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Abstract: Vertical profiles of long wave radiation have been measured with
radiometersonde since 1966 at Syowa Station in Antarctica. The measurements
have been carried out mainly from March to October of each year. Much data
have been stored but most have not been analyzed or evaluated. Here the data
from 1966 to 1988 were analyzed for respective sky conditions: cloudless,
overcast and all conditions. The upward fluxes at the 100 mb and 850 mb levels,
and the downward fluxes at those levels in each month, are discussed, and also
the budgets of radiative flux in the atmosphere and at the ground surface for all
three conditions are discussed.

All downward and upward measured fluxes and those calculated are compared
for cloudless conditions. The downward fluxes show good agreement with each
other on average. But there are discrepancies in the case of upward flux. It can
be inferred that the discrepancies might be caused by setting the ground surface
temperature equal to the surface air temperature in calculation, and by the
temperature change of the ground surface over location that the radiom-
etersonde observed.

There are 6 types of radiometersonde used which are basically almost the
same as each other. Discrepancies among vertical profiles of the flux measured
with each type are discussed by comparing with those obtained by theoretical
calculations concerning only the downward flux for cloudless conditions. Gener-
ally the vertical profiles of flux measured with each type of radiometersonde
agree well with those calculated except for one type.

1. Introduction

In the past, some countries including Japan had carried out measurements of
vertical profiles of long wave radiation. In 1970 international intercomparison of
measurements was carried out in the Caribean Sea. GILLE and KuHN (1973)
reported that there was a certain discrepancy among the fluxes measured by
respective countries which participated (e.g. Japan, USA, USSR and West
Germany). They noted that the measured flux might have some errors. They also
reported that there is a certain difference between the measured and calculated
flux.

In Japan routine measurements of long wave radiative fluxes in the atmo-
sphere have been made at four observatories Sapporo, Tateno, Hachijojima and
Kagoshima. Kano and MivaucH1 (1977) compared measured and calculated fluxes
at the three observatories (excluding Hachijojima).

53



54 M. MivaucHt and N. OHKAWARA

Several researchers have reported discrepancies between measured and calcu-
lated fluxes (e.g. Kunn and Suomi, 1965; GiLLE and Kunn, 1973; Kano and
MivaucHi, 1977; WMO, 1984). Generally speaking the downward flux calculated
was smaller than that measured and the upward flux calculated was larger than
that measured. Reasons given for the differences include 1) the calculation
scheme had no contribution from aerosol, because of uncertain absorption
characteristics; 2) the contribution of H,O vapor in continuum absorption bands,
which is said to have very strong absorption at higher temperature and concen-
tration of water vapor, are not clear; 3) the measured flux usually has error.

Measurements with radiometersonde at Syowa Station have been made since
1966. They give us vertical profiles of long wave radiation in the atmosphere over
Syowa Station in Antarctica. They are fundamental data for understanding the
characteristics of the heat budget of long wave radiation in the polar region.

There are several studies about radiative energy in Antarctica because it has
the own unique characteristics concerning radiation; most are restricted to
ground-based measurements. Data obtained by Japanese Antarctic Research
Expeditions in Antarctica from 1967 to 1969 were analyzed by KawaGucHI
(1979), who discussed the properties of long wave radiation in the atmosphere.
Y AMANOUCHI et al. (1981a) reported on the comparison between measured and
calculated fluxes in four cases of clear days in 1979.

Here we are going to analyze and evaluate all data measured with
radiometersondes at Syowa Station from 1966 to 1988. First, measured flux in the
atmosphere will be analyzed, mainly for monthly variations, and the results will
be discussed. Second, the difference between measured and calculated fluxes in
the case of cloudless conditions for respective downward and upward profiles will
be discussed. Furthermore the greater difference of upward flux than downward
flux will be discussed. Since several types of radiometersonde were used, the
discrepancy among them will be discussed by comparing measured and calculated
fluxes.

2. Measurements

There are 356 data during the years 1966-1988, of which 149 were in
cloudless, 125 in overcast and 82 in other conditions. The number of the data

Table 1. Number of data measured each year from 1966 to 1988. The type of radiometersonde used is
shown on the lowest line. N denotes the fractional cloud amount for 0 - 8.

