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The Study of Mesoscale Phenomena, Winter Monsoon Clouds and Show Area®
Kiyoshi Tsuchiya

National Space Development Agency of Japan, Tokye, Japan -

AB STRACT-

The clouds Under a ‘moderate wmfer monsoen SI’ruuhon i'uken “with 5|90A camera

. reved! existence: of clouds with band structure of various wave lengths. - The wave

* length ranges from 0.4 16 3.5 kms. There is o good reiqhonshtp between the Iongi-
'._i'udmal clovd band énd verticer wind shear. There | is a distinct difference in size -
e¢ clouds between the Japan Sea side or upwind side and the Pacific Ocean side
or downwind side,of Japanese Mainland. Large solid cumulus clusters have the
' size @f 20><35 km '_over'_.i‘he Japan Sec_r off fhe cousf of Ho‘kur_iku.Disfricf.

It is found that SI?OA aerial color p:cfures showing shadows of fair weather
_cumuli over the sea can be suacessfully used in estimating cloud height while S/20A
Station | picture is more useful over the land since it can more clearly distinguish -
shadow from vegetation. The height of fair weather cumuli estimated from shadows
agree with the lifted condensation level. 1t is also found that Sl?OA pictures are

= effechveiy used in de[meahng snow cover ared.

5192 da{'a,. especially IR channe! is found to be effective in finding topography
of nimbostratus. .

l . Infraduci‘lon .

Durmg the SKYLAB EREP experiment observations were made twice, i.e. Sep 8
[973 and Jan. |1 1974, On Sep. [8 1973 Japan was under fronial clouds while on Jan.
1, 1974 Japan was under the influence of a moderate winter monsoon .

The track of Jan 1974 is shown in Fig. | fogether with topography and cerolegical
stations. The track of Sep. 18 was approximately two degrees of longitude east of the
track in Fig. l.  In the figure opproximate coverage of the pxcfures used in the
si‘udy of wmfermonsoon clouds and snow cover area are shown in broken Ilnes

Lo_ccfed to fhe- east of the Iargest conh:nenf of Eurqs:u befWeen i"he_ Japan Sea and

* NASA. Heudquarters Proposal R_eg_is_trq_ﬁron No. 022
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the Pacific Qcean, Jopan is under the influence of monsoon during wmi'er Cold air
from the Asiatic continent is heated from below and abundant water vapor is supplied
‘over the Japan Sea thus active formation of convective cloud takes place. These
clouds bring heavy snowfall once in a whilé to the areas facing the Japan. -Sea. .
Smce the social and economical effects of heavy snowfall is so large that many invest~
- gations on the mechanism.of @ heavy S"'IOW‘FCE“ as well as snow cloud have been made in
Japen.

. Asai (1954, 1966) made cnclyses of. clouds over the Jqpan Sea off the coast of
Hokuriku while present author made detailed studies on the clouds appearing ih
mbfeorologlca! sarellite pictures (1967, 1969, 1974). Metecrological satellite pictures
can show a synoptic scale cloud dxsi'rlbuhon well, however due to the limitation of

. resolution mesoscale cloud sh‘uc’rure “eould rot be resolved
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Fig. | The track of SKYLAB on 11 Jan. 1974 over Jupan The location of
SKYLAB and time are shown. Locations and international stafion
‘numbers’ of aerological stations are also shown. -
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Takifig adyantage of high resolving. 'pow_é_r- i':wi’rh'-'ﬁéé_poﬁsiiv‘:ify in diffe_réﬁf_

" specira ‘in the data of SKYLAB attempts are ‘made fo clarify the detailed structure

of winter monsoon clo uds as-well as other mesoscdle feature of clouds and snow cover

area.

" 2. The meteorological situation at fhé‘ time of picture i'cxkin:gi on Jﬁn_;"ii'fi??é

The _suer.:cé'fﬁ'édfher 'm'dp's'éf.jOb' and .03 GMT 11 Jan: 1974 s’hoW"irilg 'fhé_-'wedfher-pf' C

~ Japan approximately 2 and | hours before and after the SKYLAB pass are shown in
" Fig. 2 (a) and (b) respectively. The pressure pattern is a typical one during winter
“in Japan ‘with strong eastward pressure gradient accompanied by cold north-westerly .
~wind. " In the area facing the Japan Sed T_hé_.p_i'_e'\.?diiih'g“w'eath'ei" is snow while in the

areas in the Pacific Ocedn. side-weather in general is fair.

