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Abstract

Diurnal variations of cloudiness over East Asia and the western Pacific are investigated for the warm
season of 1987, based on GMS-3 IR data at every three hours. The domain chosen for the present analysis
is between latitude 50°N and 20°S and longitude 90°E and 160°E.

The main results obtained are: (1) Diurnal variations of cloudiness result from superposition of large
diurnal-cycle and small semidiurnal-cycle variations. Amplitude and phase of the diurnal-cycle variation
are much different over land and ocean. Semidiurnal-cycle variations over land and ocean are almost in
phase with maxima at 0300 ~ 0500 LT and 1500~ 1700 LT, and have similar amounts of amplitude. (2) A
systematic phase delay of diurnal-cycle variation appears to the east of the Tibetan Plateau. A maximum of
cloudiness appears near dusk over the Tibetan Plateau and at midnight in the Sichuan Basin. Phase speed
of the variations is almost the same as in the eastward phase propagation of the diurnal-cycle variation of
precipitation frequency east of the Rocky Mountains in the United States. Eastward movement of cloud
clusters generated over the Tibetan Plateau, as well as locally induced convections, should be taken into
account to understand the behavior of diurnal variation of cloudiness to the east of the Plateau. (3) The
eastward phase delay of the diurnal-cycle variation to the east of the Tibetan Plateau is obscured during
mid-summer. This may be caused by locally induced active convections intensified near dusk to the east
of the Plateau, and seasonal disappearance of upper westerly flow passing over the Plateau.

1. Introduction quisition System) data for the selected stations.
Winkler et al. (1988) summarized the previous stud-
ies on diurnal variability of heavy precipitation in
the United States. As is expected, the diurnal vari-
ation is strongest during summer and a pronounced
afternoon maximum is observed in the eastern and
southern parts of the United States. However, over
the Great Plains of the United States active precip-
1 Corresponding author: Tomio Asai, Center for Environ- itation appears near midnight in summer (Wallace
mental Remote Sensing, Chiba University, Chiba 263- 1975; Eastering and Robinson 1985). Balling (1985)
i’ii:ér;]tai%]l'iation: Japan Science and Technology Cor- and Riley et al (1987) Pomted out .summertlr‘ne
eastward phase propagation of the diurnal varia-

poration, 5th Mori Bldg. 9F, 17-1, Toranomon 1-chome,
Minato-ku, Tokyo 105-0001, Japan tion of precipitation between the Rocky Mountains
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Diurnal variability of cloudiness and precipita-
tion has been investigated in different parts of the
world in different seasons. Oki and Mushiake (1994)
showed a comprehensive analysis of the diurnal vari-
ability of precipitation across Japan based on ten-
year AMeDAS (Automated Meteorological Data Ac-
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and the Great Plains. West of the Continental Di-
vide, a late afternoon precipitation maximum pre-
vails. From the Continental Divide eastward to ex-
treme western Kansas, Nebraska and South Dakota
(~101°W), the time of maximum precipitation fre-
quency shifts consistently later to an eventual mid-
night (0000 LT) peak. The transition is most abrupt
across eastern Colorado and extreme western por-
tions of Nebraska and South Dakota. Eastward
from 101°W, maximum frequency becomes later at
a more gradual rate, reaching 0300 ~ 0500 LT peak
across the eastern portions of Kansas and Nebraska.

Domros and Peng (1988) summarized the clima-
tological characteristics of the diurnal variation of
precipitation over China. Precipitation is most fre-
quently observed in the afternoon and evening in
most parts of China for the major part of the year,
while little precipitation occurs in the morning and
at night. In May and June, however, modifica-
tion of the diurnal variation of precipitation is ob-
served in the western parts of China, particularly in
Xinjiang and the Qinghai-Xizang (Tibetan) Plateau
(map shown in Fig. 1). The data shows a night or
early morning maximum. The diurnal variation on
high mountains is characterized by a maximum pre-
cipitation during daytime, and a minimum at night.
In large valleys, precipitation is less during daytime
and more at night. This feature can be modified in
the following two regions: in large valleys in Yunnan
and Xizang, night rains follow a fine day, while in
Sichuan Basin precipitation occurs at night after a
cloudy day. This case is considered to be the only
one in China where night precipitation significantly
dominates over a large area.