Year 66 67 68 69 70 71 72 73 74 75 79 80 81 82 83 86 87 88 Total

Cloudless
(N=1) 317 12 20 9 10 8 8 1 3 4 18 4 5 5 10 6 6 149
Overcast
NZT 4 252218 9 9 8 4 3 0 0O 10 0 0 0 0 11 2 125

All data 14 53 44 45 23 25 21 17 6 3 8 3 9 7 9 10 21 10 356

Type R62 R66  R68 R69 R78 R78-D
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P : Polyethylene film
BM : Blackened mylar film
AM : Aluminized mylar film
e : Bead type glass thermistor

: Bakelite

t Urethane form

Fig. 1. Scheme of the radiometersonde sensor. Point A
is where the film temperature was measured for
types before 1975, B after 1979.

measured varies much from year to year; measurements were not carried out in
the years 1976-1978, 1984 and 1985 (Table 1). The 6 types of radiometersonde
used and the numbers of measurement carried out in cloudless, overcast and all
conditions are shown in Table 1. The type of radiometersonde was changed
often. Construction remained basically unchanged (Fig. 1); however, the mate-
rials and manufacturing procedure were somewhat different for each type. The
most important change is that the point measuring the radiometersonde film
temperature was moved from outside to inside the film (from A to B in Fig. 1).
This point relates to heat transfer from the sensor surface to the film which
covers the optically blackened sensor. These improved radiometersonde have
been used since 1979. Radiative flux can be obtained from the next equation, of
which the second term on the right hand side is related to the point moved from
A to B described above.

F = ol +K (T7-T7)+C o,
here T, : Temperature of sensor surface,
T, : temperature of film,

C : constants,
Stefan Boltzmann’s constant.

e

Details of the construction and equation are shown in Antarctic Meteorolog-
ical Data published by the JaApAN METEOROLOGICAL AGENCY (1991).

Releases of radiometersonde must be carried out during the night, so they
were restricted from March to October. Measurement time was not fixed but

Table 2. Total number of data each month from 1966 to 1988.

Mar. Apr. May June July Aug. Sep. Oct.
Cloudless 7 10 24 18 30 29 21 9
Overcast 6 13 18 24 22 20 14 8

All data 19 29 54 55 70 65 45 17
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most measurements were carried out from 17 to 24 hours local standard time at
Syowa Station (GMT+3 hours). Table 2 shows the total numbers of measure-
ment in each month of all years; the largest number were in July and August.

3. Analysis of the Data

The measurements were not done everyday, but several were done in a
month. The mean fluxes at 100 and 850 mb for upward and downward in all
years were made each month. The level 100 mb is considered the uppermost
level measured because the fluxes above that level are suspected to be erroneous
as described later. Although there is an ozone layer above 100 mb, the upward
flux at that level is almost the same as that of out-going long wave radiation to
space, so sometimes in the present paper the flux at the 100 mb level is regarded
as out-going long wave radiation. There are some data at the 900 mb level;
however, the 850 mb level is the lowest one at which most of the radiom-
etersondes made measurements.

3.1. Monthly variations of the fluxes at the 100 and 850 mb levels
Figure 2a shows the monthly variation from March to October for upward
fluxes at 100 mb, Fig. 2b downward fluxes at 100 mb, Fig. 2c upward fluxes at
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Fig. 2c. The same as Fig. 2a but upward fluxes at Fig. 2d. The same as Fig. 2a but downward fluxes
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Table 3a. Upward flux at 100 mb and the standard deviation.

Cloudless Overcast All
Month Flux St. dev. Flux St. dev. Flux St. dev.
3 0.211 0.011 0.205 0.015 0.202 0.020
4 0.188 0.027 0.185 0.027 0.187 0.026
5 0.184 0.010 0.170 0.034 0.176 0.025
6 0.166 0.020 0.156 0.029 0.160 0.025
7 0.158 0.016 0.150 0.017 0.155 0.021
8 0.153 0.013 0.140 0.018 0.149 0.016
9 0.157 0.012 0.143 0.024 0.152 0.017
10 0.168 0.025 0.157 0.009 0.163 0.020

Table 3b. Downward flux at 100 mb and the standard deviation.