- ' :C'c_:mpdfihg_f’wo'_sd'cé'ss'ivéj"We'dfher:-"rridp';s'no rémarkable change of weather is
" recognized except af a few stations in western Japani In the stations marked with

leiters A; B and D, cloud amount decreased rather rapidly while .af station C snow o

In order fo see a targe scale i‘rénd.-'..oi:'weafEer system af the time of SKYLAB L

pass over Japan, the variation of temperature,winds :and height of 500-mb level
" duting the period between 9th and 15th of January af Yonage (47744) are ploited-

and shown in Fig. 3. Yonago is locafed on the coast of the Japan Sea. The

‘average values of air femperature and height of 500~mb level in Jan. of Yonogo
drée alse indicated in the figure in a solid line. ‘From the figure it-can be seen that

it was in the time of cold advection and in advance of pressure frough on the day of
the pass. R R

Both air temperature and height of 500 -mb level are lower than the average value
which together with wirds indicate that Japan was under a moderate winter monsoon

situation af picture faking fime.

The upper air charts at 850, 700~, 500~ and 250-mb levels are shown in Fig. 4
which show the upper air condition 2 hours before SKYLAB pass. In the figure
contours.are drawn every 30 meters (geopotential meter in strict definition} in 850~
and 700-mb charts, while every 40 and 100 meters in 500~ and 250~ mb levels
respectively. : '

" Iso-relative humidity fines are also drawn in broken lines.  In 850=mb ¢thart a

sharp contrast in relative humidity distribuiion is seen between the Japan Sea
side and the Pacific Ocean side. In 500-mb level chart a wedk frough is seen to

‘the upstream of Japan;, ot tothe west of Japan. The high relative humidity above

700-mb level is partly due fo the effect of synoptic scale diturbance. In 250-mb
chart a strong jet siream is found in the southern Japan in zonal direction. At

“Hachijojima (__47678_) _t_he__ o.bserw_ad_highest wind speed is as hi_gh as 94 m/s at 2{9-mb

- level.
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- 3. Win"fer monsoon. cloud over ond around. Japan observed--‘from--spuce

Over—eli cloud dls’rrlbu’non observed b/ mefeorologlcai sa'relh’re ESSA 8 is shown
in Fig. 5 which'is a mosaic of fwa pictures taken in successive orbits. The western
“hal f was taken ot 024 18m 08s on Jan. 1l [974 whl!e the eastern half was taken 114
minutes 42 seconds earlier. Since the mosaic was made operahonul’y at Japan
Mefeoroiog[cal Agency, the location of western half is a little off and should be
‘moved chout  half a degree southward. Since the time difference of the piciures
" between ESSA8 8 and SKYLAB is about I7 minutes it caii'be considered almicst
* simultaneous.  In the picture taken from meteorological satellite a pronounced
efféect of Jopanese islands on the cloud distribution is seen however no detail

. isrecognized. . i is almost :mp0551ble to distiguish cloud type. The detdil of .

- clouds will be shown in the following section in the Drder of psci‘ure taking hme,
i, e. from south-west fo norfh-easi‘wurd '

Flg 6 is fhe copy of Sl‘?OA aerial color p:cfure fcken ubove Kyushu, soufh
western island and one of the four main islands consisting Japan. As fo the location
~ refer to Fig.l. The surface observation indicates the cloud fYPE‘ observed from
- the sUchzce af Kagoshima'is cirrus and a]‘i‘ocumuius. : -

" Quistanding feature is the severul streaks with a sharp edge. The location of
the edge approximately corresponds to that of - jef stream axis. The spacing of
cloud strecks is in average 3.1 kms. Imbedded in the strecks is wave struciured
clouds of extremely short wave length nearly perpendicular to the streaks. The
wave [ength of the imbedded clouds ranges from 0.4 km for an extremely fine one
appearing tike a finger prints in the picture to 2.3 kms which look fike cumulus
and the prevailing value of spacing is approximately | km.

The vertical structure of the air above Kagoshima. is shown in Fig. 7 which is a
radio sounding data plotied on an Emagram. |In the figure air temperature and
relative humidity are shown in solid and broken lines respectively. The symbols
of winds are those used internationaly in meteorclogical services.The distribution of
relative humidity indicates two ayers of high humidity which ogrees with the surfoce
observation of double layers of clowds of high and middie clouds ; cirrus and alio-
cumulus. it Is interesting to .netice that the cloud cover as observed from the
surface at Kagoshima is 5/8. 1t is considered that the cloud cover as seen from the
surface will be a liitle {arger than that observed from space due fo viewing angle
effect which is very lmpori‘qnf fact for the mi‘erprei‘cﬁ'lon of space data.

The condfiion further nori‘h-eusf along the frack of SKYLAB is indicated in Fig. 8,
which covers north-eastern Kyushu, western Shikokuand o part of Chugoku
District  The picture is a mosaic of fwo successive pictures.

A sharp fish bone like wave clouds are seen in the lower left with :an average wave
P g

length of 2.3 kms. Since these clouds are over the mountainous areas it locks these
clouds are formed by vertical motion induced by orographical. effects although a

B . bar
- O -



Fig. 5 ESSA 8 APT ‘mosaic made at Japan Meteorological Agency. Western

half was taken ot 02h 18m GMT |l Jon. 1974.