Unlike the situation over land, direct measure-
ments of precipitation over ocean are rare. Gray
and Jacobson (1977) discussed a single nighttime
maximum of ocean precipitation. Kraus (1963)
showed that maritime precipitation in mid-latitudes
was most frequent during the second half of the
night, with a drop-off during the day, using nine
weathership records. Recently a complex picture of
the diurnal variation of oceanic rainfall activity has
been shown based on satellite observations. Using
three-hourly GMS-IR data and defining an intensity
index of deep convective clouds, Murakami (1983)
showed the maximum convective activity around
0900~1200 LT over the ocean in the vicinity of
large islands and around 0600~ 0900 LT in the
morning over open ocean in the tropical western
Pacific. Augustine (1984) examined diurnal vari-
ation of satellite-inferred rainfall over open ocean
in the tropical eastern Pacific. This exhibited dual
maxima, one near dawn and the other in mid-
afternoon. Using GMS-IR observations, Nitta and
Sekine (1994) showed that convective activity at-
tains its maximum in the morning over the tropi-
cal western Pacific in the vicinity of large islands,

Journal of the Meteorological Society of Japan

Vol. 76, No. 5

20N

the
[

the lndonesian
Archipera;

100k, 1206 140E 160E

Fig. 1. Domain covering East Asia and the western Pa-
cific Ocean adopted for the present analysis.

while it has a maximum intensity in the morning
and a secondary maximum in the afternoon along
the ITCZ and the SPCZ over open ocean. Chen
and Takahashi (1995) showed that diurnal variation
of convective activity around the South China Sea
is modified by intraseasonal variations of monsoon
activity.

These observational studies indicate that the di-
urnal variation of precipitation over ocean, espe-
cially its semidiurnal-cycle signals, is complicated
and not well understood. The influence of the Ti-
betan Plateau on diurnal rainfall variation in China
is not clarified, despite a great interest in whether
eastward phase delay of diurnal variation appears
to the east of the Tibetan Plateau as in the Great
Plains east of the Rocky Mountains. In order to clar-
ify these problems, we investigate diurnal variation
of the amount of high-clouds, which well correlates
to convective rainfall (Maruyama et al., 1983) over
East Asia and the western Pacific, using three hourly
GMS-3 IR observations during the warm season of
1987.

2. Data and procedure for analysis

Three-hourly {0000, 0300, 0600, - - -, 2100, Univer-
sal Time Coordinated) IR histogram data of GMS-3
averaged for every 0.25° longitude-latitude square
mesh for the area (50°N-20°S, 90°E-160°E) shown
in Fig. 1 from April to June in 1987, are used to
analyze diurnal variation of cloudiness. We derived
the amount of high-clouds with Tpp tops lower than
—40°C (higher than about 400 hPa level) from the
data. Hereafter, the amount of high-clouds is simply
called cloudiness.
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Fig. 2. Distribution of mean cloudiness of cloud tops with Tgp lower than —40°C for the three months

from April to June 1987.

Diurnal variation of cloudiness is represented by
the deviation from the 24-hour mean. This is nor-
malized by dividing it by the mean, that is,

Ni = (Ci — Cm)/Cm,

where C' is cloudiness at a local time 7 and Cm is
daily mean cloudiness. Fourier analysis of diurnal
variation of cloudiness Ni is also made to obtain
amplitude and phase of diurnal- and semidiurnal-
cycle variations.