Cloudless Overcast All

Month Flux St. dev. Flux St. dev. Flux St. dev.
30032 0.007 0.030 0.011 0.033  0.010
4 0.029 0.012 0.026 0.009 0.027 0.010

5 0.024 0.007 0.022 0.009 0.023 0.008

6 0.022 0.009 0.023 0.014 0.023 0.012

7 0.021 0.006 0.021 0.008 0.021 0.007

8 0.022 0.009 0.019 0.009 0.021 0.009

9 0.023 0.009 0.023 0.007 0.024 0.008

10 0.025 0.012 0.027 0.007 0.026

0.010

Table 3c. Upward flux at 850 mb and the standard deviation.

Cloudless Overcast All
Month Flux St. dev. h‘ux St. dév. Flux St. dev.
3 0.263 0.010 0.277 0.009 0.263 0.024
4 0.250 0.030 0.257 0.025 0.254 0.026
5 0.240 0.012 0.246 0.034 0.241 0.025
6 0.230 0.024 0.231 0.029 0.233 0.025
7 0.218 0.019 0.223 0.027 0.222 0.024
8 0.206 0.019 0.223 0.025 0.212 0.024
9 0.215 0.017 0.224 0.036 0.224 0.027

10 0.228 0.029 0.239 0.017 0.233 0.025

Table 3d. Downward flux at 850 mb and the standard deviation.

Cloudless Overcast All
Month  Flux  St. dev. Flux St dev. Flux  St. dev.
3 0180  0.019 0.250 0.017 0.210 0.040
4 0.159 0.015 0.212 0.030 0.188 0.034
5 0.150 0.017 0.207 0.033 0.171 0.036
6 0.138 0.029 0.206 0.026 0.177 0.039
7 0.137 0.021 0.183 0.030 0.158 0.032
8 0.129 0.022 0.191 0.031 0.152 0.038
9 0.133 0.017 0.178 0.037 0.155 0.034

10 0.149 0.020 0.208 0.020 0.174 0.035
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850 mb and Fig. 2d downward fluxes at 850 mb, respectively, for cloudless,
overcast and all conditions. These fluxes are averaged and have comparatively
large standard deviations because the atmospheric conditions were varied when
measurements were made. They are shown in Tables 3a to 3d where standard
deviation for cloudless condition is a little smaller than the others generally,
except for the downward flux at 100 mb, and that of downward flux at 850 mb
for all conditions is the largest one. It is reasonable that each downward flux at
100 mb is the smallest for the respective conditions. These figures and tables
show that the presence of cloud affects the radiative fluxes, especially for the
downward flux at 850 mb. So the following discussions are valid only on average.

In Fig. 2a, the upward fluxes at 100 mb for the three conditions change
monotonously with each month; all of them have minimum values in August.
This means that the loss of energy from the earth-atmosphere system is minimum
in August. In other words, the temperature of the earth-atmosphere system in
August is the lowest on average, although strictly speaking the amounts of
absorption gases are related. The flux for cloudless condition slightly exceeds that
for the condition overcast in all months. It appears that the difference between
cloudless and overcast conditions is the effect of cloud on out-going long wave
radiation. The difference is much smaller than that at lower level. This is a
remarkable feature, which reflects the difficulty of detecting the existence of
cloud over Antarctica from the measurement of out-going long wave radiation by
satellite. A curve for the case of all data lies between the two other curves
except for March.

Downward fluxes at 100 mb are the smallest among all of the fluxes
measured. These fluxes are not influenced by the atmosphere below 100 mb;
moreover, there is no cloud and the amounts of absorbers such as water vapor
do not vary so much above 100 mb. So it is natural that the downward fluxes for
the three conditions are almost the same and do not vary much through the year.
But they have slight variation, with minima around June and July, and become
larger toward March and October. This means that atmospheric conditions above
100 mb, as far as radiative properties are concerned vary gradually. The cause of
the slight variation is interesting, but not discussed here. It is a further problem.

