
Meteorological Society of Japan

NII-Electronic Library Service

MeteorologicalSociety  of  Japan

Journat  of  the Meteorological Society of  Japan, Vbl. 73, No.  3, pp.737-746,  1995 737

Creation of  a  Zonally  SymmetricTide  due  to the  Interference of

the  Migrating  Diurnal  Tideand  aQuasi-Stationary  Wave

By  Yuhii  KurodaandMasaru  Chiba

Meteorologioal Research kLstitute,Tsukuba,  Jbaraki  305, Japan

(Manuscript received  2 August  1994,  znrevised  form 18  April 199op

Abstract

   An  investigation was  conducted  into the effect  of  the  interference of  the  migrating  diurnal tide and

a  quasi-stationary  wave  of  zonal  wavenumber  1 to produce  a  zonally  symmetric  diurnal tide, making  use

of  a  general circulation  model.  It was  found that the  new  zonally  symmetric  tide is created  at  the upper

stratosphere  in the  winter  hemisphere  when  the  quasi-stationary  wave  aJnplifies.  The  amplitude  of  the  new

tide was  found to be comparable  to or  larger than  that  ef  the  tide propagating from the  surface.  This

creation  is expected  to occur  when  the forced Rossby  waves  of  zonal  wavenumber  1 have large amplitude

and  the polar  night  jet-shift or  warming  event  occurs.

1. Introduction

  The  zonally  symmetric  tide is the tidal wave  with

zonal  wavenumber  O. This  wave  is unique  in the
sense  that  it is detected only  through  its tempo
ral  variation,  and  the usual  zonal-mean  field con-
tains this wave.  It is known  that this tide is mainly

excited  by the inhomogeneity of  sea-land  contrast

of  solar  heating. Lieberman  (1991) first analyzed

global structure  of  this  tidal  wewe  by  using  observed

satellite  data, Chiba and  Shibata (1992) have ana-
lyzed preliminamy results  of  the 10-year simulation

of  a  general circulation  model  (GCM) of  the Me-

teorological Research Institute (referred to as  MRI-
GSPM  hereafter), and  found  that the zonally  sym-

metric  tide is well  simulated  in comparison  with  the
observed  tide (Lieberman, 1991), resulting  in excite-

ment  at  the  surface.

  In the real  atmosphere,  many  types of waves  ce

exist  simultaneously.  These  waves  may  influence

each  other.  Among  the  infiuences, the  interference

of  waves  is especially  important.  It is well  known
that, at times, interference between waves  plays an

important r61e  in the general circulation  of  the at-

mosphere.  Hirooka  (1986) and  Salby and  Garcia

(1987) have reported  the vacillation  of  the  zonal-

mean  zonal  wind  due to the interference between the

normal-mode  Rossby wave  and  the quasi-stationary
wave.  Kuroda  et al. (1994) have reported  the influ-

ence  of  the interference between the normal-mode

Rossby  waves  and  that between  the normal-mode

Rossby wave  and  the migrating  diurnal tide.

  In this paper, we  would  like to report  on  the efi

fect of the interference between the migrating  diur-
nal  tide and  quasi-stationary wave  with  wavenum-

ber 1 to produce  the zonally  symmetric  diurnal tide
in a  realistically  simulated  atmosphere,  This is done
through  the  analysis  of  the simulated  data of  a  GCM
as  in Chiba and  Shibata (1992), because there is not
suMcient  temporal  resolution  for the global observa-

tional data,

  In the next  section,  mean  features of  the zonally

symmetric  tide and  the activity  of  the forced RDssby
waves  in the model  are  introduced. Section 3 de-
scribes  the  effect  of  the  interference on  the  zonally

symmetric  tide, Section 4 is devoted  to conclusions

and  remarks,

2. Zonally  symmetric  tide  and  the  activity  of

   the  forced  Rossby  wave.

