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Abstract

   Diurnal variations  of  cloudiness  over  East Asia and  the  wesi,ern  Pacific are  investigat,ed 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 50CN  and  20eS and  longitude 90eE  and  160eE.

   The  main  results  obtained  are:  (1) Diurna] 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  ecean  are  alrnost  in

phase  with  rriaxima  at, 0300N0500  Lfir and  l500 ftJ  1700 IJI', and  have similar  amourits  of  amplitude.  <2) A
systematic  phase delay of  diurnal-cycle variation  appears  to the  east  of  the  Tibetan  PIateau, A  maximum  of

cloudiness  appears  near  dusk over  the  Tibetan Plateau and  at  mldnight  in the  Siclman Basin. Phase  speed

of  the  variations  is almost  the  same  as  in the  eastward  phase  propagation  of  the  diurnal-cyclc variation  of

precipitation frequeney east  of  the  Recky  Mountains  in the  United States. Eastward  rnevement  of  cloud

clusters  generated over  the  Tibetan Plateau, as  well  as  Iocall.y induced convections,  shoulcl  be ta}ten into

account  to understand  the  behavior of  ditirnal variation  of  cloudiness  to the  ea$t  of  the  Plateau. (3) The
eastward  phase delay of  the  diurna]-cycle variation  to the  east  of  the  Tibetan Plat.eau is obscured  during

mid-summer.  This may  be  caused  by  rocally induced nctive  conyections  intensified ncar  dusk  to the  east

of  the  Plateau, and  seasonal  disappearallce of  upper  westerly  fiow passing  over  the  Plateau,

1. Introduction

  Diurnal variabilit,y  of  cloudiness  
'and

 precipita-
tion has been  investigated in different parts of  t,he

world  in difft]rent seasons,  Oki and  Mushiakc (1994)
showed  a  comprehensive  analysis  of  the  diurna} vari-

ability  of  precipitation across  Japan based on  ten-

year AMeDAS  (Autemated MeteoroLogical Data  Ac-

1 Corresponding  autho=  Tomio  Asai, Center  for Environ-

  mental  Remote  Sensing, Chiba University, Chiba 263-

  8522, Japan.

  Present aMllation/  Japan Scierice and  Technolog.y  Cor-
  poration, 5th  Mori  BIdg. 9F, 17-1, Toranomon  1-chome,

  Minatbku,  Tbkyo  105-OOOI, Japan

  @l998, Meteoro)ogical Society of  Japan

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 diurna] vaTi-

ation  is' strongest  during suinmer  and  a  pronoullced
afternoon  maximum  is observed  in the  easterll  and

southem  parts of  t,he United  States. However,  oveT

the  Great Plains of  the  United States active  precip-
itation appears  near  midnight  in summer  (Wallace
1975; Eastering and  Robinson 1985). Balling C1985)
and  Riley et  al, C1987) pointed  out  summertime

eastward  phase  propagation  of  the diurnal varia-

tion of  precipitation between the Rocky Mountains
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and  the Great, Plains. IVest of  the Continental Di-
vide,  a late afternoon  precipita,t,ion maximum  pre-
vails.  From  the Continent,al Divide  eastsvaTd  to ex-

treme  western  Kansas, NebraskEL and  South Dakota

(tv 1010NN'), the  time  of  inaxiniuin  pTecipit･ation fre-

quency  shifts  consistently  later to an  evelltual  mid-

night (OOOO L[l/) peak. The  transition is most  abTupt

across  eastern  Colorado and  extreme  western  poT-

t,lons of  Nebraska and  South Dakota, Eastward
from 1010XV, maximum  frequency becomes later at
a more  gradual rate,  reaching  030e "J  0500  LT  peak
across  t,he eastern  portions of  Kansas and  Nebraska,

  Domres  and  Peng (1988) summarized  the c]ima-

tological characteristics  of  the diurna} variation  of

precipitation over  Cl]ina. Precipitatioii is most  fre-

quent!y observed  in the  afternoon  and  evening  in

most  parts of  China  for the  major  part of  the  year,
while  little precipitation occurs  in the  moTniiig  and

at  night.  In May  and  June, however, rnodifica-

tion of  the diurnal variat･ion  of  precipltation is ob-

served  in the -'estern  parts of  China, particularly ln
Xinjiang and  the Qinghal-Xlzang (Tibetan) Plat･eau

(map sho;vn  in Fig. 1), The data shows  a  night  or

early  morning  maximum.  The diurnal variation  on

high mountains  is characterized  by a  rnaximuill  pre-
cipitation  during' daytime, and  a  minimum  at  night,.

