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ABSTRACT:

The purpose of this study is to develop snow and sea ice detection algorithm in Communication, Ocean and
Meteorological Satellite (COMS) meteorological data processing system. Since COMS has only five channels, it 1s not
affordable to use microwave or shortwave infrared data which are effective and generally used for snow detection. In
order to estimate snow and sea ice coverage, combinations between available channel data(mostly visible and 3.7 ym)
are applied to the algorithm based on threshold method. As a result, the COMS snow and sea ice detection algorithm
shows reliable performance compared to MODIS products with channel limitation. Specifically, there is partial
underestimation over the complicated vegetation area and overestimation over the area of high level clouds such as
cirrus. Some corrections are performed by using water vapor and infrared channels to remove cloud contamination and
by applying NDVI to detect more snow pixels for the underestimated area.
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1. INTRODUCTION

The high albedo of snow and sea ice affects on the
interaction between surface and atmosphere (Walsh et al.,
1985). Also, snow and sea ice influence human activities
and industries. For instance, snow is very important in
water resources management, and sea 1ce 1S a main
problem for oil drilling. Moreover, frequency of Asian
dust can be predicted better with snow information in the
forecasting model (Kurosaki et al., 2004).

Observation of snow and sea ice 1s hardly performed
at surface observation sites because snow and sea ice

exist mostly on high latitude regions or mountainous area.

Also, point observation is not proper for snow cover and
sea 1ce extent because of its high spatial variation. For
these reasons, global observation using satellite has been
executing over 40 years instead of in-situ observation.
Satellite has multiple choices of observation from
visible to microwave spectral ranges (Armstrong et al.,
2001). Furst, microwave data are not only for snow cover
and sea ice concentration but also for depth and water
equivalent, but the contamination and spatial resolution
limit the accuracy. Second, visible data has higher spatial
resolution and easy to distinguish snow and sea ice from
the surface using the reflectivity difference. Then, near-
infrared data shows high reflectance for water clouds,
medium reflectance for ice clouds, and very low
reflectance for snow cover. However, the method using
optical sensors such as visible and infrared data has an
unsolvable problem. Because of its characteristic not to
penetrate clouds, 1t i1s impossible to get surface

information from these sensors. At NOAA/NESDIS,
daily snow and sea ice map, Interactive Multi-sensor
Snow and Ice Mapping System (IMS), is estimated by
combining surface observation data, optical sensor data
(AVHRR), and microwave data (SSM/I) as well.

In this study, MTSAT-1R data which 1s a
geostationary satellite, and has similar sensors with
COMS are used. In order to detect snow and sea ice
coverage, we first utilized visible reflectance and the
channel difference between near-infrared and infrared
data. Then, channel difference between 10.8 um and water
vapour has been adopted for correcting desert area and
decreasing cloud effect. NDVI data are used for under-
detected pixels over forest area. Also, we apply Sea
Surface Temperature (SST) threshold to this algorithm
for sea ice detection. In order to minimize the cloud
shaded pixels, daily composite has been carried out using
the temporal observation data during the daytime.

2. METHODS AND ALGORITHM
2.1 Methods

MTSAT-1R satellite has five channels: visible(0.65
pm), short wave infrared(3.7 ym), water vapour(6.7 (m)
and two infrared channels(10.8 m and 12 um). From
visible channel, snow and sea ice areas are discriminated
with snow-free land and open sea water over the clear
sky. When cloud pixels and snow pixels are mixed, 1t 1s
not possible to classify between snow and cloud pixels
because cloud also have high reflectivity in visible. In
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Figure 1. Spectral reflectance for different land surface
cover types (Romanov et al., 2000)

