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The v e r t i c a l  f l u x  of hor izonta l  momentum by in te rna l  gravi ty  waves i s  now 
recognized t o  play a s i g n i f i c a n t ' r o l e  i n  t h e  large-scale c i r c u i a t i o n  and thermal 
s t r u c t u r e  of the middle atmosphere. This i s  because a divergence of momentum 
f l u x  due t o  wave d i s s ipa t ion  r e s u l t s  i n  an accelera t ion of the  loca l  mean flow 
towards the  phase speed of the  gravi ty  wave* Such mean flow accelera t ions  a r e  
required t o  o f f s e t  the  l a rge  zonal accelera t ions  driven by Coriol is  torques 
a c t i n g  on the d i a b a t i c  meridional c i rcula t ion.  Thus, a de ta i l ed  observational 
knowledge of momentum f l u x  climatology and v a r i a b i l i t y  i s  e s s e n t i a l  t o  a more 
complete understanding of the  r o l e  of g rav i ty  waves i n  middle atmosphere 
dynamics. 

Idea l ly ,  the  momentum f l u x  due t o  a random f i e l d  of g rav i ty  waves would 
be determined from simultaneous and w-located measurements of v e r t i c a l  and 
hor izonta l  v e l o c i t i e s  made with high v e r t i c a l  and temporal resolution.  I n  
pract ice ,  however, such measurements a r e  not possible a t  present and other  
techniques must be employed. Ver t ica l  end approximate horizontal  wind measure- 
ments can be made using Doppler radars  with v e r t i c a l  and oblique bean 
o r i en ta t ions ,  but high frequency oblique motions a r e  badly contaminated by 
v e r t i c a l  v e l o c i t i e s  and l a r g e  phase e r r o r s  occur fo r  hor izonta l  wavelengths t h a t  
a r e  not much larger  than typ ica l  beem separat ion distances. Thus, such sysfems 
a r e  only su i t ed  f o r  measurements of moptenturn fluxes due t o  wave motions with 
l a r g e  hor izonta l  wavelengths (Ah 2 200 km). These problems can be avoided, i n  
pr inciple ,  by using a phase-coherent, spaced antenna system t o  i n f e r  co-located 
hor izonta l  and v e r t i c a l  motions (FRITTS e t  a l . ,  1984). Another approach which 
does not r e l y  on individual horizontal  and v e r t i c a l  veloci ty  measurements i s  
t h a t  of VIh'CEPiT and REID (1983). This technique provides an estimate of the * 

momentum f l u x  i n  the  plane of two Doppler radar  beams incl ined a t  equal and 
opposite angles o f f  v e r t i c a l  based on the average nus v e l o c i t i e s  observed. 
Because a l l  of these techniques depend on the veloci ty  f luc tua t ions  about some 
mean, however, the contr ibut ion t o  the momentum f l u x  due t o  quasi-stationary 
waves i s  l i k e l y  t o  be largely  excluded i n  each. I n  general ,  the wave periods 
f o r  which a pa r t i cu la r  measurement appl ies  a r e  those tha t  a r e  l e s s  than the da ta  
c o l l e c t i o n  in te rva l .  

Other more general  problems with ex i s t ing  systems r e l a t e  t o  s p a t i a l  and 
temporal resolut ion;  i f  these a r e  not su f f i c i en t ly  f ine ,  then observed motions 
may be a l i a sed  t o  other ( l a r g e r )  scales  or overlooked a l together .  Fortunately,  
we do not expect motions with small v e r t i c a l  wavelengths ( A  6 4 km) t o  con- 
t r i b u t e  s ign i f i can t ly  t o  the momentum f l u x  and divergence 08 theore t i ca l  grounds 
(LINDzEN, 1981). On the other hand, high-frequency gravi ty  wave motions 
(T & 20 min), which may account fo r  s ign i f i can t  momentum f luxes ,  may be excluded 
o r  subs tan t i a l ly  reduced by excessive temporal averaging. 

Relatively l i t t l e  i s  known a t  present about the d i s t r i b u t i o n  and 
v a r i a b i l i t y  of gravity-wave momentum f l u x  i n  the  middle atmosphere, ye t  these 
determine, t o  a l a rge  extent ,  the gross f ea tu res  of the middle atmosphere 
c i r c u l a t i o n  and s t ructure .  The d i s t r i b u t i o n  of momentum f l u x  depends on a 
v a r i e t y  of fac tors .  Perhaps the most s ign i f i can t  a r e  (1) the  s t rength  and 
loca t ion  of important gravi ty  wave sources (wind shear, topography, convection, 
e tc . ) ,  (2) the f i l t e r i n g  and evolution of the gravity-wave s p e c t r m  due t o  wave- 
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turbulence, wave-wave, and wave-mean flow interact ions ,  and (3) the  
c h a r a c t e r i s t i c s  of those g rav i ty  waves t h a t  contr ibute  most t o  drag and 
d i f fus ion  processes. 