In large valleys,  precipltation is less during daytinie
and  more  at  night.  This feature can  be modified  iii
the foIlowing two  regions/  in large valleys  in Yunnan
and  Xizang, night  rains  follow a  fine day, while  in
Sichuan Basin precipit,ation occurs  at  might  after  a

cloudy  day. This case  is corisidered  to be t,he on}y

eiie  in China where  night  precipitation significantl}r

dominates oveT  a  large area.

  Unlike the situation  over  land, direct measure-

ments  of  precipitatlon over  ocean  are  rare.  Gray
and  Jacobson (1977) discussed a  single  nighttime

maximum  of  ocean  precipitat-ion. Kraus (1963)
showed  that inaritime  precipitation in mid-latltudes

was  most  frequent during the second  half ef  the

night,  with  a drop-off during  the day, using  nine

weat,heTship  records.  Recently  a  complex  picture of

the diuTnal variation  of  oceanic  rainfall  activity  has
been shown  based on  satellite  observations.  Using

three-hourly G)CS-IR data  and  defiiiing an  intensity

index of  deep convective  clouds,  Murakami  (1983)
showed  the maximum  convective  activity  arotmd

0900rv1200 IJI' over  the oeean  in the vicinity  of

Iarge islands and  around  0600N0900  Ur  in the

morning  over  open  ocean  in the  t･ropical western

Pacific. Augtist,ine (1984) examined  diurnal yari-

ation  Qf 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

Sekiiie (1994) showed  that  convective  activity  at-

tains its maximum  iR the  moTning  over  the tropi-

cal  western  Pacific in tl]e vicinity  of  large' islaiids,
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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  ovei'  open  ocean.  Chen
and  Takahashi  (1995) showed  that diurnal variation

of  convective  activity  around  the South Chlna Sea
is modified  by intraseasonal variat,lons  of  monsoon

activlty.

  These observational  st,udies indicate that, the cli-
urnal  variatioll  of precipitation over  ocean,  espe-

cially its semidiurnal-cycle  signals,  i$ complicated

and  not  well  understood,  The  infiuence of  the Ti-
betan  Plateau  on  diurnal rainfa11  yariation  in China

is not  c}arlfied,  despite a  great inteTest in whetber

eastward  phase  delay of  diurnal variat,ion  appears

to the east  ef  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 amouilt  of  high-clouds, which  weH  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  seasoll  of

I987.2.

 Data  and  procedure  for analysis

  ThTee-hourly  (OOOO, 0300, 0600, ･･･, 2100, Univer-
sal  Time  Coordinated)  IR  histogram  data  of  GMS-3

averaged  for every  O.250 longitude-]atitude square

mesh  for the area  (50"N-20eS, 90eE-1600E) shown
in Fig, 1 from April to June in 1987, are  used  to

ana!yze  diurnal variation  of  cloudiness.  "le derived

the amount  of  high-clouds with  TBB  tops Lower than
-400C  (higher than  abeut  400  hPa  level) from the
data, Hereafter, tbe  amount  ofhigh-clouds  is simply

called  cloudiness.
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Fig. 2. Distribution of  mean  cloud]ness

  frorn April to June  1987,

of  cloud  tops with  TBBlewer than -40eC  for the three months

  Diurna} variation  of  cloudiness  is represented  b.v

the deviation from the 24-hour mean  This ]s ner-

malized  by dividing it by the mean,  that is,

  Ni  =  CCi -  Cm)/Cm,

where  Ci is cloudiness  at  a  local time  'i and  Cm  is
daily mean  cloudiness.  Fouriei amalysis  of  diurnal
variation  of cloudiness  Nz  is also  made  to obtain

amplitude  and  phase  of  diurnal- and  semidiurnal-

cycle  variatiolls,

  We  a]so  use  a  3-hourly minimum  va]ue  of  TBB
fbr each  le longitude-latitude square  rnesh  during
the  warm  season  (April to September) of  1987  to

study  seasonai  change  of diumal var]ation  of  cloudi-

ness;  the IR histogram data contains  too much  ]n-

formation te be analyzed  for a longer period  of  time.