@1995, Meteorological  Society of  Japari

2,1 Outline of the GCM  and  the data

  The  GCM  used  in this study  is the R24L23  version

of the MR[[-GSPM,  The  model  has 23 layers in the
vertical,  extending  from  the surface  to O.e5 hPa  and

uses  the spectral  transformation  method  at  a  rhom-

boidal truncation  of  24. Standard physical processes
are  included in the model,  Effect of  gravity-wave
drag is replaced  by a  Rayleigh friction. The  diurnal
cyele  of  solar  radiation  is explicitly  calculated,  as

well  as  the seasonal  cycle.  The  details of  the  model,

including its performance,  can  be found  in Chiba  et

al. (1994), and  in Shibata and  Chiba (1990) for the
R13L23  version  of this model,  The  time  integration
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Fig. 1. Latitude-height  cross  section  of  the seasonal  mean  feature of  (a) the zonal-mean  meridional  wind

  velocity  and  (b) the zonal-mean  zonal  wind  acceleration  of  the  zonally  symmetric  diurnal tide at  OOZ
  extracted  from June to August  of  the  6th rnodel  year. The  contour  intervals are  O.1 mlsec  for (a),
  and  1 ×  10-5 mlsec2  for (b). Shaded  regions  denote negative  values.
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Fig. 2. Time-latitude cross  section  of  the

  arnplitude  of  the geopotential  height of
  the quasi-stationary  waves  at  the  1 hPa

  level. The centour  intervals are  500 m.

Fig. 3. Time-latitude  cross  section  of  the

  arnplitude  of  the  geopotential height of

  the  migrating  diurnal tide at  the  1 hPa
  level. The  contour  intervals are  10 m.

has been performed for a  period of 10 years, data
were  sampled  every  2 hours.
  Use is made  of  the simulated  data from the 6th

model  yeam  when  the forced Rossby  wave  amplifies

in the Southern Hemisphere in late July.

2.2 Mean  feature of the zonally  symmetric  tide

  The  spectral  analysis  of  the zonal-mean  zonal

wind  acceleration  shows  that there exists  a  fairly

broad diurnal peak  as well  as a  semi-diurnal  pealc
in the spectrum.  To  extract  the zonally  symmetric

diurnal tide from  June to  August,  we  have  filtered
the zonally  averaged  data to select  periods from 20

hours to  30 hours. [[b see  the mean  feature of  the

zonally  symmetric  diurnal tide, we  have averaged

the same  hourly data of  these filtered data from
June to August, The  mean  profile for the merid-

ional wind  O and  the zonal  wind  acceleration  Oa!Ot
of  the zonally  symmetric  tide at  OOZ  are  shown  in

Figs. Ia  and  lb, respectively.  It can  be shown  that

these components  are  approximately  related  by the

expression  OalOt =  fe, where  f is the Coriolis pa-
rameter.  Note that this relation  is exactly  satisfied

in the idealized zonally  symmetric  tide, It was  also

found  that the phase  moves  downward  in the ver-
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Fig. 4.[[bmporal variation  of  the  zonal-mean  meridional  wind  at  60eS for the  1hPa  level in July.

tical direction with  time  (not shown),  This  means

that the wave  is excited  roughly  at  the surface.

  It can  be seen  that the vertical  wavelength  is
about  15 km  and  the  meridional  velocity  comp}

nent  has two  nodes  in the  latitudinal direction. It

was  found that these features are  closely  described
by the 3rd Hough  mode.  A  dominant Hough  mode

of  the zonally  symmetric  tide in the model  is differ-
ent  for every  season,  and  the dominant mode  is the
2nd  Hough  mode  in winter  of  the  Northern  Hemi-

sphere  as  was  shown  in Chiba and  Shibata (1992).
The  large seasonal  variation  of  the dominant Hough
mode  for the  tide is also  found in observed  tide

(Lieberman, 1991).