order to distinguish snow and sea ice pixels with cloud,
near-infrared channel data are used. Fig. 1 shows spectral
reflectance for different surface types. Thick line at the
picture represents the spectral reflectance of snow, and it
shows higher reflectance in visible and lower reflectance
in near-infrared. On the contrary, clouds that have same
‘Ccharacteristic with snow in visible have higher
reflectance in near-infrared. This difference makes it
possible to distinguish snow and cloud pixels. For snow
detection, 1.6 (m channel data is generally used, and other
algorithm which is not affordable to use this channel
calculate the reflectance from short wave infrared in
many ways (Allen et al., 1990). Short wave infrared
channel measures both the emitted thermal radiation and
the reflected component of the solar radiation in the
daytime. As a simple method to extract the reflected
component from this, we subtracted infrared (10.8 (m)

from short wave infrared (3.7 (m). The Dual Channel
Difference (DCD) can be expressed as (1).

DCD = SWIR (3.7) — IR (10.8) (1)

The result of the simple calculation is showed at Fig.
2(b). At the Fig. 2(a), A and B represent snow and cloud
area respectively, and both area shows high reflectance.
Unlike visible image, the DCD image (Fig. 2(b)) shows
that snow area (A) has low value, and cloud area (B) has
high value in DCD image, so snow area can be
distinguished from cloud area using DCD.

(a) (b

Figure 2. (a) Visible and (b) DCD images at 0333 UTC 1
January, 2007

2.2 Algorithm

Fig. 3 shows the flow chart of this algorithm. We use
all of the 5 channel data, zenith angles and monthly
averaged NDVI data which are AVHRR products. Since
this algorithm basically uses reflectance, it operates only
in daytime. Then, each algorithm for snow and sea ice is
applied to land and sea respectively.

Figure 3. COMS snow and sea ice detection algorithm.

Solar zenith angle correction: Reflectance changes
according to solar zenith angle. Solar zenith angle varies
with location, and has a daily and seasonal variation. In
order to apply visible data for this algorithm,
normalization has performed using solar zenith angle,
and which can be written as (2).

Mod alb = alb/Cos(© ) (2)

where © ;= solar zenith angle

alb = visible reflectance

After this correction, the daily variation has been
obviously decreased, and we could use the same
threshold value for all regions and time.

NDVI correction: Where dense forests mask underlying
snow, visible reflectance decrease, so the algorithm
underestimates the snow area. In order to correct this
limitation, we adopted normalized difference vegetation
index (NDVI). NDVI is an alternative measure of
vegetation amount, and an NDVT value of zero means no
green vegetation and close to 1 indicates the highest
possible density of green leaves. Before correction, we
assumed that if NDVI is greater than 0.5, there wouldn’t
be snow. The value of 0.5 is from the analysis of
relationship between snow and NDVI with climatology
data. The correction can be expressed as (3)
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Where NDVI < 0.5
Mod alb =Mod alb X (NDVI + 1) 3)

Sea surface temperature: For sea ice extent, sea ice
surface temperature (IST) is usually used together to
remove cloud contamination. However, we had many
limitations to derive IST with COMS, which are such as
high satellite zenith angle and difficulties of obtaining the
in-situ observed data. Therefore, we adopted SST instead
of IST. For calculation of SST, split window method is
used. Then, sea ice pixels are detected only when SST is
lower than 271.5K (Hall, 2004; Burns, 1992).

SST = aXTb (10.8) + bXDT
+cX(secO -1)XDT +d (4)

where DT =Tb (10.8)-Tb (12)
O = satellite zenith angle

Cloud contamination and desert effects: Desert can be
detected as snow because of its high albedo. Also, at the
edge of high level cloud, it can be detected as snow since
they show high visible reflectivity and low near-infrared
reflectivity. In order to correct these effects, we adopted
threshold method using the channel difference between
infrared (10.8 xm) and water vapour(6.7 ym). 15 and 35
are introduced for removing high level cloud and for

correcting desert with high surface temperature
respectively. It can be written as (5)
15 <IR(10.8) - WV (6.7) <35 (5)