Hereafter we  refer  to t,he value  as  min-TBB.  which

is an  lndicator of cloud-top-height,  because it shows

the minimum  cloud-top-temperature  when  the  mesh

includes son]e  cloudy  area.  After eliminating  the

meshes  with  the min-TBB  >  -20eC,  which  are

shown  uncovered  or  covered  with  low-level c]ouds,

we  determined the amplitude  and  phase  of  diurnal-
cycle  variation  of the min-TBB  using  the harmonic
analysis  method,  NCEP  (the U  S National Centers
for Environmental Prediction)INCAR  (the U.S. Na-
tiopaL Center for Atmospheric Research) re-analysis

data are  a]so  utilized  to describe atmospheric  ciTcu-

lation.3.

 Diurnal  yariation  of  cloudiness  over  land

   and  ocean

Distribution of  mean  cloudtness  bctsveen April

and  June, 1987  is shown  in Fig. 2. Large-
cloudiness  zones  are  found  around  the equator  and

the mid-latkudes,  which  correspond  to the  ITCZ

and  the  Baiu  frontal zone  respectively,  whi]e  small-

cloudi"ess  areaLs  are  found  in the subtropical  high-
pressure belts located in the  subtropics.  OtheT re-

markablc  large-cloudiness areas  are  observed  in the
Tibetan  Plateau, the Indo-Chlna  Peninsula, the Bay
of  Bengal  and  the  Indonesian  Archiperagos.  These

features aro  the  sarne  as  known  climatologically.

  Figure 3 shows  distribution of  the normalized  di-
urnal  varlation  of  cloudiness  <Nz) ayeTaged  in every
50 longitude-latitude squaTe  mesh  in the whole  do-
maill.  Diurnal  yariation  is larger over  laiid, 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-cleuds wlth  top temperature  lower than  -400C

are  analyzed.  Over ]and arnpLitudes  of  diurnal vari-
ation  are  IaEge in areas  with  iarge cLoudiness,  while

small  amplitudes  are  found in the  areas  with  large

cloudiness  over  ocean,  such  as in the ITCZ,  Baiu
frontal zone  alld  the Bay  of  Bengal. [I]hese features
are  consistent  with  the previous studies  (Murakami
1983; Nitta and  Sekine 1994i Chen  and  Takahashi

1995),
  Diurnal variatioi]$  of mean  cloudiness  over  land

(thick line) and  over  ocean  (thin line) for each

month  are  shown  in Fig 4 Hcre the cloudiness  over

land (ocean) is averaged  for all  of  the 10 Iongitude-
]atitude square  rneshes  in which  land (ocean) cov-

ers more  than  half of  the area.  fable  1 repre-
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Fig. 3. Normalized diurna] variations  of  cloud

  the three  rnonths  from Apri] t,o June  1987.inessin

 each  5elongitudelatlt･ude square  averaged  foi

sents  amplitudes  and  phases  of  diurnal-c.vcle and

semidiurnal-cycle  variations  of the  cloudiness  over

land and  ocean  derived by Fourier analysis  for each
month,  though  characteristics  of  the diurnal varia-
tions change  locally within  land or ocean.  Unique

diurnal variat,ions  of  cloudiness  are  shown  around

tropical coasts  (e.g,, Murakami  1983; Nitta and

Sekine l994) and  to the east  ef tbe  Tibetan  Plateau

in China (shown in the next  sectioll). Nevertheless,
Fig. 4 and  Table 1 are  useful  to describe the charac-
teristics of  the diurnal variations  generally observed
over  land and  ocean,

  Over lalld (ocean), the maximum  cloudiness  ap-

pears around  I800  LT  (1500 IJr) and  the  minimum

around  1000  IJIi (2100 e"  OOOO LT) every  menth.  Ta-

ble 1 suggests  that the maxtmum  and  the rllinimuin

cloudiness  result  from superposition  of  large diurnal-
and  small  semidiurnal-cycle  variations.  The  ampLi-

tude  of diurnal-cvcle vaTiation  is about  two  times

larger over  ]and"thaii over  ocean.  The  phase of

the diuTnal-cycle variation  over  land is also  differ-
ent  from those exhibited  over  ocean.  On' the other

hand, differences ln the amplitude  and  tbe phase  of

semidiurnal-cycle  variation  are  small  between  over

land and  ocean.  The  amplitude  alld the pbase  are

somewhat  larger and  later, respect,ively,  over  land.