2.3 Situation of the quasi-stationary wave  and  the
   diumal tide

  Figure  2 is the  time-latitude  cross  section  of  the

amplitude  of  the geopotential height of  the quasi-
stationary  wave  (with zonal  wavenumber  1) at  the

1 hPa  level in the Southern Hemisphere. Here, we
have  defined the  quasi-stationary wave  as  the wave

whose  period  is longer than  4 days. It can  be  seen

that the waye  is amplified  late in July. When  the

wave  is amplified,  the polar night  jet shifts  in a  pole-
ward  direction and  there occurs  sudden  warming  in

the Southern Hemisphere (not shown).  The  analysis

of  this jet-shift event  and  comparison  with  observa-

tions  was  made  in Kuroda and  Ydmazaki  (1995),
  The  amplitude  of  the quasi-stationary wave  with

zonal  wavenumber  2 was  relatively  small  except  for
the first half period  of  August when  the amplitude

had a  maximum  value  of 1200 m  at 10 August, The
amplitudes  of  the  quasi-stationary waves  with  the

wavenumber  higher than  3 were  at  most  300 m,

which  is smaller  than  those of  wavenumber  1 or  2.

  The  migrating  diurnal tide with  zonal  wavenum-

ber 1 has a  large amplitude  in the stratosphere.  It
exists  as  an  external  mode  poleward  of  30e and  as

an  internal mode  equatorward  of  300. The  exter-

nal  mode  is mainly  excited  by the absorption  of

solar  ultrewiolet  radiation  by atmospheric  ozone  in

the upper  stratosphere  where  ozone  heating is max-
imized, and  the internal wave  is mainly  excited  by
the  water  vapor  in the  troposphere  (Chapman and

Lindzen 1970). Spectral analysis  shows  that  the  mi-

grating diurnal tide has a  sharp  peak  at  a  1 day pe-
riod.  Figure 3 shows  the time-latitude cross  section

of  the amplitude  of the geopotential height of  the
migrating  diurnal tide  in the  Southern  Hemisphere.

Here, the  migrating  diurnal tide  is filtered from  the
original  wavenumber  1 data by taking a  westward-

traveling wave  with  a  period  from 23 hours  to 25.5

hours. It can  be seen  that the amplitude  is almost

steady  during the time  scale  of a  month,  though  it
changes  slowly  as  a seasonal  march.  As the ozone

distribution has been  prescribed by the data based
on  the observation  in the model,  the small  varia-

tion of the amplitude  poleward  of  3eO will  be caused
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Fig. 6. Time-height cross  section  of  the

  variability  of  the  forcing due to the

  quasi-stationary wave  and  the  migrating

  diurnal tide at  OOZ  of  July 23. The  con-

  tour intervals are1 × lo-5 m!sec2.
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Fig. 5. Time-height cross  section  of  the

   variability  of  the  zonal-mean  zonal  wind

   acceleration  for (a) the  quasi-stationary

   component,  (b) the diurnal component

   and  (c) that for the eddy  forcing. The

  contour  intervals are  1 ×  10-5  mfsec2  in

  all figures.

mainly  by the  seasonal  changes  of  the ozone  distri-
butien. The  feature of  the migrating  diurnal tide in
this model  and  the comparison  with  the observation

can  be seen  in Kuroda  et  al. (1994).
3. Creation  of  the zonally  symmetric  tide

  There may  always  exist interference between any
two  atmospheric  waves  and  creation  of  new  waves

in the  real  atmosphere.  However,  this  secondary

wave  will  not  be so  important  except  when  the

waves  have sufficientlY  large amplitudes.  Generally,

a  secondary  wave  has a  1arge amplitude  when  the

source  waves  have large amplitudes.  In the real

atmosphere,  there exist  several  large-amplitude at-

mospheric  waves.  The  quasi-stationary wave  with

zonal  wavenumber  1 in the winter  hemisphere  is
one  such  example,  The  migrating  diurnal tide with

zonal  wavenumber  1 is another  example  in the upper
stratosphere.  Thus,  when  these two  waves  interfere,
there  will  appear  a  large amplitude  secondary  wave