We also use a 3-hourly minimum value of Tggp
for each 1° longitude-latitude square mesh during
the warm season (April to September) of 1987 to
study seasonal change of diurnal variation of cloudi-
ness; the IR histogram data contains too much in-
formation to be analyzed for a longer period of time.
Hereafter we refer to the value as min-Tpg, which
is an indicator of cloud-top-height, because it shows
the minimum cloud-top-temperature when the mesh
includes some cloudy area. After eliminating the
meshes with the min-Tgg > —20°C, which are
shown uncovered or covered with low-level clouds,
we determined the amplitude and phase of diurnal-
cycle variation of the min-Tgp using the harmonic
analysis method. NCEP (the U.S. National Centers
for Environmental Prediction)/NCAR (the U.S. Na-
tional Center for Atmospheric Research) re-analysis
data are also utilized to describe atmospheric circu-
lation.

3. Diurnal variation of cloudiness over land
and ocean

Distribution of mean cloudiness between April

and June, 1987 is shown in Fig. 2. Large-
cloudiness zones are found around the equator and
the mid-latitudes, which correspond to the ITCZ
and the Baiu frontal zone respectively, while small-
cloudiness areas are found in the subtropical high-
pressure belts located in the subtropics. Other re-
markable large-cloudiness areas are observed in the
Tibetan Plateau, the Indo-China Peninsula, the Bay
of Bengal and the Indonesian Archiperagos. These
features are the same as known climatologically.

Figure 3 shows distribution of the normalized di-
urnal variation of cloudiness (N+7) averaged in every
5° longitude-latitude square mesh in the whole do-
main. Diurnal variation is larger over land, particu-
larly over the Tibetan Plateau and the Indo-China
Peninsula, than over ocean. Low ground-surface
temperature of the Tibetan Plateau does not con-
taminate our evaluation of cloudiness, because only
high-clouds with top temperature lower than —40°C
are analyzed. Over land amplitudes of diurnal vari-
ation are large in areas with large cloudiness, while
small amplitudes are found in the areas with large
cloudiness over ocean, such as in the ITCZ, Baiu
frontal zone and the Bay of Bengal. These features
are consistent with the previous studies (Murakami
1983; Nitta and Sekine 1994; Chen and Takahashi
1995).

Diurnal variations of mean cloudiness over land
(thick line) and over ocean (thin line) for each
month are shown in Fig. 4. Here the cloudiness over
land (ocean) is averaged for all of the 1° longitude-
latitude square meshes in which land (ocean) cov-
ers more than half of the area. Table 1 repre-
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Fig. 3. Normalized diurnal variations of cloudiness in each 5° longitude- latitude square averaged for
the three months from April to June 1987.

sents amplitudes and phases of diurnal-cycle and o

semidiurnal-cycle variations of the cloudiness over P | _-m" ol
land and ocean derived by Fourier analysis for each 0 P—] = Fae >
month, though characteristics of the diurnal varia- \V/ pER
tions change locally within land or ocean. Unique -5 L ]
diurnal variations of cloudiness are shown around e
tropical coasts (e.g., Murakami 1983; Nitta and . A ~_]

Sekine 1994) and to the east of the Tibetan Plateau L s S 4 <
in China (shown in the next section). Nevertheless, i
Fig. 4 and Table 1 are useful to describe the charac- -0 L
teristics of the diurnal variations generally observed ” _ ]
over land and ocean. ; - —-/'/(—-\\
Over land (ocean), the maximum cloudiness ap- OIS P S
pears around 1800 LT (1500 LT) and the minimum i
around 1000 LT (2100 ~ 0000 LT) every month. Ta- s |
ble 1 suggests that the maximum and the minimum i [ APRILJUNE /_’\ 1
cloudiness result from superposition of large diurnal- AT T~
and small semidiurnal-cycle variations. The ampli- bt ~_ / ~ ... 4
tude of diurnal-cycle variation is about two times »
larger over land than over ocean. The phase of ™ w ® @ 2 is W ®
the diurnal-cycle variation over land is also differ- LOCAL TIME
ent from those exhibited over ocean. On the other
hand, differences in the amplitude and the phase of
semidiurnal-cycle variation are small between over ocean (broken line) for each month be-
land and ocean. The amplitude and the phase are tween April and June 1987 except for
somewhat larger and later, respectively, over land. the bottom panel, averaged for the three
Since the amplitude of the diurnal-cycle variation is months.
not so large over ocean, a secondary peak of cloudi-

ness appears in the morning (~ 0600 LT) accompa- . . o
nied with the semidiurnal-cycle variation over ocean with maximum peaks around 0300~ 0400 LT and