Since the  amplitude  of  the diurnal-cycle variatien  is
not  so  large oveT  ecean,  a  secondary  peak  of  cloudi-

ness  appears  iB the morning  (e･J 0600 IJT) accompa-

nied  w!th  the semidiurnal-c}rcle  variation  over  oceall

(Fig. 4).

  Nitta and  Sekine <1994) pointed  out  that･ t･here

exist  semidiurnal-cycle  variations  of  convection
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  the  bottom  panel,  averaged  for the  three
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co

with  maximum  peaks  around  0300N0400  IJI] and
1500tv1600 Ill] along  the ITCZ  and  the SPCZ
over  the westem  Pacific. Augustine (l984) also

showed  sernidinrna!-cycle  variations  in satellite-
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Table 1. The  amplitudes  and  phases ofdiuTnal-cyc]e  and

  semidiurnal-cyc)e  yariations  of  cloudiness  derived by

  Fburier analysis.

QS

 o-efi

period   one  day aha]f  day
amp.  phase amp.  phase

as

 o-os

land April-June

     April

     May

     june

O.25 20:08
O,27 20:08
O.29  19:36

O.23 19:48

O.11 5i20f17,20
O.12 5i44117i44
O.12 5ilOl17i!O
O.09 5ilOl17,10

 as

 e-os

sea  April-June O.14

    April O.18

    May  O.16

    June O.15

12:2013:0811:4412:20O.08 3i36115i36
O.09 4i48116i48
O.08 3i26!15i26

O.07 3i20115i2e

inferred rainfall  over  the eastern  Pacific with  maxi-

mum  peaks  around  0400 N  0500 LT  alld 1600 ."  1700
Ll:. Asai and  Nakai (1979) founcl seinidiurnal-cycle

variations  of  cloudiness  observed  on  the R. V,
[{Hakuhamaru,"

 with  maximum  peaks  at  rv  0500 IJI'
and  1700e"  1800  LT  over  the tropical western  Pa-
cific.  Our  result  -rell  agrees  with  tbese studies  in

spite  of  different definitions and  observation  meth-

ods  ofcloudiness  or  convective  activities  in Nitta and
Sekinc (1994), Augustine  (1984), Asai and  Nakai

(1979), and  our  study,

  FiguTe  5 shows  latitudina} change  of  mean  cloudi-

ness  variations  oyer  land  (solid line) and  ocean  (bro-
ken  line) for the  period  from April to June 1987.

Over land, the maximum  of  cleudiness  at  ev 1800
LT  is observed  in every  latitude, though  ampli-

･tude is larger at  lower  latitudes. Over ocean,  the

primary  maximum  at, N1500  LT  is observed  at

every  !atitude, while  the  secondary  maximuin  in

the morning  is significant  only  around  the equator

(100N ..  100S).

  Brier and  Simpson (1969) found sernidiurnal-cycle
variations  with  maxima  around  0800 Yr  and  2000
IJ]r in the long-term records  of rainfall  frequency
and  cloudiness  at the two  observation  stations  in

t･he tTopics. They  Telated  this  vaJiatien  to the

semidiurnal-cycle  variation  of  tidal convergence  in
the atmosphere  with maximum  peaks aTound  0800
LT  and  2000  LT,  There  is a  three-hour  phase  dif
ferenee 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  e400 Iff" and

 1600  LT. Our results,  therefore, may  hardly be re-

lated to atmospheTic  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 expianation.  Since nighttime  ra-

diative cooling  is weaker  in convective  cloud  systems
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Fig. 5. Normalized  diurnal vai'iations  of
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  over  land (solid line) and  ocean  (broken
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  April to June  1987,

mu

than  in surroundlng  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 diMcult to apply  to the afternoon  max-

imum  ef  observed  ocean  cloudiness.  Further stud-
ies are  necessary  t,o clarify  the mechanlsms  ef  the

semidiurnal  variation  of  cloudiness.