In Fig. 2c, upward fluxes at 850 mb have minima around August for all
conditions. Upward fluxes at 850 mb for overcast conditions are always greater
than those for cloudless conditions in every month. Assuming that the cloud lies
above the 850 mb level, this figure means that the ground surface temperature
for overcast condition is higher than that for cloudless condition. From this it is
speculated that the decrease of ground surface temperature is obstructed by cloud
because there is much more downward flux on the ground surface for overcast
condition than cloudless.

In Fig. 2d there is much difference in downward flux at 850 mb between
cloudless and overcast conditions. The difference is nearly constant, about 0.07
kW/m?, from March to October. This means that clouds produce much down-
ward flux. This causes temperature decrease of the cloud layer, and also reduces
the net flux divergence of the whole atmosphere, as discussed in the next section.
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In the figure for cloudless condition, flux changes smoothly, but it does not for
the overcast condition. As is well known, cloud affects the downward flux
considerably, and varies with month, probably due to the height and thickness of
the clouds. In the figure the minimum fluxes for the three conditions can be seen
around August. This shows that the atmospheric temperature is minimum around
August if the other factors are constant.

3.2. Cooling of the ground surface, the earth-atmosphere system and the atmo-
sphere itself

The budget of radiative energy on the ground surface is approximated by the
net flux at 850 mb although the contribution of the layer from the ground surface
to 850 mb to the net flux at ground level is not necessarily negligible. In this
case, net flux denotes downward flux—upward flux. The direction of the ordinate
in Fig. 3 is opposite to conventional one. In the figure the effect of cloud on
radiative budget at the ground surface can be seen. This effect is caused by the
much larger downward flux for overcast condition than cloudless, whereas the
difference of the upward fluxes between overcast and cloudless conditions is
slight. Net fluxes at 850 mb in April are less than those in March for all
conditions. This is due to the fact that the downward flux decreases much more
rapidly from March to April than the upward flux as time changes (Figs. 2c and
2d). In cloudless condition, the decrease of net flux in the figure from March to
April corresponds to the rapid decrease of downward flux; from April to June
the net flux is almost constant. Then the net flux increases toward mid-winter.
YaMANoucHI et al. (1981b) made ground based measurements of net flux of long
wave radiation on the ground surface in 1979 at Mizuho Station, East Antarctica,
and reported the annual variations for all conditions. In that report, the net flux
for cloudless condition seems to increase slowly from March to August. This
tendency does not necessarily agree with the present result. But for April to
August (mid-winter) tendency in present study is almost the same as the result
obtained by YamanoucHI et al. (1981b) on the whole, although the net flux in
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Fig. 3. Netfluxes at 850 mb (downward-upward flux
in this case) for cloudless, overcast and all
conditions. They mean approximately the
energies that the ground surface gains. Sym-
bols are the same as Fig. 2a.
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Table 4. Standard deviation of net flux at the 850 mb level.

Cloudless Overcast All
Month Net flux St. dev. Net flux St. dev. Net flux St. dev.
3 —0.082 0.028 —0.027 0.016 —0.054 0.034
4 —0.091 0.017 —0.044 0.028 —0.066 0.030
5 —0.091 0.016 -0.039 0.035 —0.069 0.034
6 -0.092 0.028 —0.025 0.032 —0.055 0.042
7 —0.081 0.021 —0.040 0.031 —0.064 0.030
8 -0.077 0.020 —0.032 0.022 —0.060 0.030
9 —0.082 0.009 —0.046 0.035 —0.068 0.028
10 —0.079 0.019 —0.031 0.015 —0.058 0.030

June in the present study is slightly larger than that in May. The long wave net
radiation on the ground surface in 1980 at Mizuho Station was also measured so
that the tendency of variation is similar to that of YamanoucHi (1988). Mizuho
Station is located on the slope of a glacier (always covered by snow), 2230 m
above sea level, inland, but Syowa Station is on a small island near the coast of
the continent. The discrepancy might be caused by the different location of the
measurement site and also the different altitude above sea level and also
measurement level. The net flux increase for overcast condition in June cannot
be explained.