(Fig. 4) 1500~ 1600 LT along the ITCZ and the SPCZ

Nitta and Sekine (1994) pointed out that there O}Yer tc};e weitfm PlaClﬁf' A‘?g“?t‘ne _(1984) l;i.lso
exist semidiurnal-cycle variations of convection ~ S1HOWed semi lurnal-cycle variations in satellite-

Fig. 4. Normalized diurnal variations of
cloudiness over land (solid line) and
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Table 1. The amplitudes and phases of diurnal-cycle and phozz== seecad e e
semidiurnal-cycle variations of cloudiness derived by -0}
Fourier analysis.
st 0" N-40" N
period one day a half day N aopooo s =P ——
amp. phase amp. phase -osf — 1 1
land April-June 0.25 20:08 0.11 5:20/17:20
April 0.27 20:08 0.12 5:44/17:44 A T I R I L]
May 029 19:36 0.12 5:10/17:10 o pr—— =S Tl ;/1/':7 —
June 0.23 19:48 0.09 5:10/17:10 -ost | 1
sea April-June 0.14 12:20 0.08 3:36/15:36
Agril 0.18 13:08 0.09 4:48;16:48 asp TN vl ~
May 0.16 11:44 0.08 3:26/15:26 ) ks S /‘” ST T
June 0.15 12:20 0.07 3:20/15:20 osr T—— ] 1
ash 0-10° N /,__\
Y —— R PSP L L P B
inferred rainfall over the eastern Pacific with maxi- sl _\\\_// N
mum peaks around 0400 ~ 0500 LT and 1600 ~ 1700
LT. Asai and Nakai (1979) found semidiurnal-cycle o TY° e i
variations of cloudiness observed on the R. V. e \‘< """""" N LT Pev
“Hakuho-maru,” with maximum peaks at ~ 0500 LT -osr |
and 1700~ 1800 LT over the tropical western Pa- oSS
cific. Our result well agrees with these studies in 0': - I beeo | —— ]
spite of different definitions and observation meth- I TT— I
ods of cloudiness or convective activities in Nitta and . | J
Sekine (1994), Augustine (1984), Asai and Nakai eoor e mm A
(1979), and our study. Lot TE
Fig. 5. Normalized diurnal variations of

Figure 5 shows latitudinal change of mean cloudi-
ness variations over land (solid line) and ocean (bro-
ken line) for the period from April to June 1987.
Over land, the maximum of cloudiness at ~ 1800
LT is observed in every latitude, though ampli-
-tude is larger at lower latitudes. Over ocean, the
primary maximum at ~ 1500 LT is observed at
every latitude, while the secondary maximum in
the morning is significant only around the equator
(10°N ~10°S).

Brier and Simpson (1969) found semidiurnal-cycle
variations with maxima around 0800 LT and 2000
LT in the long-term records of rainfall frequency
and cloudiness at the two observation stations in
the tropics. They related this variation to the
semidiurnal-cycle variation of tidal convergence in
the atmosphere with maximum peaks around 0800
LT and 2000 LT. There is a three-hour phase dif-
ference in the semidiurnal-cycle variations between
Brier and Simpson (1969) and our study. The
peaks of semidiurnal-cycle cloudiness variations in
our study appear when sea level pressure is mini-
mum in the atmospheric tide around 0400 LT and
1600 LT. Our results, therefore, may hardly be re-
lated to atmospheric tidal convergence.