4. Diurnal  variation  ofcloudiness  over  China

  The  amplitude  and  phase of  the  normalized

diurnal-cycle variations  in cloudiness  for the three

months  from Apri! t,o June 1987  are  represented  us-

illg wind  notation  in Fig. 6, Phase  is indicated by
wind  directiop, e,g., the  ilorth  wind  indicates a  mid-

night,  (OOOO IJIi) maximum,  the west  wind  iridieates

a  I800 LT  maximum,  etc.  Amp}itude is indicated
by the wind  speed.  Over the Tibetan Plateau peaks
of cloudiness  appear  near  dusk (rw 1800  IJI') and  de-
lay as they move  eastwaTd.  According to surface

cloud-type  obseryatlons  in the Tibetan  Plateau, Cb
clouds  frequently appear  threughout  the year espe-

cially  after  April during t･he warm  season  <Institute
of  Meteorological Science of  Qinghai Province  1986) .
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Fig. 6. Amp]itude  aiid  phase of  the  diurnal-cycle variat,ion  of  cloudiness  oyer  China  derived by Fourier

  analysis  fer the  t,liree rnont,t]s  from April to June  1987. Each  full barb and  pennant represent  O.2

  and  1.0 in amplitude  of  diurnal-cycle N'ariation  of  cloudiness,  respectively.  An  arrow  pointing from

  the north  indicates a  midnight  maximum  (OOOO LT) arrd  one  pointing from the  east  indicates a  0600

  IJIi niaxirnurrL,  etc,  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

  liiics.
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Fig, 7, Diurnal variation  of  cloudiness  (upper panel) and  topography  (]ower panel) along  300N  in China.

   1 degTee in longitude corresponds  to a  scaLe  ofO.5  anomaly  of  cloudiness.  PositLve (negative) anomal.y

  of  cloudiness  is thick (thin) hatchcd,

Diurnal variat･ions  of  Cb clouds  may  cause  the diur-
nal  vaTiation  of  sate}Iite-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  300N in China. Tb t,he east  of the edge

of the Tibetai] Plateau at  I050E, eastward  phase
delay is significant.  Around mountainous  area  at

r"  110eE,  t,wo peaks  appear  in the diurnai variation
of  cleudiness;  oiie  is early  ill the morning  and  the

other  late in t･he afternoon  to early  evenins,.  The

former is Iikely advected  from the Plateau and  the

lat,ter tnay  be locally generated  just after  sunset.

Both  the cloud  cluster  produced  by  t,he eastward  ad-

vection  of convective  syst,ems,  and  IocalLy generated
conyective  $ystems,  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

inclicated by wind  notat,ion  of  diuTnal yariations  of

the  min-TBB  in China, and  of  precipitatiQn fre-

quency  in t,he United States after  Riley et al, (1987),



Meteorological Society of Japan

NII-Electronic Library Service

MeteorologicalSociety  ofJapan

October  1998 T, Asai, S,Ke  and  Y,-M.  Kodama 681

(a)

(b)

.-N

surv

S,,iE..I

.Xecvi"

JK."

h.pag

,/,/,,,･j･;ge･･-･･'･////i/"i[-f//xNsxxl'l,fiu.

iiiii'ii""',･,ii,l･llllil.l.l･lli"'tS.zX-Sf,--.-.''"'i'''"'"ENL-ff1,,

･･-iifP.Nl!-..k

K.KXflI

-,7r'Y,l,';iSliNNX1)XxlH

t...././.-- i'
.-e),

"xv'l

J1
tlt

{sts'

nN

]mE blOE

        ILOW  LMW

Fig 8. Ca) Same as  in Fig. 6 except  for

  the min-TEB  in 10 × 10 grid over  China
  for the two  monLhs  frorn 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  indLcates a midnight

  minimum  (OOOO I;I') and  one  po!nting
  frorn the  east  indicates a  0600 LT  min-

  irnum, ctc.  (b) Diurnal  yaTiation  in the

  frequencyofa]1measurableprecipitation
   (> O.25 mm)  ln North  America  for early

  summer  <May-June). (From Riley et  al.,

  1987).

are  shown  in Fig. 8 to compare  diurnal variations

of  cloudiness  in Cbina and  of  precipStation in the
United States, I]hase of  the min-TBB  indicates the

time  when  the rnin-TBB  is ininlmuin,  i.e., cloud-top-

height is maximum  in tbe diurnal-cyele variation.