Standard deviations of the net flux at 850 mb are shown in Table 4 with the
values of net fluxes. As shown in the table, standard deviations are much larger.
This shows that the tendency of net flux at 850 mb is very changeable.

Figure 4 shows the net flux divergence of the layer from 850 to 100 mb for
three conditions. In this case, net flux is defined as upward-downward flux. So
the upward direction of the ordinate of Fig. 4 means loss of energy from the
atmosphere. Obviously, the atmosphere with cloud has temperature much lower
than the atmosphere without. Net flux divergence of whole atmosphere in

kW/ m?
850 mb net — IOOmb net
~0.15 |0
IQ O t-iouiinq,
=0.10 [~ \v\ ANY .°
N ‘- o----o.
V—-—vo el
x—x\ Tv——vl %7,
S~
v
-0.05 | x— X
-, 1 1

Month
Fig. 4. The netflux divergences of the layer from 850
to 100 mb for cloudless, overcast and all
conditions. The absolute value of the ordinate
is the loss of energy from the layer. Symbols
are the same as Fig. 2a.
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mid-winter especially in cloudless condition, is larger than in other seasons. That
is, there occurs less cooling of the atmosphere in mid-winter. This is consistent
with the small upward flux at 100 mb and downward flux at 850 mb. In the
figure, much more cooling of the atmosphere occurs in autumn than in mid-
winter due to higher temperature and water vapor concentration in the atmo-
sphere. Net flux divergences have large dispersion. This discussion applies to the
average over months as described before.

It is very interesting to discuss the yearly variation of the long wave radiative
flux in the atmosphere. To do so requires continuous and frequent measurements
over a long term; the present data are not sufficient. Since cloud easily changes
the long wave radiative flux, the yearly variation of all fluxes has no special
meaning.

3.3. Monthly variation of vertical profile

Mean vertical profiles of each month are shown in Fig. 5 for upward and
downward fluxes for cloudless condition. In the case of upward flux their profiles
are more varied than for downward flux. Ground surface temperature change
makes the upward flux vary considerably. Downward fluxes in the higher layer,
especially near 100 mb, are almost the same as each other (note Fig. 2b). The
fluxes above the 250 mb level in March are obviously not correct. The same
increase as in height appears in upward flux in May. It was possibly affected by
solar radiation because of the position of the sun in May. The errors are also
found in upward and downward fluxes at about 800 to 700 mb in October that
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cannot be explained. These profiles were measured during the night; therefore,
the profiles in the daytime might be slightly different, especially for upward flux,
because of the diurnal change of ground surface temperature.

3.4. Vertical profiles of cooling rate

Vertical profiles of cooling rate for each condition, cloudless, overcast and
all, are shown in Fig. 6. In the figure it is obvious that the distribution of cooling
rate in the atmosphere depends on the cloud; much more cooling occurs for
cloudy than for cloudless condition in most of the atmosphere. This is consistent
with the net flux divergence shown in Fig. 4. It is also shown that the cooling
rates for three conditions become close to each other as the level becomes
higher.

YaMmaNoucH1 et al. (1981a) showed four vertical profiles of cooling rate
measured for cloudless condition in May, April, June and July 1979 in which the
mean profile of the cooling rate of the four is similar to our result for cloudless
condition in shape. Vertical distribution of cooling rate changes day by day,
especially in a cloudy sky, so the standard deviations of the cooling rate become
larger (Table 5). In the table the largest standard deviation of cooling rate
appears at the 750 mb level for overcast condition. This shows that the cooling
rate changes depending on the height of the cloud layer.

Table 5. Standard deviation of cooling rate.

