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1. Introduction

The Marine Observation Satellite (MOS) - 1 is the first Japanese
earth observation satellite launched in February 1987. This satellite has
the Microwave Scanning Radiometer (MSR) as a passive microwave sensor with
other two optical sensors [1].

Microwave remote sensing from space has a great potential for
menitoring large scale snowcovered areas in a short time and also for
obtaining depth/ water equivalent and other physical properties of
snowpack. However, there are many ambiguities for making the
interpretation of the data obtained by the MSR.

MOS-1 airborne verification program for snowpack was planed by
National Space Development Agency (NASDA) of Japan and conducted on
February 9 and 10 in 1988, at the central part of Hokkaido, synchronised
passing orbital sensors of MOS-1 over Hokkaido area. Several field
experiments were carried out at the same time, as a part of this program,
for obtaining ground truth data of snowpack in the area.

In this report, some of the results obtained for the correlation
between the brightness temperature measured by MSR and the physical
parameters of snowpack including snow depth measured in situ are
discussed.

2. Field experiments

Several flights were carried out by an aircraft mounting MSR in the
area. Among them, one route from Iwamizawa to Sapporo, the distance
between them is about 40 km, was selected for this analyses. Seven test
sites were set along the flight route at appropriate intervals. Snowpack
parameters such as density, temperature profiles, snow depth, stratigraphy
and so forth were measured at each site using pit digged in the snowpack.
Snowpack parameters obtained in each site were shown in Fig.l.

Remarkable difference in snowpack parameters, especially in strati-
graphic feature, was observed in each site along the route. That was
caused by the followings, a small cyclone invaded from Ishikari Bay,
brought about a heavy snow fall around the Bay few hours before the flight
of 10th of February. New snow layer formed by that snow storm and the
snowpack around the bay, west side of the site 3, covered by that new snow
layer.

Near the site 1, continuous observations of the microwave property
and stratigraphic features of the snowpack were carried out using an FM-CW
radar with frequency 6-12 GHz [2].
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3. Analyses of the data obtained by MSR mounted on aircraft and MOS-1

Cruising altitude of the aircraft mounting MSR along the route was
5000 m. So that, the received microwave radiation at the frequency of 31
GHz by the MSR covers circular area with the diameter of about 260 m and
scans with the swath width of about 1.7 km on the ground. An aerial view
along the flight route composed of the data of MSR is shown in Fig.2.

The measured values are containing contributions not only from the
snowpack but also from various objects such as highway, rail roads, forests
and farm houses existing in the area. So that, it is almost impossible to
separate the contribution of the snowpack from those of other objects.

As the first approximation, the radiation from snowpack is assumed
the lowest among the objects existing in the area and the minimum values
of the brightness temperature on the transverse line to the flight route
are selected for those of snowpack, as shown in Fig.3.

The snow depth measured in each site along the flight route are
plotted against the brightness temperature of each point. The results
obtained are shown in Fig.4A and those of the water equivalent versus
brightness temperature are also shown in Fig.4B. As is clear from figures,
correlation between them are fairly well except the points covered by new
snow layer. The slopes of the regression lines for the snowpack without
new snow layer are negative. However, those for the snowpack with new snow
layer seem to be inverted. This might be caused from body scattering of
new snow layer which has a fairly low density [3].

The data of brightness temperature measured by MSR mounting on MOS-1
which are provided from WASDA are also shown a fairly good correlation
with snow depth, as shown in Fig.5. Seasonal variaticns of brightness
temperature are shown in Fig.6. These variations are also caused by snow
depth and snow extent in the area.

4. Conclusion

Analyses have been conducted to related snowpack parameters to the
microwave radiometric observations made by aircraft and orbiting sensors
(MOS-1).

A comparison between ground truth data and data obtained by MSR for
snowpack was made and the following is concluded:

1) The brightness temperature obtained by MSR exhibits a remarkable
sensitivity to snow depth and water equivalent of snowpack.

2) Snow depth/water equivalent and the brightness temperature
obtained by MSR are correlated with regression line of a negative slope.
However, when the snowpack covered with new snow layer, the slope of
regression line is inverted.

3) The seasonal variations in the brightness temperature obtained by
MSR on MOS-1 are correlated with those of snowpack in the area.
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Fig. 1. Physical parameters in snownack at the test sites
along the flight route from Iwamizawa to Sapporo.

Fig. 2. An aerial view along the flight route composed

of the data of MSR.
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Fig. 3. Variations of the brightness temperature along
the flight route.

—1051-



_ %%F5, 10,88 — 223F 5,10/788
>~ N 1 = E i B
2. 220F31GHz 2. 228F 31GHz
g 215F g 215F ¢
= - = B
2 210F 2 218k
f=d - o 0 = E 30 {_ o4
> L3 4 = o
= 205 | = 2@5: = .
m - ~ : 7
Pl BT O I TR R B I I I | 28@ Ly s b g3 5 5 3 1 4% 3 |
60 80 108 120 140 160 10 20 30 49

(4a) Snow Jepth [cml (4B) Water Equivalent [cm]

Fig. 4A. Snow depth versus brightness temperatue.
Fig. 4B. Water equivalent versus brightness temperature.
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Fig. 5. Correlation between snow depth and brightness
temperature over Hokkaido area.
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Fig. 6. Seasonal variations of average brightness temperature
in Hokkaido.
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