with  zonal  wavenumber  O as  well  as  that with  zonal

wavenumber  2. This secondary  wave  has a  period
of  approximately  1-day, The secondary  wave  with

wavenumber  O is somewhat  similar  to the zonally

symmetric  diurnal tide, because  both  waves  have

the sarne  wavenumber  and  nearly  the same  period.
In this sense,  these waves  cannot  be distinguished
from each  other.  Thus we  shall  call  this secondary

wave  also  a  zonally  symmetric  diurnal tide,

  We  expect  that  the  large interference and  corre

sponding  large-amplitude zonally  symmetric  tide  are

made  when  the quasi-stationary wave  has a  sufi-

ciently  iarge arnplitude,  because the amplitude  of

the diurnal tide is nearly  steady.  In the simu-

lated data, this condition  is satisfied  in late July in
the  model  when  the  forced Rossby  wave  with  zonal

wavenurnber  1 is amplified  in the stratosphere.

  Figure 4 shows  the temporal  variation  of  the

zonal-mean  meridional  velocity  at  60eS in July, It
is noteworthy  that  the  axnplitude  of  the tide is very

large and  it is comparable  to that  of  the  long term

tendency  which  accompanies  the amplification  of  the



Meteorological Society of Japan

NII-Electronic Library Service

MeteorologicalSociety  of  Japan

June  1995 Y. Kuroda  and  M.Chiba 741

(hPa)O.1O.2D.S

2
 3s7ID

Diurnal  component  of  0alet
                            ooZ  23  July

i:?:1OO

S

     Diurnal  component  of  0alOt
(hPa)                                 oez  23  July

0,1O.2o.s

 1   
 2

 l,g

go,?gloD

S

a b

Fig. 7. Latitude-height  cross  section  of  the  zonal-mean  zonal  wind  acceleration  due to (a) the  zonally

  symmetric  diurnal  tide, and  (b) that  for only  the  tide due  to the  interference  at  OOZ  of  July 23. The

  contour  intervals are  1 ×  10-5 m!sec2,  and  shaded  regions  denote negative  values.

quasi-stationary  wave  in late July. This feature is
also  found in･the zonal-mean  zonal  wind  acceleration

and  the zonal-rnean  vertical  velocity  components.  In

this figure, it is also  found that the amplitude  of  the

tide becomes large with  the activity  of  the quasi-
statienary  wave.

  The  long-term tendency  of  the vamiation  of aalet
is thought  to be caused  by  the activity  of  the  quasi-
stationary  wave,  and  the diurnal variation  is directly

related  to that of  the zonally  symmetric  tide, Then,

to see  the relation  between the activity  of  the quasi-
stationary  wave  and  that of  the zonally  symmetric

tide, we  shall  compare  the variability  of ealOt for a
long period and  that for a  diurnal period. Here, the

variability  a(t)  of  a  function A(t) is calculated  by  the

standard  deviation from  the time  mean  state  m(t)

and  they are  defined by the fo11owing equations:

  rn(t)  =  ill .Li 
T

pf2
 dt'A(t'),

and

         

  
a(t)=

 
,

 (1)

where  T  is a mean  time. Figure 5a shows  the time-
height cross  section  of  the variability  of  the zonal-

mean  zonal  wind  acceleration  at  60eS  whose  pG
riod  is longer than  4 days. Here, the variability

is calculated  from the mean  time  of  10 days. We
have focused attention  at  600S, because  the  quasi-
stationary  wave  has a  large amplitude  near  this  lat-

itude. Figure 5b shows  the same  figure as Fig. 5a,
except  the wave  with  the period  from  20  hours  to

30  hours and  used  a  mean  time  of  1 day, It can  be
seen  that the amplitude  of  the zonally  symmetric

tide has a  tendency  to amplify  with  the activity  of

the quasi-stationary wave,  as  we  have seen  in Fig. 4.
  [[b see  the variation  of  the  interference of  the

quasi-stationary wave  and  the migrating  diurnal
tide, we  have calculated  an  eddy  forcing F  of  OalOt
due to this interference. It is defined by

