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Abstract: Atmospheric parameters and ground surface information are ob­

tained using the MOS-I MSR data received at Syowa Station, Antarctica. Several 

difficulties have appeared in the process of deriving water vapor amount and liquid 

water content. One is the antenna temperature, which includes large bias error; 

this causes the largest uncertainty. Also, the antenna temperature near the coast 

of the Antarctic continent was greatly affected by high brightness temperature of 

the ice sheet owing to the antenna side lobe, which caused difficulties in comparing 

with ground-based observations as a validation. In the normal condition, for the 

present example, water vapor amount ranged from 0.4 to 1.4 g/cm2 and liquid 

water content from Oto 14 mg/cm2
• However, there was found a belt of high liquid 

water content in some paths, corresponding to a high brightness temperature of 

about 190 K. The atmospheric water vapor or liquid water affects the estimation 

of surface conditions such as sea ice concentration. It is difficult to obtain atmo­

spheric parameters over the ice sheet and sea ice, on account of their high and vari­

able brightness temperature. 

1. Introduction 

The data of Marine Observation Satellite (MOS)-1 have been received at Japanese 

Antarctic Station, Syowa (69°00'S, 39°
35'E), since February 1989 with the installation 

of a new antenna system (Multi Purpose Satellite Data Receiving System), aiming to 

obtain parameters of the polar atmosphere and cryosphere (YAMANOUCHI et al., 1991). 

From the Microwave Scanning Radiometer (MSR) data, it is planned to derive atmo­

spheric water vapor and cloud liquid water content, sea ice condition, concentration and 

extent, and characteristics of the ice sheet surface. However, since microwave radia­

tions of the frequencies adopted by MSR contain both effects of the atmosphere and 

the ground (surface), it is difficult to separate the two effects. It is necessary to develop 

an effective method to determine atmospheric parameters and ground surface properties 

independently. 

In the present paper, several difficulties which appeared in the course of analyzing 

the newly acquired MSR data are described. The MSR data dealt with in the present 

paper are only for a few paths in February 1989, received at the beginning of the system 

operation. Since the present data include only a small amount of sea ice, discussion is 
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concentrated on analysis of atmospheric water vapor and liquid water content. In 
1989, data of more than 150 paths were acquired throughout the year, and analysis 
of sea ice shall be done in detail in the next paper. 

2. Data and Analysis 

The MOS-I MSR consists of two sensors of 23.8 and 31.4 GHz, and is rotated 
around the satellite nadir axis with inclination of IO degrees (conical scan). The 
outputs of these sensors are integrated during 10 or 47 ms for the respective frequencies 
and consist of 4 channels as shown in Table I (NASDA, 1985). Processing to level 2 
was done at Earth Observation Center of National Space Development Agency of 
Japan (NASDA EOC); it included radiometric calibration and geometric conversion 
to the polar stereographic map projection imagery. In the course of geometric con­
version, data were resampled to the gridded points. The sampling method in normal 
processing at NASDA EOC is "special resampling (SR)", which is a weighted mean 
of the data using the antenna pattern as a weighting function. Also, nearest neighbor 
resampling (NN) was done for the present data. Samplings were done 30 km apart 
on the 23.8 GHz channel and 20 km apart on the 31.4 GHz channel, respectively, 
and plotted on IO km grid points. These sampling scales roughly coincide with the 
horizontal resolution-instantaneous field of view-of sensors, 32 and 23 km, re­
spectively. 

The microwave brightness temperature TB , which is proportional to the radiance, 
measured from a satellite is expressed as follows using the ground surface temperature 
Ts, surface emissivity ss, transmittance of the atmosphere r and atmospheric tem­
perature T(z) at height z, 

Table 1. Specifications of Microwave Scanning Radiometer (MSR) (NASDA, 1985). 

Item 

Frequency (GHz) 

(Wavelength, cm) 

Beam width 

(Field of view, km) 

Integration time (ms) 

Swath width 

Scan. 

Dynamic range 

Antenna 

Receiver 

Polarization 

Radiometric resolution 

Scan period 

Quantization level 

Data rate 

23.8±0.2 

1.26 

1.89±0.19° 

32 

10 and 47 

Characteristics 

317 km 

31.4±0.25 

0.955 

1.31±0.13° 

23 

10 and 47 

Mechanical (conical scanning) 

30-330 K 

Offset Cassegrain type 

Dicke type 

Horizontal 

lK 

3.2 s 

1024 (10 bits) 

2 kbits/s 

Vertical 

(1) 
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Fig. 1. Variation of brightness temperature of channel I (23.8 GHz, 10 ms) and 3 (31.4 GHz, 
JO ms) of MSR along the orbit, path 69, February 15, 1989. Abscissa indicates line 
number (30 km each) from the data end. 