Gray and Jacobson (1977) showed that deep cu-
mulus convection is intensified in the morning in
many places over both land and ocean. They pro-
posed a possible explanation. Since nighttime ra-
diative cooling is weaker in convective cloud systems

cloudiness at every 10° latitudinal belt
over land (solid line) and ocean (broken
line) averaged for the three months from
April to June 1987.

than in surrounding cloud-free regions, a convergent
flow toward the convective cloud systems is intensi-
fied by temperature differences between the systems
and their surrounding regions. Their explanation,
however, is difficult to apply to the afternoon max-
imum of observed ocean cloudiness. Further stud-
ies are necessary to clarify the mechanisms of the
semidiurnal variation of cloudiness.

4. Diurnal variation of cloudiness over China

The amplitude and phase of the normalized
diurnal-cycle variations in cloudiness for the three
months from April to June 1987 are represented us-
ing wind notation in Fig. 6. Phase is indicated by
wind direction, e.g., the north wind indicates a mid-
night (0000 LT) maximum, the west wind indicates
a 1800 LT maximum, etc. Amplitude is indicated
by the wind speed. Over the Tibetan Plateau peaks
of cloudiness appear near dusk (~ 1800 LT) and de-
lay as they move eastward. According to surface
cloud-type observations in the Tibetan Plateau, Cb
clouds frequently appear throughout the year espe-
cially after April during the warm season (Institute
of Meteorological Science of Qinghai Province 1986).
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Fig. 6. Amplitude and phase of the diurnal-cycle variation of cloudiness over China derived by Fourier
analysis for the three months from April to June 1987. Each full barb and pennant represent 0.2
and 1.0 in amplitude of diurnal-cycle variation of cloudiness, respectively. An arrow pointing from
the north indicates a midnight maximum (0000 LT) and one pointing from the east indicates a 0600
LT maximum, ete. Contours are drawn at 1000 m and 3000 m above sea-level topography. Shading
indicates the areas with high altitudes of ground-surface exceeding 3000 m, and the positions of coast

lines.
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Fig. 7. Diurnal variation of cloudiness (upper panel) and topography (lower panel) along 30°N in China.
1 degree in longitude corresponds to a scale of 0.5 anomaly of cloudiness. Positive (negative) anomaly

of cloudiness is thick (thin) hatched.

Diurnal variations of Cb clouds may cause the diur-
nal variation of satellite-observed cloudiness over the
Plateau, although we cannot specify the dominant
cloud types over the Plateau by GMS observations.

Figure 7 shows topography and cloudiness varia-
tion along 30°N in China. To the east of the edge
of the Tibetan Plateau at 105°E, eastward phase
delay is significant. Around mountainous area at
~ 110°E, two peaks appear in the diurnal variation
of cloudiness; one is early in the morning and the
other late in the afternoon to early evening. The

former is likely advected from the Plateau and the
latter may be locally generated just after sunset.
Both the cloud cluster produced by the eastward ad-
vection of convective systems, and locally generated
convective systems, should be taken into account in
the diurnal cycle of cloudiness to the east of the Ti-
betan Plateau.

Distributions of the phases and the amplitudes
indicated by wind notation of diurnal variations of
the min-Tgg in China, and of precipitation fre-
quency in the United States after Riley et al. (1987),
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Fig. 8. (a) Same as in Fig. 6 except for
the min-Tgp in 1° x 1° grid over China
for the two months from April to May,
1987. Each barb and pennant represent
2 K and 10 K in amplitude of diurnal
variation, respectively. An arrow point-
ing from the north indicates a midnight
minimum (0000 LT) and one pointing
from the east indicates a 0600 LT min-
imum, etc. (b) Diurnal variation in the
frequency of all measurable precipitation
(> 0.25 mm) in North America for early
summer {May—June). (From Riley et al.,
1987).

