
1.3C THE SUPPRESSION OF QONVECTIVE WAVEBREAKING BY 
RADIATIVE TRANSFER PROCESSES 

M. R. Schoeberl 

NASAIGoddard Space Fl ight  Center 
Atmospheric Chemistry Branch, Code 964 

Greenbelt, MD 20771 

SCKOEBERI. e t  a l .  (1983) suggested t h a t  convective wavebreaking of mono- , 

chromatic g rav i ty  waves might be suppressed by rad ia t ive  t r ans fe r  processes i f  
the .ve r t i ca1  wavelength waves were s u f f i c i e n t l y  short ,  As the  v e r t i c a l  wave- 
length or the  g rav i ty  wave decreases, r a d i a t i v e  t r ans fe r  between adjacent ver- 
t i c a l  l aye r s  becomes increasingly important. This exchange can increase the 
r a d i a t i v e  r e l axa t ion  time sca le  so t h a t  the wave w i l l  no longer grow with a l t i -  
tude. Thus, very short  v e r t i c a l  wavelength waves may d i s s ipa te  r ad ia t ive ly  
ra the r  than become convectively q s t a b l e .  SCHOEBERL e t  $1. (1983) sipwed t h a t  
g rav i ty  waves with (c-c) < 22 m s  (Ax = 1000 km), and (u-c) < 13 m s  (Ax = 
100 km) would be rad ia t ive ly  damped. 

Since publ icat ion of these r e s u l t s ,  APRUZESE and STROBEL (1984) have re- 
v ised the exchange coef f i c i en t s  used i n  SCHOEBERL e t  a l .  (1983). Also, CHAO . 
and SCHOEBERL (1984) pointed out t h a t  the computation made by LINDZEN (1981) of 
the  convective d i f fus ion  r a t e  may be a f ac to r  of two too low a s  the convective 
adjustment processes tends t o  minimize the thermal transport  by the wave. The 
purpose of t h i s  note i s  t o  r ev i se  the values given i n  SCHOEBERL e t  a l .  (1983). 
These r e s u l t s  a l s o  suggest t h a t  the very t h i n  turbulent layers  observed by- MST 
radars  (e.g. WOODMAN, 1980) cannot be produced by the convective i n s t a b i l i t y  qf 
monochromatic g rav i ty  waves with l a r g e  hor izonta l  scales.  

MEpIODOLOGY AND RESULTS 

The condition required t o  prevent convective wavebreaking i s  

- - - - -.-. where Y i s  the d i f fus ive  damping time sca le  required t o  prevent wave 
growth w$fi fa l t i tude and Yrad i s  the r a d i a t i v e  damping time scale. Now, 
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D i s  twice LINDZEN'S (1981) turbulent  d i f fus ion  (see CHAO and SCHOEBERL, 1984), 
and a  i s  the v e r t i c a l  wave number of the gravi ty  wave. The other terms i n  (2) 
a re .  B the atmospheric sca le  height (7 km), N, the buoy P C 3  f?!yPenc~ ( 2  x 

s-'1, m, the zonal wave number (2*/L) and 6 a ( 1  + k /m ) where k 
i s  the  meridional wave number, For s impl ic i ty  we take 6 = 1. 

For y we use Equation (20) from FGLS (1982) which agrees with the re- 
cen t  r e s u l ~ % ~ o f  APRUZESE and STROBEL (1984) and a l s o  includes the e f f e c t  of O j  
i n  the  IR exchange paremeterization. The transcendental systern (1) can then be 
solved numerically. Since D v a r i e s  with m and yrad va r i e s  with a l t i t u d e ,  our 
r e s u l t s  f o r  u m i n  (CEO) a r e  shown i n  Figure 1 verses L a t  5 km i n t e r v a l s  from 
20 t o  70 km. The values shown i n  Figure 1 a r e  the  magnitudes of zonal mean 
wind values below which convective wave breaking would not take place fo r  a 
standing gravi ty  wave. Below 20 lira the exchange approximation given by FELS 
i s  not v a l i d  because of CO l i n e  overlap. Above 70 km non-LTE e f f e c t s  domi- 2 



hate. I n  the  intermediate region N and H a r e  assumed constant .  The background 
teupera ture  i s  given by the  1962 US Standard Atmosphere. 

DISCUSSION 

A v e r t i c a l l y  propagating g rav i ty  wave w i l l  grow i n  am'plitude with height 
unless  the  v e r t i c a l  wavelength i s  small  enough t h a t  r a d i a t i v e  exchange between 
l a y e r s  damps the g r a v i t y  waves. The equivalent minimuu phase speed i n  a reet-  
i n g  atmosphere (or equivalent zonal wind speed f o r  a s t a t iona ry  wave) f o r  a 
g rav i ty  wave which w i l l  be so  s t rongly  damped rad ia t ive ly  t h a t  it w i l l  not  grow 
wi th  height i s  shown i n  Figure 1. These r e s u l t s  were obtained from ( 2 )  and t h e  
FEtS (1982 ) parane te r i za t ion  of IB cooling. 

Obviously from Figure 1 the  cutoff  phase speeds a r e  very  slow, t h u s  these  
wave approach periods where the i n e r t i a l  frequency cannot be neglected. Under 
such s i tua t ions ,  f u l l  so lu t ion  of Laplace' s t i d a l  equation i s  required;  how- 
ever,  compared t o  Laplace t i d a l  r e s u l t s ,  (2)  tends t o  underestimate the  v e r t i -  
c a l  wavelength so the  cu to f f  v e l o c i t i e s  shown i n  Figure 1 w i l l  be lower l imi ts .  

Figure 1. The minimum zonal wind poss ib le  f o r  convective wavebreaking by a 
monochromatic gravi ty  wave with zonal wavelength L and zero phase speed. The 
l e t t e r s  correspond t o  computations a t  d i f f e r e n t  a l t i t u d e s  with 5 km incre- 

= ,..., . ments s t a r t i n g  a t  20 km (e.g. A 20 km, B 25 km J = 70 km). For wind 
values  below t h a t  shown, the wave is rad ia t ive ly  damped so s t rongly  t h a t  it 
cannot grow i n  amplitude with height. 
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