The first term on the right hand side is emission from the surface transmitted through 
the atmosphere, the second term is upward atmospheric emission and the third term is 
downward atmospheric emission which is reflected at the surface and transmitted 
through the whole atmosphere. The surface information is available from the first 
term, when the second and third term and transmissivity r work as a disturbance; 
while the second and third terms contribute to the retrieval of the atmospheric param­
eters, when the first term cs or Ts interrupts the result. 

As a typical example, Fig. 1 shows one of the cross sections of MSR data along 
the satellite orbit, TB of 23.8 (channel I) and 31.4 (channel 3) GHz, of path 69, received 
on February 15, 1989. This is a descending path from the Southern Ocean to the 
Antarctic continent and ends around the Ronne Ice Shelf, as shown in Fig. 2. In 
Fig. I, lines are numbered from the end of the path and left hand side to the line 70 
for the ice sheet, where the brightness temperature ranges from about 170 to 200 K. 
High brightness temperature appears near the coast and then gradually decreases 
inland on account of low physical temperature and smaller emissivity of surface snow 
(COMISO et al., 1982). The right hand side is for the ocean, where the brightness 
temperature ranges around 150 K, and varies about 10 K owing mainly to the variation 
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Fig. 2. Nadir point!i' of MOS-1 path 69, of which data are shown in Fig. 1, received at Syowa 
Station on February 15, 1989. 

of atmospheric water vapor and liquid water content, and also to the variation of 
sea surface condition. Since the data are in summer, sea ice exists in only a narrow 
region between line number 70 and 80; however, because of the large effect of the 
antenna side lobe, it is difficult to correlate the antenna temperature with the brightness 
temperature or the actual geophysical parameters, and to discuss in the narrow 
coastal region in detail. 

3. Derivation of Liquid Water Content and Water Vapor Amount 

Water vapor amount and liquid water content can be estimated from the brightness 
temperatures on 23.8 and 31.4 GHz. Since little sea ice exists in the data, we tried 
first to estimate atmospheric parameters. In the microwave region, an absorption 
line of water vapor exists at 22.235 GHz. On the other hand, absorption coefficients 
of small water droplets increase gradually with frequency in this frequency region. 
Thus, it is possible to derive water vapor amount and liquid water content separately 
from the measurements at two frequencies near and far from the water vapor absorp­
tion line. This is a possible way to derive water vapor amount and liquid water con­
tent; however, as seen in eq. (1), since the transmissivity of the total atmosphere r­
does not drop to 0, the surface term is still affecting the brightness temperature. We 
have to postulate some realistic hypothesis. If we define an equivalent temperature 
of the atmosphere Ta as 
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\ OT 
Ta(l-r-)=

) T(z) 
oz 

dz , 

then eq. (1) will be written as 

If we assume Ta= Ts, 

TB= cs Tsr-+ Ta(l-r-)+(l -cs)TaT(l -r-) 
= c8 Ts+[Ta -c8 Ts+{l -c8)Tar-J{l -r-) . 

(2) 

(3) 

(4) 

Since the atmospheric transmissivity r-=exp (-r) is nearly equal to 1, eq. (4) can 
be approximated as 

(5) 

r is composed of three components, water vapor r(H2 0), oxygen r(02) and liquid 
water r(LW), as: 

(6) 

r(H2 0) and r(02) were estimated from the calculation of a simple model atmosphere, 
assuming typical Antarctic temperature and water vapor profiles (summer and winter 
means at Syowa Station), using the absorption coefficient proposed by KRmss (1968) 
for each sub-layer. From the obtained transmissivities of the total atmospheric 
layer, r(H2 0) was approximated by the linear relation to the column water vapor 
amount V as 

r(H20)=a · V ,  (7) 

and the mean value of r(02) was decided. Absorption coefficient (3 for the liquid 
water content W was derived from the results by STAELIN et al. (1976) as 

(3= J.J l • JQ0.0122 (291-T)-3 • 1,.12 , (8) 

where 1,.1 is a microwave frequency (GHz) and T (K) is temperature. Obtained values 
of a, (3 and r(02) are listed in Table 2. Then eq. (5) can be rewritten in the linear 
equation for V and W as 

where aTB and b are the first and second terms of the right-hand side of eq. (5). 