Cloudless Overcast All
mb C. rate  St. dev. C. rate  St. dev. C. rate  St. dev.
875 -1.17 2.27 —1.36 3.75 —-1.23 2.46
825 -1.20 2.40 —1.08 3.66 —1.14 1.92
750 —1.09 2.05 -1.73 5.24 -1.29 1.98
650 —0.86 1.26 —1.63 2.96 -1.17 1.42
550 -0.77 1.08 -1.15 2.12 -0.92 1.08
450 —0.63 0.97 -0.92 1.53 —0.76 0.85
375 —0.49 1.42 -0.94 2.02 —0.68 1.37
325 -0.25 0.88 -0.59 1.50 -0.38 1.38
275 -0.03 2.18 -0.54 1.22 -0.24 2.11
225 -0.47 2.34 —0.47 1.45 —0.44 1.75
187 -0.37 1.39 -0.74 1.60 -0.53 1.43
162 —0.67 1.66 —1.00 2.10 -0.70 2.95
137 -0.52 1.70 —0.58 1.95 -0.71 3.04
112 -0.35 1.79 -0.76 2.09 —0.54 1.72

4. Comparison of Vertical Profiles Between the Measured and Calculated Fluxes

By comparing the measured flux with that calculated, the characteristics of
the radiometersonde used at Syowa Station and the properties of long wave
radiation in the atmosphere in Antarctica can be discussed.
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4.1. Scheme and data used in calculations

The calculations are done by using a transfer equation in which the transmis-
sion function of Goody’s random model (Gooby, 1964) is employed. There has
been some discussion about the accuracy of the calculation scheme (e.g., CHou
and ARKING, 1980; WMO, 1984; Aokl and SHIBATA, 1990; TrEMkES and NIEUw-
STADT, 1990); however, here the scheme given by RoDGERS and WaLsHAw (1966)
is used. This scheme has no contribution from aerosol and it has been said that
there is uncertainty as to absorption in the water vapor continuum, but it has
been used widely in the world. Since Kano and MivaucHr (1977) and YaMa-
NOUCHI et al. (1981a) also used this scheme, we can compare with their results.
The accuracy of this scheme itself is a separate problem.

Meteorological data, e.g. temperature and water vapor in the atmosphere
over Syowa Station, were obtained by meteorological radiosondes, usually twice a
day (JaApAN METEOROLOGICAL AGENCY). They are interpolated linearly to the hour
when radiometersondes were released between the hours of two meteorological
measurements with radiosondes. The ground surface temperature is set to be
equal to the surface air temperature although this assumption does not hold
generally and will be discussed later. The vertical distributions of the ozone
amount are taken from the statistical monthly values which were measured at
Syowa Station from 1967 to 1987 (JAPAN METEOROLOGICAL AGENCY). The amount
of carbon dioxide is fixed at 340 ppm. These concentrations, as well as the water
vapor amount used for calculation, are not always correct. The calculated flux

has an error from the uncertainties of these concentrations. But it cannot be
specified how much the error is.
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Figure 7 compares the mean of all data for cloudless conditions, 149,
between the measured and calculated fluxes. The root mean square of the
difference between them (hereafter written merely R.M.S.) is shown in Fig. 8. In
Figs. 7 and 8, the number of data measured at the 900 mb level is much less
than at other levels.

The following discussions are restricted to the average for cloudless condi-
tion.

4.2. Downward flux

Ozone amount and the other constituents have some uncertainties in the
vertical profile and calculation scheme, however, the measured and calculated
downward fluxes agree well with each other on average as shown in Fig. 7 except
for the upper layer above 100 mb. The R.M.S. of the difference between them is
always less than about 0.02 kW/m? at all levels up to 100 mb (Fig. 8). In the
lower atmosphere near the ground surface the fluxes agree well with each other
but in the layer from 800 to 300 mb the calculated flux is slightly larger than that
measured. The relation between the measured and calculated fluxes is opposite to
that reported by Kano and MivaucHi (1977), although the difference in the
present study is very small. And in the upper layer above about 300 mb the
calculated flux changes smaller than that measured. These tendencies in the
present study are similar to the result reported by YamaNoucHi er al. (1981a)
although the difference reported by them is larger than the present value.