  F  =  
- 

.coi,2
 
di
 ziii [cos2 ip(u2ve + uevi  )]

      
ri;iil.T

 le(wtua+wGul)], (2)

where  ul (vG) is the  zonal  velocity  component  of  the

diurnal tide (the meridional  velocity  component  of

the quasi-stationary wave)  etc,  and  other  symbols

are  the same  as  usual  conventions  (see e.g.  Andrews
et  al., 1987). Figure 5c shows  the time-height cross
section  of  the  variability  of  this fbrcing at  60eS.
Here, it is calculated  with  a  mean  time  of  1 day.
It can  be seen  that the temporal  variation  of  the

eddy  forcing coincides  well  with  that of  an  ampli-

tude  of  the zonally  symmetric  diurnal tide shown  in
Fig. 5b. The  fact that  the  amplitude  of the  wave

below the  forcing is small  is explained  because the
excited  wave  is mainly  made  of  the external  mode

(see below). Thus  we  can  conclude  that the ampli-

fication of  the zonally  symmetric  tide is mainly  due
to the  fbrcing of  the  interference between  the  quasi-
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Fig. 9. Horizontal  maps  of  (a) the quasi-stationary  wave  and  (b) the diurnal tide in Southern Hemisphere

  at  O.5 hPa  level at  OOZ  of  July 23. The  arrows  indicate the wind,  and  the  contours  indicate the

  geopotential height. The  contour  intervals are  500 m  for (a) and  20  m  for (b). Shaded  regions  denete

  negative  vallles.

stationary  wave  with  zonal  wavenumber  1 and  the

migrating  diurnal tide.

  Figure  6 shows  the latitude-height cross  section

of  the eddy  forcing variability  at OOZ  of  July 23
when  the  tide  has a  large amplitude.  It can  be seen

that  the eddy  forcing is located at  the region  around

O.5 hPa  level and  60eS. Figure 7a shows  the latitude-

height cross  section  of OalOt for the  zonally  symmet-

ric tide at  the same  time  as  in Fig. 6. It can  be seen

that the  structure  is perturbed  from the mean  state

(shown in Fig. Ib), and  it is mainly  in the Southern
Hemisphere where  the forcing exists. Note  that two

types of  tides coexist  in this  figure; one  is a  propa-

gating tide  from  the  surface  and  the other  is created
by  the interference. [Ib retain  only  the zonally  sym-

metric  tide due to the interference, we  have  removed
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the mean  state  of  the  tide  from  Fig. 7a  and  the re-

sult  is shown  in Fig. 7b. It is noteworthy  that the
amplitude  is comparable  to or  larger than  that from

the surface  (Fig. Ib) at  the region  above  the upper

stratosphere.  On  the other  hand, the amplitude  of

the tide in the low altitude  region  seems  to be rel-

atively  small,  The  internal mode  of a  tide with  a

1-day period has generally a  large amplitude  only

in the  equatorial  region  (Andrews et  al., 1987). So
a  forcing in the  poleward  region  is not  an  eMcient

means  of  exciting  the internal mode  of  that wave.

The  fbrcing in the model  exists  in a  relatively  pole-
ward  region  (Fig, 6). This means  that the created

wave  is mainly  an  external  rnode  and  excitation  of

the mode  to propagate  downward  is relatively  small.

This will  explain  the small  amplitude  in the low al-
titude region  in Fig, 7b.

  Next, let us  examine  how  the forcing is formed
by the interference, Figure 8 shows  a  time  series

of  the latitude-hight cross  section  of  the forcing on
July 23, It can  be seen  that the forcing has changed
its form in a  fairly complicated  way.  It has a  lat-

itudinal structure  as  well  as  a  vertical  structure.