Table 2. Absorption coefficients a for water vapor, /3 for liquid water and 
optical depth of oxygene r( 02). 

23.8 GHz 

31.4 GHz 

0.05 

0.02 

1.83 

3.18 

0.006 

0.015 

(9) 
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Equation (9) is applied to both 23.8 and 31.4 GHz, and V and W can be solved 
from the system of equations using the brightness temperatures on both channels. 
Before solving the equations, we have to calculate a and b from surface parameters 
ss and Ts, which have to be measured. However, since we do not have direct mea­
surements of ss and Ts, typical mean values for the southern ocean near 273 K are used 
as Ts, and 0.46 and 0.49 as S8 for 23.8 and 31.4 GHz, respectively. 

The data of path 69, whose cross section is shown in Fig. 1, were used as a typical 
example for the analysis of water vapor amount and liquid water content. Before 
calculating the results, we have to determine bias error. The lowest value is estimated 
for a clear sky with O mg/cm2 of liquid water and 0.5 g/cm2 of water vapor, which 
results in T2a= 135 K and Ta 1 = 14 1 K from eq. (9). However, the actual lowest 
values seen in Fig. 1 are much higher than these values, especially for T2a, We call 
these differences the "bias errors", 12 and 0.2 K for T23 and Ta 1, respectively. These 
numbers are in good accordance with the summations of "antenna pattern correction" 
and "bias correction" obtained by SHIBATA et al. (1990). After subtracting the present 
"bias errors", water vapor amount V and liquid water content W are derived from 
eq. (9). Figure 3 shows the results corresponding to the brightness temperature shown 
in Fig. I, only for those over the ocean. In these results, water vapor varies from 
0.4 to 1.4 g/cm2

, with mean value of 0.84 g/cm2
, 0.6 g/cm2 near the continent and in­

creases toward lower latitude to about 1.2 g/cm2 north of 60°S. Liquid water content 
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Fig. 3. Liquid water content and water vapor amount obtained from the brichtness temperature 
of Fig. 1, along the orbit, path 69, February 15, 1989. 
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Fig. 4. (a) Brightness temperature of channel 1 and 3 of MSR along the orbit, path 67, February 
13, 1989. Abscissa indicates line number (JO km each) from the data end. (b) Liquid 
water content and water vapor amount correspond to (a). (c) Horizontal distribution of 
liquid water content and water vapor amount from MSRpath 67. For (b) and (c), results 
are meaningless until about line 240. 
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ranges between O to 14 mg/cm2, and is about 7.2 mg/cm2 on average. 
Water vapor amount and liquid water content are also obtained from another data 

set of path 67, February 13, 1989. Brightness temperature as shown in Fig. 4 has 
large variation over ocean compared to Fig. 1. High frequency variations seen in 
Fig. 1 are smoothed out in this figure, because the data were obtained by special 
resampling (SR) explained in Section 2, whlie the data in Fig. 1 are of nearest neighbor 
sampling (NN) and have not passed any process of averaging. Apart from the data 
over the continent, brightness temperature of about J 90 K appeared also over the ocean 
around line number 420, not owing to the sea ice or other surface condition, and at­
tributable to the atmospheric effect, by comparing to the corresponding VTIR image. 
As seen in Fig. 4, large liquid water content, more than 30 mg/cm2

, and high water 
vapor amount are the results. Results are meaningless until line number 240 over 
the continent in (b) and (c). The results are also shown in horizontal distribution as 
in Fig. 4, indicating clearly the belt of high liquid water content over the ocean which 
corresponds to the dense cloud belt seen in the VTIR data. 

4. Problems and Measures 

It is needed to estimate the validity of the water vapor amount and liquid water 
content obtained in the previous section. As one method, several kinds of ground 
based observations using microwave radiometer, vertical pointing radar and PPI 
radar were made together with regular aerological and surface meteorological ob­
servations (WADA, J 990). However, MSR data to be compared with the ground 
based data obtained at Syowa Station are greatly affected by the contribution of the 
antenna side lobe, since the area is near the coast. The large difference in the bright­
ness temperature between the sea surface and continental snow affects those values 
greatly. The effect of the antenna side lobe has been estimated theoretically (SuzuKI 
et al., 1990) and empirically (OJIMA et al., 1989; SHIBATA et al., 1990) only for the 
case between land and ocean; we should establish a new relation for the case be­
tween ice sheet or sea ice and the ocean. 