Over the Tibetan Plateau, where  land-surface tem-

perat,ure sometimes  falls below  the  threshold yalue

of  the min-TBB  (-200C), t･he low surface  tempera-

ture may  contaminate  the min-TBB. However, tbe

minimum  of  the min-TBB  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). Therefbre, diurnai variation  of  the

min-TBB  over  the  Platea.u represents  not  the  varia-

tlons  of  the lalld-surface temperature,  but of cloudi-

ness.

  The  eastward  pTogresses 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

Tibetan Plateau, the mintmum  is observed  at  dusk
in the same  fhshion as the Rocky  Mountains where

the maximum  precipitation frequency appears  near

dusk. Over Sichuan Basin (nw 3e"N  and  pt･  I050E),

the minimum  phase  of the min-TBB  is obserL,ed  at

midnight,

  Figure 9 shows  diurnal variations  of  the min-TBB

along  300N  in each  month  during the warrn  sea-

son  of  1987. Eastward  phase  propagation  of  neg-

ative  anomaly  of the min-TBB  from t.he Tibetan

Plateau is significant  exeept  during the mid-suininer

of  July and  August. Riley et  ai. (1987) showed  that

the  eastward  phase  propagation  of  rainfall  from the
Rocky  Moulltai"s  is observed  bet,ween May  and  Au-

gust, including mid-summer.  Befbre  Apri] and  after

September, the maximum  Tainfall  appears  from  n]id-

night  to early  moming  in most  parts of  the Rocky
Mountains and  the Great Plains. Evening maxi-

mum  (pJ1800 LT)  over  the Rocky  Mountains ap-

pears only  betwee] May  and  August. Over the Ti-
betan  Plateau, on  the other  hand, aetive  develop
ment  of  deep convective  c}ouds  in the evening  is ob-
served  throughout  the warm  season.  Nevertbeless,
the ea.st･ward  phase  pTopagation  to the east  of  the

Plateau is obscure  in mid-summer,

  Figure  9 represents  that  diurnal variatiDn  in

China to  the  east  of  the  Tibetan  Plateau result

from  superpusition  of  eastward  advection  of  collvec-

tive  clouds  generated  over  the Plateau  and  of  lo
cally  induced  coiivect･ions  near  dusk (AJ 1800  M]).
The  latter is significallt･  durlng  rnid-summer  and  cov-

ers the  eastward  propagation  ef  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 NCEPfNCAR
re-analysis  data. In the  former perlod, strong  west-

erly  wind  of  A.  10 mls  prevai]s both over  and  to the

east  of  tbe  Plateau. The  wind-speed  in the  mid-

troposphere  almost  agTees  ",ith  the  phase  speed  of

the eastward  propagat,ion of cloudiness  to the east

of  the Plateaii. As  is known  climatologica}ly,  the

westerLy  wind  over  the Plateau  disappears  in mid-

summer.  This circumstance  may  result  ln the dis-
appearance  of  tbe eastward  phase propaga,tion by

ceasing  the eastward  advection  of  convective  c]ouds

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-

spectlvely,  Over North America, the  westerly  wind

becomes as  weak  over  a broad area  to the sout･h  ef

350N  in mid-summer  as  over  China. However, the
westerl>'  wind  passing over  the Rocky  Mountalns re-

mains  even  in mid-summer  in the mid-latitudcs  to

the north  of 350N, because  the  Itocky Mountains ex-

tend  to higher iatitudes than  the Tibetan  Plateau,
The  westerly  wind  may  susta!n  the  eastwaTd  a,dvec-

tion  ef  convective  clouds  from the Rocky  Mountai)s
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over  the latitude range  shown  in Fig. 8b.

5. Summary  and  conclusion

  Diurnal-eycles of  cloudiness  over  East Asia and

the westeTn  Pacific Ocean are  investigated for the
warm  season  from April to September in 1987, based

on  GMS-3  IR  data  at  everv  three  hours.                      J
  The  main  results  obtained  are  as  fo1!ows:

(1) Diurnal yariations  of  cloudiness  have 1,5 times

   laTger amplitudes  over  land  than  over  ocean.

   The  maximum  ofcloudiness  is observed  at  1500

   LT  over  ocean  and  l800 IJI' over  land. Around

   the equator  ClOON N)  100S), the secondary  max-

   jmum  appears  in the morning  over  ocean.  Am-

   plitudes of  diurnal vaTiations  of  cLoudiness  are

   bigger in larger mean  cloudiness  over  land,

   while  they  are  smaller  in larger mean  cloudi-

   ness  over  ocean.

