar (2000, 2003), whomade a daily com-
posite image and obtained daily snow-cover images. For MSG, Wildt
et al. (2007) used temporal differences between images to produce
daily snow-cover maps. Siljamo and Hyvärinen (2011) developed a
new snow algorithm for MSG, based on scatterplots and classification
rules. Oyoshi, Takeuchi, and Yasuoka (2007) used MTSAT data for
snow-cover mapping and found that the maps were consistent with
those from AVHRR and MODIS. FY-2C satellite data was used by Li,
Yan, and Liu (2007) to derive snow-cover information using different
threshold criteria. Currently, most methods for snow-cover detection
based on geostationary satellite data utilize spectral-based threshold al-
gorithms. Cloud obscuration can be reduced by utilizingmulti-temporal
geostationary satellite data. Currently, daily snow-cover monitoring
techniques that use either optical sensors on polar orbiting satellites
or passive microwave sensors cannot provide accurate daily snow-
cover images with low cloud obscuration. Therefore, the combined use
of optical sensors on board geostationary satellites and passive micro-
wave sensors will provide more surface information without cloud
obscuration.

In daily snow-covermapping, themost effectivemethod of reducing
cloud obscuration is to increase the number of observations within a
day (e.g., see Wang et al., 2008). In addition, multi-sensor technology

can also be used to obtain more accurate information on snow cover.
This paper describes a snow-cover mapping algorithm that uses data
from two geostationary satellites (FY-2D, FY-2E) combinedwith passive
microwave data derived from polar-orbiting meteorological satellite
FY-3B. Despite the different observation times and locations for FY-2D
and FY-2E, the data from both satellites was utilized to monitor snow
cover with less cloud obscuration during in the period of one day,
with the observation frequency reduced to half an hour.

In Section 2, the Fengyun satellite data, ground observations and
other snow-cover products are compared. Section 3 presents themeth-
odology, including data pre-processing, development of a snow-cover
algorithm, and techniques for reducing cloud obscuration. Section 4
details the comparison and validation of FY-2D/E, MODIS and IMS
snow-cover products, and the conclusion appears in the final section.

2. Data

2.1. In situ measurements

The China Meteorological Administration (CMA) provides daily
meteorological observations for the whole of China, including snow
depth, and minimum, maximum and mean air temperatures, along
with other information. In this study, a total of 699 meteorological sta-
tions over China were used in the validation. Snow depth observations
were also used in the development of a snow-cover algorithm. Global
30 Arc-Second Elevation (GTOPO30) is a global digital elevation model
(DEM). The spatial resolution of GTOPO30 is approximately 1 km
(USGS, 1996). Fig. 1 is a map showing the locations of the meteorologi-
cal stations, and the DEMderived fromGTOPO30 is overlaid on themap.

2.2. Satellite data

The FY-2 series are first-generation Chinese geostationary meteoro-
logical satellites. Currently, the FY-2D and FY-2E satellites are opera-
tional, and FY-2F is on standby. FY-2D was launched at central

Fig. 1. Meteorological stations and DEM of China.
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