One  problem  is to examine  from where  the struc-

ture originates.  The  quasi-stationary wave  does not
largely change  its form on  the time  scale  of  a  day,
and  the diurnal tide approximately  travels around
the  earth  without  changing  its form. Thus  the  vari-

ation  of  the  forcing originates  from  the  relative  po
sition of  the quasi-stationary wave  and  the diurnal
tide. Figure 9a (9b) shows  the horizontal map  of

the quasi-stationary wave  (the diurnal tide) at  the
O.5 hPa  level in the Southern Hemisphere. Here,
the vector  shows  the  wind  and  the  contour  shows

the geopotential height. We  have focused attention
on  the O.5 hPa  level where  there exist  maxima  of

the forcing (see Fig. 8). The  main  contribution  of

the  eddy  forcing comes  from  the  first term  of  Eq. (2).
The  meridional  structure  of  forcing (shown in Fig, 8)

comes  mainly  from the wind  variation  of  the quasi-
stationary  wave  (Fig. 9a). Figure 10 shows  the ver-

tical phase  variations  of  the meridional  wind  of  the

quasi-stationary wave  (solid line) and  the diurnal
tide  (dashed line) at 300S at  OOZ  of July 23,i Here
the  phase  angle  is defined by the longitude where

the meridional  wind  has a  ma)[imum  value.

  The  westerly  tilt of  the quasi-stationary wave  with

height at  the stratosphere  is well  simulated  com-

pared  with  the observations.  The  easterly  tilt of the

wave  in the  troposphere  at  this  latitude also  some

times appears  in the observational  data. In the up

per stratosphere,  the vertical  phase  change  of the di-
urnal  tide agrees  well  with  the observations  at 300N
by  Reed et  al. (1969).2 It is also  similar  to  the  the-

1 Note  the  ambiguity  in determination  of  the  phase  profile
   in the  case  of  Iarge phase  changes  because of  the relativeLy

   poor  vertical  resolutien  of  the  GCM.
2 Note  that the  phase  of  the meridional  wind  component  ef
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Fig. 10. Vertical variations  of  the  phase
  of  the  quasi-stationary  waye  (solid line)

  and  the diurnal tide (dashed line) at

  3oeS  at  OOZ of  July 23,

oretical  calculation  by Lindzen (1967) in the middle
stratosphere  and  below. As the phase  change  of  the

quasi-stationary watre  is relatively  smal1  compared

with  that of  the diurnal tide, the vertical  structure

of  the forcing is thought  to be mainly  due to to the
vertical  structure  of  the diurnal tide. As a  result,

it is found that the forcing pattern comes  from  the
structure  of  these two  wayes.

4. Conclusion  and  Remarks

  We  have  found in the simulated  data of  the

GCM  that an  amplification  and  a  large deformation
of the zonally  symmetric  diurnal tide occur  when

the migrating  diurnal tide and  the  quasi-stationary
wave  with  zonal  wavenumber  1 interact. This  phe
nomenon  is found to occur  due to the generation  of

a  new  zonally  symmetric  tide in the upper  strato-

sphere.  The  wave  is made  by the eddy  forcing with

approximately  1-day  period in the  upper  strata

sphere  arising  from the interference of  the migrating

tide and  quasi-stationary wave,  This phenomenon  is

prominent  when  the quasi-statienary forced Rossby
wave  is amplified  and  the polar night  jet shift or  sud-

den  warming  occurs,  as the  amplitude  of  the  migrat-

ing diurnal tide  is steady  on  timescales  of  a  month,

When  the quasi-stationary wave  is amplified,  it is

the  diurnal tide  in the  Southern  Hemisphere  is completely
out  of  phase  with  that in the  Northern  Hemisphere.
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Fig. 11. Time-latitude cross  section  of

  the  amplitude  of  the  geopotential height

  of  the  westward  traveling  non-migrating

  diurnal tide with  zonal  wavenumber  2 at

   1 hPa level. The  conteur  intervals are

  2 m.