Over the continental ice sheet or sea ice, it is difficult to derive atmospheric param­
eters such as water vapor and liquid water content. It was possible to derive atmo­
spheric parameters over open water, since the brightness temperature, or emissivity, 
of the sea surface is small (e8 ::::::0.5) and does not show a large variation. However, if 
the emissivity and brightness temperature is large (TB ::::::200-230 K), then it is dif­
ficult to derive atmospheric parameters precisely. In eq. (4), the second term '1TB � 

(JO) 

is attributed as an atmospheric effect. When es becomes large, '1TB will be small and 
the atmospheric contribution on Tn will become small. In case of 0.5 g/cm2 water 
vapor amount and IO mg/cm2 liquid water content, as seen, for example, in the polar 
atmosphere, '1TB is estimated as 2.5 and 2.9 K for 23.8 and 3 I.4 GHz, respectively, 
assuming T8

= 253 K. This small amount of atmospheric contribution will result in 
a large error for estimating water vapor and cloud liquid water content. 



164 Takashi Y AMANOUCHI, Tomoyuki 0SHIYAMA and Makoto WADA 

Te 100 

� 

.Ql 

Te o 

0% 100% 

Ice concentration C (%) 

Fig. 5. Relation of sea ice concentration and microwave brightness temperature, and contribution 
of the atmospheric effect. 

On the contrary, the atmospheric contribution will disturb the analysis of surface 
parameters. In case of negligible atmospheric effect, the surface parameters can be 
derived from the first term of the right hand side of eq. (4). However, the atmospheric 
contribution, if large, will cause large error in the brightness temperature, TB, in 
obtaining ssTs, especially when ss is small. It is found in Fig. 4 that the atmo­
spheric components can become as great as 40 degrees in some cases (around line 420). 
These situation arise in the analysis of sea ice concentration, as schematically ex­
plained in Fig. 5. 

Sea ice concentration can be obtained assuming a linear relation between bright­
ness temperature and ice concentration (ZWALLY and GLOERSEN, 1977). This relation 
is shown by the solid line in Fig. 5 without any atmospheric contribution. The 
difference in ice concentration between O and I 00% causes the difference in the surface 
brightness temperature between TBo and TB 100 • The difference found in the MSR 
data of September 1989 containing wide sea ice was about 80 K in this frequency 
range. The atmospheric effect L1 TB will result in an error of ice concentration JC 
(broken line). The largest contribution of the atmosphere, about 40 K as explained 
in the last paragraph, when the concentration is low (low surface brightness tempera­
ture), can cause up to 50% error in the ice concentration analysis. When the con­
centration is large (large surface brightness temperature), (l -s8) makes the atmospheric 
effect small and the error in the ice concentration small. L1Tn of 2.5 and 2.9 K, for 
example, as already described, will amount to only 3 to 4 %  error of ice concentration 
analysis. 

This complicated situation is owing partly to the frequency selection. 23.8 and 
31.4 GHz is not a suitable pair for finding the surface parameters, and also 23.8 GHz is 
not optimal for sensing water vapor in the polar regions, since the water vapor amount 
is extremely small. The absorption of water vapor at this frequency is not strong 
enough. The sensing of the surface parameters might be much easier at a longer 
wavelength such as 10 or 18 GHz, and sensing of water vapor at 22 GHz and the 
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higher frequency channel for different information on the surf ace, adopted by Nimbus 

7 SMMR (COMISO et al., 1984) . 

In order to eliminate the error of sea ice concentration due to the atmospheric 

effect, especially cloud liquid water content, cloud information should be derived from 

data of other sensors such as the VTIR. The split window channel of the VTIR, 

channel 3 ( 1 1 µm) and channel 4 ( 1 2  µm) will provide some information on clouds 

by a method similar to that used by NOAA A VHRR (YAMANOUCHI et al. , 1 987). 

However, the result may be not quantitative but only qualitative. 

The atmospheric parameters obtained from MSR can be validated, if we can 

estimate and correct the side lobe effect of the MSR antenna. The validation can 

also be made by comparing the results by MSR for points far from the coast to the 

water vapor amount derived by NOAA HIRS/2 or to the optical depth or other param­

eters of clouds determined by NOAA AVHRR (ARKING and CHILDS, 1 985 ; YAMA­

NOUCHI et al. , 1 987 ; YAMANOUCHI and KAWAGUCHI, 1 992). 

Derivations of sea ice information and concentrations from MSR data are sub­

jects to be deal with in the near future . 
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