' che [engfh is. much shori'er fhon fhe ordmury mounfqm wcwes

The verhcol situturs of ’rhe air c:bove Fukuoka (47807) locui’ed norfh-wesi' oF

5 the wave cloud area is indicated in Flg -9, In the figure the letters RH; T, D and V-
are . relative humldlfy, air Temperufure, wind direction and wind speed. respechve!y
‘The figure indicates that it is fairly humid throughout the layer. A wedk temperature

. inversion is found-at 750~mb level . The wind direction backs upward and. ubove fhe _

. mversron [ayer the wmd is persnsfenﬂy wesferly i'hroughoui' fhe lcyer '

Anofher mi‘eresfmg fecfure found in F:g 8 picture is severc:l rows of cumuli over
the strait between Kyushy and ; Shikoku.” These cloud look just like a thin cloud’ band
“in the meteorological satellite plcfure of Fig. 5. The height of the cumuli estimated -
from the ;shadows in the picture-is in average 1.3 kms ranging from [.0 to [.5 kms.

- Thére may be cumul: of lower level when they are smail however i‘he shcrdow oF too
*“small cumuh are hurd fo recogmze by eyes. :

The verhcal wind sheqr def'ned by dv/dz where v and z are. wmd speed and helghi' o
reéspectively is 9xl0=3/sec in this case which satisfies the criterion for longitudinal: or

‘along the "wind direction orientation of convective clouds proposed by present
author (1967, 1974), The ratic of width ‘of spacing of cloud rows to the cloud height -
ranges from 3.1 to 3.5 kms In average which has a good agreement with the resul
‘obtained over a fropical region during BOMEX Experiment (Kueﬂner, I971)

Fig. 10 indicates orographical effects on cloud distribution. The ‘monsboh clouds
. after having crossed the mountain range suddenly disdppears af the cocist of the inland
sea. This is mainly due to downslope motion but it is also due to the effect of divergence.
Over the inland sea small cumuli begin to form. The height of the cumuh estimated
from the shadows ranges from 0.9 fo [.5 kms. :

The vertical siructure of the -air dbove Shionomisaki (47778} located further south
of the area is indicated in Fig. !l which shows that the lifted condensation level is
approximately 1300 meters. In the original color pictures estimafion of cumuli height

. from shadow is made for the clouds with the size larger than o few kms. It is found
that the correspondence between the lifted condensation level dnd the height of cumuli.

A good example of orographical effect is seen in the dbundance of small cumuli
over islands and land. The cloud in the south of Shikoku shown in Fig. 12 is o high
level cloud. The height estimated from the shadow is abouf 5.5 kms WhICh corresponds
to high relative humidity af Shionomiscki. S

Monsoon clouds over the Japan Sea and  her coastal areas under moderate winter
~ monsoon gré shown in Fig. 13 (a) and (b). The clouds seen in these picturé are different
from those previously shown. Large cloud clusters are seen over the sea, Careful
analyses reveal that each large cluster is composed of several large cumuli. The
clusters coalesce into a larger c[uater aver a mounfcrmous slope when fhey are carried
“into the inland.
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Fig. 10 SI90A pictures showing shadows of cumuli, orographical effects
on the formation of clouds. Color picture is an enlarged

one. One mm corresponds to 708 meters which applies fo all

other pictures with scale. The location is the coastal region of
Seto Inland Sea.
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Fig.12 SI90A Station | picture showing clear shadow of high clouds over
densely vegetated area of Shikokuy.

Fig.13 SI90A picture showing large cumulus clusters over the Ja

pan
Sea ard coastal region of Hokuriku District. Right hand side
picture covers Noto Peninsula ond the left

hand side picture
covers the areo to the souih-west of that of the right hand
picture.
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Since no shadow is recbgmzed an attempt is made fo find out the vertical extent
. of the cloud clusters through an analysis of radio sounding dafa. Fig. 14 indicates
“the radio sounding at WCI]lmCI locai'ed at fhe i‘lp ‘of Noto Pemnsuin and rlghf under .

alarge cloud cluster,

- From the Fgure it can be seen that humid layer exists between 500 and 2200 meters.
It is considereed that the value stated here may be the thickness of the clouds .
Present author (1969) pointed out there is a good correspondence between the appearance
in a meteorological satellite APT picture and snowfalf and proposed three types of __

-cppearances in APT pictures correspondmg o I'"ﬂ'ee fypes of snowfclls

» The dcuiy snochH chcrf made at Japan Mefeoro[ogicql Agency in an operahonai
*-basis is'shown in Fig. 15. - The charts are made based upon the ~daily snowfall. =
observed at 00 GMT at- ’rhe reporting stations of Japan Mefeom[oglcql Stations (J MA)

~ "Japan National Railway and hydroelectric power stations. * Since daily snowfall is
“greatly influenced by orography, the actual distribution of snowfail will be different .

from the jone shown here especially in the nountainous regions where no reporting .
stations exist. Although more data are necessary fo get a conciusion it is considered
- that the cloud as shov«.n in fhe prevtous F:gures brmg heavy snowfqll fo. Iocaltzed

" area.