Both gravi ty  wave sources and f i l t e r i n g  contr ibute  t o  the  temporal and 
geographic v a r i a b i l i t y  of wave amplitudes, scales ,  and f luxes  and may a c t  t o  
po la r i ze  the  gravity-wave spectrum and a l i g n  the  momentum f l u x  i n  preferred 
di rect ions .  Signif icant  topographic sources a r e  q u i t e  loca l i zed  on a global  
bas is ,  and wind shear and convective sources tend t o  be ra the r  t r ans ien t  i n  
nature. Of the  primary g rav i ty  wave sources, vind shear and topography a r e  
expected t o  l ead  t o  wave spectra  t h a t  may be strongly polarized, whereas 
convection i s  l i k e l y  t o  produce a more i so t rop ic  d i s t r i b u t i o n  of gravi ty  w e s .  
The recent  s tudies  by SCEOEBEKL and STROBEL (1984) and DUNKERTON and BUTCHART 
(1984) suggest tha t  f i l t e r i n g  processes can a l s o  ac t  t o  modulate or po la r i ze  a 

. gravity-wave spectrum ant i -para l le l  t o  the loca l  mean flow. A tendency f o r  
g rav i ty  waves i n  the middle atmosphere t o  be polarized has been noted by 
HAURWITZ and FOGLE (1969), HERSE e t  a l .  (1980), MANSON e t  a l .  (1981), and 
VINCENT and REID (19831, among others.  

Of major importance i n  the study of the gravi ty  wave and maaentum f l u x  
d i s t r i b u t i o n s  i n  the  middle atmosphere a r e  the c h a r a c t e r i s t i c s  of thoee motions 
t h a t  contr ibute  most t o  sa tu ra t ion  processes. This i s  because gravi ty  waves 
with small propagation angles (A >> AZ) and/or small ~ e r t i c a l  wavelengths ' 

(-11 i n t r i n s i c  phase speeds c - 3  may propagate or be advected l a rge  dis tances  
hor izonta l ly  between sources i n  the lower atmosphere and regions of strong 

= d i s s i p a t i o n  i n  the s t ra tosphere  or mesosphere. Such propagation would tend t o  
homogenize the wave f i e l d  i n  the  middle atmosphere, independent of geo- 
graphical ly  loca l  sources and f i l t e r i n g  e f fec t s .  On the other  hand, g rav i ty  
waves with l a rge  propagation angles (A 2 A=) and large  v e r t i c a l  wave- 
lengths  w i l l  reach the s t ra tosphere  an8 mesosphere rapidly ,  r e l a t i v e l y  
unattenuated, and i n  close proximity t o  the source or f i l t e r i n g  environment thlat 
determined the wave character.  I n  t h i s  case the momentum f l u x  d i s t r i b u t i o n  i n  
the middle atmosphere would r e f l e c t  the  s p a t i a l  v a r i a b i l i t y  of the underlying 
atmosphere. On the b a s i s  of the observed spectrum of atmospheric wave motions 
(CARTER and BALSLEY, 19821, it appears poss ible  tha t  the t ranspor t  of momentum 
could be accomplished primarily by r e l a t i v e l y  high-frequency gravi ty  waves 

- -7- (FRITIS, 19841, consis tent  with the observations of VINCENT and REID (1983) and 
SMITH and FRITTS (1983). Other observations suggest t h a t  the sa tu ra t ion  of 

- - -_ - - -- gravi ty  waves a t  a wide range of scales  i s  a nearly continuous process through- 
- out the  middle atmosphere (=TO and W O O W ,  1982; PHILBRICK e t  a l . ,  1983; 

BALSLFl e t  al . ,  1983; VINCENT, 1984). 

Because of the considerable uncer t a in t i e s  regarding the momentum f l u  
d i s t r i b u t i o n  i n  the middle atmosphere, many types of observations a r e  required. 
Those observat ions  t h a t  appear t o  be important i n  l i g h t  of the above discuss ion 
include : 

(1) tbe  mean geographical and seasonal d i s t r i b u t i o n s  of momentum f lux  (and 
divergence) throughout the  middle atmosphere, 

(2) those g rav i ty  wave scales and frequencies t h a t  contr ibute  most t o  mwentum 
t ranspor t ,  

. . (3)  the  degree and causes of polar iza t ion and v a r i a b i l i t y  of the  gravity-wave 
spectrum, and 

(4) the  response of the middle atmosphere t o  changes i n  momentum f lux divergence 
caused by va r i ab le  gravi ty  wave sources or f i l t e r i n g  conditions. 



Studies '  t h a t  address  t he se  t op i c s  w i l l  make important  c o n t r i b u t i o n s  t o  our 
knowledge of the  r o l e  of g r a v i t y  waves i n  middle atmosphere dynamics. 
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