found that the arnplitude  of  the new  zonally  sym-

metric  tide becomes comparable  to or  lamger than
that of  the wave  propagating from the surface.
  We  have focused our  attention  on  the creation  of

the zonally  symmetric  tide due  to the interference of

the migrating  diurnal tide and  the  quasi-stationary
wave  with  wavenumber  1 in this paper. However,
there may  also  exist  the creation  of  the westward-

traveling non-migrating  diurnal tide  with  a  zonal

wavenumber  2 through  this interference. Figure  11

shows  the time-latitude cross  section  of  the ampli-

tude  of  that tide at  the  1 hPa  level. This wave  is
filtered from the zonal  wavenumber  2 data with  pe-
riods  from 20  to 30 hours. It can  be  seen  that  the
tide has  a  laJrge amplitude  at  high  latitudes when

the quasi-stationary wave  has a  large amplitude  (see
Fig. 2). As the amplitude  of  the migrating  diur-
nal  tide is steady  on  timescales of  a  month,  this
shows  that the  tide is also created  by  this  interfer-

ence.  Though  the tide has a  large amplitude  also

in the equatorial  region,  it is an  internal mode  and

is prepagating  from below. The  mode  which  can  be
seen  at  the high latitude, on  the other  hand, will

be  mainly  an  external  mode,  as  we  have  explained

before about  the  zonally  symmetric  tide. In fact, it
can  be  seen  that the amplitude  rapidly  decreases as
the altitude  decreases (not shown),
  There may  also exist  the creation  of  the zonally

symmetric  semi-diurnal  tide due  to the  interference

between the  quasi-stationary zonal  wavenumber  2

wave  and  migrating  semi-diurnal  tide. However,  the

peak  of  the migrating  semi-diurnal  tide exists  in the

equatorial  region  and  the maximum  amplitude  of

the quasi-stationary wave  with  zonal  wavenumber

2 exists  poleward of  that of  the wave  with  zonal

wavenumber  1. Thus  the contribution  of  these waves

to the creation  of  the zonally  symmetric  tide will  be

generally smaller  than  that of  the zonal  wavenumber

1 case.

  Recently, Berger (1994, personal communication)

has discussed the creation  of  the new  waves  due to
the  non-linear  wave-wave  interaction between  the

tidal wave  and  the  stationary  wave  at  the  mesopause

height by using  a  mechanistic  model.  His work  is
concerned  with  the experiment  of the creation  of

the waves  due to the  non-linear  wave-wave  interac-
tion. It will contain  wayes  due to  the higher order

non-linear  interactions as  well  as  those  due to  simple

interference. There  may  exist  a  similam  mechanism

for the  creation  of  the new  tide in our  model,  Cre-
ation  of  the tide due to the higher order  non-linear

interaction process is not  discussed here.
  The  result  in this  paper  is only  obtained  in the

simulated  data. However,  this mechanism  of  the

creation  of  a  new  tide is expected  to work  in the

real  atmosphere.  It might  occur  in the winter  hemi-

sphere.  We  hope this phenomenon  will  be observed

in the  future.
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日潮 汐 と準停滞 波動 の 干 渉 に よ る帯状 対称潮汐の 生成 に つ い て

黒 田友 二 ・ 千 葉 　長

　　 （気象研究所）

　1 日潮汐 と波数 1 の 準停滞性波動 の 干渉 が 帯状対称潮汐 の 生成 に与え る影響 を大循環 モ デ ル を用 い て調

べ た。そ の 結果、波数 1 の 準停滞 性波動 が 増幅す る時 こ れ らの 波動 の 干渉 に よ っ て 上部成層圏で 新 し い 帯

状対称潮 汐が 生 成 され る事が 分 か っ た 。 こ の 新 しい 潮汐 の 振幅 は 地表 面 か ら伝搬 して くる通常 の 潮汐 の 振

幅よ り もしば しば 大 き くな る。こ の 新潮汐 は 波数 1 の 強 制 ロ ス ビー
波 が 大 き く増 幅 し極 夜 ジ ェ ッ トの シ フ

トや突然昇温 が お きる時 に 生成す る と考え られ る。

N 工工
一Eleotronio 　Library 　