are shown in Fig. 8 to compare diurnal variations
of cloudiness in China and of precipitation in the
United States. Phase of the min-Tgg indicates the
time when the min-Tgg is minimum, ¢.e., cloud-top-
height is maximum in the diurnal-cycle variation.
Over the Tibetan Plateau, where land-surface tem-
perature sometimes falls below the threshold value
of the min-Tgp (—20°C), the low surface tempera-
ture may contaminate the min-Tgg. However, the
minimum of the min-Tgp is observed not at dawn,
when the minimum land-surface temperature is ob-
served, but near dusk when the peaks of cloudiness
appear (Fig. 6). Therefore, diurnal variation of the
min-Tgp over the Plateau represents not the varia-
tions of the land-surface temperature, but of cloudi-
ness.

The eastward progresses of the phase from the
Tibetan Plateau and from the Rocky Mountains are
significant. Phase speed to the east of the Plateau is
almost as much as over the Great Plains. Over the

T. Asai, S. Ke and Y.-M. Kodama 681

Tibetan Plateau, the minimum is observed at dusk
in the same fashion as the Rocky Mountains where
the maximum precipitation frequency appears near
dusk. Over Sichuan Basin (~30°N and ~ 105°E),
the minimum phase of the min-Tgp is observed at
midnight.

Figure 9 shows diurnal variations of the min-Tpg
along 30°N in each month during the warm sea-
son of 1987. FEastward phase propagation of neg-
ative anomaly of the min-Tgp from the Tibetan
Plateau is significant except during the mid-summer
of July and August. Riley et al. (1987) showed that
the eastward phase propagation of rainfall from the
Rocky Mountains is observed between May and Au-
gust, including mid-summer. Before April and after
September, the maximum rainfall appears from mid-
night to early morning in most parts of the Rocky
Mountains and the Great Plains. Evening maxi-
mum (~ 1800 LT) over the Rocky Mountains ap-
pears only between May and August. Over the Ti-
betan Plateau, on the other hand, active develop-
ment of deep convective clouds in the evening is ob-
served throughout the warm season. Nevertheless,
the eastward phase propagation to the east of the
Plateau is obscure in mid-summer.

Figure 9 represents that diurnal variation in
China to the east of the Tibetan Plateau result
from superposition of eastward advection of convec-
tive clouds generated over the Plateau and of lo-
cally induced convections near dusk (~1800 LT).
The latter is significant during mid-summer and cov-
ers the eastward propagation of cloudiness. Figures
10a and 10b show 500 hPa wind fields over China
for April and May, and for July and August, re-
spectively, in 1987 derived from the NCEP/NCAR
re-analysis data. In the former period, strong west-
erly wind of ~ 10 m/s prevails both over and to the
east of the Plateau. The wind-speed in the mid-
troposphere almost agrees with the phase speed of
the eastward propagation of cloudiness to the east
of the Plateau. As is known climatologically, the
westerly wind over the Plateau disappears in mid-
summer. This circumstance may result in the dis-
appearance of the eastward phase propagation by
ceasing the eastward advection of convective clouds
generated over the Plateau.

Figures 10c and 10d show the long-term aver-
aged wind fields at 500 hPa over North America
for April and May, and for July and August, re-
spectively. Over North America, the westerly wind
becomes as weak over a broad area to the south of
35°N in mid-summer as over China. However, the
westerly wind passing over the Rocky Mountains re-
mains even in mid-summer in the mid-latitudes to
the north of 35°N, because the Rocky Mountains ex-
tend to higher latitudes than the Tibetan Plateau.
The westerly wind may sustain the eastward advec-
tion of convective clouds from the Rocky Mountains
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Fig. 9. Diurnal variation of the min-Tgg along 30°N in China averaged for each month between April
and September 1987. Negative (positive) anomalies of the min-Tgg from the daily mean are thick
(thin) hatched. 1 degree in longitude corresponds to a scale of 8°C in the anomaly of the min-Tgs.
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Fig. 10. (a) Wind fields at 500 hPa level over China averaged for April and May, 1987. Contour with
shading indicates the eastward component (u) of wind. (b) The same as (a) except for July and
August, 1987. (c) The same as (a) except over North America averaged for April and May for the
eight years from 1986 to 1993. (d) The same as (c) except for July and August.
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over the latitude range shown in Fig. 8b.
5. Summary and conclusion

Diurnal-cycles of cloudiness over East Asia and
the western Pacific Ocean are investigated for the
warm season from April to September in 1987, based
on GMS-3 IR data at every three hours.