It is assumed that the measurement accuracy of the radiometersonde used at
Syowa Station is not necessarily the same as that used in Japan in the past.
Unfortunately we cannot know how much the accuracy has changed. But the
calculation scheme is the same as that used by Kano and MivaucHr. If the
accuracies of the radiometersondes used by them and in the present study are the
same, the discrepancy of the result for downward flux between the report by
KaNo and MivaucH! (1977) and the present result would be caused by only the
difference of atmospheric conditions used in the respective calculation.

KaNo and MivaucHr (1977) reported that the measured flux is always larger
than that calculated for downward profiles obtained in Japan at levels up to 200
mb, and the difference decreases slightly with altitude. They inferred that the
difference might be due to the effect of H,O dimmer molecules and aerosols in
the lower layer, and also measurement error, especially above 200 mb. Absorp-
tion of the water vapor continuum is less active for less water vapor and lower
temperature (BIGNELL, 1970) in the atmosphere in Antarctica. There are some
data reported that the concentration of aerosols in Antarctica are much less than
in Japan. Their effect on the downward flux in the calculation scheme can be
lessened much in the winter atmosphere in Antarctica. From this viewpoint the
present result at Syowa Station is consistent with their results for downward flux
if both measurement data are correct. It is noted that the water vapor amounts
used for calculation in this study was obtained from meteorological radiosondes
but that used in KaNo and MivaucHr were obtained from dewpoint sondes. At
the time when the measurements with radiometersondes were carried out at four
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observatories in Japan, the water vapor amounts measured with meteorological
sondes were erroneous, but after that the sensor for measuring water vapor as
used in Antarctica has been much improved. The vertical profile of long wave
radiation depends much on the water vapor amount in the atmosphere. In this
study it i1s considered that the measured water vapor amounts used in both
studies are correct.

As for the upper layer above 100 mb, the measured downward flux becomes
much larger than that observed. There are many cases in which the flux increases
as the radiometersonde ascends. In this case the data are evidently erroneous. It
is possible that the measured downward flux tends to be larger than that
calculated above 300 mb. Kano and MivaucHr (1977) did not compare the
measured and calculated fluxes in the layer above 200 mb because of this evident
measurement error. This problem still awaits settlement and must be investi-
gated.

We find that for downward flux below the 100 mb level, the measured
profile agrees well with that calculated using Rodgers and Walshaw’s scheme on
average, although the calculated flux is slightly larger than that measured in the
layer from 800 to 300 mb and becomes smaller than that measured above 300
mb.

4.3. Upward flux

Figure 7 also shows the mean upward fluxes, both measured and calculated
for cloudless condition. At all levels the calculated flux is a little larger than that
measured. The difference around the 850 mb level is the smallest of all levels,
and increases gradually as height increases to about the 300 mb level and then
decreases above 300 mb.

In the present calculation the ground surface temperature is set equal to the
surface air temperature because of lack of ground surface temperature data. But
generally during the night the ground surface temperature becomes lower than
the surface air temperature (KaANETO et al., 1990). If the ground surface tempera-
ture is set several degrees lower, the measured and calculated fluxes near the
ground surface (at 900 or 850 mb) will agree with each other and the difference
in the whole atmosphere will decrease.

The ground surface temperature which the radiometersonde sees changes
during the wind-driven flight. The same process is described by Kano and
MivaucHl. The effect of the ground surface temperature is discussed below.

A radiometersonde can also see the clouds as the sonde moves horizontally
even if the condition is cloudless at Syowa Station. Generally the cloud tempera-
ture is lower than the surface air temperature (note Fig. 2a). As a sonde is going
up and moving, the colder area probably including cloud that it sees spreads.
Traces of twelve radiometersondes released in 1983 and 1987 in cloudless condi-
tion are shown in Fig. 9. Most of the radiometersondes flew toward the continent
and the rest also saw a part of the continent as the sondes ascended.

In the calculation scheme, if the altitude of the continent above the sea level
and the atmospheric conditions (water vapor, etc.) are constant horizontally, the
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upward flux depends on the ground surface temperature (including cloud patch, if
it exists) only in the view angle that the sonde sees. Assuming that the ground
surface temperature is 4 and 8°C lower than the surface air temperature, profiles
of the upward flux in one case released on September 26, 1983 in Fig. 9 are
calculated; the results are shown in Fig. 10. In the figure it can be seen that the
upward profile depends greatly on the ground surface temperature.