3. APPLICATION AND RESULTS

Snow and sea ice detection has been estimated using
MTSAT-1IR data during the winter in 2007. This
algorithm basically uses visible and short wave infrared
reflectivity, and some corrections using other channels in
MTSAT-1R data are performed. The biggest problem in
this  algorithm is cloud contamination and
underestimation over forest region. In order to reduce
cloud contamination, threshold methods and SST were

Figure 4. (a) NDVI, and snow cover maps (b) before

more correction and (¢) after NDVI correction on January
4,2007.

introduced, and NDVI correction has been carried out.
With those corrections, performance of the algorithm has
been improved, and especially NDVI correction 1S very
effective. Fig. 4(a) i1s NDVI distribution, and green
represent higher value than blue. Fig. b) and c) represent
snow cover maps before and after NDVI correction
respectively on January 4 in 2007. Before the correction,
the snow pixels sparsely exist over the forest area from
North Korea to Russia along the Pacific Ocean, and the
underestimation near Vladivostok is notably presented.
After the correction(c), this area is expressed well as

Figure 5. Snow cover and sea ice extent maps (a)
estimated by current algorithm, (b) MODIS, (c)
NOAA/NESDIS and (d) SSM/I snow and sea ice
products on January 2, 2007. (White, light blue, light
gray, dark gray and dark blue represent snow, sea ice,
cloud, snow-free land and open sea water respectively)

snow pixels.

For validation, MODIS snow cover and sea ice extent,
NISE (Near real-time Ice and Snow Extent) from SSM/I
and IMS (Interactive Multi-sensor Snow and Ice
Mapping System) from NOAA/NESDIS are used. Fig. 5
represent the snow and sea ice coverage maps, a)
MTSAT-1R, b) MODIS, ¢) IMS, d) NISE, on January 2
in 2007. Overall, snow and sea ice maps using optical
sensors, MTSAT-1R and MODIS, shows similar patterns.
Also, MODIS which has less observation frequency
compare to MTSAT-1R shows more pixels shaded by
cloud. IMS which 1s estimated by combination of various
kinds of data including surface observation, polar satellite
and geostationary satellite data from NOAA/NESDIS(c)
presents more snow and sea ice coverage over the map.
Otherwise, NISE wusing SSM/I exhibit serious
underestimation especially in Japan. Usually, there 1s
snow cover along the west side of Japan in winter, but
NISE snow cover map (Figure 5(d)) doesn’t detect snow
even though SSM/I is a microwave sensor which 1sn’t
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affected by cloud. We calculate probability of detection
(POD) and false alarm rate (FAR) with MODIS products
for January in 2007 (Table 1). Mean POD for snow
detection during this period 1s 0.623, and sea ice showed

worse performance. FAR is very low in both snow and
sea ice.

Table 1. Statistics between MTSAT-1R and MODIS
snow and sea ice in January 2007,

POD FAR
Snow 0.623 0.060
Sea ice 0.485 0.002

4. CONCLUSIONS

Snow and sea ice detection algorithm using satellite
data mainly use Microwave and optical channels.
Microwave channels are effective over clouds, but optical
channels such as visible and infrared do not have the
ability to penetrate clouds, and can be used only in
daytime. In this paper, snow and sea ice detection
algorithm for COMS satellite and the application results
are presented. However, this algorithm is unusable to
obtain surface information under cloud because COMS
satellite has only optical sensors. In order to minimize the
cloud shading pixels, every scene observed during the
daytime has been composited for the day. And the results
show that this algorithm represents surface characteristics
more than MODIS products. Corrections for cloud
contamination and forest area have been performed, and
the result shows that the NDVI correction 1s
outstandingly effective. In validation, the scores of POD
and FAR with MODIS snow cover showed 0.625 and
0.060 respectively. The accuracy of this algonthm is
acceptable even though many limitations exist for 5-
channel data. We currently examine the use of other
calculation method for extracting reflectance portion
from short wave infrared. In the future, this calculation
method will be applied for this algorithm, and threshold
tests for sea ice detection will be done.
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