(2) Diurna} variations  of  cloudiness  result  from su-
   perposition of  Iarge diurnal-cyc!e and  small

   semidiurnal-cycLe  variations.  Amp]itude and

   phase of the diurnal-cycle variation  are  much

   different between over  Iand and  ocean.  The

   semidiurnal-cycLe  variations  oveT  ]and and

   ocean  are  almost  in phase with  maxirnums  at

   0300 nJ  0500 IJr and  1500 rw  1700 [Jr and  have

   similar  amounts  of  amplitude,  though  the am-

   plitude alld the phase are  somewhat  ]arger and
   later over  Iand.

(3) A  systematic  phase  delay ofdiurnal-cycle  vaTia-

   tion appears  to the east  ofthe  Tibetan Plateau.
   A  maximum  cloudiness  appears  near  dusk

   (N18oo Ill]) oyer  the Tibetan Plateau and  at

   midnight  in the Sjchuan Basin. Phase speed

   of  t,he variations  is almost  as  mucb  as  that in

   the eastward  propagation  observed  to the east

   of  the RDcky Mountains. Eastward movement

   of  cloud  elusters  generated  ever  the Tibetan

   PIat-eau as  well  as  topogTapbical  effects  should

   be taken  into account  to understand  the behav-
   ior of  diurnal variation  of  cloudiness  to  the east

   of  the  P]ateau,

(4) The  eastward  phase dela)r of the diurnal-cycle

   yariation  to the  east  ef  the Tibetan Plateau is

   ebscure  during mid-summer.  Locally induced
   active  convectiens  intensified near  dusk t･o the

   east  of  the Plateau, and  seasonal  disappearance

   of  upper  westerly  wind  passing over  the Plateau

   contribute  to  the disappea[red phase  propaga-
   tion.
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静 止気象衛星観測 に 基づ く東ア ジア ・西太平洋

　　　　にお け る暖候期の雲量の 日変化

　　　　　　　　浅井冨雄
1

（千葉大学環境 リモ
ートセ ン シ ン グ研 究 セ ン ター

）

　　　　　　　　柯 　史釧

　　　　　（廣東熱帯海洋気象研究所）

　　　　　　　　児玉安正

　　　　　　 （弘前大学理工 学部）

　1987 年 の 暖候期 に つ い て東ア ジ ア ・西 太平洋上 の 雲 の 日変化を静 jL気象衛星 「ひ まわ り」3 号の 赤外放

射観測資料 を用 い て 調べ た 。 調査対象領域 は 北 緯 50度か ら南緯 2e度、東経 90 度か ら 160度 の 範囲 で あ

る 。得 られ た 主 な結果 は 以 下 の 通 りで あ る 。

　〔1）雲量 日変化 は大 きな 1 日周期変動 と小 さな半 日周期変動か ら成る 。 1 日周期変動の 振幅と位相は 陸上

と海上 で 大 き く異 なる が 、半 日周期変動の振幅と位相 は 陸上 と海上 で類似し て い る 。 半日周期変動の 雲量

の 極大 は 、地方時 の 3 時 〜5 時 と 15 時 〜17 時 に み られ る 。 （2）日周変化 の 位相 の 系統的 なず れ が チ ベ ッ

ト高原 か らそ の 東方 の 中国大陸上で み られ る 。 す なわ ち、雲量 の 極大は チ ベ ッ ト高原上 で は夕方に 、 四 川

盆地 で は 真夜中 に 現れ る。日周変化 の 位相 の 東進速度 は 北米 ロ ッ キ ー
山脈 の 東方で み られ る降水頻度の 日

周変化の そ れ に 類似 して い る 。局地的 に 誘起 さ れ る 対流活動 に 加 えて 、チ ベ ッ ト高 原 で 形 成 す る 雲 ク ラ ス

タ
ー

の 東進 は 中国大陸上 の 雲 の 日変化 を 理解す る た め に は 考慮 さ れ る べ きで あ ろ う。 （3）チ ベ ッ ト高原 の 東

方 の 中国大 陸で 日周変化 の 位相 の 東進 は 盛夏期 に 不明瞭 に な る 。 こ れ は 主 に中国大陸で夕方局地的 に 発達

す る 対流 と チ ベ ッ ト高原越 え の 上 層偏西風 の 衰弱 に よ る と推測 され る 。
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