The surface temperature of the sea seems to be higher than that of the
continent, and that of the interior continent is much lower than that around the
coast. Syowa Station is located on a small island. The difference between the
measured and calculated fluxes can be explained qualitatively in these situations.
A quantitative comparison could not be made because the temperature of the
ground surface and the atmospheric conditions below the flying sonde were not
known. The ground surface temperature around Syowa Station needs to be
investigated.

The measured flux becomes close to that calculated in the layer above 300
mb in Fig. 7. This tendency is not consistent with the above description.
Because, in the case of downward flux the measured flux has the tendency to
increase, compared with that calculated; it is speculated also in the case of
upward flux that the measured flux has the same tendency as downward flux to
increase in comparison with that calculated.
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the reference flux calculated for cloudless condition.
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In Figs. 11a to 1le the mean measured and calculated fluxes are shown for
each type, except for type R62, which cannot be analyzed and is omitted because
of its small number of data (only three). With regard to downward measured and
calculated fluxes, they agree well with each other generally for types R66, R69
and R78-D. There is slight difference for type R78 and more difference for R68
than for the others.

The differences in R.M.S. between the measured and calculated fluxes along
the vertical profiles for each type are shown in Fig. 12. There are two kinds of
groups, one includes R66 and R68 before the minor change described in Section
2, and the other types R69, R78 and R78-D. Although the R.M.S. of R68 is the
largest and that of R78 is somewhat larger than the others, it seems that there is
no relationship among the types and that there is no clear discrepancy between
the two kinds of group, because the R.M.S. of R66 is not so large compared
with the other group.

Generally, above the 300 mb level, R.M.S. increases with height. The only
downward flux measured with R66 has almost constant R.M.S. at all levels. The
R.M.S. of R66, R69, R78 and R78-D are less than about 0.015 kW/m?. The
downward flux measured with R68 has the largest R.M.S. among them, as shown
in the figure. But the reason is not clear. Assuming that the calculated flux is
correct, the flux measured with type R78-D is the most reliable; it is the newest
type used and its R.M.S. is always less than 0.01 kW/m?.
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6. Conclusions

The Antarctic region loses more energy through long wave radiation emitted
to space than that received from solar radiation. It is interesting to know long
wave radiative energy flow by measurement in the polar region. Here the
monthly energy budget of the long wave radiation is discussed on the basis of
measurement data and compared with that calculated. And also the contribution
of cloud to the energy budget at Syowa Station is analyzed. Unfortunately
measurements with radiometersonde could not be carried out in summer; also
measurements were not done every day but relatively infrequently. So annual
variations could not be analyzed; only monthly variations from March to October
of an average over 18 years were obtained. The present results must be closely
related to the meteorological and climatic conditions at Syowa Station, but the
relations were not analyzed. This will be taken up in the future.

Measured and calculated fluxes were compared for cloudless condition. For
downward flux they agree with each other below the 100 mb level. Above the
100 mb level, measurement error seems to become large as the sonde height
increases. For the upward flux, the large difference is explained qualitatively by
the effect of the ground surface temperature and the underlying cloud. Measure-
ments and calculations have some errors. But considering that the ground surface
temperature is lower than the surface air temperature, and that radiometersonde
sees a colder ground surface as it ascends, it can be said from the present
analysis that the measured fluxes are close to those calculated. Therefore it might
be said also that the measured fluxes for cloudy condition are also close to true
values if the calculated fluxes are correct. The radiometersonde is an absolute
radiometer, but it is very difficult to specify the measurement error, especially in
the upper atmosphere. KANETO et al. (1990) compared a ground based radiometer
with the radiometersonde used in 1987 at Syowa Station for upward and down-
ward fluxes. They agree with each other within about *5 % for both upward and
downward fluxes.

It seems that there is no remarkable discrepancy among the fluxes obtained
with each type of radiometersonde except the type R68. The downward flux
measured with the type R68 is smaller than that calculated below 300 mb, and
the R.M.S. is the largest of all types.
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