The main results obtained are as follows:

(1) Diurnal variations of cloudiness have 1.5 times
larger amplitudes over land than over ocean.
The maximum of cloudiness is observed at 1500
LT over ocean and 1800 LT over land. Around
the equator (10°N ~ 10°S), the secondary max-
imum appears in the morning over ocean. Am-
plitudes of diurnal variations of cloudiness are
bigger in larger mean cloudiness over land,
while they are smaller in larger mean cloudi-
ness over ocean.

(2) Diurnal variations of cloudiness result from su-
perposition of large diurnal-cycle and small
semidiurnal-cycle variations. Amplitude and
phase of the diurnal-cycle variation are much
different between over land and ocean. The
semidiurnal-cycle variations over land and
ocean are almost in phase with maximums at
0300 ~0500 LT and 1500~ 1700 LT and have
similar amounts of amplitude, though the am-
plitude and the phase are somewhat larger and
later over land.

(3) A systematic phase delay of diurnal-cycle varia-
tion appears to the east of the Tibetan Plateau.
A maximum cloudiness appears near dusk
(~1800 LT) over the Tibetan Plateau and at
midnight in the Sichuan Basin. Phase speed
of the variations is almost as much as that in
the eastward propagation observed to the east
of the Rocky Mountains. Eastward movement
of cloud clusters generated over the Tibetan
Plateau as well as topographical effects should
be taken into account to understand the behav-
ior of diurnal variation of cloudiness to the east
of the Plateau.

(4) The eastward phase delay of the diurnal-cycle
variation to the east of the Tibetan Plateau is
obscure during mid-summer. Locally induced
active convections intensified near dusk to the
east of the Plateau, and seasonal disappearance
of upper westerly wind passing over the Plateau
contribute to the disappeared phase propaga-
tion.
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BIESKRHERBICESICRT7I7 - BKFE
ICH ZEEHOEEDHEIL

RHEE
(FEAFBBYE- Y VIR E 7 —)
1 52§l
(B HE BT d R R FERT)
RERIE
(BARTRZH T )

1987 SEOBEIZOVWTHT V7 - BRFELOZOAZRILZHLESALEHE [V b1 | 350k
SHEBIER AW THERA, AENRERIIAESOE»LRHE20E, HE W EH,S 160 EOFHHTH
ho BENIFLFERILUTOEY) TH S,

(1) ZEEAZMLIIKEL L BEAPES LS L HEMEH» 55, 1 BEESOIRE & LA IR
L TRECERDY, FHEPLHORE L ARIELEEHEETHEHUL T, FARPESHNESE
ORI, WHED 3B ~ 5L 15 ~ 1THICADND, (2) ARELONHD REMN L THAF Xy
FEEILFORFOFEAELETAONDL, Thbb, ZEBOBKIIFNy FEERELTIRSFIC, W
RHTRERTICHENS, BEAZEOMHOEERE KD v F—UROKRF TH LN LBEKHEEDH
BZALDFIZEL L Twh, BHBICHREINAMREHIIMA T, Xy P BEETEXRTELIES 7 A
¥ —ORMIPERELOEOALELEFHERTLDOICEEZEINIRETHS ), 3) FXY M BEOH
FOPERETHBZECOMHOEEIEERICRHBEIC 22, JHEEICFERBETY FRAIIEE
FTAHMFETF ANy FBEEZOLBREROEFICLS LIS,
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