.'4 '-Applfcdﬁoﬁ' of SI90A picture -fo'.'i"he study of snow c_oVei'-'creq L

Due to ’rhe grec:{' effect of orography, it es difficult fo get an exact map of snow

. .cover. An _example of SI90A picture showing jsnow cover area clearly is shown in

Fig. 16. It is inferesting to compare thé ptc’rure Wwith the snow cover chert made at
Japan Meteorological Agency daily which  is shown in Fig. 17. Since 0 cm line is
_not drawn in the snow cover chart no exact result is obtained however the picture

. suggests the distribution is much more complicated than than shown in Fig. |7. Even .-

one $190 A picture may be abke o lmprove the. operczhonaly made snow cover. chart -
enormously.

| 5. Cloud 1‘0pography based on SI??. dc’ra on Sepi’ember 18 1973

At the pass of SKYLAB on Sep 18 !973 over Japan a weak depress:on of 1012 mb
was at 31" N; 134 E and most of Jopan wads covered with cloud and'in the western .
Japan rain was falling. In an attempt fo study topography of cloud a color sliced

imager is made using the data of Channel 13 of 5192 MSS. qnd shown in Fig [8

- In the- F'gure assignement of color is made os followss

-14 -l 7.7 48 -7 £5 46 C.
WM LR EY : ;c I C B ? _BL..

h where W, MR}Y G.,C B and BL'represent Whit'e e, Magenta, Red, Yellow, '
Green, Cycm, Blue and B[cxck respecfwe!y

The c!ouds observed al' i'he surFace are shown in Fig 19 in whlch c]oud fype For Iow

— -| ]-__.—
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middle and high cloud types and amount of coverage are ;jindicated beside the station
circles. The fotal cloud coverage in international code shows that all stations are
overcast condition in the area. The area covered by S92 (Fig. 18) is shown in dotfed
Iine. The S 192 imagery show that there exists cold cloud or high cloud with smiregular
spacing and lower temperciure south-wesfwards. : :

The cloud as seen from the surfeze is shown in Fig. 20 which was taken at Kofu
weather station simulfaneously with the pass of SKYLAB. The base of cloud has rather
uniform appearance with the sun very vaguely vibible.

The radio sounding af Hamamatsu and Tateno (250 kms north~east of Hamamatsu)
is plotted in a skew-T diagram and is shown in Fig. 2!, The vertical distribufion of
relative humidity is also indicated. The temperafure distribution indicates that
inversion or frontal surface exists at 600 and 400 mb levels ot Hamamatsu and Tateno
respectively. The relafive humidity distribution indicates double layered humid
layer or double layered clouds. )

Comparing the temperature distribution in $192 imagery and radio sounding it is found
there is a good correspondence. The spacing of red colored cloud is approximately
8 to & kms which suggests the existency of convective activity in the cloud layer.
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Fig. 19 The cloud type and cloud coverage as observed at the surface.
The area covered by the color sliced imagery is indicated in
dotted line. Surface observation at 00 GMT 18 Sep. 1973,
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Fi. 20 The cloud as seen from the ;surface at Kofu.
The picture was taken simultaneously with the pass of
SKYLAB. Courtesy by Mr. Shigemi Fujiwara.
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Fig. 21 Radiosounding at Hamamatsu and Tateno plotted in a
skew-T diagram. 00 GMT LI8 Sep. 1973



Concluding remarks

The foregoing analysis leads to the following conclusions. SKYLAB data with
high resolving power as well as different spectral responsibity are extremely useful
for :the study of mesoscale structure of the clouds. In the nature there are unexpectedly
many band-structured clouds of various wave lengths. '

The Tact that there exists various wave motions of different wave lengths as
is revedled in this case over a comparatively narrow area suggests the complexties
of atmospheric structure and motion . In order 1o wnderstand behaviour of the
atmosphere further accumulation of  the data as well as theoretical study will be
required. ‘
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Attachment

List of the ID of the SI90A pictures wused in this raport
Figure No. in the Report 1D
Fig. & .- 205 RL 44 FEB 74
Fig. 8 208 diffo
Fig. 10 Left 212 ditto

Right 213 ditto
Fig. 12 210 RL 61 Feb 74
Fig. 13 (a) . 215 and 216, RL &4 FEB 74

(b) Mosaic of 215 and 216 RL &4 FEB 74

Fig. 16 ' ‘Mosal cof 224 and 225 RL 64 FEB 74
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